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This	work	is	based	on

• P.	Bakhti,	YF,	S.	Pascoli,	“Unravelling	the	richness	of	dark	sector	by	
FASER𝜈,”	arXiv:	2006.05437,	to	appear	in	JHEP

Work	done	during	my	stay	at	ICTP,	Trieste,	Italy
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LHC	timeline	and	luminosity

Run	III:		14	TeV;	150	f𝑏$%;	2021-2023
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Main	detectors	of	the	LHC
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Smaller	detectors

LHCf=LHC	forward

ZDC=Zero	Degree	Calorimeter
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FASER

• FASER:			ForwArd Search	ExpeRiment

• FASER𝜈 Run	III:		14	TeV;	150	f𝑏$%;	2021-2023
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FASER	collaboration,	arXiv:1908.0231
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FASER	collaboration,
arXiv:1908.0231

Br(K+ ! µ+⌫µ) = 63%
<latexit sha1_base64="cVHQsb/bgLSF0ZEnKB+glbdnA0w=">AAACBXicbZDLSsNAFIYn9VbrLepSF8FSqAglUVE3QqkbwU0Fe4Emhsl00g6dmYSZiVBCN258FTcuFHHrO7jzbZy2WWjrDwMf/zmHM+cPYkqksu1vI7ewuLS8kl8trK1vbG6Z2ztNGSUC4QaKaCTaAZSYEo4biiiK27HAkAUUt4LB1bjeesBCkojfqWGMPQZ7nIQEQaUt39yvifLN/ZGrIstliQae+BoOL89O3JJvFu2KPZE1D04GRZCp7ptfbjdCCcNcIQql7Dh2rLwUCkUQxaOCm0gcQzSAPdzRyCHD0ksnV4yskna6VhgJ/biyJu7viRQyKYcs0J0Mqr6crY3N/2qdRIUXXkp4nCjM0XRRmFBL3zyOxOoSgZGiQw0QCaL/aqE+FBApHVxBh+DMnjwPzeOKY1ec29NitZbFkQd74ACUgQPOQRVcgzpoAAQewTN4BW/Gk/FivBsf09ackc3sgj8yPn8AtQOWxQ==</latexit><latexit sha1_base64="cVHQsb/bgLSF0ZEnKB+glbdnA0w=">AAACBXicbZDLSsNAFIYn9VbrLepSF8FSqAglUVE3QqkbwU0Fe4Emhsl00g6dmYSZiVBCN258FTcuFHHrO7jzbZy2WWjrDwMf/zmHM+cPYkqksu1vI7ewuLS8kl8trK1vbG6Z2ztNGSUC4QaKaCTaAZSYEo4biiiK27HAkAUUt4LB1bjeesBCkojfqWGMPQZ7nIQEQaUt39yvifLN/ZGrIstliQae+BoOL89O3JJvFu2KPZE1D04GRZCp7ptfbjdCCcNcIQql7Dh2rLwUCkUQxaOCm0gcQzSAPdzRyCHD0ksnV4yskna6VhgJ/biyJu7viRQyKYcs0J0Mqr6crY3N/2qdRIUXXkp4nCjM0XRRmFBL3zyOxOoSgZGiQw0QCaL/aqE+FBApHVxBh+DMnjwPzeOKY1ec29NitZbFkQd74ACUgQPOQRVcgzpoAAQewTN4BW/Gk/FivBsf09ackc3sgj8yPn8AtQOWxQ==</latexit><latexit sha1_base64="cVHQsb/bgLSF0ZEnKB+glbdnA0w=">AAACBXicbZDLSsNAFIYn9VbrLepSF8FSqAglUVE3QqkbwU0Fe4Emhsl00g6dmYSZiVBCN258FTcuFHHrO7jzbZy2WWjrDwMf/zmHM+cPYkqksu1vI7ewuLS8kl8trK1vbG6Z2ztNGSUC4QaKaCTaAZSYEo4biiiK27HAkAUUt4LB1bjeesBCkojfqWGMPQZ7nIQEQaUt39yvifLN/ZGrIstliQae+BoOL89O3JJvFu2KPZE1D04GRZCp7ptfbjdCCcNcIQql7Dh2rLwUCkUQxaOCm0gcQzSAPdzRyCHD0ksnV4yskna6VhgJ/biyJu7viRQyKYcs0J0Mqr6crY3N/2qdRIUXXkp4nCjM0XRRmFBL3zyOxOoSgZGiQw0QCaL/aqE+FBApHVxBh+DMnjwPzeOKY1ec29NitZbFkQd74ACUgQPOQRVcgzpoAAQewTN4BW/Gk/FivBsf09ackc3sgj8yPn8AtQOWxQ==</latexit><latexit sha1_base64="cVHQsb/bgLSF0ZEnKB+glbdnA0w=">AAACBXicbZDLSsNAFIYn9VbrLepSF8FSqAglUVE3QqkbwU0Fe4Emhsl00g6dmYSZiVBCN258FTcuFHHrO7jzbZy2WWjrDwMf/zmHM+cPYkqksu1vI7ewuLS8kl8trK1vbG6Z2ztNGSUC4QaKaCTaAZSYEo4biiiK27HAkAUUt4LB1bjeesBCkojfqWGMPQZ7nIQEQaUt39yvifLN/ZGrIstliQae+BoOL89O3JJvFu2KPZE1D04GRZCp7ptfbjdCCcNcIQql7Dh2rLwUCkUQxaOCm0gcQzSAPdzRyCHD0ksnV4yskna6VhgJ/biyJu7viRQyKYcs0J0Mqr6crY3N/2qdRIUXXkp4nCjM0XRRmFBL3zyOxOoSgZGiQw0QCaL/aqE+FBApHVxBh+DMnjwPzeOKY1ec29NitZbFkQd74ACUgQPOQRVcgzpoAAQewTN4BW/Gk/FivBsf09ackc3sgj8yPn8AtQOWxQ==</latexit>

Br(K+ ! ⇡0e+⌫e) = 5%
<latexit sha1_base64="WRxjEG/+TTo+2tqFZuKQAbgnMHk=">AAACBnicbVDLSgMxFM3UV62vqksRgqVQEcqMKLoRSt0IbirYB3Takklv29BMZkgyQhm6cuOvuHGhiFu/wZ1/Y9rOQlsPBE7OuZfkHC/kTGnb/rZSS8srq2vp9czG5tb2TnZ3r6aCSFKo0oAHsuERBZwJqGqmOTRCCcT3ONS94fXErz+AVCwQ93oUQssnfcF6jBJtpE72sCwLt+0TVwfYDVnbxmAuIurA8dW5m+9kc3bRngIvEichOZSg0sl+ud2ARj4ITTlRqunYoW7FRGpGOYwzbqQgJHRI+tA0VBAfVCuexhjjvFG6uBdIc4TGU/X3Rkx8pUa+ZyZ9ogdq3puI/3nNSPcuWzETYaRB0NlDvYhjE3rSCe4yCVTzkSGESmb+iumASEK1aS5jSnDmIy+S2mnRsYvO3VmuVE7qSKMDdIQKyEEXqIRuUAVVEUWP6Bm9ojfryXqx3q2P2WjKSnb20R9Ynz/Z1ZbM</latexit><latexit sha1_base64="WRxjEG/+TTo+2tqFZuKQAbgnMHk=">AAACBnicbVDLSgMxFM3UV62vqksRgqVQEcqMKLoRSt0IbirYB3Takklv29BMZkgyQhm6cuOvuHGhiFu/wZ1/Y9rOQlsPBE7OuZfkHC/kTGnb/rZSS8srq2vp9czG5tb2TnZ3r6aCSFKo0oAHsuERBZwJqGqmOTRCCcT3ONS94fXErz+AVCwQ93oUQssnfcF6jBJtpE72sCwLt+0TVwfYDVnbxmAuIurA8dW5m+9kc3bRngIvEichOZSg0sl+ud2ARj4ITTlRqunYoW7FRGpGOYwzbqQgJHRI+tA0VBAfVCuexhjjvFG6uBdIc4TGU/X3Rkx8pUa+ZyZ9ogdq3puI/3nNSPcuWzETYaRB0NlDvYhjE3rSCe4yCVTzkSGESmb+iumASEK1aS5jSnDmIy+S2mnRsYvO3VmuVE7qSKMDdIQKyEEXqIRuUAVVEUWP6Bm9ojfryXqx3q2P2WjKSnb20R9Ynz/Z1ZbM</latexit><latexit sha1_base64="WRxjEG/+TTo+2tqFZuKQAbgnMHk=">AAACBnicbVDLSgMxFM3UV62vqksRgqVQEcqMKLoRSt0IbirYB3Takklv29BMZkgyQhm6cuOvuHGhiFu/wZ1/Y9rOQlsPBE7OuZfkHC/kTGnb/rZSS8srq2vp9czG5tb2TnZ3r6aCSFKo0oAHsuERBZwJqGqmOTRCCcT3ONS94fXErz+AVCwQ93oUQssnfcF6jBJtpE72sCwLt+0TVwfYDVnbxmAuIurA8dW5m+9kc3bRngIvEichOZSg0sl+ud2ARj4ITTlRqunYoW7FRGpGOYwzbqQgJHRI+tA0VBAfVCuexhjjvFG6uBdIc4TGU/X3Rkx8pUa+ZyZ9ogdq3puI/3nNSPcuWzETYaRB0NlDvYhjE3rSCe4yCVTzkSGESmb+iumASEK1aS5jSnDmIy+S2mnRsYvO3VmuVE7qSKMDdIQKyEEXqIRuUAVVEUWP6Bm9ojfryXqx3q2P2WjKSnb20R9Ynz/Z1ZbM</latexit><latexit sha1_base64="WRxjEG/+TTo+2tqFZuKQAbgnMHk=">AAACBnicbVDLSgMxFM3UV62vqksRgqVQEcqMKLoRSt0IbirYB3Takklv29BMZkgyQhm6cuOvuHGhiFu/wZ1/Y9rOQlsPBE7OuZfkHC/kTGnb/rZSS8srq2vp9czG5tb2TnZ3r6aCSFKo0oAHsuERBZwJqGqmOTRCCcT3ONS94fXErz+AVCwQ93oUQssnfcF6jBJtpE72sCwLt+0TVwfYDVnbxmAuIurA8dW5m+9kc3bRngIvEichOZSg0sl+ud2ARj4ITTlRqunYoW7FRGpGOYwzbqQgJHRI+tA0VBAfVCuexhjjvFG6uBdIc4TGU/X3Rkx8pUa+ZyZ9ogdq3puI/3nNSPcuWzETYaRB0NlDvYhjE3rSCe4yCVTzkSGESmb+iumASEK1aS5jSnDmIy+S2mnRsYvO3VmuVE7qSKMDdIQKyEEXqIRuUAVVEUWP6Bm9ojfryXqx3q2P2WjKSnb20R9Ynz/Z1ZbM</latexit>
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FASER	collaboration,	arXiv:1908.0231
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FASER	collaboration,	arXiv:1908.0231
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New	physics	in	FASER
• FASER	Collaboration,	Phys.	Rev.	D	99	(2019)	no.9,	095011;
• J.	Alimena et al.,	arXiv:1903.04497;
• J.	L.	Feng	et	al,	Phys.	Rev.	D	97	(2018)	no.5,	055034;
• N.	Okada and D.	Raut,	arXiv:1910.09663;
• I.	Boiarska et	al,	arXiv:1908.04635;
• F.	Kling	and	S.	Trojanowski,	Phys.	Rev.	D	97	(2018)	no.9,	095016;
• J.	C.	Helo,	M.	Hirsch	and Z.	S.	Wang,	JHEP	1807	(2018)	056;
• F.	Deppisch,	S.	Kulkarni and	W.	Liu,	Phys.	Rev.	D	100	(2019)	 035005;
• J.	L.	Feng	et	al,	Phys.	Rev.	D	98	(2018)	no.5,	055021;
• R.	N.	Mohapatra and	N.	Okada,	arXiv:1908.11325;
• A.	Berlin and	F.	Kling,	Phys.	Rev.	D	99	(2019)	no.1,	015021;
• K.	Jodowski,	F.	Kling,	L.	Roszkowski and	S.	Trojanowski,	arXiv:1911.11346;
• D.	Dercks,	J.	De	Vries,	H.	K.	Dreiner and Z.	S.	Wang,	Phys.	Rev.	D	99	(2019)	no.5,	055039.
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• FASER	Collaboration,	“FASER's	Physics	Reach	for	Long-Lived	Particles,	
”	Phys.	Rev.	D	99	(2019)	no.9,	095011;
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• FASER	Collaboration,	“FASER's	Physics	Reach	for	Long-Lived	Particles,	
”	Phys.	Rev.	D	99	(2019)	no.9,	095011;
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Testing	3+1 model	at	FASER𝜈

FASER	collaboration,	arXiv:1908.0231

m⌫4 = 40 eV
<latexit sha1_base64="34bOu5U6/T2MI9DEGxUav4+dWMg=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdKehFKHrxWMF+QLcs2XTahibZJckKZan4V7x4UMSrv8Ob/8a03YO2Phh4vDfDzLwo4Uwbz/t2Ciura+sbxc3S1vbO7p67f9DUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQz9VsPoDSL5b0ZJ9AVZCBZn1FirBS6RyLMApmG1clV1XuELFACNyehW/Yq3gx4mfg5KaMc9dD9CnoxTQVIQznRuuN7ielmRBlGOUxKQaohIXREBtCxVBIBupvNzp/gU6v0cD9WtqTBM/X3REaE1mMR2U5BzFAvelPxP6+Tmv5lN2MySQ1IOl/UTzk2MZ5mgXtMATV8bAmhitlbMR0SRaixiZVsCP7iy8ukeV7xvYp/Vy3XrvM4iugYnaAz5KMLVEO3qI4aiKIMPaNX9OY8OS/Ou/Mxby04+cwh+gPn8wefnpVA</latexit><latexit sha1_base64="34bOu5U6/T2MI9DEGxUav4+dWMg=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdKehFKHrxWMF+QLcs2XTahibZJckKZan4V7x4UMSrv8Ob/8a03YO2Phh4vDfDzLwo4Uwbz/t2Ciura+sbxc3S1vbO7p67f9DUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQz9VsPoDSL5b0ZJ9AVZCBZn1FirBS6RyLMApmG1clV1XuELFACNyehW/Yq3gx4mfg5KaMc9dD9CnoxTQVIQznRuuN7ielmRBlGOUxKQaohIXREBtCxVBIBupvNzp/gU6v0cD9WtqTBM/X3REaE1mMR2U5BzFAvelPxP6+Tmv5lN2MySQ1IOl/UTzk2MZ5mgXtMATV8bAmhitlbMR0SRaixiZVsCP7iy8ukeV7xvYp/Vy3XrvM4iugYnaAz5KMLVEO3qI4aiKIMPaNX9OY8OS/Ou/Mxby04+cwh+gPn8wefnpVA</latexit><latexit sha1_base64="34bOu5U6/T2MI9DEGxUav4+dWMg=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdKehFKHrxWMF+QLcs2XTahibZJckKZan4V7x4UMSrv8Ob/8a03YO2Phh4vDfDzLwo4Uwbz/t2Ciura+sbxc3S1vbO7p67f9DUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQz9VsPoDSL5b0ZJ9AVZCBZn1FirBS6RyLMApmG1clV1XuELFACNyehW/Yq3gx4mfg5KaMc9dD9CnoxTQVIQznRuuN7ielmRBlGOUxKQaohIXREBtCxVBIBupvNzp/gU6v0cD9WtqTBM/X3REaE1mMR2U5BzFAvelPxP6+Tmv5lN2MySQ1IOl/UTzk2MZ5mgXtMATV8bAmhitlbMR0SRaixiZVsCP7iy8ukeV7xvYp/Vy3XrvM4iugYnaAz5KMLVEO3qI4aiKIMPaNX9OY8OS/Ou/Mxby04+cwh+gPn8wefnpVA</latexit><latexit sha1_base64="34bOu5U6/T2MI9DEGxUav4+dWMg=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdKehFKHrxWMF+QLcs2XTahibZJckKZan4V7x4UMSrv8Ob/8a03YO2Phh4vDfDzLwo4Uwbz/t2Ciura+sbxc3S1vbO7p67f9DUcaooNGjMY9WOiAbOJDQMMxzaiQIiIg6taHQz9VsPoDSL5b0ZJ9AVZCBZn1FirBS6RyLMApmG1clV1XuELFACNyehW/Yq3gx4mfg5KaMc9dD9CnoxTQVIQznRuuN7ielmRBlGOUxKQaohIXREBtCxVBIBupvNzp/gU6v0cD9WtqTBM/X3REaE1mMR2U5BzFAvelPxP6+Tmv5lN2MySQ1IOl/UTzk2MZ5mgXtMATV8bAmhitlbMR0SRaixiZVsCP7iy8ukeV7xvYp/Vy3XrvM4iugYnaAz5KMLVEO3qI4aiKIMPaNX9OY8OS/Ou/Mxby04+cwh+gPn8wefnpVA</latexit>
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New	physics	with	FASER𝜈

• M.	Bahraminasr,	P	Bakhti and	M	Rajaee,	“Sensitivities	to	secret	
neutrino	interaction	at	FASERν,”	arXiv:2003.09985;

• Felix	Kling,	“Probing	Light	Gauge	Bosons	in	Tau	Neutrino	
Experiments,”	arXiv:	2005.03594.

• P.	Bakhti,	YF,	S.	Pascoli,	“Unravelling	the	richness	of	dark	sector	by	
FASER𝜈,”	arXiv:	2006.05437,	to	appear	in	JHEP
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Parton	Distribution	Function	(PDF)
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Two	partons colliding

s = 4x1x2p
2

<latexit sha1_base64="WyDlAzFN7ndXkpJxLYq7dh7LOdQ=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSCnoRil48VrAf0Maw2W7apZtN2N2INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6e+Z0HKhWLxZ2eJNSL8FCwkBGsjeTbZXVZR4++a6qGkvuab1ecqjMHWiVuTiqQo+nbX/1BTNKICk04VqrnOon2Miw1I5xOS/1U0QSTMR7SnqECR1R52fzwKTo1ygCFsTQlNJqrvycyHCk1iQLTGWE9UsveTPzP66U6vPAyJpJUU0EWi8KUIx2jWQpowCQlmk8MwUQycysiIywx0SarkgnBXX55lbRrVdepurf1SuMqj6MIx3ACZ+DCOTTgBprQAgIpPMMrvFlP1ov1bn0sWgtWPnMEf2B9/gBdSpGW</latexit><latexit sha1_base64="WyDlAzFN7ndXkpJxLYq7dh7LOdQ=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSCnoRil48VrAf0Maw2W7apZtN2N2INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6e+Z0HKhWLxZ2eJNSL8FCwkBGsjeTbZXVZR4++a6qGkvuab1ecqjMHWiVuTiqQo+nbX/1BTNKICk04VqrnOon2Miw1I5xOS/1U0QSTMR7SnqECR1R52fzwKTo1ygCFsTQlNJqrvycyHCk1iQLTGWE9UsveTPzP66U6vPAyJpJUU0EWi8KUIx2jWQpowCQlmk8MwUQycysiIywx0SarkgnBXX55lbRrVdepurf1SuMqj6MIx3ACZ+DCOTTgBprQAgIpPMMrvFlP1ov1bn0sWgtWPnMEf2B9/gBdSpGW</latexit><latexit sha1_base64="WyDlAzFN7ndXkpJxLYq7dh7LOdQ=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSCnoRil48VrAf0Maw2W7apZtN2N2INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6e+Z0HKhWLxZ2eJNSL8FCwkBGsjeTbZXVZR4++a6qGkvuab1ecqjMHWiVuTiqQo+nbX/1BTNKICk04VqrnOon2Miw1I5xOS/1U0QSTMR7SnqECR1R52fzwKTo1ygCFsTQlNJqrvycyHCk1iQLTGWE9UsveTPzP66U6vPAyJpJUU0EWi8KUIx2jWQpowCQlmk8MwUQycysiIywx0SarkgnBXX55lbRrVdepurf1SuMqj6MIx3ACZ+DCOTTgBprQAgIpPMMrvFlP1ov1bn0sWgtWPnMEf2B9/gBdSpGW</latexit><latexit sha1_base64="WyDlAzFN7ndXkpJxLYq7dh7LOdQ=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSCnoRil48VrAf0Maw2W7apZtN2N2INfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO820V1tY3NreK26Wd3b39sn1w2FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOML6e+Z0HKhWLxZ2eJNSL8FCwkBGsjeTbZXVZR4++a6qGkvuab1ecqjMHWiVuTiqQo+nbX/1BTNKICk04VqrnOon2Miw1I5xOS/1U0QSTMR7SnqECR1R52fzwKTo1ygCFsTQlNJqrvycyHCk1iQLTGWE9UsveTPzP66U6vPAyJpJUU0EWi8KUIx2jWQpowCQlmk8MwUQycysiIywx0SarkgnBXX55lbRrVdepurf1SuMqj6MIx3ACZ+DCOTTgBprQAgIpPMMrvFlP1ov1bn0sWgtWPnMEf2B9/gBdSpGW</latexit>

p = 7 TeV
<latexit sha1_base64="iJpYPuwLPZCAt4QYWPmKFWZnJ/M=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R4kUIevEYIS9IljA76U2GzM6uM7OBsMTf8OJBEa9+jDf/xsnjoIkFDUVVN91dQSK4Nq777aytb2xubed28rt7+weHhaPjho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGd1O/OUKleSxrZpygH9G+5CFn1FjJT27KT1lHRaSGjUm3UHRL7gxklXgLUoQFqt3CV6cXszRCaZigWrc9NzF+RpXhTOAk30k1JpQNaR/blkoaofaz2dETcm6VHgljZUsaMlN/T2Q00nocBbYzomagl72p+J/XTk147WdcJqlByeaLwlQQE5NpAqTHFTIjxpZQpri9lbABVZQZm1PehuAtv7xKGpclzy15D1fFyu0ijhycwhlcgAdlqMA9VKEODB7hGV7hzRk5L8678zFvXXMWMyfwB87nD0FckcA=</latexit><latexit sha1_base64="iJpYPuwLPZCAt4QYWPmKFWZnJ/M=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R4kUIevEYIS9IljA76U2GzM6uM7OBsMTf8OJBEa9+jDf/xsnjoIkFDUVVN91dQSK4Nq777aytb2xubed28rt7+weHhaPjho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGd1O/OUKleSxrZpygH9G+5CFn1FjJT27KT1lHRaSGjUm3UHRL7gxklXgLUoQFqt3CV6cXszRCaZigWrc9NzF+RpXhTOAk30k1JpQNaR/blkoaofaz2dETcm6VHgljZUsaMlN/T2Q00nocBbYzomagl72p+J/XTk147WdcJqlByeaLwlQQE5NpAqTHFTIjxpZQpri9lbABVZQZm1PehuAtv7xKGpclzy15D1fFyu0ijhycwhlcgAdlqMA9VKEODB7hGV7hzRk5L8678zFvXXMWMyfwB87nD0FckcA=</latexit><latexit sha1_base64="iJpYPuwLPZCAt4QYWPmKFWZnJ/M=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R4kUIevEYIS9IljA76U2GzM6uM7OBsMTf8OJBEa9+jDf/xsnjoIkFDUVVN91dQSK4Nq777aytb2xubed28rt7+weHhaPjho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGd1O/OUKleSxrZpygH9G+5CFn1FjJT27KT1lHRaSGjUm3UHRL7gxklXgLUoQFqt3CV6cXszRCaZigWrc9NzF+RpXhTOAk30k1JpQNaR/blkoaofaz2dETcm6VHgljZUsaMlN/T2Q00nocBbYzomagl72p+J/XTk147WdcJqlByeaLwlQQE5NpAqTHFTIjxpZQpri9lbABVZQZm1PehuAtv7xKGpclzy15D1fFyu0ijhycwhlcgAdlqMA9VKEODB7hGV7hzRk5L8678zFvXXMWMyfwB87nD0FckcA=</latexit><latexit sha1_base64="iJpYPuwLPZCAt4QYWPmKFWZnJ/M=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R4kUIevEYIS9IljA76U2GzM6uM7OBsMTf8OJBEa9+jDf/xsnjoIkFDUVVN91dQSK4Nq777aytb2xubed28rt7+weHhaPjho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGd1O/OUKleSxrZpygH9G+5CFn1FjJT27KT1lHRaSGjUm3UHRL7gxklXgLUoQFqt3CV6cXszRCaZigWrc9NzF+RpXhTOAk30k1JpQNaR/blkoaofaz2dETcm6VHgljZUsaMlN/T2Q00nocBbYzomagl72p+J/XTk147WdcJqlByeaLwlQQE5NpAqTHFTIjxpZQpri9lbABVZQZm1PehuAtv7xKGpclzy15D1fFyu0ijhycwhlcgAdlqMA9VKEODB7hGV7hzRk5L8678zFvXXMWMyfwB87nD0FckcA=</latexit>

x1 ⇠ 0.1, x2 ⇠ 10�7
<latexit sha1_base64="5AhFYsLBgiNsWObXj7RUzRmJuUg=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEgMUCUVUhkrWBiLRB9SEyLHdVqrthPZDqKKurLwKywMIMTKH7DxN7hpBmg5kqVzz7lX1/eECaNKO863tbS8srq2Xtoob25t7+zae/ttFacSkxaOWSy7IVKEUUFammpGuokkiIeMdMLR1dTv3BOpaCxu9TghPkcDQSOKkTZSYMOHwPUU5dCpuqfQM2UN5rXr3GVn9QkM7IpTdXLAReIWpAIKNAP7y+vHOOVEaMyQUj3XSbSfIakpZmRS9lJFEoRHaEB6hgrEifKz/JIJPDZKH0axNE9omKu/JzLElRrz0HRypIdq3puK/3m9VEcXfkZFkmoi8GxRlDKoYziNBfapJFizsSEIS2r+CvEQSYS1Ca9sQnDnT14k7VrVNTHenFcal0UcJXAIjsAJcEEdNMA1aIIWwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w/S3Jc4</latexit><latexit sha1_base64="5AhFYsLBgiNsWObXj7RUzRmJuUg=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEgMUCUVUhkrWBiLRB9SEyLHdVqrthPZDqKKurLwKywMIMTKH7DxN7hpBmg5kqVzz7lX1/eECaNKO863tbS8srq2Xtoob25t7+zae/ttFacSkxaOWSy7IVKEUUFammpGuokkiIeMdMLR1dTv3BOpaCxu9TghPkcDQSOKkTZSYMOHwPUU5dCpuqfQM2UN5rXr3GVn9QkM7IpTdXLAReIWpAIKNAP7y+vHOOVEaMyQUj3XSbSfIakpZmRS9lJFEoRHaEB6hgrEifKz/JIJPDZKH0axNE9omKu/JzLElRrz0HRypIdq3puK/3m9VEcXfkZFkmoi8GxRlDKoYziNBfapJFizsSEIS2r+CvEQSYS1Ca9sQnDnT14k7VrVNTHenFcal0UcJXAIjsAJcEEdNMA1aIIWwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w/S3Jc4</latexit><latexit sha1_base64="5AhFYsLBgiNsWObXj7RUzRmJuUg=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEgMUCUVUhkrWBiLRB9SEyLHdVqrthPZDqKKurLwKywMIMTKH7DxN7hpBmg5kqVzz7lX1/eECaNKO863tbS8srq2Xtoob25t7+zae/ttFacSkxaOWSy7IVKEUUFammpGuokkiIeMdMLR1dTv3BOpaCxu9TghPkcDQSOKkTZSYMOHwPUU5dCpuqfQM2UN5rXr3GVn9QkM7IpTdXLAReIWpAIKNAP7y+vHOOVEaMyQUj3XSbSfIakpZmRS9lJFEoRHaEB6hgrEifKz/JIJPDZKH0axNE9omKu/JzLElRrz0HRypIdq3puK/3m9VEcXfkZFkmoi8GxRlDKoYziNBfapJFizsSEIS2r+CvEQSYS1Ca9sQnDnT14k7VrVNTHenFcal0UcJXAIjsAJcEEdNMA1aIIWwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w/S3Jc4</latexit><latexit sha1_base64="5AhFYsLBgiNsWObXj7RUzRmJuUg=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEgMUCUVUhkrWBiLRB9SEyLHdVqrthPZDqKKurLwKywMIMTKH7DxN7hpBmg5kqVzz7lX1/eECaNKO863tbS8srq2Xtoob25t7+zae/ttFacSkxaOWSy7IVKEUUFammpGuokkiIeMdMLR1dTv3BOpaCxu9TghPkcDQSOKkTZSYMOHwPUU5dCpuqfQM2UN5rXr3GVn9QkM7IpTdXLAReIWpAIKNAP7y+vHOOVEaMyQUj3XSbSfIakpZmRS9lJFEoRHaEB6hgrEifKz/JIJPDZKH0axNE9omKu/JzLElRrz0HRypIdq3puK/3m9VEcXfkZFkmoi8GxRlDKoYziNBfapJFizsSEIS2r+CvEQSYS1Ca9sQnDnT14k7VrVNTHenFcal0UcJXAIjsAJcEEdNMA1aIIWwOARPINX8GY9WS/Wu/Uxa12yipkD8AfW5w/S3Jc4</latexit>

s ⇠ GeV2
<latexit sha1_base64="CHWnptCsueRsMliFLOqAqAxqqeE=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHaLoMeiBz1WsB/QriWbzrahSXZJskpZ+1O8eFDEq7/Em//GtN2Dtj4YeLw3w8y8MOFMG8/7dlZW19Y3Ngtbxe2d3b19t3TQ1HGqKDRozGPVDokGziQ0DDMc2okCIkIOrXB0NfVbD6A0i+WdGScQCDKQLGKUGCv13JLuaiZw1lUCX0Nzcl/tuWWv4s2Al4mfkzLKUe+5X91+TFMB0lBOtO74XmKCjCjDKIdJsZtqSAgdkQF0LJVEgA6y2ekTfGKVPo5iZUsaPFN/T2REaD0Woe0UxAz1ojcV//M6qYkugozJJDUg6XxRlHJsYjzNAfeZAmr42BJCFbO3YjokilBj0yraEPzFl5dJs1rxvYp/e1auXeZxFNAROkanyEfnqIZuUB01EEWP6Bm9ojfnyXlx3p2PeeuKk88coj9wPn8Ab3mTcg==</latexit><latexit sha1_base64="CHWnptCsueRsMliFLOqAqAxqqeE=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHaLoMeiBz1WsB/QriWbzrahSXZJskpZ+1O8eFDEq7/Em//GtN2Dtj4YeLw3w8y8MOFMG8/7dlZW19Y3Ngtbxe2d3b19t3TQ1HGqKDRozGPVDokGziQ0DDMc2okCIkIOrXB0NfVbD6A0i+WdGScQCDKQLGKUGCv13JLuaiZw1lUCX0Nzcl/tuWWv4s2Al4mfkzLKUe+5X91+TFMB0lBOtO74XmKCjCjDKIdJsZtqSAgdkQF0LJVEgA6y2ekTfGKVPo5iZUsaPFN/T2REaD0Woe0UxAz1ojcV//M6qYkugozJJDUg6XxRlHJsYjzNAfeZAmr42BJCFbO3YjokilBj0yraEPzFl5dJs1rxvYp/e1auXeZxFNAROkanyEfnqIZuUB01EEWP6Bm9ojfnyXlx3p2PeeuKk88coj9wPn8Ab3mTcg==</latexit><latexit sha1_base64="CHWnptCsueRsMliFLOqAqAxqqeE=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHaLoMeiBz1WsB/QriWbzrahSXZJskpZ+1O8eFDEq7/Em//GtN2Dtj4YeLw3w8y8MOFMG8/7dlZW19Y3Ngtbxe2d3b19t3TQ1HGqKDRozGPVDokGziQ0DDMc2okCIkIOrXB0NfVbD6A0i+WdGScQCDKQLGKUGCv13JLuaiZw1lUCX0Nzcl/tuWWv4s2Al4mfkzLKUe+5X91+TFMB0lBOtO74XmKCjCjDKIdJsZtqSAgdkQF0LJVEgA6y2ekTfGKVPo5iZUsaPFN/T2REaD0Woe0UxAz1ojcV//M6qYkugozJJDUg6XxRlHJsYjzNAfeZAmr42BJCFbO3YjokilBj0yraEPzFl5dJs1rxvYp/e1auXeZxFNAROkanyEfnqIZuUB01EEWP6Bm9ojfnyXlx3p2PeeuKk88coj9wPn8Ab3mTcg==</latexit><latexit sha1_base64="CHWnptCsueRsMliFLOqAqAxqqeE=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHaLoMeiBz1WsB/QriWbzrahSXZJskpZ+1O8eFDEq7/Em//GtN2Dtj4YeLw3w8y8MOFMG8/7dlZW19Y3Ngtbxe2d3b19t3TQ1HGqKDRozGPVDokGziQ0DDMc2okCIkIOrXB0NfVbD6A0i+WdGScQCDKQLGKUGCv13JLuaiZw1lUCX0Nzcl/tuWWv4s2Al4mfkzLKUe+5X91+TFMB0lBOtO74XmKCjCjDKIdJsZtqSAgdkQF0LJVEgA6y2ekTfGKVPo5iZUsaPFN/T2REaD0Woe0UxAz1ojcV//M6qYkugozJJDUg6XxRlHJsYjzNAfeZAmr42BJCFbO3YjokilBj0yraEPzFl5dJs1rxvYp/e1auXeZxFNAROkanyEfnqIZuUB01EEWP6Bm9ojfnyXlx3p2PeeuKk88coj9wPn8Ab3mTcg==</latexit>

Kinematics	tells	us	that	particles	lighter	than	GeV can	be	produced	and	emitted	in	the forward	direction.
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Need	for	intermediate	particles

• At	the	Interaction	Point	(IP)

• X’	should	not		have	too	small	coupling	to	SM	particles	to	be	
abundantly	produced	at	IP.

• X	should	be	feebly	interacting	so	that	survive	up	to	FASER𝜈 .

Proton + Proton ! X 0 + ...
<latexit sha1_base64="qFmNu7kRzo+haTyb6nVBw7BMs/Y=">AAACB3icbVBLSwMxGMz6rPW16lGQYBGFwrIrgh6LXjxWsA/oLiWbZtvQPJYkK5SlNy/+FS8eFPHqX/DmvzFt96CtAyHDzPeRzMQpo9r4/reztLyyurZe2ihvbm3v7Lp7+00tM4VJA0smVTtGmjAqSMNQw0g7VQTxmJFWPLyZ+K0HojSV4t6MUhJx1Bc0oRgZK3XdozxUHNaVNFJUZ9cYhkbC9mnV87yuW/E9fwq4SIKCVECBetf9CnsSZ5wIgxnSuhP4qYlypAzFjIzLYaZJivAQ9UnHUoE40VE+zTGGJ1bpwUQqe4SBU/X3Ro641iMe20mOzEDPexPxP6+TmeQqyqlIM0MEnj2UZAzanJNSYI8qgg0bWYKwovavEA+QQtjY6sq2hGA+8iJpnnuB7wV3F5XadVFHCRyCY3AGAnAJauAW1EEDYPAInsEreHOenBfn3fmYjS45xc4B+APn8wf39ZgM</latexit><latexit sha1_base64="qFmNu7kRzo+haTyb6nVBw7BMs/Y=">AAACB3icbVBLSwMxGMz6rPW16lGQYBGFwrIrgh6LXjxWsA/oLiWbZtvQPJYkK5SlNy/+FS8eFPHqX/DmvzFt96CtAyHDzPeRzMQpo9r4/reztLyyurZe2ihvbm3v7Lp7+00tM4VJA0smVTtGmjAqSMNQw0g7VQTxmJFWPLyZ+K0HojSV4t6MUhJx1Bc0oRgZK3XdozxUHNaVNFJUZ9cYhkbC9mnV87yuW/E9fwq4SIKCVECBetf9CnsSZ5wIgxnSuhP4qYlypAzFjIzLYaZJivAQ9UnHUoE40VE+zTGGJ1bpwUQqe4SBU/X3Ro641iMe20mOzEDPexPxP6+TmeQqyqlIM0MEnj2UZAzanJNSYI8qgg0bWYKwovavEA+QQtjY6sq2hGA+8iJpnnuB7wV3F5XadVFHCRyCY3AGAnAJauAW1EEDYPAInsEreHOenBfn3fmYjS45xc4B+APn8wf39ZgM</latexit><latexit sha1_base64="qFmNu7kRzo+haTyb6nVBw7BMs/Y=">AAACB3icbVBLSwMxGMz6rPW16lGQYBGFwrIrgh6LXjxWsA/oLiWbZtvQPJYkK5SlNy/+FS8eFPHqX/DmvzFt96CtAyHDzPeRzMQpo9r4/reztLyyurZe2ihvbm3v7Lp7+00tM4VJA0smVTtGmjAqSMNQw0g7VQTxmJFWPLyZ+K0HojSV4t6MUhJx1Bc0oRgZK3XdozxUHNaVNFJUZ9cYhkbC9mnV87yuW/E9fwq4SIKCVECBetf9CnsSZ5wIgxnSuhP4qYlypAzFjIzLYaZJivAQ9UnHUoE40VE+zTGGJ1bpwUQqe4SBU/X3Ro641iMe20mOzEDPexPxP6+TmeQqyqlIM0MEnj2UZAzanJNSYI8qgg0bWYKwovavEA+QQtjY6sq2hGA+8iJpnnuB7wV3F5XadVFHCRyCY3AGAnAJauAW1EEDYPAInsEreHOenBfn3fmYjS45xc4B+APn8wf39ZgM</latexit><latexit sha1_base64="qFmNu7kRzo+haTyb6nVBw7BMs/Y=">AAACB3icbVBLSwMxGMz6rPW16lGQYBGFwrIrgh6LXjxWsA/oLiWbZtvQPJYkK5SlNy/+FS8eFPHqX/DmvzFt96CtAyHDzPeRzMQpo9r4/reztLyyurZe2ihvbm3v7Lp7+00tM4VJA0smVTtGmjAqSMNQw0g7VQTxmJFWPLyZ+K0HojSV4t6MUhJx1Bc0oRgZK3XdozxUHNaVNFJUZ9cYhkbC9mnV87yuW/E9fwq4SIKCVECBetf9CnsSZ5wIgxnSuhP4qYlypAzFjIzLYaZJivAQ9UnHUoE40VE+zTGGJ1bpwUQqe4SBU/X3Ro641iMe20mOzEDPexPxP6+TmeQqyqlIM0MEnj2UZAzanJNSYI8qgg0bWYKwovavEA+QQtjY6sq2hGA+8iJpnnuB7wV3F5XadVFHCRyCY3AGAnAJauAW1EEDYPAInsEreHOenBfn3fmYjS45xc4B+APn8wf39ZgM</latexit>

X 0 ! XX̄
<latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit>

8/27/20 Yasaman	Farzan 19



Signature	of	X	particles	at	FASER𝜈 .

