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| HC Targets

e In 1977, B. Lee, C. Quigg and H.B.
Thacker estimated the upper bound of
Higgs mass.

Mg < (87“/5)5 ~ 1 TeV

* Supersymmetry models. S_srprimer
my; ~ m® 4+ 5 A

2 4 6 8 10 12 14 16 18
Log, ,(Q/GeV)

Gauge unification with SUSY~TeV



* Question for the (Future) Collider experiments:

Can LHC (FC) reach the relevant Energy scale
for BSM discovery 7

e Question for theorists:

Can we estimate the Energy scale of BSM ?



| HC Run 1 situation

%, production 6 production; §— q q 7

1 T |

CMS Preliminary """ %% = HiW %) === Observed limit (=10},,5)
Pt 7 |\ 7 B : = === Expected limit (+10,,)

\S = 8 TeV T 1

ICHEP 2014 % % (L BF(IT)=05) Observed limit (4.7 o, 7 Te
3 (1., BF(I'1)=1) " : Expected limit (4.7 o™, 7 TeV)

LSP mass [GeV]
~
o
o

— SUS-13-006 19.5 fb™
SUS-14-002 19.5 fb™
500

— Observed

= = = Expected

500 600 700 800 800 1200 1400
my [GeV]

neutralino mass = chargino mass [GeV]




| HC pushes Iimits...
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~ O(1) TeV SUSY [BSM] models are ruled out completely”?

 |LHC is approaching to its available energy limit !



| HC pushes Iimits...
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* Analyses become less sensitive In
"degenerated” spectra.



Degenerated Spectrum

X'ij production
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Minimal SUSY

 With a Higgs, the most important particles in
Supersymmetric models,

Z')?T production
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Dark matter within LHC reach
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Degenerated Spectrum

x-ij production
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* Eventually (some) part of

degenerated spectrum will be
covered with increases in beam

e luminosity ...
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Degenerated Spectrum

X'ij production
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* Current searching method is
Tagging “Initial State Radiation (ISR
o Jets” + Missing Energy
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Tagging ISR jets + M
| A
- signals from SUSY decay become soft
- PT of ISR gets harder with the mass scale of SUSY
- Major BKG will be Z(to neutrinos)+jets

- Possibility to discriminate
SR jet (initially gluon) v. s. quark jets (in Z+jets)




e Tagging ISR over Standard Model backgrounds. 12
(gvs.q)

O
000000

a2 quark jets

gluon jets

g-initiated jet Is "wider” compared to g-initiated jet

But Tagging ISR is NOT ENOUGH!
(Those analyses neglects the SUSY part!)



 Need to tag “Signals” from SUSY decay

to understand properties of SUSY particles
(masses, spin and coupling structure)

13



* Tagging Soft jets coming from

SUSY decay processes

based on Chengcheng Han, MP, arXiv1507.07729

14



15

Fat Jel preeee
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The peak of an 3-body invariant mass;
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What will be the size of Fat Jet (FJ) ?

N

M2 ~ PT(q)PT(q/)ARZ — Z(]_ — Z)P2 ARQ

qq" — T(FJ)



seenes A M= 40

wens A m= 100
—Am=40(pT>4O)
= A m= 100 (p_ > 100)

I: a-t J e-t Chengcheng Han, MP 2015
I/
/ /X
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I \/z(l—z) Prrg) V2 Am
o Capturing soft jets with a “Fat” jet
- Contamination from soft QCD activities
- Need to distinguish signal fat-jet from QCD fat-jet

10



« Contamination from soft QCD activities 17
can be removed by jet-grooming
(Mass Drop Tagger)

QCDjets < M3 >npo~C (5‘%) Qg (7‘]) P3R? ~ (0. 2P R)’

< Mj; >~ 30GeV withP; = 100 GeV

A cartoon to describe Mass Drop Tagger

Chengcheng Han, MP 2015

— Signal jet

Initial jet m) M < pgae and Y > Yeur

(a) The mass-drop and symmetric splitting criteria.
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Chengcheng Han, MP 2015

Selecting out QCD et
by requiring a signal jet to satisty

Symmetric condition
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| vV B

— Signal jet
by J. Butterworth et.al. hep-ph/0802.2470

0 25 50 75 100 125 150 175 200
Jet mass (GeV)




Jet substructure

* MDT helps to reconstruct Jet-mass.
But, QCD always wins with cross-sections...

e Need to have another handle

2
= Pj‘fé2 ~ 2(1 — z)% ~ 0.2 for signal fat-jet

T X O(p—y.)In o +O(y. —p)In -

1 _ 3
4

cuts Signal | Z + j

m¢ %9 = 600 Etag 6fake

10 < mry < 40 0.75 | 0.55
Am = 40 ||Additional p > 0.1 cut| 0.40 | 0.18

Arb.Units

40 < mry < 100 0.62 | 0.22
Am = 100 || Additional p > 0.1 cut| 0.42 | 0.12
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Enhance Sensitivity

* Apply our method as prescreening on top of existing ATLAS analysis.

