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Overview

* Introduction

* Status of 8 TeV data analysis Talk by Antoine Marzin

— gluino & 15t/2"d generation squarks

— 3rd generation (top & bottom) squarks

— electroweak SUSY (chargino, neutralinos, sleptons)
— R-Parity Violating & Gauge Mediated scenarios

e Qutlook

— other possible searches with 8 TeV data
— looking forward to ~14 TeV



Introduction



Supersymmetry (SUSY)

quarks Higgs bosons squarks higgsinos

leptons gauge bosons sleptons gauginos

D. Coté - SUSY Searches in ATLAS & CMS



Why Searching for SUSY?

e Can explain WIMP Dark Matter

— stable neutralino from R-Parity Conservation
* E;Mss signature at LHC

rotational velocity i R ; : dq
o (km/s) : :
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Why Searching for SUSY?

* Fundamental symmetry of space-time

— super string theories (gravity)

* Gauge-Coupling Unification

Inverse Gauge Coupling Strength

SM MSSM

60
1 50t
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1 20r
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Log(Energy in GeV)

Gauge Coupli_ng running at two loops
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Why Searching for SUSY?

* Naturalness
— solution to hierarchy problem
— new physics accessible at LHC
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Natural SUSY

For less than 10% fine-tuning...

H
L <« x »
Tree-level: Higgsino <~250 GeV H. Ha
REA
I |
One loop: stop < ~600 GeV Y ML

Two loops: gluino < ~1.4 TeV N

*Dimopoulos & Giudice (1995)
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Brief history of SUSY searches
in ATLAS & CMS R

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

- “w

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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The very first SUSY result! (2010)
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MET + jets + O lepton (1 fb!)

MSUGRA/CMSSM: tanp = 10, A0= 0, u>0

S ATLAS 0 lepton 2011 combined
8 J Ldt=1.041f5" \s=7 TeV CL, observed 95% C.L. limit
_ =t -=== CL, median expected limit
[ LEP2 %
600 - T Expected limit +1
Eﬁ [ 1 Dog,q tanp=3, u<0,2.1 " xpected Imit x1o
B CDF g, tan B=5, u<0, 2 fo™ *  Reference point
I Theoretically excluded —— 2010 data PCL 95% C.L. limit
500 T _\\7 \\\ | \\. \ ) N
400
300 —
200

(R .1"_.

1 1 1 | | 1 1 1 | I I 1 1 | | | 1
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Phys. Lett. B710 (2012) — 263 citations
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Higgs Discovery: July 4th 2012
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Impact of m, = 125.5 GeV

* Higgs discovery encourages the SUSY use case

* Measured value m, = 125.5 GeV required
adjustments of some SUSY models
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http://arxiv.org/abs/1112.3028
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Models like mSUGRA are not statistically excluded, but are no longer the main focus.
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Status of 8 TeV data analysis



ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS internal
Status: LP 2013 [L£dt=(44-229)b" 5=7,8TeV
Model e T,y Jets ET™ [rdti) Mass limit Reference
T T T T I T T T T T T T I T T T T T T
MSUGRA/CMSSM 0 2-6jets  Yas 203 a.E 18TeV mig=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM Tep 3-6jets  Yes 203 E any m{g) ATLAS-CONF-2013-tba
MSUGRAICMSSM 0 7-10jets  Yes 203 E any mig) ATLAS-CONF-2013-054
. G—gis 0 26jets  Yes 203 |a m(f?)=0GeV ATLAS-CONF-2013-047
EE. E—qqat] 0 0 26jets  Yes 203 |E 1.3 TeV miFY)=0GeV ATLAS-CONF-2013-047
2, E—aqqt1—>qqW =l fep  36jets  ves 203 |E MFY) <200 GeV, m(F*)=0.5(m(i%)sm(z)) | ATLAS-CONF-2013-tba
EE—qqqqti(¢0)¥iki 2e,u(38) 3jets Yes 207 | & mif1)<650 GeV ATLAS-CONF-2013-007
GMSE (f NLSP) 2ep 2-4jets  Yes 47 tang<15 1208 4688
GMSE (f NLSP) 127 0-2jets  ves 207 1.4 TeV tang =18 ATLAS-CONF-2013-026
§ GGM (bino NLSF) 2y 0 Yes 48 miF1)=50 GeV 1209.0753
GGM (wino NLSP) Teu+y 0 Yes 48 m(E])=50 GV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 48 mify)=220 GeV 1211.1167
GGM (higgsino NLSP) 2eul(Z) 03jets  Yes 58 m(H)=200 GeV ATLAS-CONF-2012-152
Gravitino LSP 1] mono-jgt Yes 105 mig)=10"% eV ATLAS-CONF-2012-147
S5 g—»bﬁfu‘f 0 3b Yes 20.1 4 1.25 TeV mi¥}])<600 GeV ATLAS-CONF-2013-tba
g g—»ri)?a 0 7T-10pets  ves 203 |E 1.14 TeV miF]) <200GeV ATLAS-CONF-2013-054
® Etil 0-1eu 3b Yes 201 |E& 1.34 TeV m(f7)<400 GeV ATLAS-CONF-2013-tha
e 180 E—+bEi; 0-1eu 3b Yes 201 E 1.3 TeV miF1)<300 GeV ATLAS-CONF-2013-tba
By by, by—his 0 2b Yes 204 by 100-630 GeV m(F])<100 GeV ATLAS-CONF-2013-053
byby, by—tis 2e,u(SS) 03b Yes 207 |B 430 GeV miFi)=2 miFl) ATLAS-CONF-2013-007
# # (light), T —bi; 1-2ep 1-2b Yes 47  [ENHERGEV m(f1)=55GeV 1208.4305, 1209.2102
1t (light), T — W.hf? 2ep 0-2jets  Yes 203 o 220 GeV mi¥:) =m(E }-m(W)-50 GeV, m(f; )= <m(Fi] ATLAS-CONF-2013-048
1 # (medium), F— b7 2ep 0-2jets  ves 203 |G 150-440 GeV m(E?)=0GeV, m(E )-m(Fi)=10 GeV ATLAS-CONF-2013-048
E S %t (medium), — b7 0 2b Yes 204 t 150-580 GeV mif1)<200 GeV, m(Ti)-m(f1)=5 GeV ATLAS-CONF-2013-053
E 1% (heavy), § —m?g 1ep 1b Yes 207 |& 200-610 GeV miE)=0 GeV ATLAS-CONF-2013-037
'g_‘ 111 (heavy), f—tf; 0 2b Yes 205 f 320-660 GeV m(F})=0GeV ATLAS-CONF-2013-024
S it (natural GMSB) 2e,pu(2) 1b Yes 207 |& 500 GeV miF?)>150 GeV ATLAS-CONF-2013-025
B, ot + 7 depuld) ib Yes 207 | R 520 GeV miF }=m(F1)+180 GeV ATLAS-CONF-2013-025
?&R?L,H, Foa ] 2epu 0 Yes 203 | 85-315 GeV m(Fl)=0Gev ATLAS-CONF-2013-049
)?lr)?f 1 —Ev(E7) 2ep ] Yes 203 | 125-450 GeV m(E7)=0 GeV, m(f, #)=05(m(Fi)+m(Fl)) | ATLAS-CONF-2013-049
E £ ¥ —R(Ti) 27 0 Yes 207 x% 180-330 GeV miF?)=0GeV, m(7, 7)=05(mE)+m(fl)) | ATLAS-CONF-2013-028
= flfa_’ﬁ"a{(w}é £5E £() dep 0 Yes 207 a:'*.i" 600 GeV m(F5)=miE2), m(i)=0, m(f, 7=0.5(m(¥;)+m(il)) | ATLAS-CONF-2013-035
T W Z 1 Jep ] Yes 207 = i"z 315 GeV mi{Ff)=m(F3), m(¥)=0, sleptons decoupled ATLAS-CONF-2013-035
Direct.¥1¥7 prod., long-lived % 0 Tiet  Yes 47 1<r(f5)<10 ns 1210.2852
g Stable, stopped g R-hadron 0-2e,u Yes 47 1211.1597
= Stable, stopped g R-hadron 0 1-5jets  Yes 229 3 857 GeV m(E])=100 GeV, 10 us<r(F)<100 5 ATLAS-CONF-2013-tba
GMSE, stable 7 12p 0 - 159 S<tang<50 ATLAS-CONF-2013-tha
g Direct ¥7 prod., stable ¥ or F 1-2p 1] - 159 m(H=m(f) ATLAS-CONF-2013-tba
GMSE, ¥1—y2, longived 7] 2y 0 Yes 47 0.4<r(F)<2 ns 13046310
Hl—qqu RPV) 1ep 0 Yes 4.4 1mme<cr<1m, & decoupled 1210.7451
LFV pp—¥r + X, ¥r—e+pu 2e.pu W] - 46 A4,,=0.10, 443,=0.05 12121272
LFV pp—¥r + X, ¥r—e(p) + 7 lepu+r W] - 46 Ay, =010, dy(2)3:=0.05 12121272
= Bilingar RPY CMSSM lep 7 jets Yes 47 m{§)=m(g), crysp=<1 mm ATLAS-CONF-2012-140
& iR T WS Flseety, enve  dep 0 Yes 207 [X 760 GeV m(F?)>300 GeV, A3z >0 ATLAS-CONF-2013-036
BT T = WEY P s, eri, BeuT 0 Yes 207 a% 350 GeV miE)=80 GeV, 41250 ATLAS-CONF-2013-036
E—qqq 0 6 jets - 46 1210.4813
E—hit, fi—bs 2e,u(88) 03b Yes 207 E 880 GeV ATLAS-CONF-2013-007
Scalar gluon 0 4 jels - 46 sgluon  100-287 GeV incl. limit from 1110.2693 1210.4826
g WIMP interaction (D5, Dirac y) 1] mono-jgt Yes 105 miy)=80 GeV, limit of<687 Ge\V/ for DB ATLAS-CONF-2012-147
Vs=8Tev 10! 1
*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

