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Electroweak symmetry breaking

SU(Q)L X U(l)y — U(l)@
condensate: vacuum not invariant

mechanism-dhaihrewn—

weak coupling

Higgs
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Higgs
elementary scalar field

Divergent

cutoff A
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Supersymmetry

Bosons €3 Fermions

Higes A — INl Higgsino
gluon g — § gluino
selectron @ e e electron
stop f e { top
\ etc...
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quadratic divergences cancelled
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Other successes of (weak-scale)
supersymmetry

Dark matter candidate
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HST - WFPC2

Gravitational Lens in Abell 2218

PF#5-14 - ST Sci OPO - April 5, 1995 - W, Couch (UNSW), NASA
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~ =~ | (auge couplings unification

104 108 1012 1016 1020
s Q (GeV) 830345
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I I S S I I (minimal supersymmetry standard model
super

Field content Q,U°, D", L,E° H,,Hy
W', Wy, Wy
Superpotential
W =X, QU“H, + \yQD“H; + \.LE“H,; + i, H g
not included

Wpr=XN'D°DU*+ NQDL + ANLLE® + yyH,L

Forbidden by R-parity  Sgi iy
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Supersymmetry breaking

Black box

mediation

—

~ Standard
W Model +
\. superpartners

Superpartners must be heavier than SM particles

Breaking must be soft: no quadratic divergences to
the Higgs mass
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Loote = Y Mo 9" + MadaAa + Buhohg + trilinear
P

soft scalar Major;na\

masses gaugino
masses

break any U(1)z

Many new parameters....but many constraints

small FCNC = 7% must be close to diagonal
Superpartners not seen = 77777

Simplifying assumption at high scale:

m®@ =mY =mP =ml =m? = m« = mte = m,

My = My = Mz = M /9
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Soft masses run

d

— M, = ba 2 M,

dt 352 7
d 6
. 3X; —6 — —gi M7
dth’“ 1672 <<, + — 692 M 571 )

—

X = 2yt m%{ + mQ3 + mu3 + 2A7

d 2 1 32 2 2 2 2 2 2
“m2 = X M2 — 6¢2 M: M
dt s 167r2( t = g3 T P92 15711
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Phenomenology

Superpartners pair produced

Lightest superpartner(LSP) is
stable and escape detection

quark quark
quark AN gluino | gluino / quark
W - ;(q;arK sque\ar; -
chargino chargino

LSP

LSP
T missing energy —
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a—a production, '5% ’[f%?, \s =8 TeV Status: Moriond QCD 2013
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MSUGRA/CMSSM : 0 lep +'s + E 7 piee
MSUGRA/CMSSM : 1 lep +'s + E 7 e

) Pheno model : 0 lep +j's + E s
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& Gluino med. %" (G—aTx") : 1lep +j's + E,
& GMSB (INLSP) : 2 lep (OS) +j's + Eq..,
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GGM (higgsino NLSP) : Z + jets + Eme
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3rd gen. squarks
direct production

T,miss
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e IV(| } 2| ETmlss

B XX, X —N(V):2lep +E,
E 9 ’):ZJ"):Z X —>17v(17v) 21T+ mfss
E +0 ~ mISS
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Stable § g, R hadrons Iow B, |3y
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B|I|near RPV CMSSM 1lep+7j's+Eq e
X1Xu~1 W% X —eev e;we 4lep+ E
X1X1 X, rw ew :3lep+1t+ ETmlss

g — qqq 3-Jet resonance pair

T,miss

RPV
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WIMP interaction (D5, Dirac X) 'monojet’ + E
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ATLAS SUSY Searches* -

95% CL Lower Limits (Status: March 26, 2013)

L=20.7 fb™, 8 TeV [1210.1314]

L=20.7 fb”, 8 TeV [ATLAS-CONF-2013-007]

L=20.7 fb”, 8 TeV [ATLAS-CONF-2013-007]

L=20.7 fb', 8 TeV [ATLAS-CONF-2013-037]
L=13.0 fb", 8 TeV [ATLAS-CONF-2012-167]
L=20.7 fb', 8 TeV [ATLAS-CONF-2013-037]
L=20.5 fb", 8 TeV [ATLAS-CONF-2013-024]
L=20.7 fb”, 8 TeV [ATLAS-CONF-2013-025]
L=20.7 fb', 8 TeV [ATLAS-CONF-2013-025]