,‘ (1) Find all the jets after C/A algorithm pr > Am
& denoted by 71, J2...7n. Each jet the pass MDT and

calculate the p;;,.

(2) Choose the jet who has the largest p, take this jet

as the signal jet.
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It there are leptons (lepton= muon)
that's the best signal@HC

e Soft muons from SUSY decay,

based on Chengcheng Han, Shoaib Munir, Doyoun Kim, MP
JHEP1504(2015)132
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—Nnhance sensitivity

Unit normalized distribution
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ARup
MP , PARC@APCTP, JHEP 2015 MP PARC@APCTP. JHEP 2015

* Non-boosted “Light Object” inside a small cone

 We tag a “oftshell Z boson™ over Backgrounds.



* Based on the our previous discovery of the Higgs boson, we may think
that will be one of the most important particle-contents in the

Supersymmetric models , 5 ) 5
M2 o My —mi, tan B
2 - tan?8—1
.~ Am
Mg+ =My = =

Study point {3, 4, 5} GeV mass gaps.



. | 23
Some detailed information on our analysis

Leading jet pT > 200 GeV

o With HL LHC (3000 Inverse tb),
we will have O(100) events.

Leading order o [fb]

* Major Standard model backgrounds,

o V 4+ ~*+ jets: A large Fr results from the W — fv decay or the Z — vv decay
and the two collinear muons originate from the virtual photon, 7v*. To reduce this
background, we require m,; > 1.0 GeV and AR,; > 0.1.

e 7T + jets: Each tau decays into a muon and a pair of neutrinos. Due to the large boost
in the leading jet, these muons become highly collimated. The neutrinos produced

o Vbb+ jets and Zb + jets: This background mimics our signal when the b-quarks de-

cay into pairs of muons via double semileptonic decays. However, it is suppressed by 2 x 10~°




* Basic kinematic cuts to reduce Backgrounds

Signal (BP2)

Er
PT (,U/col )

120 140 160 180 200
MT [GGV]

MP , PARC@APCTP, JHEP 2015

Using a ratio of MET over PT(muon-|
This represents a momentum flow o

24

jet).

- signals

The endpoint behavior of (transvers

invisible particles.
For signals n=2, while BKG n=1.

where most of energy goes into MET.

e) mass

variables are sensitive to the number of



With a Hope!

For HL LHC (3000 inverse ftb) of 14TeV collision,

" Cus [ W'y | 2y | jrr | Toul BKG | BP1 | BP2 | BPS
Monoder | 8057 | 88 |6674| 250 | 0052|0072 | 0056
Basic p | 0755 | 105 |0314| 21 | 0041|0042 | 0028
Dol Er) | 0255 | 0320 | 0.035 | 065 | 0028 | 0030 0020

_ 0.118 |0.024 | 0.248 || 0.017 | 0.023 | 0.015
it oo Lot aor [ oo tors fovs [ovio
_

S/B - 0.14 | 017 | 0.11 |

 SVB@ | ea 20 1s

 We have a sensitivity to probe these non-trivial area.

* Please remember that cuts are not “very” optimized :)
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Difficulties. ..

* We illustrated how the LHC searches can get

INn the degenerated spectrum.
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Difficulties...

* We illustrated how the LHC searches can get

sensitivities in the degenerated spectrum.
[ at the level of “theorists’ analysis” ]

—=a— Before Splitting/Filtering ATLAS

—=— After Splitting/Filtering ~ Data 2011

i Data 2011
C/A LCW jets with R=1.2 C/A LCW jets with R=1.2
—a— Adter Splitting Only . 200 = p*" <300 GeV, i <0.8

— 2501600 < p** <800 GeV, i < 0.8
No jet grooming
l"'fr'ac=0'67

rac=0'33
frac=0.20
e ®

det:Hb",E:?TeV fl_dt=1fb", {s=7Tev

Cambridge-Aachen R=1.2 jets i No jet grooming
Split/Filtered with qu >03
p,> 300 GeV, lyl <2

dm
———=0.1£ 0.2 GeV
dNPV

0O 2 4 6 8 10 12 14 4 6
Reconstructed vertex multiplicity (va)

8 10 12 14
Reconstructed vertex multiplicity (NPV)

PT > O(50) GeV will be safe..but need to be confirmed experimentally.

2/
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Situation will get worse @ HL LHC
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summary

* Using a Fat-jet In degenerated spectrum got motivation from
1. Tagging a dark photon
2. Tagging particles from Boosted object

AK\5 (deltaR<=0.5) for semi-leptonic ttbar ~~ " Expected (95% CL) A R O<

—— Observed (95% CL) P : Z
/ t — - Z'1.2% width

D +10 Expected

|:| +20 Expected W

x B(Z' — tf) [pb]

N
c
o
=
E
o
)
a
a
-

Top-quark jet tagging

* Need to invest on O(50) - O(100) GeV PT jets



Capturing soft signatures at colliders are another
venue for searches of a new physics

There have been developments in jet substructures
for boosted objects.

We can also adapt similar concept for
the degenerated spectra.

Tagging Soft particles with Fat jet provides a way to
add more sophisticated analyses & measure
oroperties of BSM particles |
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