Standard	model	fermions

X ! ⌘ + ⌘̄ ⌘ ! ff̄ ⌘̄ ! ff̄
<latexit sha1_base64="smRcHwuVDB1l2cJTZ4clguNgihA=">AAACNnicbVDLSsNAFJ34rPEVdelmsAiCUBIRdFl040aoYB/QhHIznbRDJw9mJkIJ+So3foe7blwo4tZPcJJmoa13GDj3nHOZucdPOJPKtmfGyura+sZmbcvc3tnd27cODjsyTgWhbRLzWPR8kJSziLYVU5z2EkEh9Dnt+pPbQu8+USFZHD2qaUK9EEYRCxgBpamBdd9zVYxdquAcuz6IrIA5Nl1cHt3gwhDMxSDHuFJ0u6wOrLrdsMvCy8CpQB1V1RpYr+4wJmlII0U4SNl37ER5GQjFCKe56aaSJkAmMKJ9DSMIqfSycu0cn2pmiINY6BspXLK/JzIIpZyGvnaGoMZyUSvI/7R+qoJrL2NRkioakflDQcqxXrXIEA+ZoETxqQZABNN/xWQMAojSSZs6BGdx5WXQuWg4dsN5uKw3b6o4augYnaAz5KAr1ER3qIXaiKBnNEPv6MN4Md6MT+Nrbl0xqpkj9KeM7x9s7alb</latexit><latexit sha1_base64="smRcHwuVDB1l2cJTZ4clguNgihA=">AAACNnicbVDLSsNAFJ34rPEVdelmsAiCUBIRdFl040aoYB/QhHIznbRDJw9mJkIJ+So3foe7blwo4tZPcJJmoa13GDj3nHOZucdPOJPKtmfGyura+sZmbcvc3tnd27cODjsyTgWhbRLzWPR8kJSziLYVU5z2EkEh9Dnt+pPbQu8+USFZHD2qaUK9EEYRCxgBpamBdd9zVYxdquAcuz6IrIA5Nl1cHt3gwhDMxSDHuFJ0u6wOrLrdsMvCy8CpQB1V1RpYr+4wJmlII0U4SNl37ER5GQjFCKe56aaSJkAmMKJ9DSMIqfSycu0cn2pmiINY6BspXLK/JzIIpZyGvnaGoMZyUSvI/7R+qoJrL2NRkioakflDQcqxXrXIEA+ZoETxqQZABNN/xWQMAojSSZs6BGdx5WXQuWg4dsN5uKw3b6o4augYnaAz5KAr1ER3qIXaiKBnNEPv6MN4Md6MT+Nrbl0xqpkj9KeM7x9s7alb</latexit><latexit sha1_base64="smRcHwuVDB1l2cJTZ4clguNgihA=">AAACNnicbVDLSsNAFJ34rPEVdelmsAiCUBIRdFl040aoYB/QhHIznbRDJw9mJkIJ+So3foe7blwo4tZPcJJmoa13GDj3nHOZucdPOJPKtmfGyura+sZmbcvc3tnd27cODjsyTgWhbRLzWPR8kJSziLYVU5z2EkEh9Dnt+pPbQu8+USFZHD2qaUK9EEYRCxgBpamBdd9zVYxdquAcuz6IrIA5Nl1cHt3gwhDMxSDHuFJ0u6wOrLrdsMvCy8CpQB1V1RpYr+4wJmlII0U4SNl37ER5GQjFCKe56aaSJkAmMKJ9DSMIqfSycu0cn2pmiINY6BspXLK/JzIIpZyGvnaGoMZyUSvI/7R+qoJrL2NRkioakflDQcqxXrXIEA+ZoETxqQZABNN/xWQMAojSSZs6BGdx5WXQuWg4dsN5uKw3b6o4augYnaAz5KAr1ER3qIXaiKBnNEPv6MN4Md6MT+Nrbl0xqpkj9KeM7x9s7alb</latexit><latexit sha1_base64="smRcHwuVDB1l2cJTZ4clguNgihA=">AAACNnicbVDLSsNAFJ34rPEVdelmsAiCUBIRdFl040aoYB/QhHIznbRDJw9mJkIJ+So3foe7blwo4tZPcJJmoa13GDj3nHOZucdPOJPKtmfGyura+sZmbcvc3tnd27cODjsyTgWhbRLzWPR8kJSziLYVU5z2EkEh9Dnt+pPbQu8+USFZHD2qaUK9EEYRCxgBpamBdd9zVYxdquAcuz6IrIA5Nl1cHt3gwhDMxSDHuFJ0u6wOrLrdsMvCy8CpQB1V1RpYr+4wJmlII0U4SNl37ER5GQjFCKe56aaSJkAmMKJ9DSMIqfSycu0cn2pmiINY6BspXLK/JzIIpZyGvnaGoMZyUSvI/7R+qoJrL2NRkioakflDQcqxXrXIEA+ZoETxqQZABNN/xWQMAojSSZs6BGdx5WXQuWg4dsN5uKw3b6o4augYnaAz5KAr1ER3qIXaiKBnNEPv6MN4Md6MT+Nrbl0xqpkj9KeM7x9s7alb</latexit>

X ! ⌘ + ⌘̄ + Y ⌘ ! ff̄ ⌘̄ ! ff̄
<latexit sha1_base64="/IN1sm6rBFMDoX1W9tCQhY7UPVM=">AAACOHicbVDLSsNAFJ34rPUVdelmsAhCoSQi6LLoxp0V7EOaUCbTm3bo5MHMRCghn+XGz3Anblwo4tYvcJJmoa13GDj3nHOZuceLOZPKsl6MpeWV1bX1ykZ1c2t7Z9fc2+/IKBEU2jTikeh5RAJnIbQVUxx6sQASeBy63uQq17sPICSLwjs1jcENyChkPqNEaWpg3vQcFWEHFKljxyMizWGG6/dVBxdHtzi3+DPZzzAuFd0uqgOzZjWsovAisEtQQ2W1BuazM4xoEkCoKCdS9m0rVm5KhGKUQ1Z1EgkxoRMygr6GIQlAummxeIaPNTPEfiT0DRUu2N8TKQmknAaedgZEjeW8lpP/af1E+RduysI4URDS2UN+wrFeNU8RD5kAqvhUA0IF03/FdEwEoUpnXdUh2PMrL4LOacO2GvbtWa15WcZRQYfoCJ0gG52jJrpGLdRGFD2iV/SOPown4834NL5m1iWjnDlAf8r4/gGseanz</latexit><latexit sha1_base64="/IN1sm6rBFMDoX1W9tCQhY7UPVM=">AAACOHicbVDLSsNAFJ34rPUVdelmsAhCoSQi6LLoxp0V7EOaUCbTm3bo5MHMRCghn+XGz3Anblwo4tYvcJJmoa13GDj3nHOZuceLOZPKsl6MpeWV1bX1ykZ1c2t7Z9fc2+/IKBEU2jTikeh5RAJnIbQVUxx6sQASeBy63uQq17sPICSLwjs1jcENyChkPqNEaWpg3vQcFWEHFKljxyMizWGG6/dVBxdHtzi3+DPZzzAuFd0uqgOzZjWsovAisEtQQ2W1BuazM4xoEkCoKCdS9m0rVm5KhGKUQ1Z1EgkxoRMygr6GIQlAummxeIaPNTPEfiT0DRUu2N8TKQmknAaedgZEjeW8lpP/af1E+RduysI4URDS2UN+wrFeNU8RD5kAqvhUA0IF03/FdEwEoUpnXdUh2PMrL4LOacO2GvbtWa15WcZRQYfoCJ0gG52jJrpGLdRGFD2iV/SOPown4834NL5m1iWjnDlAf8r4/gGseanz</latexit><latexit sha1_base64="/IN1sm6rBFMDoX1W9tCQhY7UPVM=">AAACOHicbVDLSsNAFJ34rPUVdelmsAhCoSQi6LLoxp0V7EOaUCbTm3bo5MHMRCghn+XGz3Anblwo4tYvcJJmoa13GDj3nHOZuceLOZPKsl6MpeWV1bX1ykZ1c2t7Z9fc2+/IKBEU2jTikeh5RAJnIbQVUxx6sQASeBy63uQq17sPICSLwjs1jcENyChkPqNEaWpg3vQcFWEHFKljxyMizWGG6/dVBxdHtzi3+DPZzzAuFd0uqgOzZjWsovAisEtQQ2W1BuazM4xoEkCoKCdS9m0rVm5KhGKUQ1Z1EgkxoRMygr6GIQlAummxeIaPNTPEfiT0DRUu2N8TKQmknAaedgZEjeW8lpP/af1E+RduysI4URDS2UN+wrFeNU8RD5kAqvhUA0IF03/FdEwEoUpnXdUh2PMrL4LOacO2GvbtWa15WcZRQYfoCJ0gG52jJrpGLdRGFD2iV/SOPown4834NL5m1iWjnDlAf8r4/gGseanz</latexit><latexit sha1_base64="/IN1sm6rBFMDoX1W9tCQhY7UPVM=">AAACOHicbVDLSsNAFJ34rPUVdelmsAhCoSQi6LLoxp0V7EOaUCbTm3bo5MHMRCghn+XGz3Anblwo4tYvcJJmoa13GDj3nHOZuceLOZPKsl6MpeWV1bX1ykZ1c2t7Z9fc2+/IKBEU2jTikeh5RAJnIbQVUxx6sQASeBy63uQq17sPICSLwjs1jcENyChkPqNEaWpg3vQcFWEHFKljxyMizWGG6/dVBxdHtzi3+DPZzzAuFd0uqgOzZjWsovAisEtQQ2W1BuazM4xoEkCoKCdS9m0rVm5KhGKUQ1Z1EgkxoRMygr6GIQlAummxeIaPNTPEfiT0DRUu2N8TKQmknAaedgZEjeW8lpP/af1E+RduysI4URDS2UN+wrFeNU8RD5kAqvhUA0IF03/FdEwEoUpnXdUh2PMrL4LOacO2GvbtWa15WcZRQYfoCJ0gG52jJrpGLdRGFD2iV/SOPown4834NL5m1iWjnDlAf8r4/gGseanz</latexit>

X ! f + f̄ + Y
<latexit sha1_base64="S6BWtNt9zTo8RpjRI785id36UdY=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCUCiJCHosevFYwX5IE8pmu2mXbjZhdyOUUP+KFw+KePWHePPfuGlz0NYHA4/3ZpiZFyScKe0431ZpbX1jc6u8XdnZ3ds/sA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJje5332kUrFY3OtpQv0IjwQLGcHaSAO72vN0jMI68gIss3CG6g+VgV1zGs4caJW4BalBgdbA/vKGMUkjKjThWKm+6yTaz7DUjHA6q3ipogkmEzyifUMFjqjys/nxM3RqlCEKY2lKaDRXf09kOFJqGgWmM8J6rJa9XPzP66c6vPIzJpJUU0EWi8KUI/NvngQaMkmJ5lNDMJHM3IrIGEtMtMkrD8FdfnmVdM4brtNw7y5qzesijjIcwwmcgQuX0IRbaEEbCEzhGV7hzXqyXqx362PRWrKKmSr8gfX5A5t+k24=</latexit><latexit sha1_base64="S6BWtNt9zTo8RpjRI785id36UdY=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCUCiJCHosevFYwX5IE8pmu2mXbjZhdyOUUP+KFw+KePWHePPfuGlz0NYHA4/3ZpiZFyScKe0431ZpbX1jc6u8XdnZ3ds/sA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJje5332kUrFY3OtpQv0IjwQLGcHaSAO72vN0jMI68gIss3CG6g+VgV1zGs4caJW4BalBgdbA/vKGMUkjKjThWKm+6yTaz7DUjHA6q3ipogkmEzyifUMFjqjys/nxM3RqlCEKY2lKaDRXf09kOFJqGgWmM8J6rJa9XPzP66c6vPIzJpJUU0EWi8KUI/NvngQaMkmJ5lNDMJHM3IrIGEtMtMkrD8FdfnmVdM4brtNw7y5qzesijjIcwwmcgQuX0IRbaEEbCEzhGV7hzXqyXqx362PRWrKKmSr8gfX5A5t+k24=</latexit><latexit sha1_base64="S6BWtNt9zTo8RpjRI785id36UdY=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCUCiJCHosevFYwX5IE8pmu2mXbjZhdyOUUP+KFw+KePWHePPfuGlz0NYHA4/3ZpiZFyScKe0431ZpbX1jc6u8XdnZ3ds/sA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJje5332kUrFY3OtpQv0IjwQLGcHaSAO72vN0jMI68gIss3CG6g+VgV1zGs4caJW4BalBgdbA/vKGMUkjKjThWKm+6yTaz7DUjHA6q3ipogkmEzyifUMFjqjys/nxM3RqlCEKY2lKaDRXf09kOFJqGgWmM8J6rJa9XPzP66c6vPIzJpJUU0EWi8KUI/NvngQaMkmJ5lNDMJHM3IrIGEtMtMkrD8FdfnmVdM4brtNw7y5qzesijjIcwwmcgQuX0IRbaEEbCEzhGV7hzXqyXqx362PRWrKKmSr8gfX5A5t+k24=</latexit><latexit sha1_base64="S6BWtNt9zTo8RpjRI785id36UdY=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCUCiJCHosevFYwX5IE8pmu2mXbjZhdyOUUP+KFw+KePWHePPfuGlz0NYHA4/3ZpiZFyScKe0431ZpbX1jc6u8XdnZ3ds/sA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNJje5332kUrFY3OtpQv0IjwQLGcHaSAO72vN0jMI68gIss3CG6g+VgV1zGs4caJW4BalBgdbA/vKGMUkjKjThWKm+6yTaz7DUjHA6q3ipogkmEzyifUMFjqjys/nxM3RqlCEKY2lKaDRXf09kOFJqGgWmM8J6rJa9XPzP66c6vPIzJpJUU0EWi8KUI/NvngQaMkmJ5lNDMJHM3IrIGEtMtMkrD8FdfnmVdM4brtNw7y5qzesijjIcwwmcgQuX0IRbaEEbCEzhGV7hzXqyXqx362PRWrKKmSr8gfX5A5t+k24=</latexit>

X ! f + f̄
<latexit sha1_base64="C/mNIF1zJ+qct8cadrgA2JgL6Gw=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0UQhJKIoMeiF48V7Ac0oWy2m3bpZhN2N4US+k+8eFDEq//Em//GTZuDtj4YeLw3w8y8MBVcG9f9RmvrG5tb25Wd6u7e/sGhc3Tc1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vi/8zoQpzRP5ZKYpC2IylDzilBgr9R2n65sER5fYD4nKo1m179TcujsHXiVeSWpQotl3vvxBQrOYSUMF0brnuakJcqIMp4LNqn6mWUromAxZz1JJYqaDfH75DJ9bZYCjRNmSBs/V3xM5ibWexqHtjIkZ6WWvEP/zepmJboOcyzQzTNLFoigT2D5bxIAHXDFqxNQSQhW3t2I6IopQY8MqQvCWX14l7au659a9x+ta466MowKncAYX4MENNOABmtACChN4hld4Qzl6Qe/oY9G6hsqZE/gD9PkDImKSrA==</latexit><latexit sha1_base64="C/mNIF1zJ+qct8cadrgA2JgL6Gw=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0UQhJKIoMeiF48V7Ac0oWy2m3bpZhN2N4US+k+8eFDEq//Em//GTZuDtj4YeLw3w8y8MBVcG9f9RmvrG5tb25Wd6u7e/sGhc3Tc1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vi/8zoQpzRP5ZKYpC2IylDzilBgr9R2n65sER5fYD4nKo1m179TcujsHXiVeSWpQotl3vvxBQrOYSUMF0brnuakJcqIMp4LNqn6mWUromAxZz1JJYqaDfH75DJ9bZYCjRNmSBs/V3xM5ibWexqHtjIkZ6WWvEP/zepmJboOcyzQzTNLFoigT2D5bxIAHXDFqxNQSQhW3t2I6IopQY8MqQvCWX14l7au659a9x+ta466MowKncAYX4MENNOABmtACChN4hld4Qzl6Qe/oY9G6hsqZE/gD9PkDImKSrA==</latexit><latexit sha1_base64="C/mNIF1zJ+qct8cadrgA2JgL6Gw=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0UQhJKIoMeiF48V7Ac0oWy2m3bpZhN2N4US+k+8eFDEq//Em//GTZuDtj4YeLw3w8y8MBVcG9f9RmvrG5tb25Wd6u7e/sGhc3Tc1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vi/8zoQpzRP5ZKYpC2IylDzilBgr9R2n65sER5fYD4nKo1m179TcujsHXiVeSWpQotl3vvxBQrOYSUMF0brnuakJcqIMp4LNqn6mWUromAxZz1JJYqaDfH75DJ9bZYCjRNmSBs/V3xM5ibWexqHtjIkZ6WWvEP/zepmJboOcyzQzTNLFoigT2D5bxIAHXDFqxNQSQhW3t2I6IopQY8MqQvCWX14l7au659a9x+ta466MowKncAYX4MENNOABmtACChN4hld4Qzl6Qe/oY9G6hsqZE/gD9PkDImKSrA==</latexit><latexit sha1_base64="C/mNIF1zJ+qct8cadrgA2JgL6Gw=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0UQhJKIoMeiF48V7Ac0oWy2m3bpZhN2N4US+k+8eFDEq//Em//GTZuDtj4YeLw3w8y8MBVcG9f9RmvrG5tb25Wd6u7e/sGhc3Tc1kmmKGvRRCSqGxLNBJesZbgRrJsqRuJQsE44vi/8zoQpzRP5ZKYpC2IylDzilBgr9R2n65sER5fYD4nKo1m179TcujsHXiVeSWpQotl3vvxBQrOYSUMF0brnuakJcqIMp4LNqn6mWUromAxZz1JJYqaDfH75DJ9bZYCjRNmSBs/V3xM5ibWexqHtjIkZ6WWvEP/zepmJboOcyzQzTNLFoigT2D5bxIAHXDFqxNQSQhW3t2I6IopQY8MqQvCWX14l7au659a9x+ta466MowKncAYX4MENNOABmtACChN4hld4Qzl6Qe/oY9G6hsqZE/gD9PkDImKSrA==</latexit>

Missing	energy-momentum;	dark	matter?

Decay	length	1	mm-10	cm
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Dark	matter

What	is	dark	matter	made	of?
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WIMP paradigm	in	its	heyday

• WIMP=Weakly	Interacting	Massive	Particle

Freeze-out	scenario	of	dark	matter

hvDM�(DM +DM)i = 1 pb
<latexit sha1_base64="eC+Zj3ytL1Sa0fE3WqD1seBkiG8=">AAACGXicbVDLSgMxFM34rPU16tJNsAgVocyIoBuhaBduChXsAzqlZNJMG5pkhiRTKMP4GW78FTcuFHGpK//GtJ2Fth64cDjnXu69x48YVdpxvq2l5ZXVtfXcRn5za3tn197bb6gwlpjUcchC2fKRIowKUtdUM9KKJEHcZ6TpD28mfnNEpKKhuNfjiHQ46gsaUIy0kbq24zEk+ozAUTepVFPoKdrnqFipnlaqJ56celcufEg8yWHkp/muXXBKzhRwkbgZKYAMta796fVCHHMiNGZIqbbrRLqTIKkpZiTNe7EiEcJD1CdtQwXiRHWS6WcpPDZKDwahNCU0nKq/JxLElRpz33RypAdq3puI/3ntWAeXnYSKKNZE4NmiIGZQh3ASE+xRSbBmY0MQltTcCvEASYS1CXMSgjv/8iJpnJVcp+TenRfK11kcOXAIjkARuOAClMEtqIE6wOARPINX8GY9WS/Wu/Uxa12yspkD8AfW1w8YZZ8T</latexit><latexit sha1_base64="eC+Zj3ytL1Sa0fE3WqD1seBkiG8=">AAACGXicbVDLSgMxFM34rPU16tJNsAgVocyIoBuhaBduChXsAzqlZNJMG5pkhiRTKMP4GW78FTcuFHGpK//GtJ2Fth64cDjnXu69x48YVdpxvq2l5ZXVtfXcRn5za3tn197bb6gwlpjUcchC2fKRIowKUtdUM9KKJEHcZ6TpD28mfnNEpKKhuNfjiHQ46gsaUIy0kbq24zEk+ozAUTepVFPoKdrnqFipnlaqJ56celcufEg8yWHkp/muXXBKzhRwkbgZKYAMta796fVCHHMiNGZIqbbrRLqTIKkpZiTNe7EiEcJD1CdtQwXiRHWS6WcpPDZKDwahNCU0nKq/JxLElRpz33RypAdq3puI/3ntWAeXnYSKKNZE4NmiIGZQh3ASE+xRSbBmY0MQltTcCvEASYS1CXMSgjv/8iJpnJVcp+TenRfK11kcOXAIjkARuOAClMEtqIE6wOARPINX8GY9WS/Wu/Uxa12yspkD8AfW1w8YZZ8T</latexit><latexit sha1_base64="eC+Zj3ytL1Sa0fE3WqD1seBkiG8=">AAACGXicbVDLSgMxFM34rPU16tJNsAgVocyIoBuhaBduChXsAzqlZNJMG5pkhiRTKMP4GW78FTcuFHGpK//GtJ2Fth64cDjnXu69x48YVdpxvq2l5ZXVtfXcRn5za3tn197bb6gwlpjUcchC2fKRIowKUtdUM9KKJEHcZ6TpD28mfnNEpKKhuNfjiHQ46gsaUIy0kbq24zEk+ozAUTepVFPoKdrnqFipnlaqJ56celcufEg8yWHkp/muXXBKzhRwkbgZKYAMta796fVCHHMiNGZIqbbrRLqTIKkpZiTNe7EiEcJD1CdtQwXiRHWS6WcpPDZKDwahNCU0nKq/JxLElRpz33RypAdq3puI/3ntWAeXnYSKKNZE4NmiIGZQh3ASE+xRSbBmY0MQltTcCvEASYS1CXMSgjv/8iJpnJVcp+TenRfK11kcOXAIjkARuOAClMEtqIE6wOARPINX8GY9WS/Wu/Uxa12yspkD8AfW1w8YZZ8T</latexit><latexit sha1_base64="eC+Zj3ytL1Sa0fE3WqD1seBkiG8=">AAACGXicbVDLSgMxFM34rPU16tJNsAgVocyIoBuhaBduChXsAzqlZNJMG5pkhiRTKMP4GW78FTcuFHGpK//GtJ2Fth64cDjnXu69x48YVdpxvq2l5ZXVtfXcRn5za3tn197bb6gwlpjUcchC2fKRIowKUtdUM9KKJEHcZ6TpD28mfnNEpKKhuNfjiHQ46gsaUIy0kbq24zEk+ozAUTepVFPoKdrnqFipnlaqJ56celcufEg8yWHkp/muXXBKzhRwkbgZKYAMta796fVCHHMiNGZIqbbrRLqTIKkpZiTNe7EiEcJD1CdtQwXiRHWS6WcpPDZKDwahNCU0nKq/JxLElRpz33RypAdq3puI/3ntWAeXnYSKKNZE4NmiIGZQh3ASE+xRSbBmY0MQltTcCvEASYS1CXMSgjv/8iJpnJVcp+TenRfK11kcOXAIjkARuOAClMEtqIE6wOARPINX8GY9WS/Wu/Uxa12yspkD8AfW1w8YZZ8T</latexit>

g ⇠ e sin ✓W
<latexit sha1_base64="X1IjEZUN/kAyldER+DvGV4jCK8M=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeiF48V7Ac0oWy203bpZhN2J0IJBf+KFw+KePV3ePPfuG1z0NYHwzzem2FnX5RKYdDzvp2V1bX1jc3SVnl7Z3dv3z04bJok0xwaPJGJbkfMgBQKGihQQjvVwOJIQisa3U791iNoIxL1gOMUwpgNlOgLztBKXfd4EBgRU6C2KRrgEJB1W1234lW9Gegy8QtSIQXqXfcr6CU8i0Ehl8yYju+lGOZMo+ASJuUgM5AyPmID6FiqWAwmzGfnT+iZVXq0n2hbCulM/b2Rs9iYcRzZyZjh0Cx6U/E/r5Nh/zrMhUozBMXnD/UzSTGh0yxoT2jgKMeWMK6FvZXyIdOMo02sbEPwF7+8TJoXVd+r+veXldpNEUeJnJBTck58ckVq5I7USYNwkpNn8krenCfnxXl3PuajK06xc0T+wPn8AWVElRw=</latexit><latexit sha1_base64="X1IjEZUN/kAyldER+DvGV4jCK8M=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeiF48V7Ac0oWy203bpZhN2J0IJBf+KFw+KePV3ePPfuG1z0NYHwzzem2FnX5RKYdDzvp2V1bX1jc3SVnl7Z3dv3z04bJok0xwaPJGJbkfMgBQKGihQQjvVwOJIQisa3U791iNoIxL1gOMUwpgNlOgLztBKXfd4EBgRU6C2KRrgEJB1W1234lW9Gegy8QtSIQXqXfcr6CU8i0Ehl8yYju+lGOZMo+ASJuUgM5AyPmID6FiqWAwmzGfnT+iZVXq0n2hbCulM/b2Rs9iYcRzZyZjh0Cx6U/E/r5Nh/zrMhUozBMXnD/UzSTGh0yxoT2jgKMeWMK6FvZXyIdOMo02sbEPwF7+8TJoXVd+r+veXldpNEUeJnJBTck58ckVq5I7USYNwkpNn8krenCfnxXl3PuajK06xc0T+wPn8AWVElRw=</latexit><latexit sha1_base64="X1IjEZUN/kAyldER+DvGV4jCK8M=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeiF48V7Ac0oWy203bpZhN2J0IJBf+KFw+KePV3ePPfuG1z0NYHwzzem2FnX5RKYdDzvp2V1bX1jc3SVnl7Z3dv3z04bJok0xwaPJGJbkfMgBQKGihQQjvVwOJIQisa3U791iNoIxL1gOMUwpgNlOgLztBKXfd4EBgRU6C2KRrgEJB1W1234lW9Gegy8QtSIQXqXfcr6CU8i0Ehl8yYju+lGOZMo+ASJuUgM5AyPmID6FiqWAwmzGfnT+iZVXq0n2hbCulM/b2Rs9iYcRzZyZjh0Cx6U/E/r5Nh/zrMhUozBMXnD/UzSTGh0yxoT2jgKMeWMK6FvZXyIdOMo02sbEPwF7+8TJoXVd+r+veXldpNEUeJnJBTck58ckVq5I7USYNwkpNn8krenCfnxXl3PuajK06xc0T+wPn8AWVElRw=</latexit><latexit sha1_base64="X1IjEZUN/kAyldER+DvGV4jCK8M=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoMeiF48V7Ac0oWy203bpZhN2J0IJBf+KFw+KePV3ePPfuG1z0NYHwzzem2FnX5RKYdDzvp2V1bX1jc3SVnl7Z3dv3z04bJok0xwaPJGJbkfMgBQKGihQQjvVwOJIQisa3U791iNoIxL1gOMUwpgNlOgLztBKXfd4EBgRU6C2KRrgEJB1W1234lW9Gegy8QtSIQXqXfcr6CU8i0Ehl8yYju+lGOZMo+ASJuUgM5AyPmID6FiqWAwmzGfnT+iZVXq0n2hbCulM/b2Rs9iYcRzZyZjh0Cx6U/E/r5Nh/zrMhUozBMXnD/UzSTGh0yxoT2jgKMeWMK6FvZXyIdOMo02sbEPwF7+8TJoXVd+r+veXldpNEUeJnJBTck58ckVq5I7USYNwkpNn8krenCfnxXl3PuajK06xc0T+wPn8AWVElRw=</latexit>

hvDM�(DM +DM)i ⇠ g4

4⇡M2
<latexit sha1_base64="DK/isGwny/He5xu5fcYu5LCokmE="></latexit><latexit sha1_base64="DK/isGwny/He5xu5fcYu5LCokmE="></latexit><latexit sha1_base64="DK/isGwny/He5xu5fcYu5LCokmE="></latexit><latexit sha1_base64="DK/isGwny/He5xu5fcYu5LCokmE="></latexit>

M ⇠ few ⇥ 100 GeV
<latexit sha1_base64="61xprwV+k3c39z6DTYbnjkGccBk=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFbBU0lE0GPRg16ECvYDmlA220m7dDcJuxulhPoDvPhXvHhQxKt3b/4bt20O2vpg4PHeDDPzgoQzpR3n2yosLC4trxRXS2vrG5tb9vZOQ8WppFCnMY9lKyAKOIugrpnm0EokEBFwaAaDi7HfvAOpWBzd6mECviC9iIWMEm2kjn1w7SkmcOZJgUO4H2FPMwEKu47zMBEvoTHq2GWn4kyA54mbkzLKUevYX143pqmASFNOlGq7TqL9jEjNKIdRyUsVJIQOSA/ahkbErPSzyTcjfGiULg5jaSrSeKL+nsiIUGooAtMpiO6rWW8s/ue1Ux2e+RmLklRDRKeLwpRjHeNxNLjLJFDNh4YQKpm5FdM+kYRqE2DJhODOvjxPGscV16m4Nyfl6nkeRxHtoX10hFx0iqroCtVQHVH0iJ7RK3qznqwX6936mLYWrHxmF/2B9fkD/uKa3A==</latexit><latexit sha1_base64="61xprwV+k3c39z6DTYbnjkGccBk=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFbBU0lE0GPRg16ECvYDmlA220m7dDcJuxulhPoDvPhXvHhQxKt3b/4bt20O2vpg4PHeDDPzgoQzpR3n2yosLC4trxRXS2vrG5tb9vZOQ8WppFCnMY9lKyAKOIugrpnm0EokEBFwaAaDi7HfvAOpWBzd6mECviC9iIWMEm2kjn1w7SkmcOZJgUO4H2FPMwEKu47zMBEvoTHq2GWn4kyA54mbkzLKUevYX143pqmASFNOlGq7TqL9jEjNKIdRyUsVJIQOSA/ahkbErPSzyTcjfGiULg5jaSrSeKL+nsiIUGooAtMpiO6rWW8s/ue1Ux2e+RmLklRDRKeLwpRjHeNxNLjLJFDNh4YQKpm5FdM+kYRqE2DJhODOvjxPGscV16m4Nyfl6nkeRxHtoX10hFx0iqroCtVQHVH0iJ7RK3qznqwX6936mLYWrHxmF/2B9fkD/uKa3A==</latexit><latexit sha1_base64="61xprwV+k3c39z6DTYbnjkGccBk=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFbBU0lE0GPRg16ECvYDmlA220m7dDcJuxulhPoDvPhXvHhQxKt3b/4bt20O2vpg4PHeDDPzgoQzpR3n2yosLC4trxRXS2vrG5tb9vZOQ8WppFCnMY9lKyAKOIugrpnm0EokEBFwaAaDi7HfvAOpWBzd6mECviC9iIWMEm2kjn1w7SkmcOZJgUO4H2FPMwEKu47zMBEvoTHq2GWn4kyA54mbkzLKUevYX143pqmASFNOlGq7TqL9jEjNKIdRyUsVJIQOSA/ahkbErPSzyTcjfGiULg5jaSrSeKL+nsiIUGooAtMpiO6rWW8s/ue1Ux2e+RmLklRDRKeLwpRjHeNxNLjLJFDNh4YQKpm5FdM+kYRqE2DJhODOvjxPGscV16m4Nyfl6nkeRxHtoX10hFx0iqroCtVQHVH0iJ7RK3qznqwX6936mLYWrHxmF/2B9fkD/uKa3A==</latexit><latexit sha1_base64="61xprwV+k3c39z6DTYbnjkGccBk=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFbBU0lE0GPRg16ECvYDmlA220m7dDcJuxulhPoDvPhXvHhQxKt3b/4bt20O2vpg4PHeDDPzgoQzpR3n2yosLC4trxRXS2vrG5tb9vZOQ8WppFCnMY9lKyAKOIugrpnm0EokEBFwaAaDi7HfvAOpWBzd6mECviC9iIWMEm2kjn1w7SkmcOZJgUO4H2FPMwEKu47zMBEvoTHq2GWn4kyA54mbkzLKUevYX143pqmASFNOlGq7TqL9jEjNKIdRyUsVJIQOSA/ahkbErPSzyTcjfGiULg5jaSrSeKL+nsiIUGooAtMpiO6rWW8s/ue1Ux2e+RmLklRDRKeLwpRjHeNxNLjLJFDNh4YQKpm5FdM+kYRqE2DJhODOvjxPGscV16m4Nyfl6nkeRxHtoX10hFx0iqroCtVQHVH0iJ7RK3qznqwX6936mLYWrHxmF/2B9fkD/uKa3A==</latexit>
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Hopes	for	WIMP	discovery

• LHC:	p+p DM+monophoton or	DM+monojet

• Direct	DM	searches:	DM+nucleus DM+	recoiled	nucleus

• Indirect	DM	searches:	DM+DM									SM	particles	
In	regions	that	DM	density	is	higher	than	the	average:	Galaxy	center,	DM	halo,	Earth	or	sun	center

8/27/20 Yasaman	Farzan 23



High hopes	for	DM	detection

Null results so far

8/27/20 Yasaman	Farzan 24



http://newscenter.lbl.gov

In	2013,	WIMP	was	still	young.

Italian:WIMP era	ancora giovane

Iranian:	 Javan
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Marc	Schumann,	“Direct	Detection	of	WIMP	Dark	Matter:	Concepts	and	Status”J.Phys.G 46 (2019) 10, 103003
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http://newscenter.lbl.gov

In	2013,	WIMP	was	still	young.

Italian:WIMP era	ancora giovane

Iranian:	 Javan
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Iranian	saying
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High hopes	for	DM	detection

Hope for WIMP is not given up.

But the Hegemony of WIMP as THEE DM candidate is broken

8/27/20 Yasaman	Farzan 29



Time	to	leave	the	comfort	zone

• Comfort	zone:	100	GeV-1	TeV

• Whole	range:	 M > 10�21eV
<latexit sha1_base64="tbEVD1SlqWa1BGKZS/PssyMt+gI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VTBD1J0YsXoYL9gHYt2TTbhmaza5ItlKW/w4sHRbz6Y7z5b0zbPWjrg4HHezPMzPNjwbVx3W8nt7K6tr6R3yxsbe/s7hX3Dxo6ShRldRqJSLV8opngktUNN4K1YsVI6AvW9Ic3U785YkrzSD6Yccy8kPQlDzglxkre3RV2H9OzCp4g1ugWS27ZnQEtE5yREmSodYtfnV5Ek5BJQwXRuo3d2HgpUYZTwSaFTqJZTOiQ9FnbUklCpr10dvQEnVilh4JI2ZIGzdTfEykJtR6Hvu0MiRnoRW8q/ue1ExNceimXcWKYpPNFQSKQidA0AdTjilEjxpYQqri9FdEBUYQam1PBhoAXX14mjUoZu2V8f16qXmdx5OEIjuEUMFxAFW6hBnWg8ATP8Apvzsh5cd6dj3lrzslmDuEPnM8fkz+QqQ==</latexit><latexit sha1_base64="tbEVD1SlqWa1BGKZS/PssyMt+gI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VTBD1J0YsXoYL9gHYt2TTbhmaza5ItlKW/w4sHRbz6Y7z5b0zbPWjrg4HHezPMzPNjwbVx3W8nt7K6tr6R3yxsbe/s7hX3Dxo6ShRldRqJSLV8opngktUNN4K1YsVI6AvW9Ic3U785YkrzSD6Yccy8kPQlDzglxkre3RV2H9OzCp4g1ugWS27ZnQEtE5yREmSodYtfnV5Ek5BJQwXRuo3d2HgpUYZTwSaFTqJZTOiQ9FnbUklCpr10dvQEnVilh4JI2ZIGzdTfEykJtR6Hvu0MiRnoRW8q/ue1ExNceimXcWKYpPNFQSKQidA0AdTjilEjxpYQqri9FdEBUYQam1PBhoAXX14mjUoZu2V8f16qXmdx5OEIjuEUMFxAFW6hBnWg8ATP8Apvzsh5cd6dj3lrzslmDuEPnM8fkz+QqQ==</latexit><latexit sha1_base64="tbEVD1SlqWa1BGKZS/PssyMt+gI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VTBD1J0YsXoYL9gHYt2TTbhmaza5ItlKW/w4sHRbz6Y7z5b0zbPWjrg4HHezPMzPNjwbVx3W8nt7K6tr6R3yxsbe/s7hX3Dxo6ShRldRqJSLV8opngktUNN4K1YsVI6AvW9Ic3U785YkrzSD6Yccy8kPQlDzglxkre3RV2H9OzCp4g1ugWS27ZnQEtE5yREmSodYtfnV5Ek5BJQwXRuo3d2HgpUYZTwSaFTqJZTOiQ9FnbUklCpr10dvQEnVilh4JI2ZIGzdTfEykJtR6Hvu0MiRnoRW8q/ue1ExNceimXcWKYpPNFQSKQidA0AdTjilEjxpYQqri9FdEBUYQam1PBhoAXX14mjUoZu2V8f16qXmdx5OEIjuEUMFxAFW6hBnWg8ATP8Apvzsh5cd6dj3lrzslmDuEPnM8fkz+QqQ==</latexit><latexit sha1_base64="tbEVD1SlqWa1BGKZS/PssyMt+gI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VTBD1J0YsXoYL9gHYt2TTbhmaza5ItlKW/w4sHRbz6Y7z5b0zbPWjrg4HHezPMzPNjwbVx3W8nt7K6tr6R3yxsbe/s7hX3Dxo6ShRldRqJSLV8opngktUNN4K1YsVI6AvW9Ic3U785YkrzSD6Yccy8kPQlDzglxkre3RV2H9OzCp4g1ugWS27ZnQEtE5yREmSodYtfnV5Ek5BJQwXRuo3d2HgpUYZTwSaFTqJZTOiQ9FnbUklCpr10dvQEnVilh4JI2ZIGzdTfEykJtR6Hvu0MiRnoRW8q/ue1ExNceimXcWKYpPNFQSKQidA0AdTjilEjxpYQqri9FdEBUYQam1PBhoAXX14mjUoZu2V8f16qXmdx5OEIjuEUMFxAFW6hBnWg8ATP8Apvzsh5cd6dj3lrzslmDuEPnM8fkz+QqQ==</latexit>
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GeV scale	DM

8/27/20 Yasaman	Farzan 31

CDEX	collaboration,	arXiv:	2007.15555.



More	precise	evaluation	of	annihilation	from	
DM	abundance

Steigman,	Dasgupta and	Beacom,	Phys.Rev.D 86 (2012) 023506

� ⇠ 1 pb
<latexit sha1_base64="HkhnUnKNwoVg70nTrDeciMqAm78=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjQl0W3bisYB/QDiWTZtrQJDMkGaWM9U/cuFDErV/izr8xbWehrQcu93DOveTmhAln2njet1NYW9/Y3Cpul3Z29/YP3PJhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfD3z2/dUaRbLOzNJaCDwULKIEWys1HfLPc2GAiPbBPKfUBL23YpX9eZAq8TPSQVyNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzU+folOrDFAUK1vSoLn6eyPDQuuJCO2kwGakl72Z+J/XTU10GWRMJqmhkiweilKOTIxmOaABU5QYPrEEE8XsrYiMsMLE2LRKNgR/+curpHVe9b2qf3tRqV/lcRThGE7gDHyoQR1uoAFNIPAAz/AKb86j8+K8Ox+L0YKT7xzBHzifPy5Ik0g=</latexit><latexit sha1_base64="HkhnUnKNwoVg70nTrDeciMqAm78=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjQl0W3bisYB/QDiWTZtrQJDMkGaWM9U/cuFDErV/izr8xbWehrQcu93DOveTmhAln2njet1NYW9/Y3Cpul3Z29/YP3PJhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfD3z2/dUaRbLOzNJaCDwULKIEWys1HfLPc2GAiPbBPKfUBL23YpX9eZAq8TPSQVyNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzU+folOrDFAUK1vSoLn6eyPDQuuJCO2kwGakl72Z+J/XTU10GWRMJqmhkiweilKOTIxmOaABU5QYPrEEE8XsrYiMsMLE2LRKNgR/+curpHVe9b2qf3tRqV/lcRThGE7gDHyoQR1uoAFNIPAAz/AKb86j8+K8Ox+L0YKT7xzBHzifPy5Ik0g=</latexit><latexit sha1_base64="HkhnUnKNwoVg70nTrDeciMqAm78=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjQl0W3bisYB/QDiWTZtrQJDMkGaWM9U/cuFDErV/izr8xbWehrQcu93DOveTmhAln2njet1NYW9/Y3Cpul3Z29/YP3PJhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfD3z2/dUaRbLOzNJaCDwULKIEWys1HfLPc2GAiPbBPKfUBL23YpX9eZAq8TPSQVyNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzU+folOrDFAUK1vSoLn6eyPDQuuJCO2kwGakl72Z+J/XTU10GWRMJqmhkiweilKOTIxmOaABU5QYPrEEE8XsrYiMsMLE2LRKNgR/+curpHVe9b2qf3tRqV/lcRThGE7gDHyoQR1uoAFNIPAAz/AKb86j8+K8Ox+L0YKT7xzBHzifPy5Ik0g=</latexit><latexit sha1_base64="HkhnUnKNwoVg70nTrDeciMqAm78=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjQl0W3bisYB/QDiWTZtrQJDMkGaWM9U/cuFDErV/izr8xbWehrQcu93DOveTmhAln2njet1NYW9/Y3Cpul3Z29/YP3PJhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfD3z2/dUaRbLOzNJaCDwULKIEWys1HfLPc2GAiPbBPKfUBL23YpX9eZAq8TPSQVyNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzU+folOrDFAUK1vSoLn6eyPDQuuJCO2kwGakl72Z+J/XTU10GWRMJqmhkiweilKOTIxmOaABU5QYPrEEE8XsrYiMsMLE2LRKNgR/+curpHVe9b2qf3tRqV/lcRThGE7gDHyoQR1uoAFNIPAAz/AKb86j8+K8Ox+L0YKT7xzBHzifPy5Ik0g=</latexit>

Freeze-out	scenario
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Light	dark	matter	annihilation	rate

M=	Mass	of	the	mediator

� ⇠ g4

4⇡M4
m2

DM
<latexit sha1_base64="kHzsqiURWfMj7wTC9yAF4dtcjyc=">AAACE3icbZBNS8MwGMdTX+d8q3r0EhyCeBjtGOhxqAcvgwnuBdaupFnahSVtSVJhlH4HL34VLx4U8erFm9/GbOtBNx8I+fH/Pw/J8/cTRqWyrG9jZXVtfWOztFXe3tnd2zcPDjsyTgUmbRyzWPR8JAmjEWkrqhjpJYIg7jPS9cfXU7/7QISkcXSvJglxOQojGlCMlJY889yRNOQI6otDJxAIZ+Ggnmd16CQUNjVC7mU3zXxQ88yKVbVmBZfBLqACimp55pczjHHKSaQwQ1L2bStRboaEopiRvOykkiQIj1FI+hojxIl0s9lOOTzVyhAGsdAnUnCm/p7IEJdywn3dyZEayUVvKv7n9VMVXLoZjZJUkQjPHwpSBlUMpwHBIRUEKzbRgLCg+q8Qj5AORukYyzoEe3HlZejUqrZVte/qlcZVEUcJHIMTcAZscAEa4Ba0QBtg8AiewSt4M56MF+Pd+Ji3rhjFzBH4U8bnDy56nQ8=</latexit><latexit sha1_base64="kHzsqiURWfMj7wTC9yAF4dtcjyc=">AAACE3icbZBNS8MwGMdTX+d8q3r0EhyCeBjtGOhxqAcvgwnuBdaupFnahSVtSVJhlH4HL34VLx4U8erFm9/GbOtBNx8I+fH/Pw/J8/cTRqWyrG9jZXVtfWOztFXe3tnd2zcPDjsyTgUmbRyzWPR8JAmjEWkrqhjpJYIg7jPS9cfXU7/7QISkcXSvJglxOQojGlCMlJY889yRNOQI6otDJxAIZ+Ggnmd16CQUNjVC7mU3zXxQ88yKVbVmBZfBLqACimp55pczjHHKSaQwQ1L2bStRboaEopiRvOykkiQIj1FI+hojxIl0s9lOOTzVyhAGsdAnUnCm/p7IEJdywn3dyZEayUVvKv7n9VMVXLoZjZJUkQjPHwpSBlUMpwHBIRUEKzbRgLCg+q8Qj5AORukYyzoEe3HlZejUqrZVte/qlcZVEUcJHIMTcAZscAEa4Ba0QBtg8AiewSt4M56MF+Pd+Ji3rhjFzBH4U8bnDy56nQ8=</latexit><latexit sha1_base64="kHzsqiURWfMj7wTC9yAF4dtcjyc=">AAACE3icbZBNS8MwGMdTX+d8q3r0EhyCeBjtGOhxqAcvgwnuBdaupFnahSVtSVJhlH4HL34VLx4U8erFm9/GbOtBNx8I+fH/Pw/J8/cTRqWyrG9jZXVtfWOztFXe3tnd2zcPDjsyTgUmbRyzWPR8JAmjEWkrqhjpJYIg7jPS9cfXU7/7QISkcXSvJglxOQojGlCMlJY889yRNOQI6otDJxAIZ+Ggnmd16CQUNjVC7mU3zXxQ88yKVbVmBZfBLqACimp55pczjHHKSaQwQ1L2bStRboaEopiRvOykkiQIj1FI+hojxIl0s9lOOTzVyhAGsdAnUnCm/p7IEJdywn3dyZEayUVvKv7n9VMVXLoZjZJUkQjPHwpSBlUMpwHBIRUEKzbRgLCg+q8Qj5AORukYyzoEe3HlZejUqrZVte/qlcZVEUcJHIMTcAZscAEa4Ba0QBtg8AiewSt4M56MF+Pd+Ji3rhjFzBH4U8bnDy56nQ8=</latexit><latexit sha1_base64="kHzsqiURWfMj7wTC9yAF4dtcjyc=">AAACE3icbZBNS8MwGMdTX+d8q3r0EhyCeBjtGOhxqAcvgwnuBdaupFnahSVtSVJhlH4HL34VLx4U8erFm9/GbOtBNx8I+fH/Pw/J8/cTRqWyrG9jZXVtfWOztFXe3tnd2zcPDjsyTgUmbRyzWPR8JAmjEWkrqhjpJYIg7jPS9cfXU7/7QISkcXSvJglxOQojGlCMlJY889yRNOQI6otDJxAIZ+Ggnmd16CQUNjVC7mU3zXxQ88yKVbVmBZfBLqACimp55pczjHHKSaQwQ1L2bStRboaEopiRvOykkiQIj1FI+hojxIl0s9lOOTzVyhAGsdAnUnCm/p7IEJdywn3dyZEayUVvKv7n9VMVXLoZjZJUkQjPHwpSBlUMpwHBIRUEKzbRgLCg+q8Qj5AORukYyzoEe3HlZejUqrZVte/qlcZVEUcJHIMTcAZscAEa4Ba0QBtg8AiewSt4M56MF+Pd+Ji3rhjFzBH4U8bnDy56nQ8=</latexit>

