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SUSY Introduction

Higgsing

Symmetry between fermions and bosons
Many models assume R-Parity conservation
- Means SUSY particles are produced in pairs

- Stable lightest SUSY particle (LSP) which escapes the
detector unseen

- But not the only way for SUSY to cause large ETmiSS
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Inclusive searches for strong squark

& gluino production
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Strong production of 1%, 2" gen q, g, decay chains
ending in X",

- Length of decay chain depends on SUSY model
Common variables to select q, g cascades:

- ETmiSS, jet multiplicity, light lepton multiplicity
- H_:=scalar sum of jet p_(and e/p/y p_for ATLAS)

- Effective mass: m_ = H_+ E MISS

- M_: transverse mass of leptons and ETmiSS
Multijet+fake ETmiSS backgrounds from data-driven methods

Z, W and leptonic top often estimated using control regions in data
- transferred to signal region using simulation
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ATLAS: 2-6 Jets + ETmiSS

ATLAS-CONF-2012-033
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ATLAS: 6-9 Jets + ETmiSS

ATLAS-CONF-2012-037
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ATLAS: Jets + e/p + ETmiSS

ATLAS-CONF-2012-041
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require one light lepton with p_ < 25 GeV and low number of jets

Further cuts on E_MSS, m_and m_to select signal

Backgrounds W, top
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ATLAS: Jets + e/p + ETmiSS

ATLAS-CONF-2012-041
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Limits from 4.7fb™ 1 in MSUGRA, CMSSM and simplified models
with decay gluino — qax™, — aqW(*)x’

Additional SR with soft leptons (7 <p_<25) GeV

MSUGRA/CMSSM: tanf = 10, A0= 0, u>0
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CMS Jets + ETmiSS with H /MH_

CMS PAS SUS-11-004

2 CMS Preliminary
2 =4.981b" \s=7Tev | * ™" . . .y
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10° é ﬂ .ccn .
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Wy [GeV] T T
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CMS Jets + ETmiss with M__

CMS-PAS-SUS-12-002

M;,; Analysis CMS Preliminary,\s =7 TeV, L = 4.73 b
QcD

Events / 15 GeV

Combine jets into two pseudojets
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400 600 i i .
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29.05.12 SUSY Searches at LHC using the ETMiss signature 10




CMS Jets (+ e/p) + E 155 with Razor |
CMS-PAS-SUS-12-005 @
5
MET (a4
beam axis . . . . Dm
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8. T e
P % extrapolate exponential fit of
Ruorlncosive 3 background to signal region

Hybrid CLs 95% C L. Limits
~ Median Expected Limit

; Includes channels with any number

Expected Limit £1 o

500 ..: :_.." | T omﬁzdt;n:(mwy} —g Of Iig ht Ieptons

400 ) . — o

oy TESSESEES  Limits from 4.4fb7 1 in mSUGRA,

100 I T | CMSSM and simplified models
m, [GeV]

29.05.12 SUSY Searches at LHC using the ETMiss signature 11



CMS Jets + single e/p + ETmiSS
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Overview of Current Status

Searches for squarks and gluinos in final states with

Jets (+ lepton) + ETmiSS performed
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ATLAS and CMS interpret results in CMSSM (+simpl. models)
Gluino masses up to 800-900 GeV excluded
Squark masses up to ~1.5 TeV excluded for many gluino masses

MSUGRA/CMSSM: tanf = 10, A = 0, u>0 L™ =47fb"
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CMS Preliminary
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Searches for gauge-mediated SUSY

breaking (GMSB) inspired scenarios
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LSP is almost massless (gravitino)

Next-to-lightest SUSY particle (NLSP) determines
phenomenology:

Possible NLSPs: 7, X, I, g
- T NLSP: final states with 1 leptons (discussed here)
- X°,~| NLSP: final states with leptons, depending on X°
- X% bino like: decay to yy
(arXiv:1111.4116 ,CMS result discussed here)
- X° higgsino like: decay to Z+ETmiSS
(ATLAS-CONF-2012-047,arXiv:1204.3774)
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ATLAS GMSB Searches