See: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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See: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Status of 8 TeV data analysis

e gluino & 15t/2"d generation squarks

1OEIIII\\\I\I\I
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10 &
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strong production
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Inclusive searches for gluino & squarks

* Motivations for light gluino:  2.[ 1 v
— SUSY naturalness 51 B
U...I.IOS Data
— gauge coupling unification o — = oo
10° wemn Reference model D2

10°

* Recent results: o
— ATLAS (20 fb?) |

' ' ' e’ "Dha2012(y slrv

* Olepton + 2-6 jets + E;™ss 2013-047 % o ATias P T R
S L dt= % %ghl qu_’qq)
* 0 lepton + 7-10 jets 2013-054 JUETYTY B
103 >, ESE%WE(; v
* 1lepton (hard/soft) + jets + E;™ss 2013-062 ¢ .f " r.;aé?ﬁs&’m?m
I1ets py

e 2 same-sign leptons + 0-3 b-Jets 2013-007
* tau + jets + E;™ss (GMSB) 2013-026 )
— CMS (11 fb1)
* alpha; + 0-4 b-jets SUS12-028

0 2 4 6 R T R NNV R T
ET=N\H, [GeV'?]

JH, e +
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Limits on gluino — squark

O lepton + 2-6 jets + E,Miss
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1 lepton (hard/soft) + jets + EMiss
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msp (GeV)

Limits on direct squark

alpha; + 0-4 b-jets

1 lepton (hard/soft) + jets + E;Miss

R R 03 &g — qqWW5 7", x=1/2
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Numbers give 95% CL excluded model cross sections [pb]

21



gluino — stop/sbottom

Motivations:

— gluino & stop light in Natural SUSY
* sbottom, related to stop, by SU(2),
* then BF(gluino—stop/sbottom) ~ 100%

Recent results:

— ATLAS (20 fb?)
* 0/1 lepton + 3 b-jets + E;™ss 2013-061
* 0lepton + 2-6 jets + E;™ss 2013-047
* Olepton + 7-10 jets 2013-054
* 2 same-sign leptons + b-jets 2013-007
— CMS (19.5 fb?)
* H;+1-3 b-jets + ETmiss SUS12024
e 1 lepton + b-jets + ETmiss SUS13007
* 2 leptons same-sign + b-jets SUS12017
* 3 leptons + b-jets SUS13008

D. Coté - SUSY Searches in ATLAS & CMS
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Limits on several gluino—stop decays
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Limits on gluino — tty°,

g-g production, g— tf’j{?
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Limits on gluino — bby°,
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Recent Results

e 3"d generation (top & bottom) squarks
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(3" generation)
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* Light stop motivated by Naturalness
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stop polarization

CMS Preliminary Vs =8TeV, J‘Ldt =19.5fb"
— T rr o rr 1 1 1 1 [ T T T T [ T T T T [ T T T T
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Impact of polarization on limit: £20 GeV in 1-lepton channel.