M/g > TeV
<latexit sha1_base64="NjEYEfZwa+eKOqGf+kkQJUV8H88=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoCcJevEiRMgLkjXMTnqTITO7y8ysEpb8hxcPinj1X7z5N04eB40WNBRV3XR3BYng2rjul5NbWl5ZXcuvFzY2t7Z3irt7DR2nimGdxSJWrYBqFDzCuuFGYCtRSGUgsBkMryd+8wGV5nFUM6MEfUn7EQ85o8ZK97cn/UuSdZQkNWyMu8WSW3anIH+JNyclmKPaLX52ejFLJUaGCap123MT42dUGc4EjgudVGNC2ZD2sW1pRCVqP5tePSZHVumRMFa2IkOm6s+JjEqtRzKwnZKagV70JuJ/Xjs14YWf8ShJDUZstihMBTExmURAelwhM2JkCWWK21sJG1BFmbFBFWwI3uLLf0njtOy5Ze/urFS5mseRhwM4hGPw4BwqcANVqAMDBU/wAq/Oo/PsvDnvs9acM5/Zh19wPr4BM/eRqQ==</latexit><latexit sha1_base64="NjEYEfZwa+eKOqGf+kkQJUV8H88=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoCcJevEiRMgLkjXMTnqTITO7y8ysEpb8hxcPinj1X7z5N04eB40WNBRV3XR3BYng2rjul5NbWl5ZXcuvFzY2t7Z3irt7DR2nimGdxSJWrYBqFDzCuuFGYCtRSGUgsBkMryd+8wGV5nFUM6MEfUn7EQ85o8ZK97cn/UuSdZQkNWyMu8WSW3anIH+JNyclmKPaLX52ejFLJUaGCap123MT42dUGc4EjgudVGNC2ZD2sW1pRCVqP5tePSZHVumRMFa2IkOm6s+JjEqtRzKwnZKagV70JuJ/Xjs14YWf8ShJDUZstihMBTExmURAelwhM2JkCWWK21sJG1BFmbFBFWwI3uLLf0njtOy5Ze/urFS5mseRhwM4hGPw4BwqcANVqAMDBU/wAq/Oo/PsvDnvs9acM5/Zh19wPr4BM/eRqQ==</latexit><latexit sha1_base64="NjEYEfZwa+eKOqGf+kkQJUV8H88=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoCcJevEiRMgLkjXMTnqTITO7y8ysEpb8hxcPinj1X7z5N04eB40WNBRV3XR3BYng2rjul5NbWl5ZXcuvFzY2t7Z3irt7DR2nimGdxSJWrYBqFDzCuuFGYCtRSGUgsBkMryd+8wGV5nFUM6MEfUn7EQ85o8ZK97cn/UuSdZQkNWyMu8WSW3anIH+JNyclmKPaLX52ejFLJUaGCap123MT42dUGc4EjgudVGNC2ZD2sW1pRCVqP5tePSZHVumRMFa2IkOm6s+JjEqtRzKwnZKagV70JuJ/Xjs14YWf8ShJDUZstihMBTExmURAelwhM2JkCWWK21sJG1BFmbFBFWwI3uLLf0njtOy5Ze/urFS5mseRhwM4hGPw4BwqcANVqAMDBU/wAq/Oo/PsvDnvs9acM5/Zh19wPr4BM/eRqQ==</latexit><latexit sha1_base64="NjEYEfZwa+eKOqGf+kkQJUV8H88=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KoCcJevEiRMgLkjXMTnqTITO7y8ysEpb8hxcPinj1X7z5N04eB40WNBRV3XR3BYng2rjul5NbWl5ZXcuvFzY2t7Z3irt7DR2nimGdxSJWrYBqFDzCuuFGYCtRSGUgsBkMryd+8wGV5nFUM6MEfUn7EQ85o8ZK97cn/UuSdZQkNWyMu8WSW3anIH+JNyclmKPaLX52ejFLJUaGCap123MT42dUGc4EjgudVGNC2ZD2sW1pRCVqP5tePSZHVumRMFa2IkOm6s+JjEqtRzKwnZKagV70JuJ/Xjs14YWf8ShJDUZstihMBTExmURAelwhM2JkCWWK21sJG1BFmbFBFWwI3uLLf0njtOy5Ze/urFS5mseRhwM4hGPw4BwqcANVqAMDBU/wAq/Oo/PsvDnvs9acM5/Zh19wPr4BM/eRqQ==</latexit>

If	annihilation	is	to	SM	particles:	electron,	muon,	u,	d,	s,	gluons	or	photons

� ⌧ pb
<latexit sha1_base64="MBlj0yCRT7zb3/fZ8qr4iLcnhxo=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRaNhAYBRyjtK4V6n6NX8OtEqCglShQKNX+Qr7imSCSks4NqYb+KmNcqwtI5xOy2FmaIrJCA9o11GJBTVRPj96is6d0keJ0q6kRXP190SOhTETEbtOge3QLHsz8T+vm9nkJsqZTDNLJVksSjKOrEKzBFCfaUosnziCiWbuVkSGWGNiXU5lF0Kw/PIqaV3WAr8WPFxV67dFHCU4hTO4gACuoQ730IAmEHiCZ3iFN2/svXjv3seidc0rZk7gD7zPHyiZka8=</latexit><latexit sha1_base64="MBlj0yCRT7zb3/fZ8qr4iLcnhxo=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRaNhAYBRyjtK4V6n6NX8OtEqCglShQKNX+Qr7imSCSks4NqYb+KmNcqwtI5xOy2FmaIrJCA9o11GJBTVRPj96is6d0keJ0q6kRXP190SOhTETEbtOge3QLHsz8T+vm9nkJsqZTDNLJVksSjKOrEKzBFCfaUosnziCiWbuVkSGWGNiXU5lF0Kw/PIqaV3WAr8WPFxV67dFHCU4hTO4gACuoQ730IAmEHiCZ3iFN2/svXjv3seidc0rZk7gD7zPHyiZka8=</latexit><latexit sha1_base64="MBlj0yCRT7zb3/fZ8qr4iLcnhxo=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRaNhAYBRyjtK4V6n6NX8OtEqCglShQKNX+Qr7imSCSks4NqYb+KmNcqwtI5xOy2FmaIrJCA9o11GJBTVRPj96is6d0keJ0q6kRXP190SOhTETEbtOge3QLHsz8T+vm9nkJsqZTDNLJVksSjKOrEKzBFCfaUosnziCiWbuVkSGWGNiXU5lF0Kw/PIqaV3WAr8WPFxV67dFHCU4hTO4gACuoQ730IAmEHiCZ3iFN2/svXjv3seidc0rZk7gD7zPHyiZka8=</latexit><latexit sha1_base64="MBlj0yCRT7zb3/fZ8qr4iLcnhxo=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOT2WTIPNaZ2UBY8h1ePCji1Y/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7dzfz2mGrDlHy0k5RGAg8kSxjB1klRaNhAYBRyjtK4V6n6NX8OtEqCglShQKNX+Qr7imSCSks4NqYb+KmNcqwtI5xOy2FmaIrJCA9o11GJBTVRPj96is6d0keJ0q6kRXP190SOhTETEbtOge3QLHsz8T+vm9nkJsqZTDNLJVksSjKOrEKzBFCfaUosnziCiWbuVkSGWGNiXU5lF0Kw/PIqaV3WAr8WPFxV67dFHCU4hTO4gACuoQ730IAmEHiCZ3iFN2/svXjv3seidc0rZk7gD7zPHyiZka8=</latexit>

mDM ⇠ GeV
<latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit><latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit><latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit><latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit>

B. W. Lee and S. Weinberg, Phys. Rev. Lett. 39 (1977) 165. 33



One	exception:		SLIM	model

• New	fields:	
• Majorana Right-handed	neutrino
• SLIM=Scalar	as	LIght as	MeV
Boehm, Y. F., T. Hambye, S. Palomares-Ruiz and S. Pascoli, PRD 77 (2008) 43516;

• Effective	Lagrangian:																																																				

• New	parameters:																																																					

8/27/20 Yasaman	Farzan 34



Annihilation	cross-section

8/27/20 Yasaman	Farzan 35



neutrino	masses

• In	this	scenario,	SLIM	does	not	develop	any	VEV so	the	tree	level	
neutrino	mass	is	zero.	

• Radiative	mass	in	case	of	real	SLIM	scalar:																																	

8/27/20 Yasaman	Farzan 36

Ultraviolet	cutoff	



Bounds	on	SLIM	mass
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GeV scale	Dark	matter

DM +DM ! ⌘ + ⌘̄
<latexit sha1_base64="HB5zGzt0lJ8RJUaw19/CBeu3S9M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEoVASEXRZtAs3hQr2AU0oN9NJO3TyYGYilFDc+CtuXCji1q9w5984abPQ1gMDh3Pu5c45XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E1wNJOQtpSzHFaTcWFAKP0443vsn8zgMVkkXhvZrE1A1gGDKfEVBa6ptH9Ual3nBUhB2qAFccD0Sa0WnfLFtVawa8TOyclFGOZt/8cgYRSQIaKsJByp5txcpNQShGOJ2WnETSGMgYhrSnaQgBlW46izDFp1oZYD8S+oUKz9TfGykEUk4CT08GoEZy0cvE/7xeovwrN2VhnCgakvkhP+FYJ876wAMmKFF8ogkQwfRfMRmBAKJ0ayVdgr0YeZm0z6u2VbXvLsq167yOIjpGJ+gM2egS1dAtaqIWIugRPaNX9GY8GS/Gu/ExHy0Y+c4h+gPj8welwZZR</latexit><latexit sha1_base64="HB5zGzt0lJ8RJUaw19/CBeu3S9M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEoVASEXRZtAs3hQr2AU0oN9NJO3TyYGYilFDc+CtuXCji1q9w5984abPQ1gMDh3Pu5c45XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E1wNJOQtpSzHFaTcWFAKP0443vsn8zgMVkkXhvZrE1A1gGDKfEVBa6ptH9Ual3nBUhB2qAFccD0Sa0WnfLFtVawa8TOyclFGOZt/8cgYRSQIaKsJByp5txcpNQShGOJ2WnETSGMgYhrSnaQgBlW46izDFp1oZYD8S+oUKz9TfGykEUk4CT08GoEZy0cvE/7xeovwrN2VhnCgakvkhP+FYJ876wAMmKFF8ogkQwfRfMRmBAKJ0ayVdgr0YeZm0z6u2VbXvLsq167yOIjpGJ+gM2egS1dAtaqIWIugRPaNX9GY8GS/Gu/ExHy0Y+c4h+gPj8welwZZR</latexit><latexit sha1_base64="HB5zGzt0lJ8RJUaw19/CBeu3S9M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEoVASEXRZtAs3hQr2AU0oN9NJO3TyYGYilFDc+CtuXCji1q9w5984abPQ1gMDh3Pu5c45XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E1wNJOQtpSzHFaTcWFAKP0443vsn8zgMVkkXhvZrE1A1gGDKfEVBa6ptH9Ual3nBUhB2qAFccD0Sa0WnfLFtVawa8TOyclFGOZt/8cgYRSQIaKsJByp5txcpNQShGOJ2WnETSGMgYhrSnaQgBlW46izDFp1oZYD8S+oUKz9TfGykEUk4CT08GoEZy0cvE/7xeovwrN2VhnCgakvkhP+FYJ876wAMmKFF8ogkQwfRfMRmBAKJ0ayVdgr0YeZm0z6u2VbXvLsq167yOIjpGJ+gM2egS1dAtaqIWIugRPaNX9GY8GS/Gu/ExHy0Y+c4h+gPj8welwZZR</latexit><latexit sha1_base64="HB5zGzt0lJ8RJUaw19/CBeu3S9M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEoVASEXRZtAs3hQr2AU0oN9NJO3TyYGYilFDc+CtuXCji1q9w5984abPQ1gMDh3Pu5c45XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E1wNJOQtpSzHFaTcWFAKP0443vsn8zgMVkkXhvZrE1A1gGDKfEVBa6ptH9Ual3nBUhB2qAFccD0Sa0WnfLFtVawa8TOyclFGOZt/8cgYRSQIaKsJByp5txcpNQShGOJ2WnETSGMgYhrSnaQgBlW46izDFp1oZYD8S+oUKz9TfGykEUk4CT08GoEZy0cvE/7xeovwrN2VhnCgakvkhP+FYJ876wAMmKFF8ogkQwfRfMRmBAKJ0ayVdgr0YeZm0z6u2VbXvLsq167yOIjpGJ+gM2egS1dAtaqIWIugRPaNX9GY8GS/Gu/ExHy0Y+c4h+gPj8welwZZR</latexit>

Beyond	SM

� ⇠ g4

4⇡M4
m2

DM
<latexit sha1_base64="kHzsqiURWfMj7wTC9yAF4dtcjyc=">AAACE3icbZBNS8MwGMdTX+d8q3r0EhyCeBjtGOhxqAcvgwnuBdaupFnahSVtSVJhlH4HL34VLx4U8erFm9/GbOtBNx8I+fH/Pw/J8/cTRqWyrG9jZXVtfWOztFXe3tnd2zcPDjsyTgUmbRyzWPR8JAmjEWkrqhjpJYIg7jPS9cfXU7/7QISkcXSvJglxOQojGlCMlJY889yRNOQI6otDJxAIZ+Ggnmd16CQUNjVC7mU3zXxQ88yKVbVmBZfBLqACimp55pczjHHKSaQwQ1L2bStRboaEopiRvOykkiQIj1FI+hojxIl0s9lOOTzVyhAGsdAnUnCm/p7IEJdywn3dyZEayUVvKv7n9VMVXLoZjZJUkQjPHwpSBlUMpwHBIRUEKzbRgLCg+q8Qj5AORukYyzoEe3HlZejUqrZVte/qlcZVEUcJHIMTcAZscAEa4Ba0QBtg8AiewSt4M56MF+Pd+Ji3rhjFzBH4U8bnDy56nQ8=</latexit><latexit sha1_base64="kHzsqiURWfMj7wTC9yAF4dtcjyc=">AAACE3icbZBNS8MwGMdTX+d8q3r0EhyCeBjtGOhxqAcvgwnuBdaupFnahSVtSVJhlH4HL34VLx4U8erFm9/GbOtBNx8I+fH/Pw/J8/cTRqWyrG9jZXVtfWOztFXe3tnd2zcPDjsyTgUmbRyzWPR8JAmjEWkrqhjpJYIg7jPS9cfXU7/7QISkcXSvJglxOQojGlCMlJY889yRNOQI6otDJxAIZ+Ggnmd16CQUNjVC7mU3zXxQ88yKVbVmBZfBLqACimp55pczjHHKSaQwQ1L2bStRboaEopiRvOykkiQIj1FI+hojxIl0s9lOOTzVyhAGsdAnUnCm/p7IEJdywn3dyZEayUVvKv7n9VMVXLoZjZJUkQjPHwpSBlUMpwHBIRUEKzbRgLCg+q8Qj5AORukYyzoEe3HlZejUqrZVte/qlcZVEUcJHIMTcAZscAEa4Ba0QBtg8AiewSt4M56MF+Pd+Ji3rhjFzBH4U8bnDy56nQ8=</latexit><latexit sha1_base64="kHzsqiURWfMj7wTC9yAF4dtcjyc=">AAACE3icbZBNS8MwGMdTX+d8q3r0EhyCeBjtGOhxqAcvgwnuBdaupFnahSVtSVJhlH4HL34VLx4U8erFm9/GbOtBNx8I+fH/Pw/J8/cTRqWyrG9jZXVtfWOztFXe3tnd2zcPDjsyTgUmbRyzWPR8JAmjEWkrqhjpJYIg7jPS9cfXU7/7QISkcXSvJglxOQojGlCMlJY889yRNOQI6otDJxAIZ+Ggnmd16CQUNjVC7mU3zXxQ88yKVbVmBZfBLqACimp55pczjHHKSaQwQ1L2bStRboaEopiRvOykkiQIj1FI+hojxIl0s9lOOTzVyhAGsdAnUnCm/p7IEJdywn3dyZEayUVvKv7n9VMVXLoZjZJUkQjPHwpSBlUMpwHBIRUEKzbRgLCg+q8Qj5AORukYyzoEe3HlZejUqrZVte/qlcZVEUcJHIMTcAZscAEa4Ba0QBtg8AiewSt4M56MF+Pd+Ji3rhjFzBH4U8bnDy56nQ8=</latexit><latexit sha1_base64="kHzsqiURWfMj7wTC9yAF4dtcjyc=">AAACE3icbZBNS8MwGMdTX+d8q3r0EhyCeBjtGOhxqAcvgwnuBdaupFnahSVtSVJhlH4HL34VLx4U8erFm9/GbOtBNx8I+fH/Pw/J8/cTRqWyrG9jZXVtfWOztFXe3tnd2zcPDjsyTgUmbRyzWPR8JAmjEWkrqhjpJYIg7jPS9cfXU7/7QISkcXSvJglxOQojGlCMlJY889yRNOQI6otDJxAIZ+Ggnmd16CQUNjVC7mU3zXxQ88yKVbVmBZfBLqACimp55pczjHHKSaQwQ1L2bStRboaEopiRvOykkiQIj1FI+hojxIl0s9lOOTzVyhAGsdAnUnCm/p7IEJdywn3dyZEayUVvKv7n9VMVXLoZjZJUkQjPHwpSBlUMpwHBIRUEKzbRgLCg+q8Qj5AORukYyzoEe3HlZejUqrZVte/qlcZVEUcJHIMTcAZscAEa4Ba0QBtg8AiewSt4M56MF+Pd+Ji3rhjFzBH4U8bnDy56nQ8=</latexit>

mDM ⇠ GeV
<latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit><latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit><latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit><latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit>

M/g ⇠ 100 GeV
<latexit sha1_base64="64DgGK+Llqub1nPlXk1szuNbHIU=">AAAB/nicbVBNSwMxEJ31s9avVfHkJVgET3VXBD0WPehFqGA/oFtKNs22oUl2SbJCWSr+FS8eFPHq7/DmvzFt96CtDwYe780wMy9MONPG876dhcWl5ZXVwlpxfWNza9vd2a3rOFWE1kjMY9UMsaacSVozzHDaTBTFIuS0EQ6uxn7jgSrNYnlvhgltC9yTLGIEGyt13P3bk16gmUC+5z1mgRLomtZHHbfklb0J0Dzxc1KCHNWO+xV0Y5IKKg3hWOuW7yWmnWFlGOF0VAxSTRNMBrhHW5ZKLKhuZ5PzR+jIKl0UxcqWNGii/p7IsNB6KELbKbDp61lvLP7ntVITXbQzJpPUUEmmi6KUIxOjcRaoyxQlhg8twUQxeysifawwMTaxog3Bn315ntRPy75X9u/OSpXLPI4CHMAhHIMP51CBG6hCDQhk8Ayv8OY8OS/Ou/MxbV1w8pk9+APn8wd/JpSJ</latexit><latexit sha1_base64="64DgGK+Llqub1nPlXk1szuNbHIU=">AAAB/nicbVBNSwMxEJ31s9avVfHkJVgET3VXBD0WPehFqGA/oFtKNs22oUl2SbJCWSr+FS8eFPHq7/DmvzFt96CtDwYe780wMy9MONPG876dhcWl5ZXVwlpxfWNza9vd2a3rOFWE1kjMY9UMsaacSVozzHDaTBTFIuS0EQ6uxn7jgSrNYnlvhgltC9yTLGIEGyt13P3bk16gmUC+5z1mgRLomtZHHbfklb0J0Dzxc1KCHNWO+xV0Y5IKKg3hWOuW7yWmnWFlGOF0VAxSTRNMBrhHW5ZKLKhuZ5PzR+jIKl0UxcqWNGii/p7IsNB6KELbKbDp61lvLP7ntVITXbQzJpPUUEmmi6KUIxOjcRaoyxQlhg8twUQxeysifawwMTaxog3Bn315ntRPy75X9u/OSpXLPI4CHMAhHIMP51CBG6hCDQhk8Ayv8OY8OS/Ou/MxbV1w8pk9+APn8wd/JpSJ</latexit><latexit sha1_base64="64DgGK+Llqub1nPlXk1szuNbHIU=">AAAB/nicbVBNSwMxEJ31s9avVfHkJVgET3VXBD0WPehFqGA/oFtKNs22oUl2SbJCWSr+FS8eFPHq7/DmvzFt96CtDwYe780wMy9MONPG876dhcWl5ZXVwlpxfWNza9vd2a3rOFWE1kjMY9UMsaacSVozzHDaTBTFIuS0EQ6uxn7jgSrNYnlvhgltC9yTLGIEGyt13P3bk16gmUC+5z1mgRLomtZHHbfklb0J0Dzxc1KCHNWO+xV0Y5IKKg3hWOuW7yWmnWFlGOF0VAxSTRNMBrhHW5ZKLKhuZ5PzR+jIKl0UxcqWNGii/p7IsNB6KELbKbDp61lvLP7ntVITXbQzJpPUUEmmi6KUIxOjcRaoyxQlhg8twUQxeysifawwMTaxog3Bn315ntRPy75X9u/OSpXLPI4CHMAhHIMP51CBG6hCDQhk8Ayv8OY8OS/Ou/MxbV1w8pk9+APn8wd/JpSJ</latexit><latexit sha1_base64="64DgGK+Llqub1nPlXk1szuNbHIU=">AAAB/nicbVBNSwMxEJ31s9avVfHkJVgET3VXBD0WPehFqGA/oFtKNs22oUl2SbJCWSr+FS8eFPHq7/DmvzFt96CtDwYe780wMy9MONPG876dhcWl5ZXVwlpxfWNza9vd2a3rOFWE1kjMY9UMsaacSVozzHDaTBTFIuS0EQ6uxn7jgSrNYnlvhgltC9yTLGIEGyt13P3bk16gmUC+5z1mgRLomtZHHbfklb0J0Dzxc1KCHNWO+xV0Y5IKKg3hWOuW7yWmnWFlGOF0VAxSTRNMBrhHW5ZKLKhuZ5PzR+jIKl0UxcqWNGii/p7IsNB6KELbKbDp61lvLP7ntVITXbQzJpPUUEmmi6KUIxOjcRaoyxQlhg8twUQxeysifawwMTaxog3Bn315ntRPy75X9u/OSpXLPI4CHMAhHIMP51CBG6hCDQhk8Ayv8OY8OS/Ou/MxbV1w8pk9+APn8wd/JpSJ</latexit>

� ⇠ 1 pb
<latexit sha1_base64="HkhnUnKNwoVg70nTrDeciMqAm78=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjQl0W3bisYB/QDiWTZtrQJDMkGaWM9U/cuFDErV/izr8xbWehrQcu93DOveTmhAln2njet1NYW9/Y3Cpul3Z29/YP3PJhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfD3z2/dUaRbLOzNJaCDwULKIEWys1HfLPc2GAiPbBPKfUBL23YpX9eZAq8TPSQVyNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzU+folOrDFAUK1vSoLn6eyPDQuuJCO2kwGakl72Z+J/XTU10GWRMJqmhkiweilKOTIxmOaABU5QYPrEEE8XsrYiMsMLE2LRKNgR/+curpHVe9b2qf3tRqV/lcRThGE7gDHyoQR1uoAFNIPAAz/AKb86j8+K8Ox+L0YKT7xzBHzifPy5Ik0g=</latexit><latexit sha1_base64="HkhnUnKNwoVg70nTrDeciMqAm78=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjQl0W3bisYB/QDiWTZtrQJDMkGaWM9U/cuFDErV/izr8xbWehrQcu93DOveTmhAln2njet1NYW9/Y3Cpul3Z29/YP3PJhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfD3z2/dUaRbLOzNJaCDwULKIEWys1HfLPc2GAiPbBPKfUBL23YpX9eZAq8TPSQVyNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzU+folOrDFAUK1vSoLn6eyPDQuuJCO2kwGakl72Z+J/XTU10GWRMJqmhkiweilKOTIxmOaABU5QYPrEEE8XsrYiMsMLE2LRKNgR/+curpHVe9b2qf3tRqV/lcRThGE7gDHyoQR1uoAFNIPAAz/AKb86j8+K8Ox+L0YKT7xzBHzifPy5Ik0g=</latexit><latexit sha1_base64="HkhnUnKNwoVg70nTrDeciMqAm78=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjQl0W3bisYB/QDiWTZtrQJDMkGaWM9U/cuFDErV/izr8xbWehrQcu93DOveTmhAln2njet1NYW9/Y3Cpul3Z29/YP3PJhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfD3z2/dUaRbLOzNJaCDwULKIEWys1HfLPc2GAiPbBPKfUBL23YpX9eZAq8TPSQVyNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzU+folOrDFAUK1vSoLn6eyPDQuuJCO2kwGakl72Z+J/XTU10GWRMJqmhkiweilKOTIxmOaABU5QYPrEEE8XsrYiMsMLE2LRKNgR/+curpHVe9b2qf3tRqV/lcRThGE7gDHyoQR1uoAFNIPAAz/AKb86j8+K8Ox+L0YKT7xzBHzifPy5Ik0g=</latexit><latexit sha1_base64="HkhnUnKNwoVg70nTrDeciMqAm78=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjQl0W3bisYB/QDiWTZtrQJDMkGaWM9U/cuFDErV/izr8xbWehrQcu93DOveTmhAln2njet1NYW9/Y3Cpul3Z29/YP3PJhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wfD3z2/dUaRbLOzNJaCDwULKIEWys1HfLPc2GAiPbBPKfUBL23YpX9eZAq8TPSQVyNPruV28Qk1RQaQjHWnd9LzFBhpVhhNNpqZdqmmAyxkPatVRiQXWQzU+folOrDFAUK1vSoLn6eyPDQuuJCO2kwGakl72Z+J/XTU10GWRMJqmhkiweilKOTIxmOaABU5QYPrEEE8XsrYiMsMLE2LRKNgR/+curpHVe9b2qf3tRqV/lcRThGE7gDHyoQR1uoAFNIPAAz/AKb86j8+K8Ox+L0YKT7xzBHzifPy5Ik0g=</latexit>
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GeV scale	Dark	matter

DM +DM ! ⌘ + ⌘̄
<latexit sha1_base64="HB5zGzt0lJ8RJUaw19/CBeu3S9M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEoVASEXRZtAs3hQr2AU0oN9NJO3TyYGYilFDc+CtuXCji1q9w5984abPQ1gMDh3Pu5c45XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E1wNJOQtpSzHFaTcWFAKP0443vsn8zgMVkkXhvZrE1A1gGDKfEVBa6ptH9Ual3nBUhB2qAFccD0Sa0WnfLFtVawa8TOyclFGOZt/8cgYRSQIaKsJByp5txcpNQShGOJ2WnETSGMgYhrSnaQgBlW46izDFp1oZYD8S+oUKz9TfGykEUk4CT08GoEZy0cvE/7xeovwrN2VhnCgakvkhP+FYJ876wAMmKFF8ogkQwfRfMRmBAKJ0ayVdgr0YeZm0z6u2VbXvLsq167yOIjpGJ+gM2egS1dAtaqIWIugRPaNX9GY8GS/Gu/ExHy0Y+c4h+gPj8welwZZR</latexit><latexit sha1_base64="HB5zGzt0lJ8RJUaw19/CBeu3S9M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEoVASEXRZtAs3hQr2AU0oN9NJO3TyYGYilFDc+CtuXCji1q9w5984abPQ1gMDh3Pu5c45XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E1wNJOQtpSzHFaTcWFAKP0443vsn8zgMVkkXhvZrE1A1gGDKfEVBa6ptH9Ual3nBUhB2qAFccD0Sa0WnfLFtVawa8TOyclFGOZt/8cgYRSQIaKsJByp5txcpNQShGOJ2WnETSGMgYhrSnaQgBlW46izDFp1oZYD8S+oUKz9TfGykEUk4CT08GoEZy0cvE/7xeovwrN2VhnCgakvkhP+FYJ876wAMmKFF8ogkQwfRfMRmBAKJ0ayVdgr0YeZm0z6u2VbXvLsq167yOIjpGJ+gM2egS1dAtaqIWIugRPaNX9GY8GS/Gu/ExHy0Y+c4h+gPj8welwZZR</latexit><latexit sha1_base64="HB5zGzt0lJ8RJUaw19/CBeu3S9M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEoVASEXRZtAs3hQr2AU0oN9NJO3TyYGYilFDc+CtuXCji1q9w5984abPQ1gMDh3Pu5c45XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E1wNJOQtpSzHFaTcWFAKP0443vsn8zgMVkkXhvZrE1A1gGDKfEVBa6ptH9Ual3nBUhB2qAFccD0Sa0WnfLFtVawa8TOyclFGOZt/8cgYRSQIaKsJByp5txcpNQShGOJ2WnETSGMgYhrSnaQgBlW46izDFp1oZYD8S+oUKz9TfGykEUk4CT08GoEZy0cvE/7xeovwrN2VhnCgakvkhP+FYJ876wAMmKFF8ogkQwfRfMRmBAKJ0ayVdgr0YeZm0z6u2VbXvLsq167yOIjpGJ+gM2egS1dAtaqIWIugRPaNX9GY8GS/Gu/ExHy0Y+c4h+gPj8welwZZR</latexit><latexit sha1_base64="HB5zGzt0lJ8RJUaw19/CBeu3S9M=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEoVASEXRZtAs3hQr2AU0oN9NJO3TyYGYilFDc+CtuXCji1q9w5984abPQ1gMDh3Pu5c45XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEENoiEY9E1wNJOQtpSzHFaTcWFAKP0443vsn8zgMVkkXhvZrE1A1gGDKfEVBa6ptH9Ual3nBUhB2qAFccD0Sa0WnfLFtVawa8TOyclFGOZt/8cgYRSQIaKsJByp5txcpNQShGOJ2WnETSGMgYhrSnaQgBlW46izDFp1oZYD8S+oUKz9TfGykEUk4CT08GoEZy0cvE/7xeovwrN2VhnCgakvkhP+FYJ876wAMmKFF8ogkQwfRfMRmBAKJ0ayVdgr0YeZm0z6u2VbXvLsq167yOIjpGJ+gM2egS1dAtaqIWIugRPaNX9GY8GS/Gu/ExHy0Y+c4h+gPj8welwZZR</latexit>

Beyond	SM

⌘ ! ff̄
<latexit sha1_base64="wOSZ+uFj/adFklc0JCDENR61NTU=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM120i7dfLC7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVHClHefbWlvf2NzaruxUd/f2Dw7to1pHJZlk2GaJSGQvoAoFj7GtuRbYSyXSKBDYDSa3M7/7iFLxJH7Q0xT9iI5iHnJGtZEGds1DTYmnExISL6AyD4uBXXcazhxklbglqUOJ1sD+8oYJyyKMNRNUqb7rpNrPqdScCSyqXqYwpWxCR9g3NKYRKj+f316QM6MMSZhIU7Emc/X3RE4jpaZRYDojqsdq2ZuJ/3n9TIfXfs7jNNMYs8WiMBPEvDoLggy5RKbF1BDKJDe3EjamkjJt4qqaENzll1dJ56LhOg33/rLevCnjqMAJnMI5uHAFTbiDFrSBwRM8wyu8WYX1Yr1bH4vWNaucOYY/sD5/ADvKk+k=</latexit><latexit sha1_base64="wOSZ+uFj/adFklc0JCDENR61NTU=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM120i7dfLC7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVHClHefbWlvf2NzaruxUd/f2Dw7to1pHJZlk2GaJSGQvoAoFj7GtuRbYSyXSKBDYDSa3M7/7iFLxJH7Q0xT9iI5iHnJGtZEGds1DTYmnExISL6AyD4uBXXcazhxklbglqUOJ1sD+8oYJyyKMNRNUqb7rpNrPqdScCSyqXqYwpWxCR9g3NKYRKj+f316QM6MMSZhIU7Emc/X3RE4jpaZRYDojqsdq2ZuJ/3n9TIfXfs7jNNMYs8WiMBPEvDoLggy5RKbF1BDKJDe3EjamkjJt4qqaENzll1dJ56LhOg33/rLevCnjqMAJnMI5uHAFTbiDFrSBwRM8wyu8WYX1Yr1bH4vWNaucOYY/sD5/ADvKk+k=</latexit><latexit sha1_base64="wOSZ+uFj/adFklc0JCDENR61NTU=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM120i7dfLC7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVHClHefbWlvf2NzaruxUd/f2Dw7to1pHJZlk2GaJSGQvoAoFj7GtuRbYSyXSKBDYDSa3M7/7iFLxJH7Q0xT9iI5iHnJGtZEGds1DTYmnExISL6AyD4uBXXcazhxklbglqUOJ1sD+8oYJyyKMNRNUqb7rpNrPqdScCSyqXqYwpWxCR9g3NKYRKj+f316QM6MMSZhIU7Emc/X3RE4jpaZRYDojqsdq2ZuJ/3n9TIfXfs7jNNMYs8WiMBPEvDoLggy5RKbF1BDKJDe3EjamkjJt4qqaENzll1dJ56LhOg33/rLevCnjqMAJnMI5uHAFTbiDFrSBwRM8wyu8WYX1Yr1bH4vWNaucOYY/sD5/ADvKk+k=</latexit><latexit sha1_base64="wOSZ+uFj/adFklc0JCDENR61NTU=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM120i7dfLC7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVHClHefbWlvf2NzaruxUd/f2Dw7to1pHJZlk2GaJSGQvoAoFj7GtuRbYSyXSKBDYDSa3M7/7iFLxJH7Q0xT9iI5iHnJGtZEGds1DTYmnExISL6AyD4uBXXcazhxklbglqUOJ1sD+8oYJyyKMNRNUqb7rpNrPqdScCSyqXqYwpWxCR9g3NKYRKj+f316QM6MMSZhIU7Emc/X3RE4jpaZRYDojqsdq2ZuJ/3n9TIfXfs7jNNMYs8WiMBPEvDoLggy5RKbF1BDKJDe3EjamkjJt4qqaENzll1dJ56LhOg33/rLevCnjqMAJnMI5uHAFTbiDFrSBwRM8wyu8WYX1Yr1bH4vWNaucOYY/sD5/ADvKk+k=</latexit>

mDM ⇠ GeV
<latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit><latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit><latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit><latexit sha1_base64="ehU5H4Fvj5AnptpteDL3X34Hjao=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFlU0I1QwT6gCWUyvWmHziRhZiLUEPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWFxaXlktrZXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhpdjv/UAUrE4utejBHxB+hELGSXaSF17X3Szq9vcU0zgzJMCX0Mz79oVp+pMgOeJW5AKKlDv2l9eL6apgEhTTpTquE6i/YxIzSiHvOylChJCh6QPHUMjIkD52eT6HB8ZpYfDWJqKNJ6ovycyIpQaicB0CqIHatYbi/95nVSH537GoiTVENHpojDlWMd4HAXuMQlU85EhhEpmbsV0QCSh2gRWNiG4sy/Pk+ZJ1XWq7t1ppXZRxFFCB+gQHSMXnaEaukF11EAUPaJn9IrerCfrxXq3PqatC1Yxs4f+wPr8AfQVlOI=</latexit>

m⌘ < mDM
<latexit sha1_base64="N2AtC1Px81SkLFPATZLjljj8pCM=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiqIWNEMF8QHIce5u5ZMnu3rm7FwhHfoeNhSK2/hg7/42b5ApNfDDweG+GmXlhwpk2rvvtFFZW19Y3ipulre2d3b3y/kFTx6mi0KAxj1U7JBo4k9AwzHBoJwqICDm0wuHN1G+NQGkWy0czTsAXpC9ZxCgxVvJF0AVDrkSQ3d5PgnLFrboz4GXi5aSCctSD8le3F9NUgDSUE607npsYPyPKMMphUuqmGhJCh6QPHUslEaD9bHb0BJ9YpYejWNmSBs/U3xMZEVqPRWg7BTEDvehNxf+8TmqiSz9jMkkNSDpfFKUcmxhPE8A9poAaPraEUMXsrZgOiCLU2JxKNgRv8eVl0jyrem7Veziv1K7zOIroCB2jU+ShC1RDd6iOGoiiJ/SMXtGbM3JenHfnY95acPKZQ/QHzucPikiR7w==</latexit><latexit sha1_base64="N2AtC1Px81SkLFPATZLjljj8pCM=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiqIWNEMF8QHIce5u5ZMnu3rm7FwhHfoeNhSK2/hg7/42b5ApNfDDweG+GmXlhwpk2rvvtFFZW19Y3ipulre2d3b3y/kFTx6mi0KAxj1U7JBo4k9AwzHBoJwqICDm0wuHN1G+NQGkWy0czTsAXpC9ZxCgxVvJF0AVDrkSQ3d5PgnLFrboz4GXi5aSCctSD8le3F9NUgDSUE607npsYPyPKMMphUuqmGhJCh6QPHUslEaD9bHb0BJ9YpYejWNmSBs/U3xMZEVqPRWg7BTEDvehNxf+8TmqiSz9jMkkNSDpfFKUcmxhPE8A9poAaPraEUMXsrZgOiCLU2JxKNgRv8eVl0jyrem7Veziv1K7zOIroCB2jU+ShC1RDd6iOGoiiJ/SMXtGbM3JenHfnY95acPKZQ/QHzucPikiR7w==</latexit><latexit sha1_base64="N2AtC1Px81SkLFPATZLjljj8pCM=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiqIWNEMF8QHIce5u5ZMnu3rm7FwhHfoeNhSK2/hg7/42b5ApNfDDweG+GmXlhwpk2rvvtFFZW19Y3ipulre2d3b3y/kFTx6mi0KAxj1U7JBo4k9AwzHBoJwqICDm0wuHN1G+NQGkWy0czTsAXpC9ZxCgxVvJF0AVDrkSQ3d5PgnLFrboz4GXi5aSCctSD8le3F9NUgDSUE607npsYPyPKMMphUuqmGhJCh6QPHUslEaD9bHb0BJ9YpYejWNmSBs/U3xMZEVqPRWg7BTEDvehNxf+8TmqiSz9jMkkNSDpfFKUcmxhPE8A9poAaPraEUMXsrZgOiCLU2JxKNgRv8eVl0jyrem7Veziv1K7zOIroCB2jU+ShC1RDd6iOGoiiJ/SMXtGbM3JenHfnY95acPKZQ/QHzucPikiR7w==</latexit><latexit sha1_base64="N2AtC1Px81SkLFPATZLjljj8pCM=">AAAB9HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiqIWNEMF8QHIce5u5ZMnu3rm7FwhHfoeNhSK2/hg7/42b5ApNfDDweG+GmXlhwpk2rvvtFFZW19Y3ipulre2d3b3y/kFTx6mi0KAxj1U7JBo4k9AwzHBoJwqICDm0wuHN1G+NQGkWy0czTsAXpC9ZxCgxVvJF0AVDrkSQ3d5PgnLFrboz4GXi5aSCctSD8le3F9NUgDSUE607npsYPyPKMMphUuqmGhJCh6QPHUslEaD9bHb0BJ9YpYejWNmSBs/U3xMZEVqPRWg7BTEDvehNxf+8TmqiSz9jMkkNSDpfFKUcmxhPE8A9poAaPraEUMXsrZgOiCLU2JxKNgRv8eVl0jyrem7Veziv1K7zOIroCB2jU+ShC1RDd6iOGoiiJ/SMXtGbM3JenHfnY95acPKZQ/QHzucPikiR7w==</latexit>