ArXiv:1204.3852, arXiv:1203.6580,ATLAS-CONF-2011-156
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CMS Diphoton Search .
CMS-PAS-SUS-12-001 @
Z LL]
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Outlook

First searches at LHC designed to find
JJight® squarks and gluinos in channels with:

- Jets + ETmiss
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Jets + leptons + ETmiSS

Jets + taus + ETmiss

_ Z+ E miss
T

_ photons + E miss
T

— all the low-hanging fruit has been picked

Many other models are being considered

now 152 .&.3

Squark production production
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CMS Jets + ETMiss

CMS-PAS-SUS-12-005

MET

/ h()?ﬂll aXiH
’

longitudinal boost (R-frame)
MET

/\ beam axis
r

R-frame ~ CM frame

rﬁ&
qé\@z

29.05.12 SUSY Searches at LHC

with Razor
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j1,j2,j]3= jets in lab frame,

mj1,mj2 = megajets in R-
frame (p1=p2)

g1,92 (red) = squarks
generator level at the R-
frame

g1,92 (blue) = squarks
generator level at their CM
frame
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Summary

CMS Preliminary

\s=7
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400 :—
300
200

29.05.12

1 Lepton

(750)%%8 Dilepton
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Summary

CMS Preliminary

T1: §—qq%°

T1: §—qq%°
T1lbbbb: §—bby’
T1lbbbb: §—bbx°
T2: G—qx°

T2: §—q¢x°

T5zz: g —>qq)~(g

T5zz: g —>qq5<g

T T

m(mother)—m(x°) =200 GeV

Fr+b, 1.1 fb~!, gluino -

MT2, 1.1 fb!, quino-

Er+jets, 1.1 fb-

0
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200

400 600 800
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Summary

29.05.12

Inclusive searches

MSUGRA/CMSSM : O-lep + j's + E
MSUGRA/CMSSM : 1-lep + |'s + F
MSUGRA/CMSSM : multijets + E
Pheno model : O-lep + |'s + E
Pheno model : O-lep + |'s + £

T miss
T miss
T miss
T miss
T miss
Gluino med. % (§— % ) : 1-lep +j's + E; s
GMSB : 2-lep OS_, + £

GMSB: 1<t +fs+E

GMSB: 2-1+js+E

GGM :yy + E

T miss

T .miss

T miss

Third generation

Gluino med. b (§—bb% ) : O-lep + b's + E
Gluino med. T (g—ni;@) 1l-lep +bj's+ E
Gluino med. T (§-tTg) : 2-lep (SS) +j's + E
Gluino med. T (§-tT7") : multi's + £

Direct bb (b, - b, : 2 b-jets + Er

Direct T (GMSB) : Z(—ll) + b-jet + £

T miss
T miss
T miss

T miss

DG

Direct gaugino (ﬁi: — 3l f:]) 1 2-lep S5+ ETmiEs“

Direct gaugino (if)‘(f — 3l i?) 1 3-lep + Er e

Long-lived particles

AMSB : long-lived ﬁ

Stable massive particles (SMP) : R-hadrons
SMP : R-hadrons

SMP : R-hadrons

SMP : R-hadrons (Pixel det. only)

GMSB : stable T

RPV

RPV : high-mass ep
Bilinear RPV : 1-lep +j's + E
MSUGRA/CMSSM - BC1 RPV : 4-lepton + E

T miss

T miss

Hypercolour scalar gluons : 4 jets, my=m,,

S SUSY Searches” - 95% CL Lower Limits (Status: March 2012)

T 1
L=4.7 f” (2011) [ATLAS-CONF-2012-033]

1407Tev. G =gmass
J.Ld! =(0.03-4.7) "

L=4.7 tb” (2011} [ATLAS-CONF-2012-041]) 120Tew. G =g mass

L=4.7 f” (2011) [ATLAS-CONF-2012-037] 8506eV. g mass (large mg) fs=7TeV
L=471b" (2011} [ATLAS-CONF-2012:033] 1387ev| G mass (m(g) <2 TeV, light ;i?) ATLAS
Preliminary

L=4.7 tb” (2011} [ATLAS-CONF-2012-033] sanGev. gmass (m(d) < 2 TeV, light f?)