No impact in O-lepton channel.
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Limits on stop—b y*
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Direct sbottom production

* Light stop motivated by Naturalness : mywt it S
5 -}_’;}I:}ocldf1 .

Others
- (m_, m_) = (300,200) Ge v
[ITL nf‘ = (250,150) GeV |

mEG\.I' ]

— sbottom, related to stop, by SU(2),

bb + ETmlss —;

e Recent results:
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Recent Results

* electroweak SUSY (chargino, neutralinos, sleptons)
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Electroweak SUSY productlon
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Limits on ¢°,%*,
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Limited sensitivity to x*,% ", &> W*W- + EMiss

95% CL Limit on G/GSUSY
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Recent Results

e R-Parity Violating & Gauge Mediated scenarios



Gauge Mediation

Talk by Andrew Kuhl

e SUSY production as usual: gluino, squarks, electroweak
e Lightest Supersymmetric Particle is the Gravitino (G)
 Phenomenology driven by NLSP particle & decay

- X176

— %%, > 2/h G

— stau—>1G

— etc.
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Talk by Antoine Marzin

R-Parity Violation

* R-Parity conservation is not necessary for viable SUSY models
— SUSY production as usual*: gluino, squarks, electroweak ()
— Lightest Supersymmetric Particle is not stable:

* give up on SUSY Dark Matter KT v
: P 44
* Recent results with 20 fb: iR :
— ATLAS N
* 4 leptons + MET (e/u/z, target leptonic A) 2013-036 -
* Olepton + 7-10 jets (re-interpretation) 2013-054 7 N t b
* 2 leptons same-sign + 3 b-jets (re-interpretation) 2013-007 p R
i E :: W
- CMS T L/
* 3leptons + b-jets SUS12027, SUS13003 H
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Summary of CMS RPV SUSY Results* LHCP 2013
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See: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Long-lived particles

Talk by Antonio Boveia
Talk by Antoine Marzin

 Gauge Mediated and RPV scenarios with weak
couplings can produce long-lived particles

— stau — (like heavy muon) > t G
— gluino — (R-hadron) — qqqg

— etc.
< cT>10m 'CcT > 105 m ‘ |
' : ' single production
LSP : : :
dark » “Normal SUSY”: : :
matter : signal. . displaced .
: Or, . :
 charged ISP : indirect cons
: . ; | .
10-20 10-12 108 10-S 02 Ny
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Outlook

So we have not found SUSY...
What does it mean? What is coming up?
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Impact of LHC on SUSY phenomenology

* |n spite of their null results, the ATLAS & CMS
searches have transformed the landscape of
SUSY phenomenology —

see talk by

— mSUGRA — Natural SUSY Tom Rizzo
— emergence of simplified models

— generalization of model parameters
* mSUGRA (4.5 par) = Neutralino pMSSM (19 par)
« GMSB (4.5 par) > GGM — Gravitino pMSSM (20 par)

PMSSM interpretations by CMS: SUS-12-024 , SUS-12-030
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Other searches at 8 TeV
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See e.g. H. Baer et a/

. . . arXiv:1201.2949
Gauginos decay via Higgs
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compressed spectra: strong production

CMS,L=1941f5" Vs=8TeV
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Loss of sensitivity with small AM(gluino, %°,) or AM(squark, %°,) in simplified models.
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compressed spectra: strong production

CMS,L=1941f5" Vs=8TeV
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compressed spectra: strong production

CMS,L=1941f5" Vs=8TeV
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These scenarios are observed in viable pMSSM models,
but they don’t have a special motivation otherwise.



compressed spectra: gauginos

p(6 | preCMS)

— 68% BCR === 95% BCR

3000
F BGD _I T T T | T T T T | T T T T I T T T T | T T T T | T T T T ] - . .
) N L ; . A
(:}TF : ATLAS Preliminary == Observed Illmllt (1625) ] 2500 SUS-12-030
E~ 250 - _[Ldt =207 fo, s=8 TeV === Expected limit (+16,,,) ~ S 2000
I i A ATLAS 130" (5 =8TeV | O
[ m.=my, /7 Allimits at s5% CL 71 8 1500
200~ ° — 2
I o~ o R R
- & LU 1000 p(6 | preCMS)
— @ s ﬁ‘u-“ L - = 58% BCR === 95% BCR
N ; e i 500 3000
N A — ... ... ..,..  2500F
/A W - @ 400 600 800 100012001 __
100 kg — X: mass [GeV] g 2000 .
n ® 1500
o ] g C
50 <, ] 5088
% 4 500
| |.I1 i| el E
0 NN AN BN AN AT AN AT AN AT AN A B T A