SM	fermion

No	trouble	for	BBNm⌘ > 10 MeV
<latexit sha1_base64="PuEoQTDFyPbvH+ub4BUMn19b6gk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoCcpevEiVLAf0ISw2U7bpbtJ2N0IIbR/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAsTzpR2nG+rtLa+sblV3q7s7O7tH9iHR20Vp5JCi8Y8lt2QKOAsgpZmmkM3kUBEyKETjm9nfucJpGJx9KizBHxBhhEbMEq0kQK7KgIPNLl2nWnuSYHvoT0J7JpTd+bAq8QtSA0VaAb2l9ePaSog0pQTpXquk2g/J1IzymFS8VIFCaFjMoSeoRERoPx8fvwEnxqljwexNBVpPFd/T+REKJWJ0HQKokdq2ZuJ/3m9VA+u/JxFSaohootFg5RjHeNZErjPJFDNM0MIlczciumISEK1yatiQnCXX14l7fO669Tdh4ta46aIo4yO0Qk6Qy66RA10h5qohSjK0DN6RW/W1Hqx3q2PRWvJKmaq6A+szx/i2ZRD</latexit><latexit sha1_base64="PuEoQTDFyPbvH+ub4BUMn19b6gk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoCcpevEiVLAf0ISw2U7bpbtJ2N0IIbR/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAsTzpR2nG+rtLa+sblV3q7s7O7tH9iHR20Vp5JCi8Y8lt2QKOAsgpZmmkM3kUBEyKETjm9nfucJpGJx9KizBHxBhhEbMEq0kQK7KgIPNLl2nWnuSYHvoT0J7JpTd+bAq8QtSA0VaAb2l9ePaSog0pQTpXquk2g/J1IzymFS8VIFCaFjMoSeoRERoPx8fvwEnxqljwexNBVpPFd/T+REKJWJ0HQKokdq2ZuJ/3m9VA+u/JxFSaohootFg5RjHeNZErjPJFDNM0MIlczciumISEK1yatiQnCXX14l7fO669Tdh4ta46aIo4yO0Qk6Qy66RA10h5qohSjK0DN6RW/W1Hqx3q2PRWvJKmaq6A+szx/i2ZRD</latexit><latexit sha1_base64="PuEoQTDFyPbvH+ub4BUMn19b6gk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoCcpevEiVLAf0ISw2U7bpbtJ2N0IIbR/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAsTzpR2nG+rtLa+sblV3q7s7O7tH9iHR20Vp5JCi8Y8lt2QKOAsgpZmmkM3kUBEyKETjm9nfucJpGJx9KizBHxBhhEbMEq0kQK7KgIPNLl2nWnuSYHvoT0J7JpTd+bAq8QtSA0VaAb2l9ePaSog0pQTpXquk2g/J1IzymFS8VIFCaFjMoSeoRERoPx8fvwEnxqljwexNBVpPFd/T+REKJWJ0HQKokdq2ZuJ/3m9VA+u/JxFSaohootFg5RjHeNZErjPJFDNM0MIlczciumISEK1yatiQnCXX14l7fO669Tdh4ta46aIo4yO0Qk6Qy66RA10h5qohSjK0DN6RW/W1Hqx3q2PRWvJKmaq6A+szx/i2ZRD</latexit><latexit sha1_base64="PuEoQTDFyPbvH+ub4BUMn19b6gk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoCcpevEiVLAf0ISw2U7bpbtJ2N0IIbR/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzAsTzpR2nG+rtLa+sblV3q7s7O7tH9iHR20Vp5JCi8Y8lt2QKOAsgpZmmkM3kUBEyKETjm9nfucJpGJx9KizBHxBhhEbMEq0kQK7KgIPNLl2nWnuSYHvoT0J7JpTd+bAq8QtSA0VaAb2l9ePaSog0pQTpXquk2g/J1IzymFS8VIFCaFjMoSeoRERoPx8fvwEnxqljwexNBVpPFd/T+REKJWJ0HQKokdq2ZuJ/3m9VA+u/JxFSaohootFg5RjHeNZErjPJFDNM0MIlczciumISEK1yatiQnCXX14l7fO669Tdh4ta46aIo4yO0Qk6Qy66RA10h5qohSjK0DN6RW/W1Hqx3q2PRWvJKmaq6A+szx/i2ZRD</latexit>

⌧⌘ < 1 sec
<latexit sha1_base64="AZP/JbS2Wbpg1IeUCD09hYYpBe4=">AAAB/nicbVA9SwNBEN2LXzF+nYqVzWIQrMKdCFpYBG0sI5gYyB3H3maSLNn7YHdOCEfEv2JjoYitv8POf+MmuUITHww83pthZl6YSqHRcb6t0tLyyupaeb2ysbm1vWPv7rV0kikOTZ7IRLVDpkGKGJooUEI7VcCiUMJ9OLye+PcPoLRI4jscpeBHrB+LnuAMjRTYBx6yLPAA2aX7mHsqohr4OLCrTs2Zgi4StyBVUqAR2F9eN+FZBDFyybTuuE6Kfs4UCi5hXPEyDSnjQ9aHjqExi0D7+fT8MT02Spf2EmUqRjpVf0/kLNJ6FIWmM2I40PPeRPzP62TYu/BzEacZQsxni3qZpJjQSRa0KxRwlCNDGFfC3Er5gCnG0SRWMSG48y8vktZpzXVq7u1ZtX5VxFEmh+SInBCXnJM6uSEN0iSc5OSZvJI368l6sd6tj1lrySpm9skfWJ8/HByVkQ==</latexit><latexit sha1_base64="AZP/JbS2Wbpg1IeUCD09hYYpBe4=">AAAB/nicbVA9SwNBEN2LXzF+nYqVzWIQrMKdCFpYBG0sI5gYyB3H3maSLNn7YHdOCEfEv2JjoYitv8POf+MmuUITHww83pthZl6YSqHRcb6t0tLyyupaeb2ysbm1vWPv7rV0kikOTZ7IRLVDpkGKGJooUEI7VcCiUMJ9OLye+PcPoLRI4jscpeBHrB+LnuAMjRTYBx6yLPAA2aX7mHsqohr4OLCrTs2Zgi4StyBVUqAR2F9eN+FZBDFyybTuuE6Kfs4UCi5hXPEyDSnjQ9aHjqExi0D7+fT8MT02Spf2EmUqRjpVf0/kLNJ6FIWmM2I40PPeRPzP62TYu/BzEacZQsxni3qZpJjQSRa0KxRwlCNDGFfC3Er5gCnG0SRWMSG48y8vktZpzXVq7u1ZtX5VxFEmh+SInBCXnJM6uSEN0iSc5OSZvJI368l6sd6tj1lrySpm9skfWJ8/HByVkQ==</latexit><latexit sha1_base64="AZP/JbS2Wbpg1IeUCD09hYYpBe4=">AAAB/nicbVA9SwNBEN2LXzF+nYqVzWIQrMKdCFpYBG0sI5gYyB3H3maSLNn7YHdOCEfEv2JjoYitv8POf+MmuUITHww83pthZl6YSqHRcb6t0tLyyupaeb2ysbm1vWPv7rV0kikOTZ7IRLVDpkGKGJooUEI7VcCiUMJ9OLye+PcPoLRI4jscpeBHrB+LnuAMjRTYBx6yLPAA2aX7mHsqohr4OLCrTs2Zgi4StyBVUqAR2F9eN+FZBDFyybTuuE6Kfs4UCi5hXPEyDSnjQ9aHjqExi0D7+fT8MT02Spf2EmUqRjpVf0/kLNJ6FIWmM2I40PPeRPzP62TYu/BzEacZQsxni3qZpJjQSRa0KxRwlCNDGFfC3Er5gCnG0SRWMSG48y8vktZpzXVq7u1ZtX5VxFEmh+SInBCXnJM6uSEN0iSc5OSZvJI368l6sd6tj1lrySpm9skfWJ8/HByVkQ==</latexit><latexit sha1_base64="AZP/JbS2Wbpg1IeUCD09hYYpBe4=">AAAB/nicbVA9SwNBEN2LXzF+nYqVzWIQrMKdCFpYBG0sI5gYyB3H3maSLNn7YHdOCEfEv2JjoYitv8POf+MmuUITHww83pthZl6YSqHRcb6t0tLyyupaeb2ysbm1vWPv7rV0kikOTZ7IRLVDpkGKGJooUEI7VcCiUMJ9OLye+PcPoLRI4jscpeBHrB+LnuAMjRTYBx6yLPAA2aX7mHsqohr4OLCrTs2Zgi4StyBVUqAR2F9eN+FZBDFyybTuuE6Kfs4UCi5hXPEyDSnjQ9aHjqExi0D7+fT8MT02Spf2EmUqRjpVf0/kLNJ6FIWmM2I40PPeRPzP62TYu/BzEacZQsxni3qZpJjQSRa0KxRwlCNDGFfC3Er5gCnG0SRWMSG48y8vktZpzXVq7u1ZtX5VxFEmh+SInBCXnJM6uSEN0iSc5OSZvJI368l6sd6tj1lrySpm9skfWJ8/HByVkQ==</latexit>8/27/20 Yasaman	Farzan 39



Shift	of	paradigm	in	DM	model	building

Minimality

Richness

8/27/20 Yasaman	Farzan 40



Inspired	by	5%	of	matter	(ordinary	matter)

8/27/20 41



Richness	of	SM	makes	life	dazzling

Scenery	from	Iran8/27/20 42



• Why	should	DM		be	minimal?

• It	would	be	boring	if	it	is	so.

• More	exciting	possibilities:	Multicomponent	DM,	SIDM,….

8/27/20 Yasaman	Farzan 43



Can	we	uncover	the	richness	of	dark	sector?

• We	should	not overlook	any	possibility	to	do	so.

• FASER𝜈:

• The	point	of	our	paper:	FASER𝜈 can	be	a		useful	tool.

Superb	position and	spatial	resolution

Reconstructing	invisible tracks	of	neutral	particles	decaying	to	charged	leptons

8/27/20 Yasaman	Farzan 44



FASER	collaboration,	arXiv:1908.0231
8/27/20 45



Toy	model	

• Intermediate	X’	is	produced	at	IP.

• Before	reaching	detector,

• X decays	at	FASER𝜈 to	the		SM	charged	leptons:

• and								decay	after	1mm-10cm:	

X 0 ! XX̄
<latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit>

X ! ⌘⌘̄Y
<latexit sha1_base64="OeT40Cv0qg6Wk3yZveTkpqjdBEg=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSiKDLohuXFexFmlAm02k7dHJh5kQooeCruHGhiFufw51v46TNQlt/GPj4zznMOX+QSKHRcb6t0srq2vpGebOytb2zu2fvH7R0nCrGmyyWseoEVHMpIt5EgZJ3EsVpGEjeDsY3eb39yJUWcXSPk4T7IR1GYiAYRWP17KMO8TAmHkfqBVRlOUwfenbVqTkzkWVwC6hCoUbP/vL6MUtDHiGTVOuu6yToZ1ShYJJPK16qeULZmA5512BEQ679bLb+lJwap08GsTIvQjJzf09kNNR6EgamM6Q40ou13Pyv1k1xcOVnIkpS5BGbfzRIJTEH51mQvlCcoZwYoEwJsythI6ooQ5NYxYTgLp68DK3zmuvU3LuLav26iKMMx3ACZ+DCJdThFhrQBAYZPMMrvFlP1ov1bn3MW0tWMXMIf2R9/gDOFpVi</latexit><latexit sha1_base64="OeT40Cv0qg6Wk3yZveTkpqjdBEg=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSiKDLohuXFexFmlAm02k7dHJh5kQooeCruHGhiFufw51v46TNQlt/GPj4zznMOX+QSKHRcb6t0srq2vpGebOytb2zu2fvH7R0nCrGmyyWseoEVHMpIt5EgZJ3EsVpGEjeDsY3eb39yJUWcXSPk4T7IR1GYiAYRWP17KMO8TAmHkfqBVRlOUwfenbVqTkzkWVwC6hCoUbP/vL6MUtDHiGTVOuu6yToZ1ShYJJPK16qeULZmA5512BEQ679bLb+lJwap08GsTIvQjJzf09kNNR6EgamM6Q40ou13Pyv1k1xcOVnIkpS5BGbfzRIJTEH51mQvlCcoZwYoEwJsythI6ooQ5NYxYTgLp68DK3zmuvU3LuLav26iKMMx3ACZ+DCJdThFhrQBAYZPMMrvFlP1ov1bn3MW0tWMXMIf2R9/gDOFpVi</latexit><latexit sha1_base64="OeT40Cv0qg6Wk3yZveTkpqjdBEg=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSiKDLohuXFexFmlAm02k7dHJh5kQooeCruHGhiFufw51v46TNQlt/GPj4zznMOX+QSKHRcb6t0srq2vpGebOytb2zu2fvH7R0nCrGmyyWseoEVHMpIt5EgZJ3EsVpGEjeDsY3eb39yJUWcXSPk4T7IR1GYiAYRWP17KMO8TAmHkfqBVRlOUwfenbVqTkzkWVwC6hCoUbP/vL6MUtDHiGTVOuu6yToZ1ShYJJPK16qeULZmA5512BEQ679bLb+lJwap08GsTIvQjJzf09kNNR6EgamM6Q40ou13Pyv1k1xcOVnIkpS5BGbfzRIJTEH51mQvlCcoZwYoEwJsythI6ooQ5NYxYTgLp68DK3zmuvU3LuLav26iKMMx3ACZ+DCJdThFhrQBAYZPMMrvFlP1ov1bn3MW0tWMXMIf2R9/gDOFpVi</latexit><latexit sha1_base64="OeT40Cv0qg6Wk3yZveTkpqjdBEg=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSiKDLohuXFexFmlAm02k7dHJh5kQooeCruHGhiFufw51v46TNQlt/GPj4zznMOX+QSKHRcb6t0srq2vpGebOytb2zu2fvH7R0nCrGmyyWseoEVHMpIt5EgZJ3EsVpGEjeDsY3eb39yJUWcXSPk4T7IR1GYiAYRWP17KMO8TAmHkfqBVRlOUwfenbVqTkzkWVwC6hCoUbP/vL6MUtDHiGTVOuu6yToZ1ShYJJPK16qeULZmA5512BEQ679bLb+lJwap08GsTIvQjJzf09kNNR6EgamM6Q40ou13Pyv1k1xcOVnIkpS5BGbfzRIJTEH51mQvlCcoZwYoEwJsythI6ooQ5NYxYTgLp68DK3zmuvU3LuLav26iKMMx3ACZ+DCJdThFhrQBAYZPMMrvFlP1ov1bn3MW0tWMXMIf2R9/gDOFpVi</latexit>

⌘
<latexit sha1_base64="d5GObYCp+5Wq4IUQdd4WXJi5q7c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KQG6yDxXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV7MjmI=</latexit><latexit sha1_base64="d5GObYCp+5Wq4IUQdd4WXJi5q7c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KQG6yDxXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV7MjmI=</latexit><latexit sha1_base64="d5GObYCp+5Wq4IUQdd4WXJi5q7c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KQG6yDxXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV7MjmI=</latexit><latexit sha1_base64="d5GObYCp+5Wq4IUQdd4WXJi5q7c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KQG6yDxXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV7MjmI=</latexit>

⌘ ! ll̄
<latexit sha1_base64="djpS0DD/7NYclKxOVdpnfP67QuM=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YAmlMl20y7dfLA7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVAqNjvNtra1vbG5tV3aqu3v7B4f2Ua2jk0wx3maJTFQvAM2liHkbBUreSxWHKJC8G0xuZ373kSstkvgBpyn3IxjFIhQM0EgDu+ZxBOphQiX1AlC5LAZ23Wk4c9BV4pakTkq0BvaXN0xYFvEYmQSt+66Top+DQsEkL6pepnkKbAIj3jc0hohrP5/fXtAzowxpmChTMdK5+nsih0jraRSYzghwrJe9mfif188wvPZzEacZ8pgtFoWZpObVWRB0KBRnKKeGAFPC3ErZGBQwNHFVTQju8surpHPRcJ2Ge39Zb96UcVTICTkl58QlV6RJ7kiLtAkjT+SZvJI3q7BerHfrY9G6ZpUzx+QPrM8fTjCT9Q==</latexit><latexit sha1_base64="djpS0DD/7NYclKxOVdpnfP67QuM=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YAmlMl20y7dfLA7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVAqNjvNtra1vbG5tV3aqu3v7B4f2Ua2jk0wx3maJTFQvAM2liHkbBUreSxWHKJC8G0xuZ373kSstkvgBpyn3IxjFIhQM0EgDu+ZxBOphQiX1AlC5LAZ23Wk4c9BV4pakTkq0BvaXN0xYFvEYmQSt+66Top+DQsEkL6pepnkKbAIj3jc0hohrP5/fXtAzowxpmChTMdK5+nsih0jraRSYzghwrJe9mfif188wvPZzEacZ8pgtFoWZpObVWRB0KBRnKKeGAFPC3ErZGBQwNHFVTQju8surpHPRcJ2Ge39Zb96UcVTICTkl58QlV6RJ7kiLtAkjT+SZvJI3q7BerHfrY9G6ZpUzx+QPrM8fTjCT9Q==</latexit><latexit sha1_base64="djpS0DD/7NYclKxOVdpnfP67QuM=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YAmlMl20y7dfLA7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVAqNjvNtra1vbG5tV3aqu3v7B4f2Ua2jk0wx3maJTFQvAM2liHkbBUreSxWHKJC8G0xuZ373kSstkvgBpyn3IxjFIhQM0EgDu+ZxBOphQiX1AlC5LAZ23Wk4c9BV4pakTkq0BvaXN0xYFvEYmQSt+66Top+DQsEkL6pepnkKbAIj3jc0hohrP5/fXtAzowxpmChTMdK5+nsih0jraRSYzghwrJe9mfif188wvPZzEacZ8pgtFoWZpObVWRB0KBRnKKeGAFPC3ErZGBQwNHFVTQju8surpHPRcJ2Ge39Zb96UcVTICTkl58QlV6RJ7kiLtAkjT+SZvJI3q7BerHfrY9G6ZpUzx+QPrM8fTjCT9Q==</latexit><latexit sha1_base64="djpS0DD/7NYclKxOVdpnfP67QuM=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YAmlMl20y7dfLA7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVAqNjvNtra1vbG5tV3aqu3v7B4f2Ua2jk0wx3maJTFQvAM2liHkbBUreSxWHKJC8G0xuZ373kSstkvgBpyn3IxjFIhQM0EgDu+ZxBOphQiX1AlC5LAZ23Wk4c9BV4pakTkq0BvaXN0xYFvEYmQSt+66Top+DQsEkL6pepnkKbAIj3jc0hohrP5/fXtAzowxpmChTMdK5+nsih0jraRSYzghwrJe9mfif188wvPZzEacZ8pgtFoWZpObVWRB0KBRnKKeGAFPC3ErZGBQwNHFVTQju8surpHPRcJ2Ge39Zb96UcVTICTkl58QlV6RJ7kiLtAkjT+SZvJI3q7BerHfrY9G6ZpUzx+QPrM8fTjCT9Q==</latexit>

⌘̄ ! ll̄
<latexit sha1_base64="UjfzP87uCxVdvqYEbSAS9p2GK68=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDKZ3rRDJ5MwMxFKiBt/xY0LRdz6F+78G6dpFtp6YOBwzr3cOSdIOFPacb6tysrq2vpGdbO2tb2zu2fvH3RUnEoKbRrzWPYCooAzAW3NNIdeIoFEAYduMLmZ+d0HkIrF4l5PE/AjMhIsZJRoIw3sIy8gMvNAkxx7OsYcFwLPB3bdaTgF8DJxS1JHJVoD+8sbxjSNQGjKiVJ910m0nxGpGeWQ17xUQULohIygb6ggESg/KxLk+NQoQxzG0jyhcaH+3shIpNQ0CsxkRPRYLXoz8T+vn+rwys+YSFINgs4PhSnHJuqsDjxkEqjmU0MIlcz8FdMxkYRqU1rNlOAuRl4mnfOG6zTcu4t687qso4qO0Qk6Qy66RE10i1qojSh6RM/oFb1ZT9aL9W59zEcrVrlziP7A+vwBODWWug==</latexit><latexit sha1_base64="UjfzP87uCxVdvqYEbSAS9p2GK68=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDKZ3rRDJ5MwMxFKiBt/xY0LRdz6F+78G6dpFtp6YOBwzr3cOSdIOFPacb6tysrq2vpGdbO2tb2zu2fvH3RUnEoKbRrzWPYCooAzAW3NNIdeIoFEAYduMLmZ+d0HkIrF4l5PE/AjMhIsZJRoIw3sIy8gMvNAkxx7OsYcFwLPB3bdaTgF8DJxS1JHJVoD+8sbxjSNQGjKiVJ910m0nxGpGeWQ17xUQULohIygb6ggESg/KxLk+NQoQxzG0jyhcaH+3shIpNQ0CsxkRPRYLXoz8T+vn+rwys+YSFINgs4PhSnHJuqsDjxkEqjmU0MIlcz8FdMxkYRqU1rNlOAuRl4mnfOG6zTcu4t687qso4qO0Qk6Qy66RE10i1qojSh6RM/oFb1ZT9aL9W59zEcrVrlziP7A+vwBODWWug==</latexit><latexit sha1_base64="UjfzP87uCxVdvqYEbSAS9p2GK68=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDKZ3rRDJ5MwMxFKiBt/xY0LRdz6F+78G6dpFtp6YOBwzr3cOSdIOFPacb6tysrq2vpGdbO2tb2zu2fvH3RUnEoKbRrzWPYCooAzAW3NNIdeIoFEAYduMLmZ+d0HkIrF4l5PE/AjMhIsZJRoIw3sIy8gMvNAkxx7OsYcFwLPB3bdaTgF8DJxS1JHJVoD+8sbxjSNQGjKiVJ910m0nxGpGeWQ17xUQULohIygb6ggESg/KxLk+NQoQxzG0jyhcaH+3shIpNQ0CsxkRPRYLXoz8T+vn+rwys+YSFINgs4PhSnHJuqsDjxkEqjmU0MIlcz8FdMxkYRqU1rNlOAuRl4mnfOG6zTcu4t687qso4qO0Qk6Qy66RE10i1qojSh6RM/oFb1ZT9aL9W59zEcrVrlziP7A+vwBODWWug==</latexit><latexit sha1_base64="UjfzP87uCxVdvqYEbSAS9p2GK68=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDKZ3rRDJ5MwMxFKiBt/xY0LRdz6F+78G6dpFtp6YOBwzr3cOSdIOFPacb6tysrq2vpGdbO2tb2zu2fvH3RUnEoKbRrzWPYCooAzAW3NNIdeIoFEAYduMLmZ+d0HkIrF4l5PE/AjMhIsZJRoIw3sIy8gMvNAkxx7OsYcFwLPB3bdaTgF8DJxS1JHJVoD+8sbxjSNQGjKiVJ910m0nxGpGeWQ17xUQULohIygb6ggESg/KxLk+NQoQxzG0jyhcaH+3shIpNQ0CsxkRPRYLXoz8T+vn+rwys+YSFINgs4PhSnHJuqsDjxkEqjmU0MIlcz8FdMxkYRqU1rNlOAuRl4mnfOG6zTcu4t687qso4qO0Qk6Qy66RE10i1qojSh6RM/oFb1ZT9aL9W59zEcrVrlziP7A+vwBODWWug==</latexit>

⌘̄
<latexit sha1_base64="ssVG4jZqKo/hj0dPJ9Q6Tl4yjak=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZprxjsslanuRdRwKRTvoEDJe5nmNIkkf4zGtzP/8YlrI1L1gJOMhwkdKhELRtFKfhBRXQQc6ZT06w236c5BVolXkgaUaPfrX8EgZXnCFTJJjfE9N8OwoBoFk3xaC3LDM8rGdMh9SxVNuAmL+clTcmaVAYlTbUshmau/JwqaGDNJItuZUByZZW8m/uf5OcbXYSFUliNXbLEoziXBlMz+JwOhOUM5sYQyLeythI2opgxtSjUbgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4wSOEZXuHNQefFeXc+Fq0Vp5w5hj9wPn8AJ5yRJw==</latexit><latexit sha1_base64="ssVG4jZqKo/hj0dPJ9Q6Tl4yjak=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZprxjsslanuRdRwKRTvoEDJe5nmNIkkf4zGtzP/8YlrI1L1gJOMhwkdKhELRtFKfhBRXQQc6ZT06w236c5BVolXkgaUaPfrX8EgZXnCFTJJjfE9N8OwoBoFk3xaC3LDM8rGdMh9SxVNuAmL+clTcmaVAYlTbUshmau/JwqaGDNJItuZUByZZW8m/uf5OcbXYSFUliNXbLEoziXBlMz+JwOhOUM5sYQyLeythI2opgxtSjUbgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4wSOEZXuHNQefFeXc+Fq0Vp5w5hj9wPn8AJ5yRJw==</latexit><latexit sha1_base64="ssVG4jZqKo/hj0dPJ9Q6Tl4yjak=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZprxjsslanuRdRwKRTvoEDJe5nmNIkkf4zGtzP/8YlrI1L1gJOMhwkdKhELRtFKfhBRXQQc6ZT06w236c5BVolXkgaUaPfrX8EgZXnCFTJJjfE9N8OwoBoFk3xaC3LDM8rGdMh9SxVNuAmL+clTcmaVAYlTbUshmau/JwqaGDNJItuZUByZZW8m/uf5OcbXYSFUliNXbLEoziXBlMz+JwOhOUM5sYQyLeythI2opgxtSjUbgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4wSOEZXuHNQefFeXc+Fq0Vp5w5hj9wPn8AJ5yRJw==</latexit><latexit sha1_base64="ssVG4jZqKo/hj0dPJ9Q6Tl4yjak=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZprxjsslanuRdRwKRTvoEDJe5nmNIkkf4zGtzP/8YlrI1L1gJOMhwkdKhELRtFKfhBRXQQc6ZT06w236c5BVolXkgaUaPfrX8EgZXnCFTJJjfE9N8OwoBoFk3xaC3LDM8rGdMh9SxVNuAmL+clTcmaVAYlTbUshmau/JwqaGDNJItuZUByZZW8m/uf5OcbXYSFUliNXbLEoziXBlMz+JwOhOUM5sYQyLeythI2opgxtSjUbgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4wSOEZXuHNQefFeXc+Fq0Vp5w5hj9wPn8AJ5yRJw==</latexit>

Missing	energy	and	momentum

A	generic	scenario	

Specific	model
Demonstrating	ability
Of	FASER𝜈
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Signature	at	FASER𝜈

• Two	pairs	charged	leptons	plus	missing	energy

Energy	momentum	of	leptons	can	
be	measured

The	energy	momentum	of	 ⌘̄ and ⌘
<latexit sha1_base64="deeJyJTrSWP2cxAwMmZV171DotM=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoMeiF48V7Ac0oUw2m3bpZhN2N0IJPXnxr3jxoIhXf4M3/42bNgdtfTDweG+GmXlBypnSjvNtVVZW19Y3qpu1re2d3T17/6CjkkwS2iYJT2QvAEU5E7Stmea0l0oKccBpNxjfFH73gUrFEnGvJyn1YxgKFjEC2kgD+9gLQOYe1TDFHs49GWMQIZ56uNAGdt1pODPgZeKWpI5KtAb2lxcmJIup0ISDUn3XSbWfg9SMcDqteZmiKZAxDGnfUAExVX4+e2OKT40S4iiRpoTGM/X3RA6xUpM4MJ0x6JFa9ArxP6+f6ejKz5lIM00FmS+KMo51gotMcMgkJZpPDAEimbkVkxFIINokVzMhuIsvL5POecN1Gu7dRb15XcZRRUfoBJ0hF12iJrpFLdRGBD2iZ/SK3qwn68V6tz7mrRWrnDlEf2B9/gAjeZhA</latexit><latexit sha1_base64="deeJyJTrSWP2cxAwMmZV171DotM=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoMeiF48V7Ac0oUw2m3bpZhN2N0IJPXnxr3jxoIhXf4M3/42bNgdtfTDweG+GmXlBypnSjvNtVVZW19Y3qpu1re2d3T17/6CjkkwS2iYJT2QvAEU5E7Stmea0l0oKccBpNxjfFH73gUrFEnGvJyn1YxgKFjEC2kgD+9gLQOYe1TDFHs49GWMQIZ56uNAGdt1pODPgZeKWpI5KtAb2lxcmJIup0ISDUn3XSbWfg9SMcDqteZmiKZAxDGnfUAExVX4+e2OKT40S4iiRpoTGM/X3RA6xUpM4MJ0x6JFa9ArxP6+f6ejKz5lIM00FmS+KMo51gotMcMgkJZpPDAEimbkVkxFIINokVzMhuIsvL5POecN1Gu7dRb15XcZRRUfoBJ0hF12iJrpFLdRGBD2iZ/SK3qwn68V6tz7mrRWrnDlEf2B9/gAjeZhA</latexit><latexit sha1_base64="deeJyJTrSWP2cxAwMmZV171DotM=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoMeiF48V7Ac0oUw2m3bpZhN2N0IJPXnxr3jxoIhXf4M3/42bNgdtfTDweG+GmXlBypnSjvNtVVZW19Y3qpu1re2d3T17/6CjkkwS2iYJT2QvAEU5E7Stmea0l0oKccBpNxjfFH73gUrFEnGvJyn1YxgKFjEC2kgD+9gLQOYe1TDFHs49GWMQIZ56uNAGdt1pODPgZeKWpI5KtAb2lxcmJIup0ISDUn3XSbWfg9SMcDqteZmiKZAxDGnfUAExVX4+e2OKT40S4iiRpoTGM/X3RA6xUpM4MJ0x6JFa9ArxP6+f6ejKz5lIM00FmS+KMo51gotMcMgkJZpPDAEimbkVkxFIINokVzMhuIsvL5POecN1Gu7dRb15XcZRRUfoBJ0hF12iJrpFLdRGBD2iZ/SK3qwn68V6tz7mrRWrnDlEf2B9/gAjeZhA</latexit><latexit sha1_base64="deeJyJTrSWP2cxAwMmZV171DotM=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCyCp5KIoMeiF48V7Ac0oUw2m3bpZhN2N0IJPXnxr3jxoIhXf4M3/42bNgdtfTDweG+GmXlBypnSjvNtVVZW19Y3qpu1re2d3T17/6CjkkwS2iYJT2QvAEU5E7Stmea0l0oKccBpNxjfFH73gUrFEnGvJyn1YxgKFjEC2kgD+9gLQOYe1TDFHs49GWMQIZ56uNAGdt1pODPgZeKWpI5KtAb2lxcmJIup0ISDUn3XSbWfg9SMcDqteZmiKZAxDGnfUAExVX4+e2OKT40S4iiRpoTGM/X3RA6xUpM4MJ0x6JFa9ArxP6+f6ejKz5lIM00FmS+KMo51gotMcMgkJZpPDAEimbkVkxFIINokVzMhuIsvL5POecN1Gu7dRb15XcZRRUfoBJ0hF12iJrpFLdRGBD2iZ/SK3qwn68V6tz7mrRWrnDlEf2B9/gAjeZhA</latexit>
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�✓⌘
<latexit sha1_base64="RkQHz0xI7s0n9acVg7pFHkO5w5I=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7Argh6DevAYwTwgu4TZSW8yZPbBTK8YQn7FiwdFvPoj3vwbZ5M9aGJBN0VVN9NTQSqFRsf5tkpr6xubW+Xtys7u3v6BfVht6yRTHFo8kYnqBkyDFDG0UKCEbqqARYGETjC+yf3OIygtkvgBJyn4ERvGIhScoZH6dtW7BYmMejgCZH0vb3bNqTtz0FXiFqRGCjT79pc3SHgWQYxcMq17rpOiP2UKBZcwq3iZhpTxMRtCz9CYRaD96fz2GT01yoCGiTIVI52rvzemLNJ6EgVmMmI40steLv7n9TIMr/ypiNMMIeaLh8JMUkxoHgQdCAUc5cQQxpUwt1I+YopxNHFVTAju8pdXSfu87jp19/6i1rgu4iiTY3JCzohLLkmD3JEmaRFOnsgzeSVv1sx6sd6tj8VoySp2jsgfWJ8/pC+ULA==</latexit><latexit sha1_base64="RkQHz0xI7s0n9acVg7pFHkO5w5I=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7Argh6DevAYwTwgu4TZSW8yZPbBTK8YQn7FiwdFvPoj3vwbZ5M9aGJBN0VVN9NTQSqFRsf5tkpr6xubW+Xtys7u3v6BfVht6yRTHFo8kYnqBkyDFDG0UKCEbqqARYGETjC+yf3OIygtkvgBJyn4ERvGIhScoZH6dtW7BYmMejgCZH0vb3bNqTtz0FXiFqRGCjT79pc3SHgWQYxcMq17rpOiP2UKBZcwq3iZhpTxMRtCz9CYRaD96fz2GT01yoCGiTIVI52rvzemLNJ6EgVmMmI40steLv7n9TIMr/ypiNMMIeaLh8JMUkxoHgQdCAUc5cQQxpUwt1I+YopxNHFVTAju8pdXSfu87jp19/6i1rgu4iiTY3JCzohLLkmD3JEmaRFOnsgzeSVv1sx6sd6tj8VoySp2jsgfWJ8/pC+ULA==</latexit><latexit sha1_base64="RkQHz0xI7s0n9acVg7pFHkO5w5I=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7Argh6DevAYwTwgu4TZSW8yZPbBTK8YQn7FiwdFvPoj3vwbZ5M9aGJBN0VVN9NTQSqFRsf5tkpr6xubW+Xtys7u3v6BfVht6yRTHFo8kYnqBkyDFDG0UKCEbqqARYGETjC+yf3OIygtkvgBJyn4ERvGIhScoZH6dtW7BYmMejgCZH0vb3bNqTtz0FXiFqRGCjT79pc3SHgWQYxcMq17rpOiP2UKBZcwq3iZhpTxMRtCz9CYRaD96fz2GT01yoCGiTIVI52rvzemLNJ6EgVmMmI40steLv7n9TIMr/ypiNMMIeaLh8JMUkxoHgQdCAUc5cQQxpUwt1I+YopxNHFVTAju8pdXSfu87jp19/6i1rgu4iiTY3JCzohLLkmD3JEmaRFOnsgzeSVv1sx6sd6tj8VoySp2jsgfWJ8/pC+ULA==</latexit><latexit sha1_base64="RkQHz0xI7s0n9acVg7pFHkO5w5I=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7Argh6DevAYwTwgu4TZSW8yZPbBTK8YQn7FiwdFvPoj3vwbZ5M9aGJBN0VVN9NTQSqFRsf5tkpr6xubW+Xtys7u3v6BfVht6yRTHFo8kYnqBkyDFDG0UKCEbqqARYGETjC+yf3OIygtkvgBJyn4ERvGIhScoZH6dtW7BYmMejgCZH0vb3bNqTtz0FXiFqRGCjT79pc3SHgWQYxcMq17rpOiP2UKBZcwq3iZhpTxMRtCz9CYRaD96fz2GT01yoCGiTIVI52rvzemLNJ6EgVmMmI40steLv7n9TIMr/ypiNMMIeaLh8JMUkxoHgQdCAUc5cQQxpUwt1I+YopxNHFVTAju8pdXSfu87jp19/6i1rgu4iiTY3JCzohLLkmD3JEmaRFOnsgzeSVv1sx6sd6tj8VoySp2jsgfWJ8/pC+ULA==</latexit>

X	decay	vertex

8/27/20 Yasaman	Farzan 49



Need	for	intermediate	particles

• At	the	Interaction	Point	(IP)

• X’	should	not		have	too	small	coupling	to		the	SM	particles	to	be	
abundantly	produced	at	IP.

Proton + Proton ! X 0 + ...
<latexit sha1_base64="qFmNu7kRzo+haTyb6nVBw7BMs/Y=">AAACB3icbVBLSwMxGMz6rPW16lGQYBGFwrIrgh6LXjxWsA/oLiWbZtvQPJYkK5SlNy/+FS8eFPHqX/DmvzFt96CtAyHDzPeRzMQpo9r4/reztLyyurZe2ihvbm3v7Lp7+00tM4VJA0smVTtGmjAqSMNQw0g7VQTxmJFWPLyZ+K0HojSV4t6MUhJx1Bc0oRgZK3XdozxUHNaVNFJUZ9cYhkbC9mnV87yuW/E9fwq4SIKCVECBetf9CnsSZ5wIgxnSuhP4qYlypAzFjIzLYaZJivAQ9UnHUoE40VE+zTGGJ1bpwUQqe4SBU/X3Ro641iMe20mOzEDPexPxP6+TmeQqyqlIM0MEnj2UZAzanJNSYI8qgg0bWYKwovavEA+QQtjY6sq2hGA+8iJpnnuB7wV3F5XadVFHCRyCY3AGAnAJauAW1EEDYPAInsEreHOenBfn3fmYjS45xc4B+APn8wf39ZgM</latexit><latexit sha1_base64="qFmNu7kRzo+haTyb6nVBw7BMs/Y=">AAACB3icbVBLSwMxGMz6rPW16lGQYBGFwrIrgh6LXjxWsA/oLiWbZtvQPJYkK5SlNy/+FS8eFPHqX/DmvzFt96CtAyHDzPeRzMQpo9r4/reztLyyurZe2ihvbm3v7Lp7+00tM4VJA0smVTtGmjAqSMNQw0g7VQTxmJFWPLyZ+K0HojSV4t6MUhJx1Bc0oRgZK3XdozxUHNaVNFJUZ9cYhkbC9mnV87yuW/E9fwq4SIKCVECBetf9CnsSZ5wIgxnSuhP4qYlypAzFjIzLYaZJivAQ9UnHUoE40VE+zTGGJ1bpwUQqe4SBU/X3Ro641iMe20mOzEDPexPxP6+TmeQqyqlIM0MEnj2UZAzanJNSYI8qgg0bWYKwovavEA+QQtjY6sq2hGA+8iJpnnuB7wV3F5XadVFHCRyCY3AGAnAJauAW1EEDYPAInsEreHOenBfn3fmYjS45xc4B+APn8wf39ZgM</latexit><latexit sha1_base64="qFmNu7kRzo+haTyb6nVBw7BMs/Y=">AAACB3icbVBLSwMxGMz6rPW16lGQYBGFwrIrgh6LXjxWsA/oLiWbZtvQPJYkK5SlNy/+FS8eFPHqX/DmvzFt96CtAyHDzPeRzMQpo9r4/reztLyyurZe2ihvbm3v7Lp7+00tM4VJA0smVTtGmjAqSMNQw0g7VQTxmJFWPLyZ+K0HojSV4t6MUhJx1Bc0oRgZK3XdozxUHNaVNFJUZ9cYhkbC9mnV87yuW/E9fwq4SIKCVECBetf9CnsSZ5wIgxnSuhP4qYlypAzFjIzLYaZJivAQ9UnHUoE40VE+zTGGJ1bpwUQqe4SBU/X3Ro641iMe20mOzEDPexPxP6+TmeQqyqlIM0MEnj2UZAzanJNSYI8qgg0bWYKwovavEA+QQtjY6sq2hGA+8iJpnnuB7wV3F5XadVFHCRyCY3AGAnAJauAW1EEDYPAInsEreHOenBfn3fmYjS45xc4B+APn8wf39ZgM</latexit><latexit sha1_base64="qFmNu7kRzo+haTyb6nVBw7BMs/Y=">AAACB3icbVBLSwMxGMz6rPW16lGQYBGFwrIrgh6LXjxWsA/oLiWbZtvQPJYkK5SlNy/+FS8eFPHqX/DmvzFt96CtAyHDzPeRzMQpo9r4/reztLyyurZe2ihvbm3v7Lp7+00tM4VJA0smVTtGmjAqSMNQw0g7VQTxmJFWPLyZ+K0HojSV4t6MUhJx1Bc0oRgZK3XdozxUHNaVNFJUZ9cYhkbC9mnV87yuW/E9fwq4SIKCVECBetf9CnsSZ5wIgxnSuhP4qYlypAzFjIzLYaZJivAQ9UnHUoE40VE+zTGGJ1bpwUQqe4SBU/X3Ro641iMe20mOzEDPexPxP6+TmeQqyqlIM0MEnj2UZAzanJNSYI8qgg0bWYKwovavEA+QQtjY6sq2hGA+8iJpnnuB7wV3F5XadVFHCRyCY3AGAnAJauAW1EEDYPAInsEreHOenBfn3fmYjS45xc4B+APn8wf39ZgM</latexit>

X 0 ! XX̄
<latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit>
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Possibilities	for	X’

1) Z’	boson	of																																															(with																																			)	or	
kinetically	mixed																	