L=4.7 fb™, 7 TeV [1208.2884]
L=4.7 b, 7 TeV [1208.2884]

L=20.7 fb™, 8 TeV [ATLAS-CONF-2013-028]
L=20.7 fb”, 8 TeV [ATLAS-CONF-2013-035]
L=20.7 fb”, 8 TeV [ATLAS-CONF-2013-035]
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L=4.6 fb™", 7 TeV [1210.4826]
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(m(fc) m(i
4l <r(§( ) <10 ns)

m()'( ) 0, sleptons decoupled)
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5< tanﬁ < 20)

(04<1(§( )<2 ns)
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eV T mass
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(1 mm < ct<1m,g decoupled)
v, mass

760 GeV X mass (m()Z ) >300 GeV, L, >0)

350 GeV X mass (m(;"( ) >80 GeV,h, > 0)
g mass
880GeV. g Mass (any m(M)

(incl. limit from 1110.2693)
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-~ 311 132
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8 TeV, all 2012 data

10" 1

*Only a selection of the available mass limits on new states or phenomena shown.
All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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ATLAS (Dec. 12)

A. Strumia ’11
1101.295v3
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The Higgs is a superpartner

Qa UC? DC7 L7 EC) Hu; Hd

Mass

Higgs mass

Higgs

superpartners

superpartners
% PETP l,l/ can be used to lower
~

Friday, May 3, 13




Getting away from the MSSM

more minimal SUSY

Stealth

RPV

Degenerate




Dirac gauginos

In the MSSM gauginos are Majorana

M AN
Fx 6°
W@Wawa

Can be Dirac if new superfields are added

W W Wil @1, 09, 03 =9 supersymmetry

\ / extra-dimension

Mp AWV




Supersoft SUSY breaking .. neison weiner ‘02

D-term breaking
/ Py

Dirac gauginos do not feed into scalar masses
through renormalization

. o 2 2
2 C; (r) ayms log ( ) )
T m?

Friday, May 3, 13



They can be naturally heavier than scalars

LHC will have a harder time seeing the

glUan... M. Heikinheimo, M. Kellerstein,V. Sanz ’12
Kribs, Martin ’|2

...and squarks
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G. Kribs, A. Martin, 2012
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Squark production

o(qq
M; =2 TeV

Majorana Gluino

Dirac Gluino

500 600 700 800 900 1000 1100 1200

Frugiuele, T.G., Kumar, Ponton
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R-symmetry

With Dirac gaugino: possible to impose an U(|)
R-symmetry

Mp AWV

* Bounds from FCNC are weaker: off diagonal 1;;

R[Q,U¢, D¢, L,E°| = 1 R[H,, Hy| =0




e.g.: quarks have lepton number 0

Gherghetta,Pomarol 03
T1.G., Frugiuele ’ | |

U(1)r can be identified with lepton number

squarks have lepton number |

e Superpartners have different lepton numbers

UC

L

-ZDIC

0

11,

Ry

by

EC
2

0

2
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W=QH,U"+ QLD + LLEC + uH, R4

\/ lepton masses T

quark masses Hicosi
iggsino mass

Respect R-symmetry -} Respect lepton humber

sneutrino can get a vev without
breaking lepton number

QLD == b6+ bbv - = v.bb" +




Missing lepton mass

LLE"

anti-symmetric in lepton flavour

one of the flavour doesn’t get a mass

Add a SUSY breaking term

6% F
> T F
d49X Hulabiy Ya = 775
M? M
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Constraints
Deviation to Z- coupling

mixing of neutrino and lepton with gaugino

b
A § (11 Dul) (Fyad)
______ SN VE
l [
Moy
<
va 60Gev1.5T6V
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New couplings

lead to deviations of EWPO

> o < Standard in
\ RPV

tau Yukawa

vy > 8GeV (?)OOGGV)
ms

tan(f8) < 22

Y
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Neutrino masses

Breaking of U(1)-R by gravitino mass

m3/2¢%¢g

Anomaly

4

Will generate neutrino mass somehow
Gravity

low mediation scale

m3/2 5 100MeV
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Frugiuele,Gregoire,Kumar,Ponton. 1210.5257

Phenomenology

Large gluino Dirac mass

smaller cross-section for gluino and
squark
Conventional R-parity breaking

Superpartners unstable

Single production of slepton possible.