0
100 150 200 250 300 m

|
0 500 1000 1500 2000 2500 3000
ig mass [GeV]

Very compressed Am(y*,, x°,) from pure Wino or Higgsino state
arise naturally in the pMSSM because M1, M2 and u are un-correlated.
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credits: B. Petersen, T. Rizzo et al.

compressed spectra: gauginos
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credits: A. Hoecker

direct stop near m m
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compressed spectra: impact of ISR

credits: B. Hooberman
 Signal efficiency in the small AM region depends on ISR

 Validate with data/MC comparisons in Z+jets and tt samples

— Different initial state partons — consistent results
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ATLAS also estimates ISR
systematic uncertainties by
varying normalization and
factorization scales with
Madgraph+pythia.

* CMS tuning of madgraph MC tends to overestimate ISR —

extract corrections and reweight the signal MC events
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14 TeV



Cross-section increase at 14 TeV

WJs2012
100 B T I I LI | ! I LI I LI LI LI LI | T o T

ratios of LHC parton luminosities: f
8TeV/7TeVand 14 TeV /7 TeV

luminosity ratio
=)

Large sensitivity increase to heavy particles from higher LHC energy!
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credits: B. Heinemann

SUSY cross-section increase at 14 TeV

ratio of 14 TeV to 8 TeV cross sections at the LHC

process
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* Expect rapid progress on gluino sensitivity when the LHC re-starts.

* Lower-mass sparticles will also benefit from increased luminosity over time.
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gluino reach at 14 TeV

CMS Preliminary
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ATLAS contribution to European Strategy

for Particle Physics Open Symposium

(October 2012)

* Current estimates based on projections of 8 TeV analyses.
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direct stop reach at 14 TeV

CMS Preliminary
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D. Coté - SUSY Searches in ATLAS & CMS 59


http://cdsweb.cern.ch/record/1472518
http://cdsweb.cern.ch/record/1472518
http://cdsweb.cern.ch/record/1472518
https://indico.fnal.gov/contributionDisplay.py?contribId=10&sessionId=0&confId=6969

o [GeV]

m

direct gaugino reach at 14 TeV
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Letter Of Intent for ATLAS upgrade Phase-l|

* Current estimates based on projections of 8 TeV analyses.
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A. Arvanitaki et al.

How much Fine Tuning?
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, , Fine-tuning from stop and gluino depends on the choice of A,
mz = =2(mp, + |ul7) making it possible to go to higher masses.
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SUSY reach at future colliders (CMS)

Snowmass Seattle (July 2013)
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Conclusions

* Fascinating times to search for supersymmetry
— tremendous effort by ATLAS & CMS

* No evidence for SUSY so far...
— still possible to hide signals in 7-8 TeV datasets
— sensitivity boost at 14 TeV and high luminosity

 Emphasis on Natural SUSY

— but we’ll leave no stone unturned...

The absence of evidence may not be evidence of absencel!



Naturalness

WGP "Anthropic Principle"

Sometimes I wonder why the
universe is two-dimensional §

bx IVIark Eichenlaub

It's like everything was made
just for us. After adll, if
thoughts didn't float in magical
bubbles in the air, there would

Or, why does time
always come in threeffj

discrete chunks? Z[e no sentient beings to wonde 0
why they do that. s o
0 2 0
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Backup Material



Typical SM Background Estimation

Combined fit of
all regions and
backgrounds and
incl. systematic
exp. and theor.
uncertainties as
nuisance
parameters

Standard Model

Top, multiiets.
vV, W, VWV, Higgs
& combinations of these

Reducible backgrounds Irreducible backgrounds

Determined from data Dominant sources: normalise
Backgrounds and methods MC in data control regions
depend on analyses Subdominant sources: MC

Validation

Validation regions used to
cross check SM predictions
with data

Signal regions
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decay modes of the stop to y°,
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Definition of SUSY Fine-Tuning

V2 — —9,!&2 5 mH —f.-; mH
| t3—1

g O(logMz)  p; OM;
Y Ollogp)  MZ o Op;

A = max(|Z;)

One choice: stability of EW scale (identified by M,) w.r.t. model parameters.
(Traditional approach from Ellis et al., Barbieri & Giudice.)
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