2) Scalar coupled	to	quarks:	
Mixed	with		SM	Higgs	or	Mixed	with	new	inert	Higgs		

arbitrary	coupling	to	first	generation

Direct	production	from	parton interaction	at	IP

B � aeLe � aµLµ � a⌧L⌧
<latexit sha1_base64="xtNhlSUcTJHqf2h+ZssX7jGTVgE=">AAACDXicbVA9T8MwEHX4LOUrwMhiUZBYqBKEBGNVFgaGItEPqY0ix720Vu0ksh2kquofYOGvsDCAECs7G/8GJ80ALSfZ9+69O9n3goQzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcBZBUzPNoZNIICLg0A5G15nefgCpWBzd63ECniCDiIWMEm0o3z6unxEf8K0PJvdEalB2Z4UmeWWSb1ecqpMHXgRuASqoiIZvf/X6MU0FRJpyolTXdRLtTYjUjHKYlnupgoTQERlA18CICFDeJN9mik8M08dhLM2JNM7Z3xMTIpQai8B0CqKHal7LyP+0bqrDK2/CoiTVENHZQ2HKsY5xZg3uMwlU87EBhEpm/orpkEhCtTGwbExw51deBK3zqutU3buLSq1e2FFCh+gInSIXXaIaukEN1EQUPaJn9IrerCfrxXq3PmatS1Yxc4D+hPX5A+Czmi8=</latexit><latexit sha1_base64="xtNhlSUcTJHqf2h+ZssX7jGTVgE=">AAACDXicbVA9T8MwEHX4LOUrwMhiUZBYqBKEBGNVFgaGItEPqY0ix720Vu0ksh2kquofYOGvsDCAECs7G/8GJ80ALSfZ9+69O9n3goQzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcBZBUzPNoZNIICLg0A5G15nefgCpWBzd63ECniCDiIWMEm0o3z6unxEf8K0PJvdEalB2Z4UmeWWSb1ecqpMHXgRuASqoiIZvf/X6MU0FRJpyolTXdRLtTYjUjHKYlnupgoTQERlA18CICFDeJN9mik8M08dhLM2JNM7Z3xMTIpQai8B0CqKHal7LyP+0bqrDK2/CoiTVENHZQ2HKsY5xZg3uMwlU87EBhEpm/orpkEhCtTGwbExw51deBK3zqutU3buLSq1e2FFCh+gInSIXXaIaukEN1EQUPaJn9IrerCfrxXq3PmatS1Yxc4D+hPX5A+Czmi8=</latexit><latexit sha1_base64="xtNhlSUcTJHqf2h+ZssX7jGTVgE=">AAACDXicbVA9T8MwEHX4LOUrwMhiUZBYqBKEBGNVFgaGItEPqY0ix720Vu0ksh2kquofYOGvsDCAECs7G/8GJ80ALSfZ9+69O9n3goQzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcBZBUzPNoZNIICLg0A5G15nefgCpWBzd63ECniCDiIWMEm0o3z6unxEf8K0PJvdEalB2Z4UmeWWSb1ecqpMHXgRuASqoiIZvf/X6MU0FRJpyolTXdRLtTYjUjHKYlnupgoTQERlA18CICFDeJN9mik8M08dhLM2JNM7Z3xMTIpQai8B0CqKHal7LyP+0bqrDK2/CoiTVENHZQ2HKsY5xZg3uMwlU87EBhEpm/orpkEhCtTGwbExw51deBK3zqutU3buLSq1e2FFCh+gInSIXXaIaukEN1EQUPaJn9IrerCfrxXq3PmatS1Yxc4D+hPX5A+Czmi8=</latexit><latexit sha1_base64="xtNhlSUcTJHqf2h+ZssX7jGTVgE=">AAACDXicbVA9T8MwEHX4LOUrwMhiUZBYqBKEBGNVFgaGItEPqY0ix720Vu0ksh2kquofYOGvsDCAECs7G/8GJ80ALSfZ9+69O9n3goQzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcBZBUzPNoZNIICLg0A5G15nefgCpWBzd63ECniCDiIWMEm0o3z6unxEf8K0PJvdEalB2Z4UmeWWSb1ecqpMHXgRuASqoiIZvf/X6MU0FRJpyolTXdRLtTYjUjHKYlnupgoTQERlA18CICFDeJN9mik8M08dhLM2JNM7Z3xMTIpQai8B0CqKHal7LyP+0bqrDK2/CoiTVENHZQ2HKsY5xZg3uMwlU87EBhEpm/orpkEhCtTGwbExw51deBK3zqutU3buLSq1e2FFCh+gInSIXXaIaukEN1EQUPaJn9IrerCfrxXq3PmatS1Yxc4D+hPX5A+Czmi8=</latexit>

ae + aµ + a⌧ = �3
<latexit sha1_base64="dymEC5KgJEPnd6mNHqSZngtsDT0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEoVgSFXQjFN24rGAf0IZwM520QyeTMDMRSij4K25cKOLW73Dn3zhts9DWA5d7OOde5s4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbASjKmaANzTSn7URSiAJOW8HwduK3HqlULBYPepRQL4K+YCEjoI3k2wfgU1wBvxulFWyahvT69Ny3y07VmQIvEjcnZZSj7ttf3V5M0ogKTTgo1XGdRHsZSM0Ip+NSN1U0ATKEPu0YKiCiysum54/xsVF6OIylKaHxVP29kUGk1CgKzGQEeqDmvYn4n9dJdXjlZUwkqaaCzB4KU451jCdZ4B6TlGg+MgSIZOZWTAYggWiTWMmE4M5/eZE0z6quU3XvL8q1mzyOIjpER+gEuegS1dAdqqMGIihDz+gVvVlP1ov1bn3MRgtWvrOP/sD6/AEGdpQ5</latexit><latexit sha1_base64="dymEC5KgJEPnd6mNHqSZngtsDT0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEoVgSFXQjFN24rGAf0IZwM520QyeTMDMRSij4K25cKOLW73Dn3zhts9DWA5d7OOde5s4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbASjKmaANzTSn7URSiAJOW8HwduK3HqlULBYPepRQL4K+YCEjoI3k2wfgU1wBvxulFWyahvT69Ny3y07VmQIvEjcnZZSj7ttf3V5M0ogKTTgo1XGdRHsZSM0Ip+NSN1U0ATKEPu0YKiCiysum54/xsVF6OIylKaHxVP29kUGk1CgKzGQEeqDmvYn4n9dJdXjlZUwkqaaCzB4KU451jCdZ4B6TlGg+MgSIZOZWTAYggWiTWMmE4M5/eZE0z6quU3XvL8q1mzyOIjpER+gEuegS1dAdqqMGIihDz+gVvVlP1ov1bn3MRgtWvrOP/sD6/AEGdpQ5</latexit><latexit sha1_base64="dymEC5KgJEPnd6mNHqSZngtsDT0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEoVgSFXQjFN24rGAf0IZwM520QyeTMDMRSij4K25cKOLW73Dn3zhts9DWA5d7OOde5s4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbASjKmaANzTSn7URSiAJOW8HwduK3HqlULBYPepRQL4K+YCEjoI3k2wfgU1wBvxulFWyahvT69Ny3y07VmQIvEjcnZZSj7ttf3V5M0ogKTTgo1XGdRHsZSM0Ip+NSN1U0ATKEPu0YKiCiysum54/xsVF6OIylKaHxVP29kUGk1CgKzGQEeqDmvYn4n9dJdXjlZUwkqaaCzB4KU451jCdZ4B6TlGg+MgSIZOZWTAYggWiTWMmE4M5/eZE0z6quU3XvL8q1mzyOIjpER+gEuegS1dAdqqMGIihDz+gVvVlP1ov1bn3MRgtWvrOP/sD6/AEGdpQ5</latexit><latexit sha1_base64="dymEC5KgJEPnd6mNHqSZngtsDT0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEoVgSFXQjFN24rGAf0IZwM520QyeTMDMRSij4K25cKOLW73Dn3zhts9DWA5d7OOde5s4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbASjKmaANzTSn7URSiAJOW8HwduK3HqlULBYPepRQL4K+YCEjoI3k2wfgU1wBvxulFWyahvT69Ny3y07VmQIvEjcnZZSj7ttf3V5M0ogKTTgo1XGdRHsZSM0Ip+NSN1U0ATKEPu0YKiCiysum54/xsVF6OIylKaHxVP29kUGk1CgKzGQEeqDmvYn4n9dJdXjlZUwkqaaCzB4KU451jCdZ4B6TlGg+MgSIZOZWTAYggWiTWMmE4M5/eZE0z6quU3XvL8q1mzyOIjpER+gEuegS1dAdqqMGIihDz+gVvVlP1ov1bn3MRgtWvrOP/sD6/AEGdpQ5</latexit>

✏Z 0
µ⌫B

µ⌫
<latexit sha1_base64="E77xoIPHHMKbm77TXQmdcILHPFA=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXZUZEXRZ6sZlBduKnXHIpGkbmsuQZIQydO3GV3HjQhG3PoE738a0HURbfwh8/OccTs4fJ4xq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKqbGGnCqCANQw0jN4kiiMeMtOLBxbjeuidKUymuzTAhIUc9QbsUI2OtyN0PSKIpkwLeHkVZwFMYiHQEa3c/HLllr+JNBOfBz6EMctUj9zPoSJxyIgxmSOu27yUmzJAyFDMyKgWpJgnCA9QjbYsCcaLDbHLKCB5apwO7UtknDJy4vycyxLUe8th2cmT6erY2Nv+rtVPTPQ8zKpLUEIGni7opg0bCcS6wQxXBhg0tIKyo/SvEfaQQNja9kg3Bnz15HponFd+r+Fen5Wotj6MI9sABOAY+OANVcAnqoAEweABP4AW8Oo/Os/PmvE9bC04+swv+yPn4BqBzmjU=</latexit><latexit sha1_base64="E77xoIPHHMKbm77TXQmdcILHPFA=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXZUZEXRZ6sZlBduKnXHIpGkbmsuQZIQydO3GV3HjQhG3PoE738a0HURbfwh8/OccTs4fJ4xq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKqbGGnCqCANQw0jN4kiiMeMtOLBxbjeuidKUymuzTAhIUc9QbsUI2OtyN0PSKIpkwLeHkVZwFMYiHQEa3c/HLllr+JNBOfBz6EMctUj9zPoSJxyIgxmSOu27yUmzJAyFDMyKgWpJgnCA9QjbYsCcaLDbHLKCB5apwO7UtknDJy4vycyxLUe8th2cmT6erY2Nv+rtVPTPQ8zKpLUEIGni7opg0bCcS6wQxXBhg0tIKyo/SvEfaQQNja9kg3Bnz15HponFd+r+Fen5Wotj6MI9sABOAY+OANVcAnqoAEweABP4AW8Oo/Os/PmvE9bC04+swv+yPn4BqBzmjU=</latexit><latexit sha1_base64="E77xoIPHHMKbm77TXQmdcILHPFA=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXZUZEXRZ6sZlBduKnXHIpGkbmsuQZIQydO3GV3HjQhG3PoE738a0HURbfwh8/OccTs4fJ4xq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKqbGGnCqCANQw0jN4kiiMeMtOLBxbjeuidKUymuzTAhIUc9QbsUI2OtyN0PSKIpkwLeHkVZwFMYiHQEa3c/HLllr+JNBOfBz6EMctUj9zPoSJxyIgxmSOu27yUmzJAyFDMyKgWpJgnCA9QjbYsCcaLDbHLKCB5apwO7UtknDJy4vycyxLUe8th2cmT6erY2Nv+rtVPTPQ8zKpLUEIGni7opg0bCcS6wQxXBhg0tIKyo/SvEfaQQNja9kg3Bnz15HponFd+r+Fen5Wotj6MI9sABOAY+OANVcAnqoAEweABP4AW8Oo/Os/PmvE9bC04+swv+yPn4BqBzmjU=</latexit><latexit sha1_base64="E77xoIPHHMKbm77TXQmdcILHPFA=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXZUZEXRZ6sZlBduKnXHIpGkbmsuQZIQydO3GV3HjQhG3PoE738a0HURbfwh8/OccTs4fJ4xq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKqbGGnCqCANQw0jN4kiiMeMtOLBxbjeuidKUymuzTAhIUc9QbsUI2OtyN0PSKIpkwLeHkVZwFMYiHQEa3c/HLllr+JNBOfBz6EMctUj9zPoSJxyIgxmSOu27yUmzJAyFDMyKgWpJgnCA9QjbYsCcaLDbHLKCB5apwO7UtknDJy4vycyxLUe8th2cmT6erY2Nv+rtVPTPQ8zKpLUEIGni7opg0bCcS6wQxXBhg0tIKyo/SvEfaQQNja9kg3Bnz15HponFd+r+Fen5Wotj6MI9sABOAY+OANVcAnqoAEweABP4AW8Oo/Os/PmvE9bC04+swv+yPn4BqBzmjU=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�ūu, �d̄d, �s̄s
<latexit sha1_base64="8TeE4BDO00g+eX7Nw746YbK2Ii4=">AAACG3icbZDLSsNAFIZPvNZ6i7p0M1gEF1KSIuiy6MZlBXuBJpTJZNoOnUzCzEQoIe/hxldx40IRV4IL38ZpG9C2/jDw851zOHP+IOFMacf5tlZW19Y3Nktb5e2d3b19++CwpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDOptx+oVCwW93qcUD/CA8H6jGBtUM+uecmQIS/AMktzlJ4jD/2SMEfhPFE5Uj274lSdqdCycQtTgUKNnv3phTFJIyo04Viprusk2s+w1Ixwmpe9VNEEkxEe0K6xAkdU+dn0thydGhKifizNExpN6d+JDEdKjaPAdEZYD9VibQL/q3VT3b/yMyaSVFNBZov6KUc6RpOgUMgkJZqPjcFEMvNXRIZYYqJNnGUTgrt48rJp1aquU3XvLir16yKOEhzDCZyBC5dQh1toQBMIPMIzvMKb9WS9WO/Wx6x1xSpmjmBO1tcPvDqf+Q==</latexit><latexit sha1_base64="8TeE4BDO00g+eX7Nw746YbK2Ii4=">AAACG3icbZDLSsNAFIZPvNZ6i7p0M1gEF1KSIuiy6MZlBXuBJpTJZNoOnUzCzEQoIe/hxldx40IRV4IL38ZpG9C2/jDw851zOHP+IOFMacf5tlZW19Y3Nktb5e2d3b19++CwpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDOptx+oVCwW93qcUD/CA8H6jGBtUM+uecmQIS/AMktzlJ4jD/2SMEfhPFE5Uj274lSdqdCycQtTgUKNnv3phTFJIyo04Viprusk2s+w1Ixwmpe9VNEEkxEe0K6xAkdU+dn0thydGhKifizNExpN6d+JDEdKjaPAdEZYD9VibQL/q3VT3b/yMyaSVFNBZov6KUc6RpOgUMgkJZqPjcFEMvNXRIZYYqJNnGUTgrt48rJp1aquU3XvLir16yKOEhzDCZyBC5dQh1toQBMIPMIzvMKb9WS9WO/Wx6x1xSpmjmBO1tcPvDqf+Q==</latexit><latexit sha1_base64="8TeE4BDO00g+eX7Nw746YbK2Ii4=">AAACG3icbZDLSsNAFIZPvNZ6i7p0M1gEF1KSIuiy6MZlBXuBJpTJZNoOnUzCzEQoIe/hxldx40IRV4IL38ZpG9C2/jDw851zOHP+IOFMacf5tlZW19Y3Nktb5e2d3b19++CwpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDOptx+oVCwW93qcUD/CA8H6jGBtUM+uecmQIS/AMktzlJ4jD/2SMEfhPFE5Uj274lSdqdCycQtTgUKNnv3phTFJIyo04Viprusk2s+w1Ixwmpe9VNEEkxEe0K6xAkdU+dn0thydGhKifizNExpN6d+JDEdKjaPAdEZYD9VibQL/q3VT3b/yMyaSVFNBZov6KUc6RpOgUMgkJZqPjcFEMvNXRIZYYqJNnGUTgrt48rJp1aquU3XvLir16yKOEhzDCZyBC5dQh1toQBMIPMIzvMKb9WS9WO/Wx6x1xSpmjmBO1tcPvDqf+Q==</latexit><latexit sha1_base64="8TeE4BDO00g+eX7Nw746YbK2Ii4=">AAACG3icbZDLSsNAFIZPvNZ6i7p0M1gEF1KSIuiy6MZlBXuBJpTJZNoOnUzCzEQoIe/hxldx40IRV4IL38ZpG9C2/jDw851zOHP+IOFMacf5tlZW19Y3Nktb5e2d3b19++CwpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDOptx+oVCwW93qcUD/CA8H6jGBtUM+uecmQIS/AMktzlJ4jD/2SMEfhPFE5Uj274lSdqdCycQtTgUKNnv3phTFJIyo04Viprusk2s+w1Ixwmpe9VNEEkxEe0K6xAkdU+dn0thydGhKifizNExpN6d+JDEdKjaPAdEZYD9VibQL/q3VT3b/yMyaSVFNBZov6KUc6RpOgUMgkJZqPjcFEMvNXRIZYYqJNnGUTgrt48rJp1aquU3XvLir16yKOEhzDCZyBC5dQh1toQBMIPMIzvMKb9WS9WO/Wx6x1xSpmjmBO1tcPvDqf+Q==</latexit>

Production	from	Heavy	meson	decay	at	IP

Small	mixing	to	first	generation	
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Possibilities	for	X’

1) Z’	boson	of																																															(with																																			)	or	
kinetically	mixed																	

2) Scalar coupled	to	quarks:	

3) Pseudoscalar axion:

B � aeLe � aµLµ � a⌧L⌧
<latexit sha1_base64="xtNhlSUcTJHqf2h+ZssX7jGTVgE=">AAACDXicbVA9T8MwEHX4LOUrwMhiUZBYqBKEBGNVFgaGItEPqY0ix720Vu0ksh2kquofYOGvsDCAECs7G/8GJ80ALSfZ9+69O9n3goQzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcBZBUzPNoZNIICLg0A5G15nefgCpWBzd63ECniCDiIWMEm0o3z6unxEf8K0PJvdEalB2Z4UmeWWSb1ecqpMHXgRuASqoiIZvf/X6MU0FRJpyolTXdRLtTYjUjHKYlnupgoTQERlA18CICFDeJN9mik8M08dhLM2JNM7Z3xMTIpQai8B0CqKHal7LyP+0bqrDK2/CoiTVENHZQ2HKsY5xZg3uMwlU87EBhEpm/orpkEhCtTGwbExw51deBK3zqutU3buLSq1e2FFCh+gInSIXXaIaukEN1EQUPaJn9IrerCfrxXq3PmatS1Yxc4D+hPX5A+Czmi8=</latexit><latexit sha1_base64="xtNhlSUcTJHqf2h+ZssX7jGTVgE=">AAACDXicbVA9T8MwEHX4LOUrwMhiUZBYqBKEBGNVFgaGItEPqY0ix720Vu0ksh2kquofYOGvsDCAECs7G/8GJ80ALSfZ9+69O9n3goQzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcBZBUzPNoZNIICLg0A5G15nefgCpWBzd63ECniCDiIWMEm0o3z6unxEf8K0PJvdEalB2Z4UmeWWSb1ecqpMHXgRuASqoiIZvf/X6MU0FRJpyolTXdRLtTYjUjHKYlnupgoTQERlA18CICFDeJN9mik8M08dhLM2JNM7Z3xMTIpQai8B0CqKHal7LyP+0bqrDK2/CoiTVENHZQ2HKsY5xZg3uMwlU87EBhEpm/orpkEhCtTGwbExw51deBK3zqutU3buLSq1e2FFCh+gInSIXXaIaukEN1EQUPaJn9IrerCfrxXq3PmatS1Yxc4D+hPX5A+Czmi8=</latexit><latexit sha1_base64="xtNhlSUcTJHqf2h+ZssX7jGTVgE=">AAACDXicbVA9T8MwEHX4LOUrwMhiUZBYqBKEBGNVFgaGItEPqY0ix720Vu0ksh2kquofYOGvsDCAECs7G/8GJ80ALSfZ9+69O9n3goQzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcBZBUzPNoZNIICLg0A5G15nefgCpWBzd63ECniCDiIWMEm0o3z6unxEf8K0PJvdEalB2Z4UmeWWSb1ecqpMHXgRuASqoiIZvf/X6MU0FRJpyolTXdRLtTYjUjHKYlnupgoTQERlA18CICFDeJN9mik8M08dhLM2JNM7Z3xMTIpQai8B0CqKHal7LyP+0bqrDK2/CoiTVENHZQ2HKsY5xZg3uMwlU87EBhEpm/orpkEhCtTGwbExw51deBK3zqutU3buLSq1e2FFCh+gInSIXXaIaukEN1EQUPaJn9IrerCfrxXq3PmatS1Yxc4D+hPX5A+Czmi8=</latexit><latexit sha1_base64="xtNhlSUcTJHqf2h+ZssX7jGTVgE=">AAACDXicbVA9T8MwEHX4LOUrwMhiUZBYqBKEBGNVFgaGItEPqY0ix720Vu0ksh2kquofYOGvsDCAECs7G/8GJ80ALSfZ9+69O9n3goQzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcBZBUzPNoZNIICLg0A5G15nefgCpWBzd63ECniCDiIWMEm0o3z6unxEf8K0PJvdEalB2Z4UmeWWSb1ecqpMHXgRuASqoiIZvf/X6MU0FRJpyolTXdRLtTYjUjHKYlnupgoTQERlA18CICFDeJN9mik8M08dhLM2JNM7Z3xMTIpQai8B0CqKHal7LyP+0bqrDK2/CoiTVENHZQ2HKsY5xZg3uMwlU87EBhEpm/orpkEhCtTGwbExw51deBK3zqutU3buLSq1e2FFCh+gInSIXXaIaukEN1EQUPaJn9IrerCfrxXq3PmatS1Yxc4D+hPX5A+Czmi8=</latexit>

ae + aµ + a⌧ = �3
<latexit sha1_base64="dymEC5KgJEPnd6mNHqSZngtsDT0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEoVgSFXQjFN24rGAf0IZwM520QyeTMDMRSij4K25cKOLW73Dn3zhts9DWA5d7OOde5s4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbASjKmaANzTSn7URSiAJOW8HwduK3HqlULBYPepRQL4K+YCEjoI3k2wfgU1wBvxulFWyahvT69Ny3y07VmQIvEjcnZZSj7ttf3V5M0ogKTTgo1XGdRHsZSM0Ip+NSN1U0ATKEPu0YKiCiysum54/xsVF6OIylKaHxVP29kUGk1CgKzGQEeqDmvYn4n9dJdXjlZUwkqaaCzB4KU451jCdZ4B6TlGg+MgSIZOZWTAYggWiTWMmE4M5/eZE0z6quU3XvL8q1mzyOIjpER+gEuegS1dAdqqMGIihDz+gVvVlP1ov1bn3MRgtWvrOP/sD6/AEGdpQ5</latexit><latexit sha1_base64="dymEC5KgJEPnd6mNHqSZngtsDT0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEoVgSFXQjFN24rGAf0IZwM520QyeTMDMRSij4K25cKOLW73Dn3zhts9DWA5d7OOde5s4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbASjKmaANzTSn7URSiAJOW8HwduK3HqlULBYPepRQL4K+YCEjoI3k2wfgU1wBvxulFWyahvT69Ny3y07VmQIvEjcnZZSj7ttf3V5M0ogKTTgo1XGdRHsZSM0Ip+NSN1U0ATKEPu0YKiCiysum54/xsVF6OIylKaHxVP29kUGk1CgKzGQEeqDmvYn4n9dJdXjlZUwkqaaCzB4KU451jCdZ4B6TlGg+MgSIZOZWTAYggWiTWMmE4M5/eZE0z6quU3XvL8q1mzyOIjpER+gEuegS1dAdqqMGIihDz+gVvVlP1ov1bn3MRgtWvrOP/sD6/AEGdpQ5</latexit><latexit sha1_base64="dymEC5KgJEPnd6mNHqSZngtsDT0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEoVgSFXQjFN24rGAf0IZwM520QyeTMDMRSij4K25cKOLW73Dn3zhts9DWA5d7OOde5s4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbASjKmaANzTSn7URSiAJOW8HwduK3HqlULBYPepRQL4K+YCEjoI3k2wfgU1wBvxulFWyahvT69Ny3y07VmQIvEjcnZZSj7ttf3V5M0ogKTTgo1XGdRHsZSM0Ip+NSN1U0ATKEPu0YKiCiysum54/xsVF6OIylKaHxVP29kUGk1CgKzGQEeqDmvYn4n9dJdXjlZUwkqaaCzB4KU451jCdZ4B6TlGg+MgSIZOZWTAYggWiTWMmE4M5/eZE0z6quU3XvL8q1mzyOIjpER+gEuegS1dAdqqMGIihDz+gVvVlP1ov1bn3MRgtWvrOP/sD6/AEGdpQ5</latexit><latexit sha1_base64="dymEC5KgJEPnd6mNHqSZngtsDT0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEoVgSFXQjFN24rGAf0IZwM520QyeTMDMRSij4K25cKOLW73Dn3zhts9DWA5d7OOde5s4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbASjKmaANzTSn7URSiAJOW8HwduK3HqlULBYPepRQL4K+YCEjoI3k2wfgU1wBvxulFWyahvT69Ny3y07VmQIvEjcnZZSj7ttf3V5M0ogKTTgo1XGdRHsZSM0Ip+NSN1U0ATKEPu0YKiCiysum54/xsVF6OIylKaHxVP29kUGk1CgKzGQEeqDmvYn4n9dJdXjlZUwkqaaCzB4KU451jCdZ4B6TlGg+MgSIZOZWTAYggWiTWMmE4M5/eZE0z6quU3XvL8q1mzyOIjpER+gEuegS1dAdqqMGIihDz+gVvVlP1ov1bn3MRgtWvrOP/sD6/AEGdpQ5</latexit>

✏Z 0
µ⌫B

µ⌫
<latexit sha1_base64="E77xoIPHHMKbm77TXQmdcILHPFA=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXZUZEXRZ6sZlBduKnXHIpGkbmsuQZIQydO3GV3HjQhG3PoE738a0HURbfwh8/OccTs4fJ4xq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKqbGGnCqCANQw0jN4kiiMeMtOLBxbjeuidKUymuzTAhIUc9QbsUI2OtyN0PSKIpkwLeHkVZwFMYiHQEa3c/HLllr+JNBOfBz6EMctUj9zPoSJxyIgxmSOu27yUmzJAyFDMyKgWpJgnCA9QjbYsCcaLDbHLKCB5apwO7UtknDJy4vycyxLUe8th2cmT6erY2Nv+rtVPTPQ8zKpLUEIGni7opg0bCcS6wQxXBhg0tIKyo/SvEfaQQNja9kg3Bnz15HponFd+r+Fen5Wotj6MI9sABOAY+OANVcAnqoAEweABP4AW8Oo/Os/PmvE9bC04+swv+yPn4BqBzmjU=</latexit><latexit sha1_base64="E77xoIPHHMKbm77TXQmdcILHPFA=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXZUZEXRZ6sZlBduKnXHIpGkbmsuQZIQydO3GV3HjQhG3PoE738a0HURbfwh8/OccTs4fJ4xq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKqbGGnCqCANQw0jN4kiiMeMtOLBxbjeuidKUymuzTAhIUc9QbsUI2OtyN0PSKIpkwLeHkVZwFMYiHQEa3c/HLllr+JNBOfBz6EMctUj9zPoSJxyIgxmSOu27yUmzJAyFDMyKgWpJgnCA9QjbYsCcaLDbHLKCB5apwO7UtknDJy4vycyxLUe8th2cmT6erY2Nv+rtVPTPQ8zKpLUEIGni7opg0bCcS6wQxXBhg0tIKyo/SvEfaQQNja9kg3Bnz15HponFd+r+Fen5Wotj6MI9sABOAY+OANVcAnqoAEweABP4AW8Oo/Os/PmvE9bC04+swv+yPn4BqBzmjU=</latexit><latexit sha1_base64="E77xoIPHHMKbm77TXQmdcILHPFA=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXZUZEXRZ6sZlBduKnXHIpGkbmsuQZIQydO3GV3HjQhG3PoE738a0HURbfwh8/OccTs4fJ4xq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKqbGGnCqCANQw0jN4kiiMeMtOLBxbjeuidKUymuzTAhIUc9QbsUI2OtyN0PSKIpkwLeHkVZwFMYiHQEa3c/HLllr+JNBOfBz6EMctUj9zPoSJxyIgxmSOu27yUmzJAyFDMyKgWpJgnCA9QjbYsCcaLDbHLKCB5apwO7UtknDJy4vycyxLUe8th2cmT6erY2Nv+rtVPTPQ8zKpLUEIGni7opg0bCcS6wQxXBhg0tIKyo/SvEfaQQNja9kg3Bnz15HponFd+r+Fen5Wotj6MI9sABOAY+OANVcAnqoAEweABP4AW8Oo/Os/PmvE9bC04+swv+yPn4BqBzmjU=</latexit><latexit sha1_base64="E77xoIPHHMKbm77TXQmdcILHPFA=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXZUZEXRZ6sZlBduKnXHIpGkbmsuQZIQydO3GV3HjQhG3PoE738a0HURbfwh8/OccTs4fJ4xq43lfTmFhcWl5pbhaWlvf2Nxyt3eaWqYKkwaWTKqbGGnCqCANQw0jN4kiiMeMtOLBxbjeuidKUymuzTAhIUc9QbsUI2OtyN0PSKIpkwLeHkVZwFMYiHQEa3c/HLllr+JNBOfBz6EMctUj9zPoSJxyIgxmSOu27yUmzJAyFDMyKgWpJgnCA9QjbYsCcaLDbHLKCB5apwO7UtknDJy4vycyxLUe8th2cmT6erY2Nv+rtVPTPQ8zKpLUEIGni7opg0bCcS6wQxXBhg0tIKyo/SvEfaQQNja9kg3Bnz15HponFd+r+Fen5Wotj6MI9sABOAY+OANVcAnqoAEweABP4AW8Oo/Os/PmvE9bC04+swv+yPn4BqBzmjU=</latexit>

�
<latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit><latexit sha1_base64="vMCmCBvrQqvMkcZe5c78yK19qu0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGqQxH9YbXtObA68SvyQNKNEe1r8Go4RmkilLBTGm73upDXKiLaeCzWqDzLCU0AkZs76jikhmgnx+6wyfOWWEo0S7UhbP1d8TOZHGTGXoOiWxsVn2CvE/r5/Z6DrIuUozyxRdLIoygW2Ci8fxiGtGrZg6Qqjm7lZMY6IJtS6emgvBX355lXQvmr7X9O8vG62bMo4qnMApnIMPV9CCO2hDByjE8Ayv8IYkekHv6GPRWkHlzDH8Afr8AROIjj8=</latexit>

�ūu, �d̄d, �s̄s
<latexit sha1_base64="8TeE4BDO00g+eX7Nw746YbK2Ii4=">AAACG3icbZDLSsNAFIZPvNZ6i7p0M1gEF1KSIuiy6MZlBXuBJpTJZNoOnUzCzEQoIe/hxldx40IRV4IL38ZpG9C2/jDw851zOHP+IOFMacf5tlZW19Y3Nktb5e2d3b19++CwpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDOptx+oVCwW93qcUD/CA8H6jGBtUM+uecmQIS/AMktzlJ4jD/2SMEfhPFE5Uj274lSdqdCycQtTgUKNnv3phTFJIyo04Viprusk2s+w1Ixwmpe9VNEEkxEe0K6xAkdU+dn0thydGhKifizNExpN6d+JDEdKjaPAdEZYD9VibQL/q3VT3b/yMyaSVFNBZov6KUc6RpOgUMgkJZqPjcFEMvNXRIZYYqJNnGUTgrt48rJp1aquU3XvLir16yKOEhzDCZyBC5dQh1toQBMIPMIzvMKb9WS9WO/Wx6x1xSpmjmBO1tcPvDqf+Q==</latexit><latexit sha1_base64="8TeE4BDO00g+eX7Nw746YbK2Ii4=">AAACG3icbZDLSsNAFIZPvNZ6i7p0M1gEF1KSIuiy6MZlBXuBJpTJZNoOnUzCzEQoIe/hxldx40IRV4IL38ZpG9C2/jDw851zOHP+IOFMacf5tlZW19Y3Nktb5e2d3b19++CwpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDOptx+oVCwW93qcUD/CA8H6jGBtUM+uecmQIS/AMktzlJ4jD/2SMEfhPFE5Uj274lSdqdCycQtTgUKNnv3phTFJIyo04Viprusk2s+w1Ixwmpe9VNEEkxEe0K6xAkdU+dn0thydGhKifizNExpN6d+JDEdKjaPAdEZYD9VibQL/q3VT3b/yMyaSVFNBZov6KUc6RpOgUMgkJZqPjcFEMvNXRIZYYqJNnGUTgrt48rJp1aquU3XvLir16yKOEhzDCZyBC5dQh1toQBMIPMIzvMKb9WS9WO/Wx6x1xSpmjmBO1tcPvDqf+Q==</latexit><latexit sha1_base64="8TeE4BDO00g+eX7Nw746YbK2Ii4=">AAACG3icbZDLSsNAFIZPvNZ6i7p0M1gEF1KSIuiy6MZlBXuBJpTJZNoOnUzCzEQoIe/hxldx40IRV4IL38ZpG9C2/jDw851zOHP+IOFMacf5tlZW19Y3Nktb5e2d3b19++CwpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDOptx+oVCwW93qcUD/CA8H6jGBtUM+uecmQIS/AMktzlJ4jD/2SMEfhPFE5Uj274lSdqdCycQtTgUKNnv3phTFJIyo04Viprusk2s+w1Ixwmpe9VNEEkxEe0K6xAkdU+dn0thydGhKifizNExpN6d+JDEdKjaPAdEZYD9VibQL/q3VT3b/yMyaSVFNBZov6KUc6RpOgUMgkJZqPjcFEMvNXRIZYYqJNnGUTgrt48rJp1aquU3XvLir16yKOEhzDCZyBC5dQh1toQBMIPMIzvMKb9WS9WO/Wx6x1xSpmjmBO1tcPvDqf+Q==</latexit><latexit sha1_base64="8TeE4BDO00g+eX7Nw746YbK2Ii4=">AAACG3icbZDLSsNAFIZPvNZ6i7p0M1gEF1KSIuiy6MZlBXuBJpTJZNoOnUzCzEQoIe/hxldx40IRV4IL38ZpG9C2/jDw851zOHP+IOFMacf5tlZW19Y3Nktb5e2d3b19++CwpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdDOptx+oVCwW93qcUD/CA8H6jGBtUM+uecmQIS/AMktzlJ4jD/2SMEfhPFE5Uj274lSdqdCycQtTgUKNnv3phTFJIyo04Viprusk2s+w1Ixwmpe9VNEEkxEe0K6xAkdU+dn0thydGhKifizNExpN6d+JDEdKjaPAdEZYD9VibQL/q3VT3b/yMyaSVFNBZov6KUc6RpOgUMgkJZqPjcFEMvNXRIZYYqJNnGUTgrt48rJp1aquU3XvLir16yKOEhzDCZyBC5dQh1toQBMIPMIzvMKb9WS9WO/Wx6x1xSpmjmBO1tcPvDqf+Q==</latexit>
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Fast	decay	of	X’

• X’	with	a	mass	larger	than	3	pion	mass	decays	fast	to	hadrons
• We	want	it	to	decay	faster	to
Scalar X:			
Fermion X:

Br(X 0 ! XX̄) � Br(X 0 ! hadrons)
<latexit sha1_base64="hxHJxPfqLIxciUp78DT7YDAO73M=">AAACFnicbVDNSsNAGNzUv1r/oh69LBaxPVgSEfRY6sVjBdsGmlA2m027dLMJuxuhhDyFF1/FiwdFvIo338ZtG0RbBxaGme/j2xk/YVQqy/oySiura+sb5c3K1vbO7p65f9CVcSow6eCYxcLxkSSMctJRVDHiJIKgyGek54+vp37vnghJY36nJgnxIjTkNKQYKS0NzLOWqDmnroqh4/pIZE5ed4dD+KNmrojgCAUi5jKvD8yq1bBmgMvELkgVFGgPzE83iHEaEa4wQ1L2bStRXoaEopiRvOKmkiQIj9GQ9DXlKCLSy2axcniilQCGsdCPKzhTf29kKJJyEvl6MkJqJBe9qfif109VeOVllCepIhzPD4UpgzrvtCMYUEGwYhNNEBZU/xXiERIIK91kRZdgL0ZeJt3zhm017NuLarNV1FEGR+AY1IANLkET3IA26AAMHsATeAGvxqPxbLwZ7/PRklHsHII/MD6+AeWonfg=</latexit><latexit sha1_base64="hxHJxPfqLIxciUp78DT7YDAO73M=">AAACFnicbVDNSsNAGNzUv1r/oh69LBaxPVgSEfRY6sVjBdsGmlA2m027dLMJuxuhhDyFF1/FiwdFvIo338ZtG0RbBxaGme/j2xk/YVQqy/oySiura+sb5c3K1vbO7p65f9CVcSow6eCYxcLxkSSMctJRVDHiJIKgyGek54+vp37vnghJY36nJgnxIjTkNKQYKS0NzLOWqDmnroqh4/pIZE5ed4dD+KNmrojgCAUi5jKvD8yq1bBmgMvELkgVFGgPzE83iHEaEa4wQ1L2bStRXoaEopiRvOKmkiQIj9GQ9DXlKCLSy2axcniilQCGsdCPKzhTf29kKJJyEvl6MkJqJBe9qfif109VeOVllCepIhzPD4UpgzrvtCMYUEGwYhNNEBZU/xXiERIIK91kRZdgL0ZeJt3zhm017NuLarNV1FEGR+AY1IANLkET3IA26AAMHsATeAGvxqPxbLwZ7/PRklHsHII/MD6+AeWonfg=</latexit><latexit sha1_base64="hxHJxPfqLIxciUp78DT7YDAO73M=">AAACFnicbVDNSsNAGNzUv1r/oh69LBaxPVgSEfRY6sVjBdsGmlA2m027dLMJuxuhhDyFF1/FiwdFvIo338ZtG0RbBxaGme/j2xk/YVQqy/oySiura+sb5c3K1vbO7p65f9CVcSow6eCYxcLxkSSMctJRVDHiJIKgyGek54+vp37vnghJY36nJgnxIjTkNKQYKS0NzLOWqDmnroqh4/pIZE5ed4dD+KNmrojgCAUi5jKvD8yq1bBmgMvELkgVFGgPzE83iHEaEa4wQ1L2bStRXoaEopiRvOKmkiQIj9GQ9DXlKCLSy2axcniilQCGsdCPKzhTf29kKJJyEvl6MkJqJBe9qfif109VeOVllCepIhzPD4UpgzrvtCMYUEGwYhNNEBZU/xXiERIIK91kRZdgL0ZeJt3zhm017NuLarNV1FEGR+AY1IANLkET3IA26AAMHsATeAGvxqPxbLwZ7/PRklHsHII/MD6+AeWonfg=</latexit><latexit sha1_base64="hxHJxPfqLIxciUp78DT7YDAO73M=">AAACFnicbVDNSsNAGNzUv1r/oh69LBaxPVgSEfRY6sVjBdsGmlA2m027dLMJuxuhhDyFF1/FiwdFvIo338ZtG0RbBxaGme/j2xk/YVQqy/oySiura+sb5c3K1vbO7p65f9CVcSow6eCYxcLxkSSMctJRVDHiJIKgyGek54+vp37vnghJY36nJgnxIjTkNKQYKS0NzLOWqDmnroqh4/pIZE5ed4dD+KNmrojgCAUi5jKvD8yq1bBmgMvELkgVFGgPzE83iHEaEa4wQ1L2bStRXoaEopiRvOKmkiQIj9GQ9DXlKCLSy2axcniilQCGsdCPKzhTf29kKJJyEvl6MkJqJBe9qfif109VeOVllCepIhzPD4UpgzrvtCMYUEGwYhNNEBZU/xXiERIIK91kRZdgL0ZeJt3zhm017NuLarNV1FEGR+AY1IANLkET3IA26AAMHsATeAGvxqPxbLwZ7/PRklHsHII/MD6+AeWonfg=</latexit>

� > 10�6
<latexit sha1_base64="Pu3To6bkKNgb6ZZDHDlLkJVQTHA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqCspunFZwT6gjWUymbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzLvfO8RPOlHacb6u0srq2vlHerGxt7+zu2fsHLRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o7vcb4+pVCwWj3qSUC/CA8FCRrA2Ut+2e9yEA3yDXOcpO7uc9u2qU3NmQMvELUgVCjT69lcviEkaUaEJx0p1XSfRXoalZoTTaaWXKppgMsID2jVU4IgqL5tdPkUnRglQGEvzhEYz9fdEhiOlJpFvkhHWQ7Xo5eJ/XjfV4bWXMZGkmgoyXxSmHOkY5TWggElKNJ8Ygolk5lZEhlhiok1ZFVOCu/jlZdI6r7lOzX24qNZvizrKcATHcAouXEEd7qEBTSAwhmd4hTcrs16sd+tjHi1Zxcwh/IH1+QPggJKA</latexit><latexit sha1_base64="Pu3To6bkKNgb6ZZDHDlLkJVQTHA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqCspunFZwT6gjWUymbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzLvfO8RPOlHacb6u0srq2vlHerGxt7+zu2fsHLRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o7vcb4+pVCwWj3qSUC/CA8FCRrA2Ut+2e9yEA3yDXOcpO7uc9u2qU3NmQMvELUgVCjT69lcviEkaUaEJx0p1XSfRXoalZoTTaaWXKppgMsID2jVU4IgqL5tdPkUnRglQGEvzhEYz9fdEhiOlJpFvkhHWQ7Xo5eJ/XjfV4bWXMZGkmgoyXxSmHOkY5TWggElKNJ8Ygolk5lZEhlhiok1ZFVOCu/jlZdI6r7lOzX24qNZvizrKcATHcAouXEEd7qEBTSAwhmd4hTcrs16sd+tjHi1Zxcwh/IH1+QPggJKA</latexit><latexit sha1_base64="Pu3To6bkKNgb6ZZDHDlLkJVQTHA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqCspunFZwT6gjWUymbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzLvfO8RPOlHacb6u0srq2vlHerGxt7+zu2fsHLRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o7vcb4+pVCwWj3qSUC/CA8FCRrA2Ut+2e9yEA3yDXOcpO7uc9u2qU3NmQMvELUgVCjT69lcviEkaUaEJx0p1XSfRXoalZoTTaaWXKppgMsID2jVU4IgqL5tdPkUnRglQGEvzhEYz9fdEhiOlJpFvkhHWQ7Xo5eJ/XjfV4bWXMZGkmgoyXxSmHOkY5TWggElKNJ8Ygolk5lZEhlhiok1ZFVOCu/jlZdI6r7lOzX24qNZvizrKcATHcAouXEEd7qEBTSAwhmd4hTcrs16sd+tjHi1Zxcwh/IH1+QPggJKA</latexit><latexit sha1_base64="Pu3To6bkKNgb6ZZDHDlLkJVQTHA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqCspunFZwT6gjWUymbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4YOJxzLvfO8RPOlHacb6u0srq2vlHerGxt7+zu2fsHLRWnktAmiXksOz5WlDNBm5ppTjuJpDjyOW37o7vcb4+pVCwWj3qSUC/CA8FCRrA2Ut+2e9yEA3yDXOcpO7uc9u2qU3NmQMvELUgVCjT69lcviEkaUaEJx0p1XSfRXoalZoTTaaWXKppgMsID2jVU4IgqL5tdPkUnRglQGEvzhEYz9fdEhiOlJpFvkhHWQ7Xo5eJ/XjfV4bWXMZGkmgoyXxSmHOkY5TWggElKNJ8Ygolk5lZEhlhiok1ZFVOCu/jlZdI6r7lOzX24qNZvizrKcATHcAouXEEd7qEBTSAwhmd4hTcrs16sd+tjHi1Zxcwh/IH1+QPggJKA</latexit>

X’	will	decay	after	traveling	less	than	one	meter.
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Production	of	X’
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Production	of	X’

Gluon	PDFs	at	 Q2 = m2
X0

<latexit sha1_base64="OHGQDFClek3FCsW0iy1qFmmVogE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbRU9ktBb0IRS8eW7Af0G5LNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2MLmf++0nqjSL5KOZxtQXeCRZyAg2Vuo1+pVbMUg7l7N+ZVAsuWV3AbROvIyUIEN9UPzqDSOSCCoN4VjrrufGxk+xMoxwOiv0Ek1jTCZ4RLuWSiyo9tPFzTN0YZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/87qJCW/8lMk4MVSS5aIw4chEaB4AGjJFieFTSzBRzN6KyBgrTIyNqWBD8FZfXietStlzy16jWqrdZXHk4QzO4Qo8uIYaPEAdmkAghmd4hTcncV6cd+dj2ZpzsplT+APn8wfV2pDj</latexit><latexit sha1_base64="OHGQDFClek3FCsW0iy1qFmmVogE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbRU9ktBb0IRS8eW7Af0G5LNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2MLmf++0nqjSL5KOZxtQXeCRZyAg2Vuo1+pVbMUg7l7N+ZVAsuWV3AbROvIyUIEN9UPzqDSOSCCoN4VjrrufGxk+xMoxwOiv0Ek1jTCZ4RLuWSiyo9tPFzTN0YZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/87qJCW/8lMk4MVSS5aIw4chEaB4AGjJFieFTSzBRzN6KyBgrTIyNqWBD8FZfXietStlzy16jWqrdZXHk4QzO4Qo8uIYaPEAdmkAghmd4hTcncV6cd+dj2ZpzsplT+APn8wfV2pDj</latexit><latexit sha1_base64="OHGQDFClek3FCsW0iy1qFmmVogE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbRU9ktBb0IRS8eW7Af0G5LNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2MLmf++0nqjSL5KOZxtQXeCRZyAg2Vuo1+pVbMUg7l7N+ZVAsuWV3AbROvIyUIEN9UPzqDSOSCCoN4VjrrufGxk+xMoxwOiv0Ek1jTCZ4RLuWSiyo9tPFzTN0YZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/87qJCW/8lMk4MVSS5aIw4chEaB4AGjJFieFTSzBRzN6KyBgrTIyNqWBD8FZfXietStlzy16jWqrdZXHk4QzO4Qo8uIYaPEAdmkAghmd4hTcncV6cd+dj2ZpzsplT+APn8wfV2pDj</latexit><latexit sha1_base64="OHGQDFClek3FCsW0iy1qFmmVogE=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbRU9ktBb0IRS8eW7Af0G5LNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2MLmf++0nqjSL5KOZxtQXeCRZyAg2Vuo1+pVbMUg7l7N+ZVAsuWV3AbROvIyUIEN9UPzqDSOSCCoN4VjrrufGxk+xMoxwOiv0Ek1jTCZ4RLuWSiyo9tPFzTN0YZUhCiNlSxq0UH9PpFhoPRWB7RTYjPWqNxf/87qJCW/8lMk4MVSS5aIw4chEaB4AGjJFieFTSzBRzN6KyBgrTIyNqWBD8FZfXietStlzy16jWqrdZXHk4QzO4Qo8uIYaPEAdmkAghmd4hTcncV6cd+dj2ZpzsplT+APn8wfV2pDj</latexit>
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Angular	distribution	of	the	emitted	X’

Transverse	momentum	ignored

Transverse	momentum	of	protons	in	a	bunch<1	MeV<<	200	MeV
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Is	this	the	only	production	mode?