Squark are lepto-quark.
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Squark decay

________ conventional...
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tan 8
8.64 5.71 423 333

Neutralino LSP Scenario

Ve [GeV]
tan B
174 11.6 8.64 5.71 423 3.33
1 [T T T T T T
- Wej
0.1 \ -
+A -
O —
]
& 001} .
an)
hv,
0.001 } i
Neutralino LSP Scenario
10 15 20 30 40 50
Ve [GeV]
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Bounds from many searches

A

jets + missing energy | mg < 690GeV

QA

jets + Z + missing energy

multileptons
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Lepto-quark decay modes

Arise from:

Ay QDL = trbet + -

Larger for third generation

tan 8
174 11.6 8.64 5.71 4.23 3.33
100 T T T T T g

-7~ ~0+ \
050F frL—> Xt -

;L — TZbR

O0LF . =500 Gev
10 15 20 30 0 50
Ve [GeV]
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800

700

400

300

Lepto-quark bounds

tan
174 11.6 8.64 5.71 423 3.33
1.00 : . ; :
| | | | | I ER - (Ve + VT)bL
Based on CMS LQ searches ] 0.50 .
020} -
by = (Ve+ V)bg
§ 0.10+ -
eejj (4.95 fb1) =
i 77bb (4.8 fb° 1) ) M 005F _ .
'L —> TZ D
002} 3
ir > e by
' » ; 001} ]
vvbb (1.8 fb™)
mrq = 400 GeV
0.15 0.0 0.30 050  0.70 1.00 10 05 20 30 20 30
BR(LQ) Ve [GeV]
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tan S tan 8
17.4 11.6 8.64 571 423 333 174 116 8 64 571 423 333
1000 = - o . . ! ! ' T T ~ T T T T
0.500F br— Xt i 1+ br = (ve + v)by -
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0.100F—_ :
~ — = 001
S 0.050F by — (v, + V)b . S
% % 0001} :
0010F s
0.005 500 GeV 107 0+ |
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bL 4 X1+bR 1075¢ K B \:
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sbottom decay

by — tO'~

e

Conventional sbottom searches apply

br — tO'~

T
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1000 —————y
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800 -
— 600} 15t & 2™ Generation -
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= 400
200

0
100 150 200 250 300
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Electroweak Symmetry
Breaking

EWSB is govern by the following terms in the potential:

masses: (M? + u?) |H,|” + M, \ﬁ|2 + B, H, v

from adjoint chiral superfield
2
Dl

2

: X 2
quartic: % [(\Hu\Q _ ‘5‘2) n \@MQTS} |

T

required for
‘supersoftness’




Integrating out adjoint scalar:

No tree level quartic - light Higgs!!
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Add to the superpotential:

W =ASH Rqg+ AMT'H,, Ry
Add to the SUSY breaking:
tsS + bsS% + bpTT® + my |T|* + mg |S|°
map = M + 4M; + by # 4M;

Cancellation of the quartic term is not
exact anymore
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New quartic terms from As r:

N |Hy|” [Ral

Do not help because they involve the
inert doublet

However they generate new
loop contributions
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0

dominant radiative correction to quartic:

B 4 my RS R m% - 4
V=162 17108 (v_2> " Ton2 Yt 108 (T? .|

dominant radiative correction to mass:

3
1672

oms; = Arm7 + 2y;m?] log A°
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tan(B) = 10 My = 500GeV p = 200GeV mp = 1TeV mg = 500GeV

200¢

|-loop

150+

tree level
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120~

MSSM (without stop mixing)

100~
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80+
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S 500

1000
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2000
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3000
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Conclusions

® | HC is on the hunt for SUSY
® NoO sighting yet

® Unconventional models might be the way to
save the idea

® A combination of heavy gauginos and R-parity
violation might help.

Very exciting times
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