High	transverse	momentum	for	X’

Reaching	ATLAS	(and	CMS)	but	not	FASER

X	particles	directed	towards	FASER:

<
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Angular	spread	of	X

Momentum	of	X in	the	rest	frame	of	X’:
X’	velocity	in	the	lab	frame:	

~vX0
<latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit><latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit><latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit><latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit>

~vX
<latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit><latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit><latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit><latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit>

✓s > ✓t
<latexit sha1_base64="qsU/yBc4/Hd+FXG3Ud27cnSiwhI=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkoigq6k6MZlBXuBNoTJdNIOnVyYOVFK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5BKodFxvq2V1bX1jc3SVnl7Z3dv364ctHSSKcabLJGJ6gRUcyli3kSBkndSxWkUSN4ORjfTevuBKy2S+B7HKfciOohFKBhFY/l2pYdDjtTXVwWgb1edmjMTWQa3gCoUavj2V6+fsCziMTJJte66TopeThUKJvmk3Ms0Tykb0QHvGoxpxLWXz06fkBPj9EmYKPNiJDP390ROI63HUWA6I4pDvVibmv/VuhmGl14u4jRDHrP5ojCTBBMyzYH0heIM5dgAZUqYWwkbUkUZmrTKJgR38cvL0DqruU7NvTuv1q+LOEpwBMdwCi5cQB1uoQFNYPAIz/AKb9aT9WK9Wx/z1hWrmDmEP7I+fwBz2ZQc</latexit><latexit sha1_base64="qsU/yBc4/Hd+FXG3Ud27cnSiwhI=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkoigq6k6MZlBXuBNoTJdNIOnVyYOVFK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5BKodFxvq2V1bX1jc3SVnl7Z3dv364ctHSSKcabLJGJ6gRUcyli3kSBkndSxWkUSN4ORjfTevuBKy2S+B7HKfciOohFKBhFY/l2pYdDjtTXVwWgb1edmjMTWQa3gCoUavj2V6+fsCziMTJJte66TopeThUKJvmk3Ms0Tykb0QHvGoxpxLWXz06fkBPj9EmYKPNiJDP390ROI63HUWA6I4pDvVibmv/VuhmGl14u4jRDHrP5ojCTBBMyzYH0heIM5dgAZUqYWwkbUkUZmrTKJgR38cvL0DqruU7NvTuv1q+LOEpwBMdwCi5cQB1uoQFNYPAIz/AKb9aT9WK9Wx/z1hWrmDmEP7I+fwBz2ZQc</latexit><latexit sha1_base64="qsU/yBc4/Hd+FXG3Ud27cnSiwhI=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkoigq6k6MZlBXuBNoTJdNIOnVyYOVFK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5BKodFxvq2V1bX1jc3SVnl7Z3dv364ctHSSKcabLJGJ6gRUcyli3kSBkndSxWkUSN4ORjfTevuBKy2S+B7HKfciOohFKBhFY/l2pYdDjtTXVwWgb1edmjMTWQa3gCoUavj2V6+fsCziMTJJte66TopeThUKJvmk3Ms0Tykb0QHvGoxpxLWXz06fkBPj9EmYKPNiJDP390ROI63HUWA6I4pDvVibmv/VuhmGl14u4jRDHrP5ojCTBBMyzYH0heIM5dgAZUqYWwkbUkUZmrTKJgR38cvL0DqruU7NvTuv1q+LOEpwBMdwCi5cQB1uoQFNYPAIz/AKb9aT9WK9Wx/z1hWrmDmEP7I+fwBz2ZQc</latexit><latexit sha1_base64="qsU/yBc4/Hd+FXG3Ud27cnSiwhI=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIrkoigq6k6MZlBXuBNoTJdNIOnVyYOVFK7KO4caGIW5/EnW/jtM1CW38Y+PjPOZwzf5BKodFxvq2V1bX1jc3SVnl7Z3dv364ctHSSKcabLJGJ6gRUcyli3kSBkndSxWkUSN4ORjfTevuBKy2S+B7HKfciOohFKBhFY/l2pYdDjtTXVwWgb1edmjMTWQa3gCoUavj2V6+fsCziMTJJte66TopeThUKJvmk3Ms0Tykb0QHvGoxpxLWXz06fkBPj9EmYKPNiJDP390ROI63HUWA6I4pDvVibmv/VuhmGl14u4jRDHrP5ojCTBBMyzYH0heIM5dgAZUqYWwkbUkUZmrTKJgR38cvL0DqruU7NvTuv1q+LOEpwBMdwCi5cQB1uoQFNYPAIz/AKb9aT9WK9Wx/z1hWrmDmEP7I+fwBz2ZQc</latexit>

✓s < ✓t
<latexit sha1_base64="5cot5WFv7KydxIpCo2YL6+cnte0=">AAAB+nicbZC7SgNBFIbPeo3xttHSZjAIVmFXBC0sgjaWEcwFkmWZncwmQ2YvzJxVwppHsbFQxNYnsfNtnCRbaOIPAx//OYdz5g9SKTQ6zre1srq2vrFZ2ipv7+zu7duVg5ZOMsV4kyUyUZ2Aai5FzJsoUPJOqjiNAsnbwehmWm8/cKVFEt/jOOVeRAexCAWjaCzfrvRwyJH6+qoA9O2qU3NmIsvgFlCFQg3f/ur1E5ZFPEYmqdZd10nRy6lCwSSflHuZ5illIzrgXYMxjbj28tnpE3JinD4JE2VejGTm/p7IaaT1OApMZ0RxqBdrU/O/WjfD8NLLRZxmyGM2XxRmkmBCpjmQvlCcoRwboEwJcythQ6ooQ5NW2YTgLn55GVpnNdepuXfn1fp1EUcJjuAYTsGFC6jDLTSgCQwe4Rle4c16sl6sd+tj3rpiFTOH8EfW5w9wwZQa</latexit><latexit sha1_base64="5cot5WFv7KydxIpCo2YL6+cnte0=">AAAB+nicbZC7SgNBFIbPeo3xttHSZjAIVmFXBC0sgjaWEcwFkmWZncwmQ2YvzJxVwppHsbFQxNYnsfNtnCRbaOIPAx//OYdz5g9SKTQ6zre1srq2vrFZ2ipv7+zu7duVg5ZOMsV4kyUyUZ2Aai5FzJsoUPJOqjiNAsnbwehmWm8/cKVFEt/jOOVeRAexCAWjaCzfrvRwyJH6+qoA9O2qU3NmIsvgFlCFQg3f/ur1E5ZFPEYmqdZd10nRy6lCwSSflHuZ5illIzrgXYMxjbj28tnpE3JinD4JE2VejGTm/p7IaaT1OApMZ0RxqBdrU/O/WjfD8NLLRZxmyGM2XxRmkmBCpjmQvlCcoRwboEwJcythQ6ooQ5NW2YTgLn55GVpnNdepuXfn1fp1EUcJjuAYTsGFC6jDLTSgCQwe4Rle4c16sl6sd+tj3rpiFTOH8EfW5w9wwZQa</latexit><latexit sha1_base64="5cot5WFv7KydxIpCo2YL6+cnte0=">AAAB+nicbZC7SgNBFIbPeo3xttHSZjAIVmFXBC0sgjaWEcwFkmWZncwmQ2YvzJxVwppHsbFQxNYnsfNtnCRbaOIPAx//OYdz5g9SKTQ6zre1srq2vrFZ2ipv7+zu7duVg5ZOMsV4kyUyUZ2Aai5FzJsoUPJOqjiNAsnbwehmWm8/cKVFEt/jOOVeRAexCAWjaCzfrvRwyJH6+qoA9O2qU3NmIsvgFlCFQg3f/ur1E5ZFPEYmqdZd10nRy6lCwSSflHuZ5illIzrgXYMxjbj28tnpE3JinD4JE2VejGTm/p7IaaT1OApMZ0RxqBdrU/O/WjfD8NLLRZxmyGM2XxRmkmBCpjmQvlCcoRwboEwJcythQ6ooQ5NW2YTgLn55GVpnNdepuXfn1fp1EUcJjuAYTsGFC6jDLTSgCQwe4Rle4c16sl6sd+tj3rpiFTOH8EfW5w9wwZQa</latexit><latexit sha1_base64="5cot5WFv7KydxIpCo2YL6+cnte0=">AAAB+nicbZC7SgNBFIbPeo3xttHSZjAIVmFXBC0sgjaWEcwFkmWZncwmQ2YvzJxVwppHsbFQxNYnsfNtnCRbaOIPAx//OYdz5g9SKTQ6zre1srq2vrFZ2ipv7+zu7duVg5ZOMsV4kyUyUZ2Aai5FzJsoUPJOqjiNAsnbwehmWm8/cKVFEt/jOOVeRAexCAWjaCzfrvRwyJH6+qoA9O2qU3NmIsvgFlCFQg3f/ur1E5ZFPEYmqdZd10nRy6lCwSSflHuZ5illIzrgXYMxjbj28tnpE3JinD4JE2VejGTm/p7IaaT1OApMZ0RxqBdrU/O/WjfD8NLLRZxmyGM2XxRmkmBCpjmQvlCcoRwboEwJcythQ6ooQ5NW2YTgLn55GVpnNdepuXfn1fp1EUcJjuAYTsGFC6jDLTSgCQwe4Rle4c16sl6sd+tj3rpiFTOH8EfW5w9wwZQa</latexit>

Angular	spread	of	X’
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fraction	of	X	reaching	FASER𝜈

IP																																																																																													

~vX0
<latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit><latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit><latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit><latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit>

~vX
<latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit><latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit><latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit><latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit>

25	cm
d=480	m✓d

<latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit><latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit><latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit><latexit sha1_base64="oQnsVHxH0P1IK3lNZ93FWWtpDnY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94CTlfkyHSkSCUbRSt48jjnQQDqo1t+7OQVaJV5AaFGgOql/9MGFZzBUySY3peW6Kfk41Cib5tNLPDE8pG9Mh71mqaMyNn8/vnZIzq4QkSrQthWSu/p7IaWzMJA5sZ0xxZJa9mfif18swuvZzodIMuWKLRVEmCSZk9jwJheYM5cQSyrSwtxI2opoytBFVbAje8surpH1R99y6d39Za9wUcZThBE7hHDy4ggbcQRNawEDCM7zCm/PovDjvzseiteQUM8fwB87nDxrCj/8=</latexit>
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Spectrum	of	X	from	X’	decay	at	FASER

Momentum	of	X in	the	rest	frame	of	X’:
X’	velocity	in	the	lab	frame:	

~vX0
<latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit><latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit><latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit><latexit sha1_base64="4RRfu1pXvKSxdjHwDFZMWYzqEpA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ6KokIeix68VjBfkATymY7aZduNmF3Uyihf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6n/ntMSrNE/lkJikGMR1IHnFGjZV8f4wsH097eedi2qtU3Zo7B1klXkGqUKDRq3z5/YRlMUrDBNW667mpCXKqDGcCp2U/05hSNqID7FoqaYw6yOc3T8m5VfokSpQtachc/T2R01jrSRzazpiaoV72ZuJ/Xjcz0W2Qc5lmBiVbLIoyQUxCZgGQPlfIjJhYQpni9lbChlRRZmxMZRuCt/zyKmld1Ty35j1eV+t3RRwlOIUzuAQPbqAOD9CAJjBI4Rle4c3JnBfn3flYtK45xcwJ/IHz+QNDHZHQ</latexit>

~vX
<latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit><latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit><latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit><latexit sha1_base64="tLIbB6nEv/GJJFn+KN58FQesUyQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0swm7m0IJ+RlePCji1V/jzX/jts1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53pqg0j+WTmSXoR3QkecgZNVbq9afIsmk+yLr5oFpz6+4CZJ14BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBOYV/qpxoSyCR1hz1JJI9R+tjg5JxdWGZIwVrakIQv190RGI61nUWA7I2rGetWbi/95vdSEt37GZZIalGy5KEwFMTGZ/0+GXCEzYmYJZYrbWwkbU0WZsSlVbAje6svrpH1V99y693hda9wVcZThDM7hEjy4gQY8QBNawCCGZ3iFN8c4L86787FsLTnFzCn8gfP5A96ZkZ8=</latexit>
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Spectrum	of	X	from	X’	decay	at	FASER		and	
FASER𝜈

Luminosity
dEX0/dEX

<latexit sha1_base64="PW/okE7yXrWlIpfsyFbFKs+WjVs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovoqiYi6LIogssKtg20oUwmk3boZBLmIZTQ33DjQhG3/ow7/8Zpm4W2Hrjcwzn3MndOmHGmtOt+O6WV1bX1jfJmZWt7Z3evun/QVqmRhLZIylPph1hRzgRtaaY59TNJcRJy2glHt1O/80SlYql41OOMBgkeCBYzgrWVetFdP/dPJ+e2+/1qza27M6Bl4hWkBgWa/epXL0qJSajQhGOlup6b6SDHUjPC6aTSM4pmmIzwgHYtFTihKshnN0/QiVUiFKfSltBopv7eyHGi1DgJ7WSC9VAtelPxP69rdHwd5ExkRlNB5g/FhiOdomkAKGKSEs3HlmAimb0VkSGWmGgbU8WG4C1+eZm0L+qeW/ceLmuNmyKOMhzBMZyBB1fQgHtoQgsIZPAMr/DmGOfFeXc+5qMlp9g5hD9wPn8AAwSRAA==</latexit><latexit sha1_base64="PW/okE7yXrWlIpfsyFbFKs+WjVs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovoqiYi6LIogssKtg20oUwmk3boZBLmIZTQ33DjQhG3/ow7/8Zpm4W2Hrjcwzn3MndOmHGmtOt+O6WV1bX1jfJmZWt7Z3evun/QVqmRhLZIylPph1hRzgRtaaY59TNJcRJy2glHt1O/80SlYql41OOMBgkeCBYzgrWVetFdP/dPJ+e2+/1qza27M6Bl4hWkBgWa/epXL0qJSajQhGOlup6b6SDHUjPC6aTSM4pmmIzwgHYtFTihKshnN0/QiVUiFKfSltBopv7eyHGi1DgJ7WSC9VAtelPxP69rdHwd5ExkRlNB5g/FhiOdomkAKGKSEs3HlmAimb0VkSGWmGgbU8WG4C1+eZm0L+qeW/ceLmuNmyKOMhzBMZyBB1fQgHtoQgsIZPAMr/DmGOfFeXc+5qMlp9g5hD9wPn8AAwSRAA==</latexit><latexit sha1_base64="PW/okE7yXrWlIpfsyFbFKs+WjVs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovoqiYi6LIogssKtg20oUwmk3boZBLmIZTQ33DjQhG3/ow7/8Zpm4W2Hrjcwzn3MndOmHGmtOt+O6WV1bX1jfJmZWt7Z3evun/QVqmRhLZIylPph1hRzgRtaaY59TNJcRJy2glHt1O/80SlYql41OOMBgkeCBYzgrWVetFdP/dPJ+e2+/1qza27M6Bl4hWkBgWa/epXL0qJSajQhGOlup6b6SDHUjPC6aTSM4pmmIzwgHYtFTihKshnN0/QiVUiFKfSltBopv7eyHGi1DgJ7WSC9VAtelPxP69rdHwd5ExkRlNB5g/FhiOdomkAKGKSEs3HlmAimb0VkSGWmGgbU8WG4C1+eZm0L+qeW/ceLmuNmyKOMhzBMZyBB1fQgHtoQgsIZPAMr/DmGOfFeXc+5qMlp9g5hD9wPn8AAwSRAA==</latexit><latexit sha1_base64="PW/okE7yXrWlIpfsyFbFKs+WjVs=">AAAB83icbVDLSsNAFL2pr1pfVZduBovoqiYi6LIogssKtg20oUwmk3boZBLmIZTQ33DjQhG3/ow7/8Zpm4W2Hrjcwzn3MndOmHGmtOt+O6WV1bX1jfJmZWt7Z3evun/QVqmRhLZIylPph1hRzgRtaaY59TNJcRJy2glHt1O/80SlYql41OOMBgkeCBYzgrWVetFdP/dPJ+e2+/1qza27M6Bl4hWkBgWa/epXL0qJSajQhGOlup6b6SDHUjPC6aTSM4pmmIzwgHYtFTihKshnN0/QiVUiFKfSltBopv7eyHGi1DgJ7WSC9VAtelPxP69rdHwd5ExkRlNB5g/FhiOdomkAKGKSEs3HlmAimb0VkSGWmGgbU8WG4C1+eZm0L+qeW/ceLmuNmyKOMhzBMZyBB1fQgHtoQgsIZPAMr/DmGOfFeXc+5qMlp9g5hD9wPn8AAwSRAA==</latexit>
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Spectrum	of	X	emitted	towards	FASER		and	
FASER𝜈

/ detector area
<latexit sha1_base64="es+GJNBJ4dzlt1u0EOQYzQx50Ak=">AAACBXicbVBLSwMxGMzWV62vVY96CBbBU9kVQY9FLx4r2Ad0l5LNpm1oXiRZoSy9ePGvePGgiFf/gzf/jWm7B20dCAwz35dkJlGMGhsE315pZXVtfaO8Wdna3tnd8/cPWkZmGpMmlkzqToIMYVSQpqWWkY7SBPGEkXYyupn67QeiDZXi3o4ViTkaCNqnGFkn9fzjSGmprIR5pDlMiSXYSh1B5C6Z9PxqUAtmgMskLEgVFGj0/K8olTjjRFjMkDHdMFA2zpG2FDMyqUSZIQrhERqQrqMCcWLifJZiAk+dksK+1O4IC2fq740ccWPGPHGTHNmhWfSm4n9eN7P9qzinQmWWCDx/qJ8x6FJPK4Ep1S41GzuCsKburxAPkUbYuuIqroRwMfIyaZ3XwqAW3l1U69dFHWVwBE7AGQjBJaiDW9AATYDBI3gGr+DNe/JevHfvYz5a8oqdQ/AH3ucPo/+YpQ==</latexit><latexit sha1_base64="es+GJNBJ4dzlt1u0EOQYzQx50Ak=">AAACBXicbVBLSwMxGMzWV62vVY96CBbBU9kVQY9FLx4r2Ad0l5LNpm1oXiRZoSy9ePGvePGgiFf/gzf/jWm7B20dCAwz35dkJlGMGhsE315pZXVtfaO8Wdna3tnd8/cPWkZmGpMmlkzqToIMYVSQpqWWkY7SBPGEkXYyupn67QeiDZXi3o4ViTkaCNqnGFkn9fzjSGmprIR5pDlMiSXYSh1B5C6Z9PxqUAtmgMskLEgVFGj0/K8olTjjRFjMkDHdMFA2zpG2FDMyqUSZIQrhERqQrqMCcWLifJZiAk+dksK+1O4IC2fq740ccWPGPHGTHNmhWfSm4n9eN7P9qzinQmWWCDx/qJ8x6FJPK4Ep1S41GzuCsKburxAPkUbYuuIqroRwMfIyaZ3XwqAW3l1U69dFHWVwBE7AGQjBJaiDW9AATYDBI3gGr+DNe/JevHfvYz5a8oqdQ/AH3ucPo/+YpQ==</latexit><latexit sha1_base64="es+GJNBJ4dzlt1u0EOQYzQx50Ak=">AAACBXicbVBLSwMxGMzWV62vVY96CBbBU9kVQY9FLx4r2Ad0l5LNpm1oXiRZoSy9ePGvePGgiFf/gzf/jWm7B20dCAwz35dkJlGMGhsE315pZXVtfaO8Wdna3tnd8/cPWkZmGpMmlkzqToIMYVSQpqWWkY7SBPGEkXYyupn67QeiDZXi3o4ViTkaCNqnGFkn9fzjSGmprIR5pDlMiSXYSh1B5C6Z9PxqUAtmgMskLEgVFGj0/K8olTjjRFjMkDHdMFA2zpG2FDMyqUSZIQrhERqQrqMCcWLifJZiAk+dksK+1O4IC2fq740ccWPGPHGTHNmhWfSm4n9eN7P9qzinQmWWCDx/qJ8x6FJPK4Ep1S41GzuCsKburxAPkUbYuuIqroRwMfIyaZ3XwqAW3l1U69dFHWVwBE7AGQjBJaiDW9AATYDBI3gGr+DNe/JevHfvYz5a8oqdQ/AH3ucPo/+YpQ==</latexit><latexit sha1_base64="es+GJNBJ4dzlt1u0EOQYzQx50Ak=">AAACBXicbVBLSwMxGMzWV62vVY96CBbBU9kVQY9FLx4r2Ad0l5LNpm1oXiRZoSy9ePGvePGgiFf/gzf/jWm7B20dCAwz35dkJlGMGhsE315pZXVtfaO8Wdna3tnd8/cPWkZmGpMmlkzqToIMYVSQpqWWkY7SBPGEkXYyupn67QeiDZXi3o4ViTkaCNqnGFkn9fzjSGmprIR5pDlMiSXYSh1B5C6Z9PxqUAtmgMskLEgVFGj0/K8olTjjRFjMkDHdMFA2zpG2FDMyqUSZIQrhERqQrqMCcWLifJZiAk+dksK+1O4IC2fq740ccWPGPHGTHNmhWfSm4n9eN7P9qzinQmWWCDx/qJ8x6FJPK4Ep1S41GzuCsKburxAPkUbYuuIqroRwMfIyaZ3XwqAW3l1U69dFHWVwBE7AGQjBJaiDW9AATYDBI3gGr+DNe/JevHfvYz5a8oqdQ/AH3ucPo/+YpQ==</latexit>
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Spectrum	of	X	emitted	towards	 FASER𝜈
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Spectrum	of	X	emitted	towards	 FASER𝜈

PDFs:
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Spectrum	of	X	emitted	towards	 FASER𝜈

Total	number	=	O(100000)
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Number	of	X	decaying	at	FASER𝜈

Detector	length/ detector area
<latexit sha1_base64="es+GJNBJ4dzlt1u0EOQYzQx50Ak=">AAACBXicbVBLSwMxGMzWV62vVY96CBbBU9kVQY9FLx4r2Ad0l5LNpm1oXiRZoSy9ePGvePGgiFf/gzf/jWm7B20dCAwz35dkJlGMGhsE315pZXVtfaO8Wdna3tnd8/cPWkZmGpMmlkzqToIMYVSQpqWWkY7SBPGEkXYyupn67QeiDZXi3o4ViTkaCNqnGFkn9fzjSGmprIR5pDlMiSXYSh1B5C6Z9PxqUAtmgMskLEgVFGj0/K8olTjjRFjMkDHdMFA2zpG2FDMyqUSZIQrhERqQrqMCcWLifJZiAk+dksK+1O4IC2fq740ccWPGPHGTHNmhWfSm4n9eN7P9qzinQmWWCDx/qJ8x6FJPK4Ep1S41GzuCsKburxAPkUbYuuIqroRwMfIyaZ3XwqAW3l1U69dFHWVwBE7AGQjBJaiDW9AATYDBI3gGr+DNe/JevHfvYz5a8oqdQ/AH3ucPo/+YpQ==</latexit><latexit sha1_base64="es+GJNBJ4dzlt1u0EOQYzQx50Ak=">AAACBXicbVBLSwMxGMzWV62vVY96CBbBU9kVQY9FLx4r2Ad0l5LNpm1oXiRZoSy9ePGvePGgiFf/gzf/jWm7B20dCAwz35dkJlGMGhsE315pZXVtfaO8Wdna3tnd8/cPWkZmGpMmlkzqToIMYVSQpqWWkY7SBPGEkXYyupn67QeiDZXi3o4ViTkaCNqnGFkn9fzjSGmprIR5pDlMiSXYSh1B5C6Z9PxqUAtmgMskLEgVFGj0/K8olTjjRFjMkDHdMFA2zpG2FDMyqUSZIQrhERqQrqMCcWLifJZiAk+dksK+1O4IC2fq740ccWPGPHGTHNmhWfSm4n9eN7P9qzinQmWWCDx/qJ8x6FJPK4Ep1S41GzuCsKburxAPkUbYuuIqroRwMfIyaZ3XwqAW3l1U69dFHWVwBE7AGQjBJaiDW9AATYDBI3gGr+DNe/JevHfvYz5a8oqdQ/AH3ucPo/+YpQ==</latexit><latexit sha1_base64="es+GJNBJ4dzlt1u0EOQYzQx50Ak=">AAACBXicbVBLSwMxGMzWV62vVY96CBbBU9kVQY9FLx4r2Ad0l5LNpm1oXiRZoSy9ePGvePGgiFf/gzf/jWm7B20dCAwz35dkJlGMGhsE315pZXVtfaO8Wdna3tnd8/cPWkZmGpMmlkzqToIMYVSQpqWWkY7SBPGEkXYyupn67QeiDZXi3o4ViTkaCNqnGFkn9fzjSGmprIR5pDlMiSXYSh1B5C6Z9PxqUAtmgMskLEgVFGj0/K8olTjjRFjMkDHdMFA2zpG2FDMyqUSZIQrhERqQrqMCcWLifJZiAk+dksK+1O4IC2fq740ccWPGPHGTHNmhWfSm4n9eN7P9qzinQmWWCDx/qJ8x6FJPK4Ep1S41GzuCsKburxAPkUbYuuIqroRwMfIyaZ3XwqAW3l1U69dFHWVwBE7AGQjBJaiDW9AATYDBI3gGr+DNe/JevHfvYz5a8oqdQ/AH3ucPo/+YpQ==</latexit><latexit sha1_base64="es+GJNBJ4dzlt1u0EOQYzQx50Ak=">AAACBXicbVBLSwMxGMzWV62vVY96CBbBU9kVQY9FLx4r2Ad0l5LNpm1oXiRZoSy9ePGvePGgiFf/gzf/jWm7B20dCAwz35dkJlGMGhsE315pZXVtfaO8Wdna3tnd8/cPWkZmGpMmlkzqToIMYVSQpqWWkY7SBPGEkXYyupn67QeiDZXi3o4ViTkaCNqnGFkn9fzjSGmprIR5pDlMiSXYSh1B5C6Z9PxqUAtmgMskLEgVFGj0/K8olTjjRFjMkDHdMFA2zpG2FDMyqUSZIQrhERqQrqMCcWLifJZiAk+dksK+1O4IC2fq740ccWPGPHGTHNmhWfSm4n9eN7P9qzinQmWWCDx/qJ8x6FJPK4Ep1S41GzuCsKburxAPkUbYuuIqroRwMfIyaZ3XwqAW3l1U69dFHWVwBE7AGQjBJaiDW9AATYDBI3gGr+DNe/JevHfvYz5a8oqdQ/AH3ucPo/+YpQ==</latexit>

Proportional	to	Volume
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Number	of	X	decaying	at	FASER𝜈

Length	of	the	detector:
FASER𝜈

FASER2: (𝑢𝑝𝑔𝑟𝑎𝑑𝑒	𝑜𝑓	𝐹𝐴𝑆𝐸𝑅	𝑓𝑜𝑟	𝐻𝐿 − 𝐿𝐻𝐶)
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Bound	on	the	coupling
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Bound	on	the	coupling
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Spectrum	of	X	emitted	towards	 FASER𝜈

Total	number	=	O(100000)

<0.01

Number	of	events		<	or	=	100
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Toy	model	

• Intermediate	X’	is	produced	at	IP.

• Before	reaching	detector,

• X decays	at	FASER𝜈 to	the		SM	charged	leptons:

• and								decay	after	1mm-10cm:	

X 0 ! XX̄
<latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit><latexit sha1_base64="GS6nDOsygiUTaOquOKB/qT1kxA8=">AAAB+XicbVBNS8NAEJ31s9avqEcvi0X0VBIR9Fj04rGCbQNNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvygTXxnW/0dr6xubWdmWnuru3f3DoHB23dZorylo0FanyI6KZ4JK1DDeC+ZliJIkE60Sj+5nfGTOleSqfzCRjYUIGksecEmOlnuP4FzgwKfZxEBFV+NOeU3Pr7hx4lXglqUGJZs/5CvopzRMmDRVE667nZiYsiDKcCjatBrlmGaEjMmBdSyVJmA6L+eVTfG6VPo5TZUsaPFd/TxQk0XqSRLYzIWaol72Z+J/XzU18GxZcZrlhki4WxbnA9tVZDLjPFaNGTCwhVHF7K6ZDogg1NqyqDcFbfnmVtK/qnlv3Hq9rjbsyjgqcwhlcggc30IAHaEILKIzhGV7hDRXoBb2jj0XrGipnTuAP0OcPDmKSog==</latexit>

X ! ⌘⌘̄Y
<latexit sha1_base64="OeT40Cv0qg6Wk3yZveTkpqjdBEg=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSiKDLohuXFexFmlAm02k7dHJh5kQooeCruHGhiFufw51v46TNQlt/GPj4zznMOX+QSKHRcb6t0srq2vpGebOytb2zu2fvH7R0nCrGmyyWseoEVHMpIt5EgZJ3EsVpGEjeDsY3eb39yJUWcXSPk4T7IR1GYiAYRWP17KMO8TAmHkfqBVRlOUwfenbVqTkzkWVwC6hCoUbP/vL6MUtDHiGTVOuu6yToZ1ShYJJPK16qeULZmA5512BEQ679bLb+lJwap08GsTIvQjJzf09kNNR6EgamM6Q40ou13Pyv1k1xcOVnIkpS5BGbfzRIJTEH51mQvlCcoZwYoEwJsythI6ooQ5NYxYTgLp68DK3zmuvU3LuLav26iKMMx3ACZ+DCJdThFhrQBAYZPMMrvFlP1ov1bn3MW0tWMXMIf2R9/gDOFpVi</latexit><latexit sha1_base64="OeT40Cv0qg6Wk3yZveTkpqjdBEg=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSiKDLohuXFexFmlAm02k7dHJh5kQooeCruHGhiFufw51v46TNQlt/GPj4zznMOX+QSKHRcb6t0srq2vpGebOytb2zu2fvH7R0nCrGmyyWseoEVHMpIt5EgZJ3EsVpGEjeDsY3eb39yJUWcXSPk4T7IR1GYiAYRWP17KMO8TAmHkfqBVRlOUwfenbVqTkzkWVwC6hCoUbP/vL6MUtDHiGTVOuu6yToZ1ShYJJPK16qeULZmA5512BEQ679bLb+lJwap08GsTIvQjJzf09kNNR6EgamM6Q40ou13Pyv1k1xcOVnIkpS5BGbfzRIJTEH51mQvlCcoZwYoEwJsythI6ooQ5NYxYTgLp68DK3zmuvU3LuLav26iKMMx3ACZ+DCJdThFhrQBAYZPMMrvFlP1ov1bn3MW0tWMXMIf2R9/gDOFpVi</latexit><latexit sha1_base64="OeT40Cv0qg6Wk3yZveTkpqjdBEg=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSiKDLohuXFexFmlAm02k7dHJh5kQooeCruHGhiFufw51v46TNQlt/GPj4zznMOX+QSKHRcb6t0srq2vpGebOytb2zu2fvH7R0nCrGmyyWseoEVHMpIt5EgZJ3EsVpGEjeDsY3eb39yJUWcXSPk4T7IR1GYiAYRWP17KMO8TAmHkfqBVRlOUwfenbVqTkzkWVwC6hCoUbP/vL6MUtDHiGTVOuu6yToZ1ShYJJPK16qeULZmA5512BEQ679bLb+lJwap08GsTIvQjJzf09kNNR6EgamM6Q40ou13Pyv1k1xcOVnIkpS5BGbfzRIJTEH51mQvlCcoZwYoEwJsythI6ooQ5NYxYTgLp68DK3zmuvU3LuLav26iKMMx3ACZ+DCJdThFhrQBAYZPMMrvFlP1ov1bn3MW0tWMXMIf2R9/gDOFpVi</latexit><latexit sha1_base64="OeT40Cv0qg6Wk3yZveTkpqjdBEg=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSiKDLohuXFexFmlAm02k7dHJh5kQooeCruHGhiFufw51v46TNQlt/GPj4zznMOX+QSKHRcb6t0srq2vpGebOytb2zu2fvH7R0nCrGmyyWseoEVHMpIt5EgZJ3EsVpGEjeDsY3eb39yJUWcXSPk4T7IR1GYiAYRWP17KMO8TAmHkfqBVRlOUwfenbVqTkzkWVwC6hCoUbP/vL6MUtDHiGTVOuu6yToZ1ShYJJPK16qeULZmA5512BEQ679bLb+lJwap08GsTIvQjJzf09kNNR6EgamM6Q40ou13Pyv1k1xcOVnIkpS5BGbfzRIJTEH51mQvlCcoZwYoEwJsythI6ooQ5NYxYTgLp68DK3zmuvU3LuLav26iKMMx3ACZ+DCJdThFhrQBAYZPMMrvFlP1ov1bn3MW0tWMXMIf2R9/gDOFpVi</latexit>

⌘
<latexit sha1_base64="d5GObYCp+5Wq4IUQdd4WXJi5q7c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KQG6yDxXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV7MjmI=</latexit><latexit sha1_base64="d5GObYCp+5Wq4IUQdd4WXJi5q7c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KQG6yDxXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV7MjmI=</latexit><latexit sha1_base64="d5GObYCp+5Wq4IUQdd4WXJi5q7c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KQG6yDxXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV7MjmI=</latexit><latexit sha1_base64="d5GObYCp+5Wq4IUQdd4WXJi5q7c=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KQG6yDxXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV7MjmI=</latexit>

⌘ ! ll̄
<latexit sha1_base64="djpS0DD/7NYclKxOVdpnfP67QuM=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YAmlMl20y7dfLA7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVAqNjvNtra1vbG5tV3aqu3v7B4f2Ua2jk0wx3maJTFQvAM2liHkbBUreSxWHKJC8G0xuZ373kSstkvgBpyn3IxjFIhQM0EgDu+ZxBOphQiX1AlC5LAZ23Wk4c9BV4pakTkq0BvaXN0xYFvEYmQSt+66Top+DQsEkL6pepnkKbAIj3jc0hohrP5/fXtAzowxpmChTMdK5+nsih0jraRSYzghwrJe9mfif188wvPZzEacZ8pgtFoWZpObVWRB0KBRnKKeGAFPC3ErZGBQwNHFVTQju8surpHPRcJ2Ge39Zb96UcVTICTkl58QlV6RJ7kiLtAkjT+SZvJI3q7BerHfrY9G6ZpUzx+QPrM8fTjCT9Q==</latexit><latexit sha1_base64="djpS0DD/7NYclKxOVdpnfP67QuM=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YAmlMl20y7dfLA7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVAqNjvNtra1vbG5tV3aqu3v7B4f2Ua2jk0wx3maJTFQvAM2liHkbBUreSxWHKJC8G0xuZ373kSstkvgBpyn3IxjFIhQM0EgDu+ZxBOphQiX1AlC5LAZ23Wk4c9BV4pakTkq0BvaXN0xYFvEYmQSt+66Top+DQsEkL6pepnkKbAIj3jc0hohrP5/fXtAzowxpmChTMdK5+nsih0jraRSYzghwrJe9mfif188wvPZzEacZ8pgtFoWZpObVWRB0KBRnKKeGAFPC3ErZGBQwNHFVTQju8surpHPRcJ2Ge39Zb96UcVTICTkl58QlV6RJ7kiLtAkjT+SZvJI3q7BerHfrY9G6ZpUzx+QPrM8fTjCT9Q==</latexit><latexit sha1_base64="djpS0DD/7NYclKxOVdpnfP67QuM=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YAmlMl20y7dfLA7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVAqNjvNtra1vbG5tV3aqu3v7B4f2Ua2jk0wx3maJTFQvAM2liHkbBUreSxWHKJC8G0xuZ373kSstkvgBpyn3IxjFIhQM0EgDu+ZxBOphQiX1AlC5LAZ23Wk4c9BV4pakTkq0BvaXN0xYFvEYmQSt+66Top+DQsEkL6pepnkKbAIj3jc0hohrP5/fXtAzowxpmChTMdK5+nsih0jraRSYzghwrJe9mfif188wvPZzEacZ8pgtFoWZpObVWRB0KBRnKKeGAFPC3ErZGBQwNHFVTQju8surpHPRcJ2Ge39Zb96UcVTICTkl58QlV6RJ7kiLtAkjT+SZvJI3q7BerHfrY9G6ZpUzx+QPrM8fTjCT9Q==</latexit><latexit sha1_base64="djpS0DD/7NYclKxOVdpnfP67QuM=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIR9Fj04rGC/YAmlMl20y7dfLA7EUvIX/HiQRGv/hFv/hu3bQ7a+mDg8d4MM/OCVAqNjvNtra1vbG5tV3aqu3v7B4f2Ua2jk0wx3maJTFQvAM2liHkbBUreSxWHKJC8G0xuZ373kSstkvgBpyn3IxjFIhQM0EgDu+ZxBOphQiX1AlC5LAZ23Wk4c9BV4pakTkq0BvaXN0xYFvEYmQSt+66Top+DQsEkL6pepnkKbAIj3jc0hohrP5/fXtAzowxpmChTMdK5+nsih0jraRSYzghwrJe9mfif188wvPZzEacZ8pgtFoWZpObVWRB0KBRnKKeGAFPC3ErZGBQwNHFVTQju8surpHPRcJ2Ge39Zb96UcVTICTkl58QlV6RJ7kiLtAkjT+SZvJI3q7BerHfrY9G6ZpUzx+QPrM8fTjCT9Q==</latexit>

⌘̄ ! ll̄
<latexit sha1_base64="UjfzP87uCxVdvqYEbSAS9p2GK68=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDKZ3rRDJ5MwMxFKiBt/xY0LRdz6F+78G6dpFtp6YOBwzr3cOSdIOFPacb6tysrq2vpGdbO2tb2zu2fvH3RUnEoKbRrzWPYCooAzAW3NNIdeIoFEAYduMLmZ+d0HkIrF4l5PE/AjMhIsZJRoIw3sIy8gMvNAkxx7OsYcFwLPB3bdaTgF8DJxS1JHJVoD+8sbxjSNQGjKiVJ910m0nxGpGeWQ17xUQULohIygb6ggESg/KxLk+NQoQxzG0jyhcaH+3shIpNQ0CsxkRPRYLXoz8T+vn+rwys+YSFINgs4PhSnHJuqsDjxkEqjmU0MIlcz8FdMxkYRqU1rNlOAuRl4mnfOG6zTcu4t687qso4qO0Qk6Qy66RE10i1qojSh6RM/oFb1ZT9aL9W59zEcrVrlziP7A+vwBODWWug==</latexit><latexit sha1_base64="UjfzP87uCxVdvqYEbSAS9p2GK68=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDKZ3rRDJ5MwMxFKiBt/xY0LRdz6F+78G6dpFtp6YOBwzr3cOSdIOFPacb6tysrq2vpGdbO2tb2zu2fvH3RUnEoKbRrzWPYCooAzAW3NNIdeIoFEAYduMLmZ+d0HkIrF4l5PE/AjMhIsZJRoIw3sIy8gMvNAkxx7OsYcFwLPB3bdaTgF8DJxS1JHJVoD+8sbxjSNQGjKiVJ910m0nxGpGeWQ17xUQULohIygb6ggESg/KxLk+NQoQxzG0jyhcaH+3shIpNQ0CsxkRPRYLXoz8T+vn+rwys+YSFINgs4PhSnHJuqsDjxkEqjmU0MIlcz8FdMxkYRqU1rNlOAuRl4mnfOG6zTcu4t687qso4qO0Qk6Qy66RE10i1qojSh6RM/oFb1ZT9aL9W59zEcrVrlziP7A+vwBODWWug==</latexit><latexit sha1_base64="UjfzP87uCxVdvqYEbSAS9p2GK68=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDKZ3rRDJ5MwMxFKiBt/xY0LRdz6F+78G6dpFtp6YOBwzr3cOSdIOFPacb6tysrq2vpGdbO2tb2zu2fvH3RUnEoKbRrzWPYCooAzAW3NNIdeIoFEAYduMLmZ+d0HkIrF4l5PE/AjMhIsZJRoIw3sIy8gMvNAkxx7OsYcFwLPB3bdaTgF8DJxS1JHJVoD+8sbxjSNQGjKiVJ910m0nxGpGeWQ17xUQULohIygb6ggESg/KxLk+NQoQxzG0jyhcaH+3shIpNQ0CsxkRPRYLXoz8T+vn+rwys+YSFINgs4PhSnHJuqsDjxkEqjmU0MIlcz8FdMxkYRqU1rNlOAuRl4mnfOG6zTcu4t687qso4qO0Qk6Qy66RE10i1qojSh6RM/oFb1ZT9aL9W59zEcrVrlziP7A+vwBODWWug==</latexit><latexit sha1_base64="UjfzP87uCxVdvqYEbSAS9p2GK68=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDKZ3rRDJ5MwMxFKiBt/xY0LRdz6F+78G6dpFtp6YOBwzr3cOSdIOFPacb6tysrq2vpGdbO2tb2zu2fvH3RUnEoKbRrzWPYCooAzAW3NNIdeIoFEAYduMLmZ+d0HkIrF4l5PE/AjMhIsZJRoIw3sIy8gMvNAkxx7OsYcFwLPB3bdaTgF8DJxS1JHJVoD+8sbxjSNQGjKiVJ910m0nxGpGeWQ17xUQULohIygb6ggESg/KxLk+NQoQxzG0jyhcaH+3shIpNQ0CsxkRPRYLXoz8T+vn+rwys+YSFINgs4PhSnHJuqsDjxkEqjmU0MIlcz8FdMxkYRqU1rNlOAuRl4mnfOG6zTcu4t687qso4qO0Qk6Qy66RE10i1qojSh6RM/oFb1ZT9aL9W59zEcrVrlziP7A+vwBODWWug==</latexit>

⌘̄
<latexit sha1_base64="ssVG4jZqKo/hj0dPJ9Q6Tl4yjak=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZprxjsslanuRdRwKRTvoEDJe5nmNIkkf4zGtzP/8YlrI1L1gJOMhwkdKhELRtFKfhBRXQQc6ZT06w236c5BVolXkgaUaPfrX8EgZXnCFTJJjfE9N8OwoBoFk3xaC3LDM8rGdMh9SxVNuAmL+clTcmaVAYlTbUshmau/JwqaGDNJItuZUByZZW8m/uf5OcbXYSFUliNXbLEoziXBlMz+JwOhOUM5sYQyLeythI2opgxtSjUbgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4wSOEZXuHNQefFeXc+Fq0Vp5w5hj9wPn8AJ5yRJw==</latexit><latexit sha1_base64="ssVG4jZqKo/hj0dPJ9Q6Tl4yjak=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZprxjsslanuRdRwKRTvoEDJe5nmNIkkf4zGtzP/8YlrI1L1gJOMhwkdKhELRtFKfhBRXQQc6ZT06w236c5BVolXkgaUaPfrX8EgZXnCFTJJjfE9N8OwoBoFk3xaC3LDM8rGdMh9SxVNuAmL+clTcmaVAYlTbUshmau/JwqaGDNJItuZUByZZW8m/uf5OcbXYSFUliNXbLEoziXBlMz+JwOhOUM5sYQyLeythI2opgxtSjUbgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4wSOEZXuHNQefFeXc+Fq0Vp5w5hj9wPn8AJ5yRJw==</latexit><latexit sha1_base64="ssVG4jZqKo/hj0dPJ9Q6Tl4yjak=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZprxjsslanuRdRwKRTvoEDJe5nmNIkkf4zGtzP/8YlrI1L1gJOMhwkdKhELRtFKfhBRXQQc6ZT06w236c5BVolXkgaUaPfrX8EgZXnCFTJJjfE9N8OwoBoFk3xaC3LDM8rGdMh9SxVNuAmL+clTcmaVAYlTbUshmau/JwqaGDNJItuZUByZZW8m/uf5OcbXYSFUliNXbLEoziXBlMz+JwOhOUM5sYQyLeythI2opgxtSjUbgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4wSOEZXuHNQefFeXc+Fq0Vp5w5hj9wPn8AJ5yRJw==</latexit><latexit sha1_base64="ssVG4jZqKo/hj0dPJ9Q6Tl4yjak=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0swm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51TZprxjsslanuRdRwKRTvoEDJe5nmNIkkf4zGtzP/8YlrI1L1gJOMhwkdKhELRtFKfhBRXQQc6ZT06w236c5BVolXkgaUaPfrX8EgZXnCFTJJjfE9N8OwoBoFk3xaC3LDM8rGdMh9SxVNuAmL+clTcmaVAYlTbUshmau/JwqaGDNJItuZUByZZW8m/uf5OcbXYSFUliNXbLEoziXBlMz+JwOhOUM5sYQyLeythI2opgxtSjUbgrf88irpXjQ9t+ndXzZaN2UcVTiBUzgHD66gBXfQhg4wSOEZXuHNQefFeXc+Fq0Vp5w5hj9wPn8AJ5yRJw==</latexit>

Missing	energy	and	momentum

A	generic	scenario	

Specific	model
Demonstrating	ability
Of	FASER𝜈

NO	BACKGROUND
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Signature	at	FASER𝜈

• Two	pairs	charged	leptons	plus	missing	energy

8/27/20 73



X ! ⌘ + ⌘̄ + Y or X ! ⌘ + ⌘̄
<latexit sha1_base64="lN/Ei6zyvQ7mK3nvMoUJzuYQpNs=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARhEJJRFBcFd24rGAv0oQymU7aoZOZMDMRSsi7uPFV3LhQihsXvouTNgtt+8PAx3/O4cz5g5hRpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW4lEYtLCggnZDZAijHLS0lQz0o0lQVHASCcY3+X1zjORigr+qCcx8SM05DSkGGlj9e2brqcF9IhGsOYFSKY5ZrUn6MHUkxEUMjO4sqlvV526MxNcBreAKijU7NtTbyBwEhGuMUNK9Vwn1n6KpKaYkaziJYrECI/RkPQMchQR5aezGzN4ZpwBDIU0j2s4c/9OpChSahIFpjNCeqQWa7m5qtZLdHjtp5THiSYczxeFCYPm4jwwOKCSYM0mBhCW1PwV4hGSCGsTa8WE4C6evAzti7rr1N2Hy2rjtoijDE7AKTgHLrgCDXAPmqAFMHgBb+ADfFqv1rs1tb7mrSWrmDkG/2T9/AINwKNN</latexit><latexit sha1_base64="lN/Ei6zyvQ7mK3nvMoUJzuYQpNs=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARhEJJRFBcFd24rGAv0oQymU7aoZOZMDMRSsi7uPFV3LhQihsXvouTNgtt+8PAx3/O4cz5g5hRpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW4lEYtLCggnZDZAijHLS0lQz0o0lQVHASCcY3+X1zjORigr+qCcx8SM05DSkGGlj9e2brqcF9IhGsOYFSKY5ZrUn6MHUkxEUMjO4sqlvV526MxNcBreAKijU7NtTbyBwEhGuMUNK9Vwn1n6KpKaYkaziJYrECI/RkPQMchQR5aezGzN4ZpwBDIU0j2s4c/9OpChSahIFpjNCeqQWa7m5qtZLdHjtp5THiSYczxeFCYPm4jwwOKCSYM0mBhCW1PwV4hGSCGsTa8WE4C6evAzti7rr1N2Hy2rjtoijDE7AKTgHLrgCDXAPmqAFMHgBb+ADfFqv1rs1tb7mrSWrmDkG/2T9/AINwKNN</latexit><latexit sha1_base64="lN/Ei6zyvQ7mK3nvMoUJzuYQpNs=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARhEJJRFBcFd24rGAv0oQymU7aoZOZMDMRSsi7uPFV3LhQihsXvouTNgtt+8PAx3/O4cz5g5hRpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW4lEYtLCggnZDZAijHLS0lQz0o0lQVHASCcY3+X1zjORigr+qCcx8SM05DSkGGlj9e2brqcF9IhGsOYFSKY5ZrUn6MHUkxEUMjO4sqlvV526MxNcBreAKijU7NtTbyBwEhGuMUNK9Vwn1n6KpKaYkaziJYrECI/RkPQMchQR5aezGzN4ZpwBDIU0j2s4c/9OpChSahIFpjNCeqQWa7m5qtZLdHjtp5THiSYczxeFCYPm4jwwOKCSYM0mBhCW1PwV4hGSCGsTa8WE4C6evAzti7rr1N2Hy2rjtoijDE7AKTgHLrgCDXAPmqAFMHgBb+ADfFqv1rs1tb7mrSWrmDkG/2T9/AINwKNN</latexit><latexit sha1_base64="lN/Ei6zyvQ7mK3nvMoUJzuYQpNs=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARhEJJRFBcFd24rGAv0oQymU7aoZOZMDMRSsi7uPFV3LhQihsXvouTNgtt+8PAx3/O4cz5g5hRpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW4lEYtLCggnZDZAijHLS0lQz0o0lQVHASCcY3+X1zjORigr+qCcx8SM05DSkGGlj9e2brqcF9IhGsOYFSKY5ZrUn6MHUkxEUMjO4sqlvV526MxNcBreAKijU7NtTbyBwEhGuMUNK9Vwn1n6KpKaYkaziJYrECI/RkPQMchQR5aezGzN4ZpwBDIU0j2s4c/9OpChSahIFpjNCeqQWa7m5qtZLdHjtp5THiSYczxeFCYPm4jwwOKCSYM0mBhCW1PwV4hGSCGsTa8WE4C6evAzti7rr1N2Hy2rjtoijDE7AKTgHLrgCDXAPmqAFMHgBb+ADfFqv1rs1tb7mrSWrmDkG/2T9/AINwKNN</latexit>
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X ! ⌘ + ⌘̄ + Y or X ! ⌘ + ⌘̄
<latexit sha1_base64="lN/Ei6zyvQ7mK3nvMoUJzuYQpNs=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARhEJJRFBcFd24rGAv0oQymU7aoZOZMDMRSsi7uPFV3LhQihsXvouTNgtt+8PAx3/O4cz5g5hRpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW4lEYtLCggnZDZAijHLS0lQz0o0lQVHASCcY3+X1zjORigr+qCcx8SM05DSkGGlj9e2brqcF9IhGsOYFSKY5ZrUn6MHUkxEUMjO4sqlvV526MxNcBreAKijU7NtTbyBwEhGuMUNK9Vwn1n6KpKaYkaziJYrECI/RkPQMchQR5aezGzN4ZpwBDIU0j2s4c/9OpChSahIFpjNCeqQWa7m5qtZLdHjtp5THiSYczxeFCYPm4jwwOKCSYM0mBhCW1PwV4hGSCGsTa8WE4C6evAzti7rr1N2Hy2rjtoijDE7AKTgHLrgCDXAPmqAFMHgBb+ADfFqv1rs1tb7mrSWrmDkG/2T9/AINwKNN</latexit><latexit sha1_base64="lN/Ei6zyvQ7mK3nvMoUJzuYQpNs=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARhEJJRFBcFd24rGAv0oQymU7aoZOZMDMRSsi7uPFV3LhQihsXvouTNgtt+8PAx3/O4cz5g5hRpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW4lEYtLCggnZDZAijHLS0lQz0o0lQVHASCcY3+X1zjORigr+qCcx8SM05DSkGGlj9e2brqcF9IhGsOYFSKY5ZrUn6MHUkxEUMjO4sqlvV526MxNcBreAKijU7NtTbyBwEhGuMUNK9Vwn1n6KpKaYkaziJYrECI/RkPQMchQR5aezGzN4ZpwBDIU0j2s4c/9OpChSahIFpjNCeqQWa7m5qtZLdHjtp5THiSYczxeFCYPm4jwwOKCSYM0mBhCW1PwV4hGSCGsTa8WE4C6evAzti7rr1N2Hy2rjtoijDE7AKTgHLrgCDXAPmqAFMHgBb+ADfFqv1rs1tb7mrSWrmDkG/2T9/AINwKNN</latexit><latexit sha1_base64="lN/Ei6zyvQ7mK3nvMoUJzuYQpNs=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARhEJJRFBcFd24rGAv0oQymU7aoZOZMDMRSsi7uPFV3LhQihsXvouTNgtt+8PAx3/O4cz5g5hRpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW4lEYtLCggnZDZAijHLS0lQz0o0lQVHASCcY3+X1zjORigr+qCcx8SM05DSkGGlj9e2brqcF9IhGsOYFSKY5ZrUn6MHUkxEUMjO4sqlvV526MxNcBreAKijU7NtTbyBwEhGuMUNK9Vwn1n6KpKaYkaziJYrECI/RkPQMchQR5aezGzN4ZpwBDIU0j2s4c/9OpChSahIFpjNCeqQWa7m5qtZLdHjtp5THiSYczxeFCYPm4jwwOKCSYM0mBhCW1PwV4hGSCGsTa8WE4C6evAzti7rr1N2Hy2rjtoijDE7AKTgHLrgCDXAPmqAFMHgBb+ADfFqv1rs1tb7mrSWrmDkG/2T9/AINwKNN</latexit><latexit sha1_base64="lN/Ei6zyvQ7mK3nvMoUJzuYQpNs=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARhEJJRFBcFd24rGAv0oQymU7aoZOZMDMRSsi7uPFV3LhQihsXvouTNgtt+8PAx3/O4cz5g5hRpR3n2yqtrW9sbpW3Kzu7e/sH9uFRW4lEYtLCggnZDZAijHLS0lQz0o0lQVHASCcY3+X1zjORigr+qCcx8SM05DSkGGlj9e2brqcF9IhGsOYFSKY5ZrUn6MHUkxEUMjO4sqlvV526MxNcBreAKijU7NtTbyBwEhGuMUNK9Vwn1n6KpKaYkaziJYrECI/RkPQMchQR5aezGzN4ZpwBDIU0j2s4c/9OpChSahIFpjNCeqQWa7m5qtZLdHjtp5THiSYczxeFCYPm4jwwOKCSYM0mBhCW1PwV4hGSCGsTa8WE4C6evAzti7rr1N2Hy2rjtoijDE7AKTgHLrgCDXAPmqAFMHgBb+ADfFqv1rs1tb7mrSWrmDkG/2T9/AINwKNN</latexit>

Angle	between	projections	of	momenta	to xy plane	

< 90�
<latexit sha1_base64="pTXhzKAkYqtoznCFrHvX4mxBdzQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RVPAQ9OIxgnlIsobZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCa0TxZVuRdhQziStW2Y5bSWaYhFx2oyGNxO/+US1YUre21FCQ4H7ksWMYOukh6tL/7FDmCbdUtmv+FOgRRLkpAw5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tOyqxoCbMpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UxtfhBmTSWqpJLNFccqRVWjyPeoxTYnlI0cw0czdisgAa0ysy6joQgjmX14kjdNK4FeCu7Ny9TqPowCHcAQnEMA5VOEWalAHAgKe4RXePO29eO/ex6x1yctnDuAPvM8f7j6P1A==</latexit><latexit sha1_base64="pTXhzKAkYqtoznCFrHvX4mxBdzQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RVPAQ9OIxgnlIsobZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCa0TxZVuRdhQziStW2Y5bSWaYhFx2oyGNxO/+US1YUre21FCQ4H7ksWMYOukh6tL/7FDmCbdUtmv+FOgRRLkpAw5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tOyqxoCbMpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UxtfhBmTSWqpJLNFccqRVWjyPeoxTYnlI0cw0czdisgAa0ysy6joQgjmX14kjdNK4FeCu7Ny9TqPowCHcAQnEMA5VOEWalAHAgKe4RXePO29eO/ex6x1yctnDuAPvM8f7j6P1A==</latexit><latexit sha1_base64="pTXhzKAkYqtoznCFrHvX4mxBdzQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RVPAQ9OIxgnlIsobZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCa0TxZVuRdhQziStW2Y5bSWaYhFx2oyGNxO/+US1YUre21FCQ4H7ksWMYOukh6tL/7FDmCbdUtmv+FOgRRLkpAw5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tOyqxoCbMpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UxtfhBmTSWqpJLNFccqRVWjyPeoxTYnlI0cw0czdisgAa0ysy6joQgjmX14kjdNK4FeCu7Ny9TqPowCHcAQnEMA5VOEWalAHAgKe4RXePO29eO/ex6x1yctnDuAPvM8f7j6P1A==</latexit><latexit sha1_base64="pTXhzKAkYqtoznCFrHvX4mxBdzQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RVPAQ9OIxgnlIsobZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e0vLK6tr64WN4ubW9s5uaW+/YVSqCa0TxZVuRdhQziStW2Y5bSWaYhFx2oyGNxO/+US1YUre21FCQ4H7ksWMYOukh6tL/7FDmCbdUtmv+FOgRRLkpAw5at3SV6enSCqotIRjY9qBn9gww9oywum42EkNTTAZ4j5tOyqxoCbMpgeP0bFTeihW2pW0aKr+nsiwMGYkItcpsB2YeW8i/ue1UxtfhBmTSWqpJLNFccqRVWjyPeoxTYnlI0cw0czdisgAa0ysy6joQgjmX14kjdNK4FeCu7Ny9TqPowCHcAQnEMA5VOEWalAHAgKe4RXePO29eO/ex6x1yctnDuAPvM8f7j6P1A==</latexit> +
> 90�

<latexit sha1_base64="1vpwlxnqUpUw4fb7124RqIMJhaA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kWKXjxWsB/YxrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zSeujYjVPY4S7ke0r0QoGEUrPVxduo8dJjQj3VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6YXj8mxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPAzoZIUuWKzRWEqCcZk8j7pCc0ZypEllGlhbyVsQDVlaEMq2hC8+ZcXSeO04rkV7+6sXL3O4yjAIRzBCXhwDlW4hRrUgYGCZ3iFN8c4L8678zFrXXLymQP4A+fzB0nbkAA=</latexit><latexit sha1_base64="1vpwlxnqUpUw4fb7124RqIMJhaA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kWKXjxWsB/YxrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zSeujYjVPY4S7ke0r0QoGEUrPVxduo8dJjQj3VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6YXj8mxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPAzoZIUuWKzRWEqCcZk8j7pCc0ZypEllGlhbyVsQDVlaEMq2hC8+ZcXSeO04rkV7+6sXL3O4yjAIRzBCXhwDlW4hRrUgYGCZ3iFN8c4L8678zFrXXLymQP4A+fzB0nbkAA=</latexit><latexit sha1_base64="1vpwlxnqUpUw4fb7124RqIMJhaA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kWKXjxWsB/YxrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zSeujYjVPY4S7ke0r0QoGEUrPVxduo8dJjQj3VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6YXj8mxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPAzoZIUuWKzRWEqCcZk8j7pCc0ZypEllGlhbyVsQDVlaEMq2hC8+ZcXSeO04rkV7+6sXL3O4yjAIRzBCXhwDlW4hRrUgYGCZ3iFN8c4L8678zFrXXLymQP4A+fzB0nbkAA=</latexit><latexit sha1_base64="1vpwlxnqUpUw4fb7124RqIMJhaA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6kWKXjxWsB/YxrLZbtqlm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zSeujYjVPY4S7ke0r0QoGEUrPVxduo8dJjQj3VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6YXj8mxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPAzoZIUuWKzRWEqCcZk8j7pCc0ZypEllGlhbyVsQDVlaEMq2hC8+ZcXSeO04rkV7+6sXL3O4yjAIRzBCXhwDlW4hRrUgYGCZ3iFN8c4L8678zFrXXLymQP4A+fzB0nbkAA=</latexit> -
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Reconstructing	the	mass of	⌘<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

=40	%

N	pairs:
4	%
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Decay	length	of	 ⌘<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

10	%
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Determining	the	masses	of	X	and	Y

• We	do	not	know	the	energy	of	initial	X

Any	information	on	the	mass	of	X	and	Y	is	limited
by	both	statistics and	uncertainties on	PDF

Unlike	
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Connection	to	dark	matter

• X’	can	be	produced	in	the	early	universe	by	gluon	interaction.

• X’	decay	can	produce	X	and	then	Y	(DM).
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Connection	to	DM

Complex

For	real	case,	cancelation	between	u	and	t	channels

gY ⌘V̄ Y + gX⌘V̄ X
<latexit sha1_base64="XU6a5+rhGVC3iHqm6bBd2NtTaeo=">AAACDHicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLoxmUF26Y0IUymk3boZBJmJkIJ/QA3/oobF4q49QPc+TdO2yxs64GBwznncueeMOVMadv+sVZW19Y3Nktb5e2d3b39ysFhSyWZJLRJEp5IN8SKciZoUzPNqZtKiuOQ03Y4vJ347UcqFUvEgx6l1I9xX7CIEayNFFSq/aCDPKox8kIs89a4c94P3DnFNSm7Zk+BlolTkCoUaASVb6+XkCymQhOOleo6dqr9HEvNCKfjspcpmmIyxH3aNVTgmCo/nx4zRqdG6aEokeYJjabq34kcx0qN4tAkY6wHatGbiP953UxH137ORJppKshsUZRxpBM0aQb1mKRE85EhmEhm/orIAEtMtOmvbEpwFk9eJq2LmmPXnPvLav2mqKMEx3ACZ+DAFdThDhrQBAJP8AJv8G49W6/Wh/U5i65YxcwRzMH6+gVdepqM</latexit><latexit sha1_base64="XU6a5+rhGVC3iHqm6bBd2NtTaeo=">AAACDHicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLoxmUF26Y0IUymk3boZBJmJkIJ/QA3/oobF4q49QPc+TdO2yxs64GBwznncueeMOVMadv+sVZW19Y3Nktb5e2d3b39ysFhSyWZJLRJEp5IN8SKciZoUzPNqZtKiuOQ03Y4vJ347UcqFUvEgx6l1I9xX7CIEayNFFSq/aCDPKox8kIs89a4c94P3DnFNSm7Zk+BlolTkCoUaASVb6+XkCymQhOOleo6dqr9HEvNCKfjspcpmmIyxH3aNVTgmCo/nx4zRqdG6aEokeYJjabq34kcx0qN4tAkY6wHatGbiP953UxH137ORJppKshsUZRxpBM0aQb1mKRE85EhmEhm/orIAEtMtOmvbEpwFk9eJq2LmmPXnPvLav2mqKMEx3ACZ+DAFdThDhrQBAJP8AJv8G49W6/Wh/U5i65YxcwRzMH6+gVdepqM</latexit><latexit sha1_base64="XU6a5+rhGVC3iHqm6bBd2NtTaeo=">AAACDHicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLoxmUF26Y0IUymk3boZBJmJkIJ/QA3/oobF4q49QPc+TdO2yxs64GBwznncueeMOVMadv+sVZW19Y3Nktb5e2d3b39ysFhSyWZJLRJEp5IN8SKciZoUzPNqZtKiuOQ03Y4vJ347UcqFUvEgx6l1I9xX7CIEayNFFSq/aCDPKox8kIs89a4c94P3DnFNSm7Zk+BlolTkCoUaASVb6+XkCymQhOOleo6dqr9HEvNCKfjspcpmmIyxH3aNVTgmCo/nx4zRqdG6aEokeYJjabq34kcx0qN4tAkY6wHatGbiP953UxH137ORJppKshsUZRxpBM0aQb1mKRE85EhmEhm/orIAEtMtOmvbEpwFk9eJq2LmmPXnPvLav2mqKMEx3ACZ+DAFdThDhrQBAJP8AJv8G49W6/Wh/U5i65YxcwRzMH6+gVdepqM</latexit><latexit sha1_base64="XU6a5+rhGVC3iHqm6bBd2NtTaeo=">AAACDHicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLoxmUF26Y0IUymk3boZBJmJkIJ/QA3/oobF4q49QPc+TdO2yxs64GBwznncueeMOVMadv+sVZW19Y3Nktb5e2d3b39ysFhSyWZJLRJEp5IN8SKciZoUzPNqZtKiuOQ03Y4vJ347UcqFUvEgx6l1I9xX7CIEayNFFSq/aCDPKox8kIs89a4c94P3DnFNSm7Zk+BlolTkCoUaASVb6+XkCymQhOOleo6dqr9HEvNCKfjspcpmmIyxH3aNVTgmCo/nx4zRqdG6aEokeYJjabq34kcx0qN4tAkY6wHatGbiP953UxH137ORJppKshsUZRxpBM0aQb1mKRE85EhmEhm/orIAEtMtOmvbEpwFk9eJq2LmmPXnPvLav2mqKMEx3ACZ+DAFdThDhrQBAJP8AJv8G49W6/Wh/U5i65YxcwRzMH6+gVdepqM</latexit>

�(Y + Ȳ ! ⌘ + ⌘̄) =
g4Y
m4

V

m2
Y

4⇡
<latexit sha1_base64="+MjAYACT5p8Apbti2S4MxFZups8="></latexit><latexit sha1_base64="+MjAYACT5p8Apbti2S4MxFZups8="></latexit><latexit sha1_base64="+MjAYACT5p8Apbti2S4MxFZups8="></latexit><latexit sha1_base64="+MjAYACT5p8Apbti2S4MxFZups8="></latexit>

mV

gY
⇠ 10 GeV

⇣ mY

0.1 GeV

⌘1/2

<latexit sha1_base64="qfjYqiTYa1srmy19n137/a1fNyU="></latexit><latexit sha1_base64="qfjYqiTYa1srmy19n137/a1fNyU="></latexit><latexit sha1_base64="qfjYqiTYa1srmy19n137/a1fNyU="></latexit><latexit sha1_base64="qfjYqiTYa1srmy19n137/a1fNyU="></latexit>

mV > mX
<latexit sha1_base64="96uVL0rgP6rCpUn5O5ky+N80eqY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpevFYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzolRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR2ySZpqxFE5HobkQME1yxluVWsG6qGZGRYJ1ofDfzO09MG56oRztJWSDJUPGYU2Kd1JFh+0aG3bBa8+reHHiV+AWpQYFmWP3qDxKaSaYsFcSYnu+lNsiJtpwKNq30M8NSQsdkyHqOKiKZCfL5uVN85pQBjhPtSlk8V39P5EQaM5GR65TEjsyyNxP/83qZja+DnKs0s0zRxaI4E9gmePY7HnDNqBUTRwjV3N2K6YhoQq1LqOJC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDKXpB7+hj0VpCxcwx/AH6/AHlz49E</latexit><latexit sha1_base64="96uVL0rgP6rCpUn5O5ky+N80eqY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpevFYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzolRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR2ySZpqxFE5HobkQME1yxluVWsG6qGZGRYJ1ofDfzO09MG56oRztJWSDJUPGYU2Kd1JFh+0aG3bBa8+reHHiV+AWpQYFmWP3qDxKaSaYsFcSYnu+lNsiJtpwKNq30M8NSQsdkyHqOKiKZCfL5uVN85pQBjhPtSlk8V39P5EQaM5GR65TEjsyyNxP/83qZja+DnKs0s0zRxaI4E9gmePY7HnDNqBUTRwjV3N2K6YhoQq1LqOJC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDKXpB7+hj0VpCxcwx/AH6/AHlz49E</latexit><latexit sha1_base64="96uVL0rgP6rCpUn5O5ky+N80eqY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpevFYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzolRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR2ySZpqxFE5HobkQME1yxluVWsG6qGZGRYJ1ofDfzO09MG56oRztJWSDJUPGYU2Kd1JFh+0aG3bBa8+reHHiV+AWpQYFmWP3qDxKaSaYsFcSYnu+lNsiJtpwKNq30M8NSQsdkyHqOKiKZCfL5uVN85pQBjhPtSlk8V39P5EQaM5GR65TEjsyyNxP/83qZja+DnKs0s0zRxaI4E9gmePY7HnDNqBUTRwjV3N2K6YhoQq1LqOJC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDKXpB7+hj0VpCxcwx/AH6/AHlz49E</latexit><latexit sha1_base64="96uVL0rgP6rCpUn5O5ky+N80eqY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpevFYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzolRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR2ySZpqxFE5HobkQME1yxluVWsG6qGZGRYJ1ofDfzO09MG56oRztJWSDJUPGYU2Kd1JFh+0aG3bBa8+reHHiV+AWpQYFmWP3qDxKaSaYsFcSYnu+lNsiJtpwKNq30M8NSQsdkyHqOKiKZCfL5uVN85pQBjhPtSlk8V39P5EQaM5GR65TEjsyyNxP/83qZja+DnKs0s0zRxaI4E9gmePY7HnDNqBUTRwjV3N2K6YhoQq1LqOJC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDKXpB7+hj0VpCxcwx/AH6/AHlz49E</latexit>

�(X ! Y ⌘⌘̄) ⇠ g2Y g
2
X

100⇡3

m5
X

m4
V

<latexit sha1_base64="Taq70A2c/J2AA0IAo/pfCYm0r1Y="></latexit><latexit sha1_base64="Taq70A2c/J2AA0IAo/pfCYm0r1Y="></latexit><latexit sha1_base64="Taq70A2c/J2AA0IAo/pfCYm0r1Y="></latexit><latexit sha1_base64="Taq70A2c/J2AA0IAo/pfCYm0r1Y="></latexit>

X ! V ⌘̄
<latexit sha1_base64="xn4CaA3DE3tJiHCtccVxEoW9qCE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpxpsskYnuRGC4FIo3UaDknVRziCPJ29H4fu63J1wbkagnnKY8jGGoxEAwQCv1XLcTYEJbQQQ6DzjCrOdWvZq3AF0nfkGqpECj534F/YRlMVfIJBjT9b0Uwxw0Cib5rBJkhqfAxjDkXUsVxNyE+eLyGb2wSp8OEm1LIV2ovydyiI2ZxpHtjAFHZtWbi/953QwHt2EuVJohV2y5aJBJap+dx0D7QnOGcmoJMC3srZSNQANDG1bFhuCvvrxOWlc136v5j9fV+l0RR5mckXNySXxyQ+rkgTRIkzAyIc/klbw5ufPivDsfy9aSU8yckj9wPn8AWbGTdw==</latexit><latexit sha1_base64="xn4CaA3DE3tJiHCtccVxEoW9qCE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpxpsskYnuRGC4FIo3UaDknVRziCPJ29H4fu63J1wbkagnnKY8jGGoxEAwQCv1XLcTYEJbQQQ6DzjCrOdWvZq3AF0nfkGqpECj534F/YRlMVfIJBjT9b0Uwxw0Cib5rBJkhqfAxjDkXUsVxNyE+eLyGb2wSp8OEm1LIV2ovydyiI2ZxpHtjAFHZtWbi/953QwHt2EuVJohV2y5aJBJap+dx0D7QnOGcmoJMC3srZSNQANDG1bFhuCvvrxOWlc136v5j9fV+l0RR5mckXNySXxyQ+rkgTRIkzAyIc/klbw5ufPivDsfy9aSU8yckj9wPn8AWbGTdw==</latexit><latexit sha1_base64="xn4CaA3DE3tJiHCtccVxEoW9qCE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpxpsskYnuRGC4FIo3UaDknVRziCPJ29H4fu63J1wbkagnnKY8jGGoxEAwQCv1XLcTYEJbQQQ6DzjCrOdWvZq3AF0nfkGqpECj534F/YRlMVfIJBjT9b0Uwxw0Cib5rBJkhqfAxjDkXUsVxNyE+eLyGb2wSp8OEm1LIV2ovydyiI2ZxpHtjAFHZtWbi/953QwHt2EuVJohV2y5aJBJap+dx0D7QnOGcmoJMC3srZSNQANDG1bFhuCvvrxOWlc136v5j9fV+l0RR5mckXNySXxyQ+rkgTRIkzAyIc/klbw5ufPivDsfy9aSU8yckj9wPn8AWbGTdw==</latexit><latexit sha1_base64="xn4CaA3DE3tJiHCtccVxEoW9qCE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpxpsskYnuRGC4FIo3UaDknVRziCPJ29H4fu63J1wbkagnnKY8jGGoxEAwQCv1XLcTYEJbQQQ6DzjCrOdWvZq3AF0nfkGqpECj534F/YRlMVfIJBjT9b0Uwxw0Cib5rBJkhqfAxjDkXUsVxNyE+eLyGb2wSp8OEm1LIV2ovydyiI2ZxpHtjAFHZtWbi/953QwHt2EuVJohV2y5aJBJap+dx0D7QnOGcmoJMC3srZSNQANDG1bFhuCvvrxOWlc136v5j9fV+l0RR5mckXNySXxyQ+rkgTRIkzAyIc/klbw5ufPivDsfy9aSU8yckj9wPn8AWbGTdw==</latexit>

gX ⇠ 10�5

✓
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mX

◆2 ✓mV

mX

◆✓
EX

500 GeV

◆

<latexit sha1_base64="hFQVqTJ5+q8UaXuV2taVj1t+wX4="></latexit><latexit sha1_base64="hFQVqTJ5+q8UaXuV2taVj1t+wX4="></latexit><latexit sha1_base64="hFQVqTJ5+q8UaXuV2taVj1t+wX4="></latexit><latexit sha1_base64="hFQVqTJ5+q8UaXuV2taVj1t+wX4="></latexit>8/27/20 80



Connection	to	DM

Complex

For	real	case,	cancelation	between	u	and	t	channels

gY ⌘V̄ Y + gX⌘V̄ X
<latexit sha1_base64="XU6a5+rhGVC3iHqm6bBd2NtTaeo=">AAACDHicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLoxmUF26Y0IUymk3boZBJmJkIJ/QA3/oobF4q49QPc+TdO2yxs64GBwznncueeMOVMadv+sVZW19Y3Nktb5e2d3b39ysFhSyWZJLRJEp5IN8SKciZoUzPNqZtKiuOQ03Y4vJ347UcqFUvEgx6l1I9xX7CIEayNFFSq/aCDPKox8kIs89a4c94P3DnFNSm7Zk+BlolTkCoUaASVb6+XkCymQhOOleo6dqr9HEvNCKfjspcpmmIyxH3aNVTgmCo/nx4zRqdG6aEokeYJjabq34kcx0qN4tAkY6wHatGbiP953UxH137ORJppKshsUZRxpBM0aQb1mKRE85EhmEhm/orIAEtMtOmvbEpwFk9eJq2LmmPXnPvLav2mqKMEx3ACZ+DAFdThDhrQBAJP8AJv8G49W6/Wh/U5i65YxcwRzMH6+gVdepqM</latexit><latexit sha1_base64="XU6a5+rhGVC3iHqm6bBd2NtTaeo=">AAACDHicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLoxmUF26Y0IUymk3boZBJmJkIJ/QA3/oobF4q49QPc+TdO2yxs64GBwznncueeMOVMadv+sVZW19Y3Nktb5e2d3b39ysFhSyWZJLRJEp5IN8SKciZoUzPNqZtKiuOQ03Y4vJ347UcqFUvEgx6l1I9xX7CIEayNFFSq/aCDPKox8kIs89a4c94P3DnFNSm7Zk+BlolTkCoUaASVb6+XkCymQhOOleo6dqr9HEvNCKfjspcpmmIyxH3aNVTgmCo/nx4zRqdG6aEokeYJjabq34kcx0qN4tAkY6wHatGbiP953UxH137ORJppKshsUZRxpBM0aQb1mKRE85EhmEhm/orIAEtMtOmvbEpwFk9eJq2LmmPXnPvLav2mqKMEx3ACZ+DAFdThDhrQBAJP8AJv8G49W6/Wh/U5i65YxcwRzMH6+gVdepqM</latexit><latexit sha1_base64="XU6a5+rhGVC3iHqm6bBd2NtTaeo=">AAACDHicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLoxmUF26Y0IUymk3boZBJmJkIJ/QA3/oobF4q49QPc+TdO2yxs64GBwznncueeMOVMadv+sVZW19Y3Nktb5e2d3b39ysFhSyWZJLRJEp5IN8SKciZoUzPNqZtKiuOQ03Y4vJ347UcqFUvEgx6l1I9xX7CIEayNFFSq/aCDPKox8kIs89a4c94P3DnFNSm7Zk+BlolTkCoUaASVb6+XkCymQhOOleo6dqr9HEvNCKfjspcpmmIyxH3aNVTgmCo/nx4zRqdG6aEokeYJjabq34kcx0qN4tAkY6wHatGbiP953UxH137ORJppKshsUZRxpBM0aQb1mKRE85EhmEhm/orIAEtMtOmvbEpwFk9eJq2LmmPXnPvLav2mqKMEx3ACZ+DAFdThDhrQBAJP8AJv8G49W6/Wh/U5i65YxcwRzMH6+gVdepqM</latexit><latexit sha1_base64="XU6a5+rhGVC3iHqm6bBd2NtTaeo=">AAACDHicbVDLSsNAFL3xWeur6tLNYBEEoSQi6LLoxmUF26Y0IUymk3boZBJmJkIJ/QA3/oobF4q49QPc+TdO2yxs64GBwznncueeMOVMadv+sVZW19Y3Nktb5e2d3b39ysFhSyWZJLRJEp5IN8SKciZoUzPNqZtKiuOQ03Y4vJ347UcqFUvEgx6l1I9xX7CIEayNFFSq/aCDPKox8kIs89a4c94P3DnFNSm7Zk+BlolTkCoUaASVb6+XkCymQhOOleo6dqr9HEvNCKfjspcpmmIyxH3aNVTgmCo/nx4zRqdG6aEokeYJjabq34kcx0qN4tAkY6wHatGbiP953UxH137ORJppKshsUZRxpBM0aQb1mKRE85EhmEhm/orIAEtMtOmvbEpwFk9eJq2LmmPXnPvLav2mqKMEx3ACZ+DAFdThDhrQBAJP8AJv8G49W6/Wh/U5i65YxcwRzMH6+gVdepqM</latexit>

�(Y + Ȳ ! ⌘ + ⌘̄) =
g4Y
m4

V

m2
Y

4⇡
<latexit sha1_base64="+MjAYACT5p8Apbti2S4MxFZups8="></latexit><latexit sha1_base64="+MjAYACT5p8Apbti2S4MxFZups8="></latexit><latexit sha1_base64="+MjAYACT5p8Apbti2S4MxFZups8="></latexit><latexit sha1_base64="+MjAYACT5p8Apbti2S4MxFZups8="></latexit>

mV

gY
⇠ 10 GeV

⇣ mY

0.1 GeV

⌘1/2

<latexit sha1_base64="qfjYqiTYa1srmy19n137/a1fNyU="></latexit><latexit sha1_base64="qfjYqiTYa1srmy19n137/a1fNyU="></latexit><latexit sha1_base64="qfjYqiTYa1srmy19n137/a1fNyU="></latexit><latexit sha1_base64="qfjYqiTYa1srmy19n137/a1fNyU="></latexit>

mV > mX
<latexit sha1_base64="96uVL0rgP6rCpUn5O5ky+N80eqY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpevFYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzolRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR2ySZpqxFE5HobkQME1yxluVWsG6qGZGRYJ1ofDfzO09MG56oRztJWSDJUPGYU2Kd1JFh+0aG3bBa8+reHHiV+AWpQYFmWP3qDxKaSaYsFcSYnu+lNsiJtpwKNq30M8NSQsdkyHqOKiKZCfL5uVN85pQBjhPtSlk8V39P5EQaM5GR65TEjsyyNxP/83qZja+DnKs0s0zRxaI4E9gmePY7HnDNqBUTRwjV3N2K6YhoQq1LqOJC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDKXpB7+hj0VpCxcwx/AH6/AHlz49E</latexit><latexit sha1_base64="96uVL0rgP6rCpUn5O5ky+N80eqY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpevFYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzolRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR2ySZpqxFE5HobkQME1yxluVWsG6qGZGRYJ1ofDfzO09MG56oRztJWSDJUPGYU2Kd1JFh+0aG3bBa8+reHHiV+AWpQYFmWP3qDxKaSaYsFcSYnu+lNsiJtpwKNq30M8NSQsdkyHqOKiKZCfL5uVN85pQBjhPtSlk8V39P5EQaM5GR65TEjsyyNxP/83qZja+DnKs0s0zRxaI4E9gmePY7HnDNqBUTRwjV3N2K6YhoQq1LqOJC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDKXpB7+hj0VpCxcwx/AH6/AHlz49E</latexit><latexit sha1_base64="96uVL0rgP6rCpUn5O5ky+N80eqY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpevFYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzolRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR2ySZpqxFE5HobkQME1yxluVWsG6qGZGRYJ1ofDfzO09MG56oRztJWSDJUPGYU2Kd1JFh+0aG3bBa8+reHHiV+AWpQYFmWP3qDxKaSaYsFcSYnu+lNsiJtpwKNq30M8NSQsdkyHqOKiKZCfL5uVN85pQBjhPtSlk8V39P5EQaM5GR65TEjsyyNxP/83qZja+DnKs0s0zRxaI4E9gmePY7HnDNqBUTRwjV3N2K6YhoQq1LqOJC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDKXpB7+hj0VpCxcwx/AH6/AHlz49E</latexit><latexit sha1_base64="96uVL0rgP6rCpUn5O5ky+N80eqY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoCcpevFYwX5AuyzZNNuGJtklyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzolRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR2ySZpqxFE5HobkQME1yxluVWsG6qGZGRYJ1ofDfzO09MG56oRztJWSDJUPGYU2Kd1JFh+0aG3bBa8+reHHiV+AWpQYFmWP3qDxKaSaYsFcSYnu+lNsiJtpwKNq30M8NSQsdkyHqOKiKZCfL5uVN85pQBjhPtSlk8V39P5EQaM5GR65TEjsyyNxP/83qZja+DnKs0s0zRxaI4E9gmePY7HnDNqBUTRwjV3N2K6YhoQq1LqOJC8JdfXiXti7rv1f2Hy1rjtoijDCdwCufgwxU04B6a0AIKY3iGV3hDKXpB7+hj0VpCxcwx/AH6/AHlz49E</latexit>

X ! V ⌘̄
<latexit sha1_base64="xn4CaA3DE3tJiHCtccVxEoW9qCE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpxpsskYnuRGC4FIo3UaDknVRziCPJ29H4fu63J1wbkagnnKY8jGGoxEAwQCv1XLcTYEJbQQQ6DzjCrOdWvZq3AF0nfkGqpECj534F/YRlMVfIJBjT9b0Uwxw0Cib5rBJkhqfAxjDkXUsVxNyE+eLyGb2wSp8OEm1LIV2ovydyiI2ZxpHtjAFHZtWbi/953QwHt2EuVJohV2y5aJBJap+dx0D7QnOGcmoJMC3srZSNQANDG1bFhuCvvrxOWlc136v5j9fV+l0RR5mckXNySXxyQ+rkgTRIkzAyIc/klbw5ufPivDsfy9aSU8yckj9wPn8AWbGTdw==</latexit><latexit sha1_base64="xn4CaA3DE3tJiHCtccVxEoW9qCE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpxpsskYnuRGC4FIo3UaDknVRziCPJ29H4fu63J1wbkagnnKY8jGGoxEAwQCv1XLcTYEJbQQQ6DzjCrOdWvZq3AF0nfkGqpECj534F/YRlMVfIJBjT9b0Uwxw0Cib5rBJkhqfAxjDkXUsVxNyE+eLyGb2wSp8OEm1LIV2ovydyiI2ZxpHtjAFHZtWbi/953QwHt2EuVJohV2y5aJBJap+dx0D7QnOGcmoJMC3srZSNQANDG1bFhuCvvrxOWlc136v5j9fV+l0RR5mckXNySXxyQ+rkgTRIkzAyIc/klbw5ufPivDsfy9aSU8yckj9wPn8AWbGTdw==</latexit><latexit sha1_base64="xn4CaA3DE3tJiHCtccVxEoW9qCE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpxpsskYnuRGC4FIo3UaDknVRziCPJ29H4fu63J1wbkagnnKY8jGGoxEAwQCv1XLcTYEJbQQQ6DzjCrOdWvZq3AF0nfkGqpECj534F/YRlMVfIJBjT9b0Uwxw0Cib5rBJkhqfAxjDkXUsVxNyE+eLyGb2wSp8OEm1LIV2ovydyiI2ZxpHtjAFHZtWbi/953QwHt2EuVJohV2y5aJBJap+dx0D7QnOGcmoJMC3srZSNQANDG1bFhuCvvrxOWlc136v5j9fV+l0RR5mckXNySXxyQ+rkgTRIkzAyIc/klbw5ufPivDsfy9aSU8yckj9wPn8AWbGTdw==</latexit><latexit sha1_base64="xn4CaA3DE3tJiHCtccVxEoW9qCE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUCbbbbt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpxpsskYnuRGC4FIo3UaDknVRziCPJ29H4fu63J1wbkagnnKY8jGGoxEAwQCv1XLcTYEJbQQQ6DzjCrOdWvZq3AF0nfkGqpECj534F/YRlMVfIJBjT9b0Uwxw0Cib5rBJkhqfAxjDkXUsVxNyE+eLyGb2wSp8OEm1LIV2ovydyiI2ZxpHtjAFHZtWbi/953QwHt2EuVJohV2y5aJBJap+dx0D7QnOGcmoJMC3srZSNQANDG1bFhuCvvrxOWlc136v5j9fV+l0RR5mckXNySXxyQ+rkgTRIkzAyIc/klbw5ufPivDsfy9aSU8yckj9wPn8AWbGTdw==</latexit>

Z2 ⇥ Z2
<latexit sha1_base64="gPZWedwWDfjPesNFPRyGiV6hvOo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisYD+wDWWz3bRLN5u4OymU0N/hxYMiXv0x3vw3btsctPWFhYd3ZpjZN0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrezemvMtRGxesBJwv2IDpQIBaNoLf+xV+2iiLghlnqlsltx5yKr4OVQhlz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPi12U8MTykZ0wDsWFbWL/Gx+9JScW6dPwljbp5DM3d8TGY2MmUSB7YwoDs1ybWb+V+ukGF77mVBJilyxxaIwlQRjMkuA9IXmDOXEAmVa2FsJG1JNGdqcijYEb/nLq9CsVjy34t1flms3eRwFOIUzuAAPrqAGd1CHBjB4gmd4hTdn7Lw4787HonXNyWdO4I+czx/Hl5Fw</latexit><latexit sha1_base64="gPZWedwWDfjPesNFPRyGiV6hvOo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisYD+wDWWz3bRLN5u4OymU0N/hxYMiXv0x3vw3btsctPWFhYd3ZpjZN0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrezemvMtRGxesBJwv2IDpQIBaNoLf+xV+2iiLghlnqlsltx5yKr4OVQhlz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPi12U8MTykZ0wDsWFbWL/Gx+9JScW6dPwljbp5DM3d8TGY2MmUSB7YwoDs1ybWb+V+ukGF77mVBJilyxxaIwlQRjMkuA9IXmDOXEAmVa2FsJG1JNGdqcijYEb/nLq9CsVjy34t1flms3eRwFOIUzuAAPrqAGd1CHBjB4gmd4hTdn7Lw4787HonXNyWdO4I+czx/Hl5Fw</latexit><latexit sha1_base64="gPZWedwWDfjPesNFPRyGiV6hvOo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisYD+wDWWz3bRLN5u4OymU0N/hxYMiXv0x3vw3btsctPWFhYd3ZpjZN0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrezemvMtRGxesBJwv2IDpQIBaNoLf+xV+2iiLghlnqlsltx5yKr4OVQhlz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPi12U8MTykZ0wDsWFbWL/Gx+9JScW6dPwljbp5DM3d8TGY2MmUSB7YwoDs1ybWb+V+ukGF77mVBJilyxxaIwlQRjMkuA9IXmDOXEAmVa2FsJG1JNGdqcijYEb/nLq9CsVjy34t1flms3eRwFOIUzuAAPrqAGd1CHBjB4gmd4hTdn7Lw4787HonXNyWdO4I+czx/Hl5Fw</latexit><latexit sha1_base64="gPZWedwWDfjPesNFPRyGiV6hvOo=">AAAB9HicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisYD+wDWWz3bRLN5u4OymU0N/hxYMiXv0x3vw3btsctPWFhYd3ZpjZN0ikMOi6387a+sbm1nZhp7i7t39wWDo6bpo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRrezemvMtRGxesBJwv2IDpQIBaNoLf+xV+2iiLghlnqlsltx5yKr4OVQhlz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPi12U8MTykZ0wDsWFbWL/Gx+9JScW6dPwljbp5DM3d8TGY2MmUSB7YwoDs1ybWb+V+ukGF77mVBJilyxxaIwlQRjMkuA9IXmDOXEAmVa2FsJG1JNGdqcijYEb/nLq9CsVjy34t1flms3eRwFOIUzuAAPrqAGd1CHBjB4gmd4hTdn7Lw4787HonXNyWdO4I+czx/Hl5Fw</latexit>

X	and	Y	odd

Exact ⌘X̄Y
<latexit sha1_base64="WngHUJEdC5UpDaeEEhZpRC1Px5g=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaWCbbSbt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB6BRcIkNw43AdqIQokBgKxhdT/3WIyrNY3lnxgn6EQwkDzkDY6WHLhqg3QBU1p7c01654lbdGegy8XJSITnqvfJXtx+zNEJpmACtO56bGD8DZTgTOCl1U40JsBEMsGOphAi1n82untATq/RpGCtb0tCZ+nsig0jrcRTYzgjMUC96U/E/r5Oa8NLPuExSg5LNF4WpoCam0whonytkRowtAaa4vZWyIShgxgZVsiF4iy8vk+ZZ1XOr3u15pXaVx1EkR+SYnBKPXJAauSF10iCMKPJMXsmb8+S8OO/Ox7y14OQzh+QPnM8f3vOSFg==</latexit><latexit sha1_base64="WngHUJEdC5UpDaeEEhZpRC1Px5g=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaWCbbSbt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB6BRcIkNw43AdqIQokBgKxhdT/3WIyrNY3lnxgn6EQwkDzkDY6WHLhqg3QBU1p7c01654lbdGegy8XJSITnqvfJXtx+zNEJpmACtO56bGD8DZTgTOCl1U40JsBEMsGOphAi1n82untATq/RpGCtb0tCZ+nsig0jrcRTYzgjMUC96U/E/r5Oa8NLPuExSg5LNF4WpoCam0whonytkRowtAaa4vZWyIShgxgZVsiF4iy8vk+ZZ1XOr3u15pXaVx1EkR+SYnBKPXJAauSF10iCMKPJMXsmb8+S8OO/Ox7y14OQzh+QPnM8f3vOSFg==</latexit><latexit sha1_base64="WngHUJEdC5UpDaeEEhZpRC1Px5g=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaWCbbSbt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB6BRcIkNw43AdqIQokBgKxhdT/3WIyrNY3lnxgn6EQwkDzkDY6WHLhqg3QBU1p7c01654lbdGegy8XJSITnqvfJXtx+zNEJpmACtO56bGD8DZTgTOCl1U40JsBEMsGOphAi1n82untATq/RpGCtb0tCZ+nsig0jrcRTYzgjMUC96U/E/r5Oa8NLPuExSg5LNF4WpoCam0whonytkRowtAaa4vZWyIShgxgZVsiF4iy8vk+ZZ1XOr3u15pXaVx1EkR+SYnBKPXJAauSF10iCMKPJMXsmb8+S8OO/Ox7y14OQzh+QPnM8f3vOSFg==</latexit><latexit sha1_base64="WngHUJEdC5UpDaeEEhZpRC1Px5g=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaWCbbSbt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB6BRcIkNw43AdqIQokBgKxhdT/3WIyrNY3lnxgn6EQwkDzkDY6WHLhqg3QBU1p7c01654lbdGegy8XJSITnqvfJXtx+zNEJpmACtO56bGD8DZTgTOCl1U40JsBEMsGOphAi1n82untATq/RpGCtb0tCZ+nsig0jrcRTYzgjMUC96U/E/r5Oa8NLPuExSg5LNF4WpoCam0whonytkRowtAaa4vZWyIShgxgZVsiF4iy8vk+ZZ1XOr3u15pXaVx1EkR+SYnBKPXJAauSF10iCMKPJMXsmb8+S8OO/Ox7y14OQzh+QPnM8f3vOSFg==</latexit>

X ! Y ⌘
<latexit sha1_base64="2qnGcd1+xUJ5Ww0QVV9+BhRmj/c=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUgSymR60w6dTMLMjVBKP8ONC0Xc+jXu/BunbRbaemDgcM69zD0nyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE41uZ37nCbQRqXrAcQZhwgZKxIIztJLfDTCljzQAZL1qza27c9BV4hWkRgo0e9WvoJ/yPAGFXDJjfM/NMJwwjYJLmFaC3EDG+IgNwLdUsQRMOJmfPKVnVunTONX2KaRz9ffGhCXGjJPITiYMh2bZm4n/eX6O8XU4ESrLERRffBTnktqcs/y0LzRwlGNLGNfC3kr5kGnG0bZUsSV4y5FXSfui7rl17/6y1rgp6iiTE3JKzolHrkiD3JEmaRFOUvJMXsmbg86L8+58LEZLTrFzTP7A+fwBbMCQrg==</latexit><latexit sha1_base64="2qnGcd1+xUJ5Ww0QVV9+BhRmj/c=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUgSymR60w6dTMLMjVBKP8ONC0Xc+jXu/BunbRbaemDgcM69zD0nyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE41uZ37nCbQRqXrAcQZhwgZKxIIztJLfDTCljzQAZL1qza27c9BV4hWkRgo0e9WvoJ/yPAGFXDJjfM/NMJwwjYJLmFaC3EDG+IgNwLdUsQRMOJmfPKVnVunTONX2KaRz9ffGhCXGjJPITiYMh2bZm4n/eX6O8XU4ESrLERRffBTnktqcs/y0LzRwlGNLGNfC3kr5kGnG0bZUsSV4y5FXSfui7rl17/6y1rgp6iiTE3JKzolHrkiD3JEmaRFOUvJMXsmbg86L8+58LEZLTrFzTP7A+fwBbMCQrg==</latexit><latexit sha1_base64="2qnGcd1+xUJ5Ww0QVV9+BhRmj/c=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUgSymR60w6dTMLMjVBKP8ONC0Xc+jXu/BunbRbaemDgcM69zD0nyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE41uZ37nCbQRqXrAcQZhwgZKxIIztJLfDTCljzQAZL1qza27c9BV4hWkRgo0e9WvoJ/yPAGFXDJjfM/NMJwwjYJLmFaC3EDG+IgNwLdUsQRMOJmfPKVnVunTONX2KaRz9ffGhCXGjJPITiYMh2bZm4n/eX6O8XU4ESrLERRffBTnktqcs/y0LzRwlGNLGNfC3kr5kGnG0bZUsSV4y5FXSfui7rl17/6y1rgp6iiTE3JKzolHrkiD3JEmaRFOUvJMXsmbg86L8+58LEZLTrFzTP7A+fwBbMCQrg==</latexit><latexit sha1_base64="2qnGcd1+xUJ5Ww0QVV9+BhRmj/c=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUgSymR60w6dTMLMjVBKP8ONC0Xc+jXu/BunbRbaemDgcM69zD0nyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE41uZ37nCbQRqXrAcQZhwgZKxIIztJLfDTCljzQAZL1qza27c9BV4hWkRgo0e9WvoJ/yPAGFXDJjfM/NMJwwjYJLmFaC3EDG+IgNwLdUsQRMOJmfPKVnVunTONX2KaRz9ffGhCXGjJPITiYMh2bZm4n/eX6O8XU4ESrLERRffBTnktqcs/y0LzRwlGNLGNfC3kr5kGnG0bZUsSV4y5FXSfui7rl17/6y1rgp6iiTE3JKzolHrkiD3JEmaRFOUvJMXsmbg86L8+58LEZLTrFzTP7A+fwBbMCQrg==</latexit>
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Connection	to	DM

Real	or	complex

Z2 ⇥ Z2 ⇥ Z2
<latexit sha1_base64="7TJufdQJ2kT/zATV/r9guzY2mq4=">AAACAnicbZC7SgNBFIbPeo3xtmolNoNBsAq7QdAyaGMZwVwwWZbZySQZMnth5qwQlmDjq9hYKGLrU9j5Nk6SLUziDwMf/zmHM+cPEik0Os6PtbK6tr6xWdgqbu/s7u3bB4cNHaeK8TqLZaxaAdVciojXUaDkrURxGgaSN4PhzaTefORKizi6x1HCvZD2I9ETjKKxfPv4wa+QDoqQazKPvl1yys5UZBncHEqQq+bb351uzNKQR8gk1brtOgl6GVUomOTjYifVPKFsSPu8bTCiZpGXTU8YkzPjdEkvVuZFSKbu34mMhlqPwsB0hhQHerE2Mf+rtVPsXXmZiJIUecRmi3qpJBiTSR6kKxRnKEcGKFPC/JWwAVWUoUmtaEJwF09ehkal7Dpl9+6iVL3O4yjACZzCObhwCVW4hRrUgcETvMAbvFvP1qv1YX3OWlesfOYI5mR9/QIBSZXi</latexit><latexit sha1_base64="7TJufdQJ2kT/zATV/r9guzY2mq4=">AAACAnicbZC7SgNBFIbPeo3xtmolNoNBsAq7QdAyaGMZwVwwWZbZySQZMnth5qwQlmDjq9hYKGLrU9j5Nk6SLUziDwMf/zmHM+cPEik0Os6PtbK6tr6xWdgqbu/s7u3bB4cNHaeK8TqLZaxaAdVciojXUaDkrURxGgaSN4PhzaTefORKizi6x1HCvZD2I9ETjKKxfPv4wa+QDoqQazKPvl1yys5UZBncHEqQq+bb351uzNKQR8gk1brtOgl6GVUomOTjYifVPKFsSPu8bTCiZpGXTU8YkzPjdEkvVuZFSKbu34mMhlqPwsB0hhQHerE2Mf+rtVPsXXmZiJIUecRmi3qpJBiTSR6kKxRnKEcGKFPC/JWwAVWUoUmtaEJwF09ehkal7Dpl9+6iVL3O4yjACZzCObhwCVW4hRrUgcETvMAbvFvP1qv1YX3OWlesfOYI5mR9/QIBSZXi</latexit><latexit sha1_base64="7TJufdQJ2kT/zATV/r9guzY2mq4=">AAACAnicbZC7SgNBFIbPeo3xtmolNoNBsAq7QdAyaGMZwVwwWZbZySQZMnth5qwQlmDjq9hYKGLrU9j5Nk6SLUziDwMf/zmHM+cPEik0Os6PtbK6tr6xWdgqbu/s7u3bB4cNHaeK8TqLZaxaAdVciojXUaDkrURxGgaSN4PhzaTefORKizi6x1HCvZD2I9ETjKKxfPv4wa+QDoqQazKPvl1yys5UZBncHEqQq+bb351uzNKQR8gk1brtOgl6GVUomOTjYifVPKFsSPu8bTCiZpGXTU8YkzPjdEkvVuZFSKbu34mMhlqPwsB0hhQHerE2Mf+rtVPsXXmZiJIUecRmi3qpJBiTSR6kKxRnKEcGKFPC/JWwAVWUoUmtaEJwF09ehkal7Dpl9+6iVL3O4yjACZzCObhwCVW4hRrUgcETvMAbvFvP1qv1YX3OWlesfOYI5mR9/QIBSZXi</latexit><latexit sha1_base64="7TJufdQJ2kT/zATV/r9guzY2mq4=">AAACAnicbZC7SgNBFIbPeo3xtmolNoNBsAq7QdAyaGMZwVwwWZbZySQZMnth5qwQlmDjq9hYKGLrU9j5Nk6SLUziDwMf/zmHM+cPEik0Os6PtbK6tr6xWdgqbu/s7u3bB4cNHaeK8TqLZaxaAdVciojXUaDkrURxGgaSN4PhzaTefORKizi6x1HCvZD2I9ETjKKxfPv4wa+QDoqQazKPvl1yys5UZBncHEqQq+bb351uzNKQR8gk1brtOgl6GVUomOTjYifVPKFsSPu8bTCiZpGXTU8YkzPjdEkvVuZFSKbu34mMhlqPwsB0hhQHerE2Mf+rtVPsXXmZiJIUecRmi3qpJBiTSR6kKxRnKEcGKFPC/JWwAVWUoUmtaEJwF09ehkal7Dpl9+6iVL3O4yjACZzCObhwCVW4hRrUgcETvMAbvFvP1qv1YX3OWlesfOYI5mR9/QIBSZXi</latexit>

Z2 ⇥ Z2
<latexit sha1_base64="PUas6YGKcZfCHKf09Digm05qovc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCpJEXRZdOOygr1gG8JkOmmHTi7MnAi19EncuFDErY/izrdx0mahrT8MfPznHM6ZP0il0Og439ba+sbm1nZpp7y7t39QsQ+P2jrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E45u83nnkSoskvsdJyr2IDmMRCkbRWL5defDrpI8i4prk6NtVp+bMRVbBLaAKhZq+/dUfJCyLeIxMUq17rpOiN6UKBZN8Vu5nmqeUjemQ9wzG1GzypvPDZ+TMOAMSJsq8GMnc/T0xpZHWkygwnRHFkV6u5eZ/tV6G4ZU3FXGaIY/ZYlGYSYIJyVMgA6E4QzkxQJkS5lbCRlRRhiarsgnBXf7yKrTrNdepuXcX1cZ1EUcJTuAUzsGFS2jALTShBQwyeIZXeLOerBfr3fpYtK5Zxcwx/JH1+QPxFJH1</latexit><latexit sha1_base64="PUas6YGKcZfCHKf09Digm05qovc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCpJEXRZdOOygr1gG8JkOmmHTi7MnAi19EncuFDErY/izrdx0mahrT8MfPznHM6ZP0il0Og439ba+sbm1nZpp7y7t39QsQ+P2jrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E45u83nnkSoskvsdJyr2IDmMRCkbRWL5defDrpI8i4prk6NtVp+bMRVbBLaAKhZq+/dUfJCyLeIxMUq17rpOiN6UKBZN8Vu5nmqeUjemQ9wzG1GzypvPDZ+TMOAMSJsq8GMnc/T0xpZHWkygwnRHFkV6u5eZ/tV6G4ZU3FXGaIY/ZYlGYSYIJyVMgA6E4QzkxQJkS5lbCRlRRhiarsgnBXf7yKrTrNdepuXcX1cZ1EUcJTuAUzsGFS2jALTShBQwyeIZXeLOerBfr3fpYtK5Zxcwx/JH1+QPxFJH1</latexit><latexit sha1_base64="PUas6YGKcZfCHKf09Digm05qovc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCpJEXRZdOOygr1gG8JkOmmHTi7MnAi19EncuFDErY/izrdx0mahrT8MfPznHM6ZP0il0Og439ba+sbm1nZpp7y7t39QsQ+P2jrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E45u83nnkSoskvsdJyr2IDmMRCkbRWL5defDrpI8i4prk6NtVp+bMRVbBLaAKhZq+/dUfJCyLeIxMUq17rpOiN6UKBZN8Vu5nmqeUjemQ9wzG1GzypvPDZ+TMOAMSJsq8GMnc/T0xpZHWkygwnRHFkV6u5eZ/tV6G4ZU3FXGaIY/ZYlGYSYIJyVMgA6E4QzkxQJkS5lbCRlRRhiarsgnBXf7yKrTrNdepuXcX1cZ1EUcJTuAUzsGFS2jALTShBQwyeIZXeLOerBfr3fpYtK5Zxcwx/JH1+QPxFJH1</latexit><latexit sha1_base64="PUas6YGKcZfCHKf09Digm05qovc=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCpJEXRZdOOygr1gG8JkOmmHTi7MnAi19EncuFDErY/izrdx0mahrT8MfPznHM6ZP0il0Og439ba+sbm1nZpp7y7t39QsQ+P2jrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E45u83nnkSoskvsdJyr2IDmMRCkbRWL5defDrpI8i4prk6NtVp+bMRVbBLaAKhZq+/dUfJCyLeIxMUq17rpOiN6UKBZN8Vu5nmqeUjemQ9wzG1GzypvPDZ+TMOAMSJsq8GMnc/T0xpZHWkygwnRHFkV6u5eZ/tV6G4ZU3FXGaIY/ZYlGYSYIJyVMgA6E4QzkxQJkS5lbCRlRRhiarsgnBXf7yKrTrNdepuXcX1cZ1EUcJTuAUzsGFS2jALTShBQwyeIZXeLOerBfr3fpYtK5Zxcwx/JH1+QPxFJH1</latexit>

�1
<latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit><latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit><latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit><latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit>

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

Y
<latexit sha1_base64="T3f5yAtJWEWlpP50X1BS1VdMuC0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ie0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBtz2M3Q==</latexit><latexit sha1_base64="T3f5yAtJWEWlpP50X1BS1VdMuC0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ie0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBtz2M3Q==</latexit><latexit sha1_base64="T3f5yAtJWEWlpP50X1BS1VdMuC0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ie0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBtz2M3Q==</latexit><latexit sha1_base64="T3f5yAtJWEWlpP50X1BS1VdMuC0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ie0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBtz2M3Q==</latexit>

⌘X̄Y
<latexit sha1_base64="WngHUJEdC5UpDaeEEhZpRC1Px5g=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaWCbbSbt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB6BRcIkNw43AdqIQokBgKxhdT/3WIyrNY3lnxgn6EQwkDzkDY6WHLhqg3QBU1p7c01654lbdGegy8XJSITnqvfJXtx+zNEJpmACtO56bGD8DZTgTOCl1U40JsBEMsGOphAi1n82untATq/RpGCtb0tCZ+nsig0jrcRTYzgjMUC96U/E/r5Oa8NLPuExSg5LNF4WpoCam0whonytkRowtAaa4vZWyIShgxgZVsiF4iy8vk+ZZ1XOr3u15pXaVx1EkR+SYnBKPXJAauSF10iCMKPJMXsmb8+S8OO/Ox7y14OQzh+QPnM8f3vOSFg==</latexit><latexit sha1_base64="WngHUJEdC5UpDaeEEhZpRC1Px5g=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaWCbbSbt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB6BRcIkNw43AdqIQokBgKxhdT/3WIyrNY3lnxgn6EQwkDzkDY6WHLhqg3QBU1p7c01654lbdGegy8XJSITnqvfJXtx+zNEJpmACtO56bGD8DZTgTOCl1U40JsBEMsGOphAi1n82untATq/RpGCtb0tCZ+nsig0jrcRTYzgjMUC96U/E/r5Oa8NLPuExSg5LNF4WpoCam0whonytkRowtAaa4vZWyIShgxgZVsiF4iy8vk+ZZ1XOr3u15pXaVx1EkR+SYnBKPXJAauSF10iCMKPJMXsmb8+S8OO/Ox7y14OQzh+QPnM8f3vOSFg==</latexit><latexit sha1_base64="WngHUJEdC5UpDaeEEhZpRC1Px5g=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaWCbbSbt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB6BRcIkNw43AdqIQokBgKxhdT/3WIyrNY3lnxgn6EQwkDzkDY6WHLhqg3QBU1p7c01654lbdGegy8XJSITnqvfJXtx+zNEJpmACtO56bGD8DZTgTOCl1U40JsBEMsGOphAi1n82untATq/RpGCtb0tCZ+nsig0jrcRTYzgjMUC96U/E/r5Oa8NLPuExSg5LNF4WpoCam0whonytkRowtAaa4vZWyIShgxgZVsiF4iy8vk+ZZ1XOr3u15pXaVx1EkR+SYnBKPXJAauSF10iCMKPJMXsmb8+S8OO/Ox7y14OQzh+QPnM8f3vOSFg==</latexit><latexit sha1_base64="WngHUJEdC5UpDaeEEhZpRC1Px5g=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaWCbbSbt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB6BRcIkNw43AdqIQokBgKxhdT/3WIyrNY3lnxgn6EQwkDzkDY6WHLhqg3QBU1p7c01654lbdGegy8XJSITnqvfJXtx+zNEJpmACtO56bGD8DZTgTOCl1U40JsBEMsGOphAi1n82untATq/RpGCtb0tCZ+nsig0jrcRTYzgjMUC96U/E/r5Oa8NLPuExSg5LNF4WpoCam0whonytkRowtAaa4vZWyIShgxgZVsiF4iy8vk+ZZ1XOr3u15pXaVx1EkR+SYnBKPXJAauSF10iCMKPJMXsmb8+S8OO/Ox7y14OQzh+QPnM8f3vOSFg==</latexit>

X ! Y ⌘
<latexit sha1_base64="2qnGcd1+xUJ5Ww0QVV9+BhRmj/c=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUgSymR60w6dTMLMjVBKP8ONC0Xc+jXu/BunbRbaemDgcM69zD0nyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE41uZ37nCbQRqXrAcQZhwgZKxIIztJLfDTCljzQAZL1qza27c9BV4hWkRgo0e9WvoJ/yPAGFXDJjfM/NMJwwjYJLmFaC3EDG+IgNwLdUsQRMOJmfPKVnVunTONX2KaRz9ffGhCXGjJPITiYMh2bZm4n/eX6O8XU4ESrLERRffBTnktqcs/y0LzRwlGNLGNfC3kr5kGnG0bZUsSV4y5FXSfui7rl17/6y1rgp6iiTE3JKzolHrkiD3JEmaRFOUvJMXsmbg86L8+58LEZLTrFzTP7A+fwBbMCQrg==</latexit><latexit sha1_base64="2qnGcd1+xUJ5Ww0QVV9+BhRmj/c=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUgSymR60w6dTMLMjVBKP8ONC0Xc+jXu/BunbRbaemDgcM69zD0nyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE41uZ37nCbQRqXrAcQZhwgZKxIIztJLfDTCljzQAZL1qza27c9BV4hWkRgo0e9WvoJ/yPAGFXDJjfM/NMJwwjYJLmFaC3EDG+IgNwLdUsQRMOJmfPKVnVunTONX2KaRz9ffGhCXGjJPITiYMh2bZm4n/eX6O8XU4ESrLERRffBTnktqcs/y0LzRwlGNLGNfC3kr5kGnG0bZUsSV4y5FXSfui7rl17/6y1rgp6iiTE3JKzolHrkiD3JEmaRFOUvJMXsmbg86L8+58LEZLTrFzTP7A+fwBbMCQrg==</latexit><latexit sha1_base64="2qnGcd1+xUJ5Ww0QVV9+BhRmj/c=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUgSymR60w6dTMLMjVBKP8ONC0Xc+jXu/BunbRbaemDgcM69zD0nyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE41uZ37nCbQRqXrAcQZhwgZKxIIztJLfDTCljzQAZL1qza27c9BV4hWkRgo0e9WvoJ/yPAGFXDJjfM/NMJwwjYJLmFaC3EDG+IgNwLdUsQRMOJmfPKVnVunTONX2KaRz9ffGhCXGjJPITiYMh2bZm4n/eX6O8XU4ESrLERRffBTnktqcs/y0LzRwlGNLGNfC3kr5kGnG0bZUsSV4y5FXSfui7rl17/6y1rgp6iiTE3JKzolHrkiD3JEmaRFOUvJMXsmbg86L8+58LEZLTrFzTP7A+fwBbMCQrg==</latexit><latexit sha1_base64="2qnGcd1+xUJ5Ww0QVV9+BhRmj/c=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl047KCfUgSymR60w6dTMLMjVBKP8ONC0Xc+jXu/BunbRbaemDgcM69zD0nyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE41uZ37nCbQRqXrAcQZhwgZKxIIztJLfDTCljzQAZL1qza27c9BV4hWkRgo0e9WvoJ/yPAGFXDJjfM/NMJwwjYJLmFaC3EDG+IgNwLdUsQRMOJmfPKVnVunTONX2KaRz9ffGhCXGjJPITiYMh2bZm4n/eX6O8XU4ESrLERRffBTnktqcs/y0LzRwlGNLGNfC3kr5kGnG0bZUsSV4y5FXSfui7rl17/6y1rgp6iiTE3JKzolHrkiD3JEmaRFOUvJMXsmbg86L8+58LEZLTrFzTP7A+fwBbMCQrg==</latexit>

�1 ⌧ �3
<latexit sha1_base64="6FBsueHZsKq5QEwLI+ViNA4oUgM=">AAACAHicbVBPS8MwHP11/pv1X9WDBy/BIXgarQp6HHrxOMHNwVpKmqZbWJqWJBXG2MWv4sWDIl79GN78NmZbBd18EHh57/1Ifi/KOVPadb+sytLyyupadd3e2Nza3nF299oqKyShLZLxTHYirChngrY005x2cklxGnF6Hw2uJ/79A5WKZeJOD3MapLgnWMII1kYKnQPb5yYd49DzOUc/l7PQqbl1dwq0SLyS1KBEM3Q+/TgjRUqFJhwr1fXcXAcjLDUjnI5tv1A0x2SAe7RrqMApVcFousAYHRslRkkmzREaTdXfEyOcKjVMI5NMse6reW8i/ud1C51cBiMm8kJTQWYPJQVHOkOTNlDMJCWaDw3BRDLzV0T6WGKiTWe2KcGbX3mRtE/rnlv3bs9rjauyjiocwhGcgAcX0IAbaEILCIzhCV7g1Xq0nq03630WrVjlzD78gfXxDUR1lYs=</latexit><latexit sha1_base64="6FBsueHZsKq5QEwLI+ViNA4oUgM=">AAACAHicbVBPS8MwHP11/pv1X9WDBy/BIXgarQp6HHrxOMHNwVpKmqZbWJqWJBXG2MWv4sWDIl79GN78NmZbBd18EHh57/1Ifi/KOVPadb+sytLyyupadd3e2Nza3nF299oqKyShLZLxTHYirChngrY005x2cklxGnF6Hw2uJ/79A5WKZeJOD3MapLgnWMII1kYKnQPb5yYd49DzOUc/l7PQqbl1dwq0SLyS1KBEM3Q+/TgjRUqFJhwr1fXcXAcjLDUjnI5tv1A0x2SAe7RrqMApVcFousAYHRslRkkmzREaTdXfEyOcKjVMI5NMse6reW8i/ud1C51cBiMm8kJTQWYPJQVHOkOTNlDMJCWaDw3BRDLzV0T6WGKiTWe2KcGbX3mRtE/rnlv3bs9rjauyjiocwhGcgAcX0IAbaEILCIzhCV7g1Xq0nq03630WrVjlzD78gfXxDUR1lYs=</latexit><latexit sha1_base64="6FBsueHZsKq5QEwLI+ViNA4oUgM=">AAACAHicbVBPS8MwHP11/pv1X9WDBy/BIXgarQp6HHrxOMHNwVpKmqZbWJqWJBXG2MWv4sWDIl79GN78NmZbBd18EHh57/1Ifi/KOVPadb+sytLyyupadd3e2Nza3nF299oqKyShLZLxTHYirChngrY005x2cklxGnF6Hw2uJ/79A5WKZeJOD3MapLgnWMII1kYKnQPb5yYd49DzOUc/l7PQqbl1dwq0SLyS1KBEM3Q+/TgjRUqFJhwr1fXcXAcjLDUjnI5tv1A0x2SAe7RrqMApVcFousAYHRslRkkmzREaTdXfEyOcKjVMI5NMse6reW8i/ud1C51cBiMm8kJTQWYPJQVHOkOTNlDMJCWaDw3BRDLzV0T6WGKiTWe2KcGbX3mRtE/rnlv3bs9rjauyjiocwhGcgAcX0IAbaEILCIzhCV7g1Xq0nq03630WrVjlzD78gfXxDUR1lYs=</latexit><latexit sha1_base64="6FBsueHZsKq5QEwLI+ViNA4oUgM=">AAACAHicbVBPS8MwHP11/pv1X9WDBy/BIXgarQp6HHrxOMHNwVpKmqZbWJqWJBXG2MWv4sWDIl79GN78NmZbBd18EHh57/1Ifi/KOVPadb+sytLyyupadd3e2Nza3nF299oqKyShLZLxTHYirChngrY005x2cklxGnF6Hw2uJ/79A5WKZeJOD3MapLgnWMII1kYKnQPb5yYd49DzOUc/l7PQqbl1dwq0SLyS1KBEM3Q+/TgjRUqFJhwr1fXcXAcjLDUjnI5tv1A0x2SAe7RrqMApVcFousAYHRslRkkmzREaTdXfEyOcKjVMI5NMse6reW8i/ud1C51cBiMm8kJTQWYPJQVHOkOTNlDMJCWaDw3BRDLzV0T6WGKiTWe2KcGbX3mRtE/rnlv3bs9rjauyjiocwhGcgAcX0IAbaEILCIzhCV7g1Xq0nq03630WrVjlzD78gfXxDUR1lYs=</latexit>
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Connection	to	DM
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Connection	to	DM

�1 ⌧ �3
<latexit sha1_base64="6FBsueHZsKq5QEwLI+ViNA4oUgM=">AAACAHicbVBPS8MwHP11/pv1X9WDBy/BIXgarQp6HHrxOMHNwVpKmqZbWJqWJBXG2MWv4sWDIl79GN78NmZbBd18EHh57/1Ifi/KOVPadb+sytLyyupadd3e2Nza3nF299oqKyShLZLxTHYirChngrY005x2cklxGnF6Hw2uJ/79A5WKZeJOD3MapLgnWMII1kYKnQPb5yYd49DzOUc/l7PQqbl1dwq0SLyS1KBEM3Q+/TgjRUqFJhwr1fXcXAcjLDUjnI5tv1A0x2SAe7RrqMApVcFousAYHRslRkkmzREaTdXfEyOcKjVMI5NMse6reW8i/ud1C51cBiMm8kJTQWYPJQVHOkOTNlDMJCWaDw3BRDLzV0T6WGKiTWe2KcGbX3mRtE/rnlv3bs9rjauyjiocwhGcgAcX0IAbaEILCIzhCV7g1Xq0nq03630WrVjlzD78gfXxDUR1lYs=</latexit><latexit sha1_base64="6FBsueHZsKq5QEwLI+ViNA4oUgM=">AAACAHicbVBPS8MwHP11/pv1X9WDBy/BIXgarQp6HHrxOMHNwVpKmqZbWJqWJBXG2MWv4sWDIl79GN78NmZbBd18EHh57/1Ifi/KOVPadb+sytLyyupadd3e2Nza3nF299oqKyShLZLxTHYirChngrY005x2cklxGnF6Hw2uJ/79A5WKZeJOD3MapLgnWMII1kYKnQPb5yYd49DzOUc/l7PQqbl1dwq0SLyS1KBEM3Q+/TgjRUqFJhwr1fXcXAcjLDUjnI5tv1A0x2SAe7RrqMApVcFousAYHRslRkkmzREaTdXfEyOcKjVMI5NMse6reW8i/ud1C51cBiMm8kJTQWYPJQVHOkOTNlDMJCWaDw3BRDLzV0T6WGKiTWe2KcGbX3mRtE/rnlv3bs9rjauyjiocwhGcgAcX0IAbaEILCIzhCV7g1Xq0nq03630WrVjlzD78gfXxDUR1lYs=</latexit><latexit sha1_base64="6FBsueHZsKq5QEwLI+ViNA4oUgM=">AAACAHicbVBPS8MwHP11/pv1X9WDBy/BIXgarQp6HHrxOMHNwVpKmqZbWJqWJBXG2MWv4sWDIl79GN78NmZbBd18EHh57/1Ifi/KOVPadb+sytLyyupadd3e2Nza3nF299oqKyShLZLxTHYirChngrY005x2cklxGnF6Hw2uJ/79A5WKZeJOD3MapLgnWMII1kYKnQPb5yYd49DzOUc/l7PQqbl1dwq0SLyS1KBEM3Q+/TgjRUqFJhwr1fXcXAcjLDUjnI5tv1A0x2SAe7RrqMApVcFousAYHRslRkkmzREaTdXfEyOcKjVMI5NMse6reW8i/ud1C51cBiMm8kJTQWYPJQVHOkOTNlDMJCWaDw3BRDLzV0T6WGKiTWe2KcGbX3mRtE/rnlv3bs9rjauyjiocwhGcgAcX0IAbaEILCIzhCV7g1Xq0nq03630WrVjlzD78gfXxDUR1lYs=</latexit><latexit sha1_base64="6FBsueHZsKq5QEwLI+ViNA4oUgM=">AAACAHicbVBPS8MwHP11/pv1X9WDBy/BIXgarQp6HHrxOMHNwVpKmqZbWJqWJBXG2MWv4sWDIl79GN78NmZbBd18EHh57/1Ifi/KOVPadb+sytLyyupadd3e2Nza3nF299oqKyShLZLxTHYirChngrY005x2cklxGnF6Hw2uJ/79A5WKZeJOD3MapLgnWMII1kYKnQPb5yYd49DzOUc/l7PQqbl1dwq0SLyS1KBEM3Q+/TgjRUqFJhwr1fXcXAcjLDUjnI5tv1A0x2SAe7RrqMApVcFousAYHRslRkkmzREaTdXfEyOcKjVMI5NMse6reW8i/ud1C51cBiMm8kJTQWYPJQVHOkOTNlDMJCWaDw3BRDLzV0T6WGKiTWe2KcGbX3mRtE/rnlv3bs9rjauyjiocwhGcgAcX0IAbaEILCIzhCV7g1Xq0nq03630WrVjlzD78gfXxDUR1lYs=</latexit>
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Conclusion

• FASER𝜈 ,	with	its	superb	abilities	to	reconstruct	tracks,	is	ideal	to	
study	new	long-lived GeV-scale feebly	interacting	particles	that	go	
through	chain decays.

• Intriguing	possibility	for	exploring	GeV scale	dark	matter	
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Eta	decay	
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