Q -,
L=4.7 f” (2011) [ATLAS-CONF-2012-041]

soaGev] § mass (m(z,) < 200 GeV.m(x') =3m(i’)+m(@)
L=1.0 1" (2011} [ATLAS-CONF-2011-156] st0Gew g mass (tanf < 35)
s20Gev g mass (tanf > 20)

990 GeV | g mass (tanf > 20)

L=2.4 f” (2011) [ATLAS-CONF-2012-005]

L=2 tb” (2011} [ATLAS-CONF-2012-002)

L=1.4 10" (2011) [1111.4116]

goseev! §mass (m(3;) > 50 GeV)

§mass (m(7,) < 300 GeV)
§mass (m(x;) <150 GeV)

g mass (m(%,) < 210 GeV)
gmass (m(7,) < 200 GeV)
b mass (m(z,) <60 GeV)

Tmass (115 <m(i?) <230 GeV)

LS i aneien) H70eaV 7. mass (m(7,) < 40 GeV, %;.m(T.) = m(Fy), m(I¥) :%(m(ff) +m(Fa))
L=24 b (2011} [ATLAS-CONF-2012.023] 260 GeV iﬁ mass (m(f?) <170 GeV, and as above)
7, mass (1<1(%,) <2 ns, 90 GeV limit in [0.2,80] ns)

gmass

E mass

Tmass
gmass
L=14 o™ {2041} [1109.3088] 132Tev. V. mass (1'31 1:0.1 0, 1312:0.05)
L=1.0 16" (2011) [1109.6606] 760Gev| § =g mass (cT o, < 15 mm)
L=2.4 " (2011) [ATLAS-CONF-2012.035] 177 TeV| gmass

<100 GeV, myy=140x 3 GeV)

sgluon mass (excl: m,

10 1 10
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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Overview of Current Status
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Searches for squarks and gluinos in final states with
Jets (+ lepton) + E_MISS performed

ATLAS and CMS interpret results in CMSSM (+simpl. models)
Gluino masses up to 800-900 GeV excluded
Squark masses up to ~1.5 TeV excluded for many gluino masses

MSUGRA/CMSSM tanB 10, A = O M>0 LM =47fbo" CMS Pre||m|nary \/— 7 TeV det 1 fb =1
; |||||||||||||| T | | L BRI AL B CG\ 700 T
B 700 - ATLAS Prehmmary \ CL, 95% C.L. limits ] o C g —2011 L|m|ts - CDF %, 7, tanp=s, M<0_
e "7\ O-lepton, = 2- ejets Observed ] C 0 3.3 -
Eﬁ ‘ \\ \| ATLAS-CONF-2012-033 Expected | % 600 i --2010 Limits DO 3§, tanp=3,u<0 ]
600 =T T N — - 0-lepton, > 6-9 jets — Observed —| C _ — LEP2 %* ]
- \.\ ac *\‘ —— ATL?E 0an=> Je ° - Expected | g C tang =10, AO =0 p0 |:| * ]
1-lepton, = 3 4Jets = Observed ] ,Q_ = ,
\ ATLAS-GONF-201 - Expected —] E 500— —
—-A R - .
Y [ LEP2%; r 4
[ ] StauLsP C
400 o Il Theoretically excluded 400—
B N = 1T 1 -
300 300__
200 Y A= = LT T T gy 4
200_—
100 1 1 1 1 1 1 1 1 1 1 1 1 1 1
500 1000 1500 2000 2500 3000 3500

1 1 1 1 1 1 1 1 1
m, [GeV] 0 800 1000

m, (GeV/c?)
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Background Estimation Strategies
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Multijet and fake ETmiSS backgrounds estimated from data-

driven methods

Z, W and leptonic top often estimated using control regions in
data, transferred to SR using simulation:

=N IN

X (N
est, SR MC, SR MC, CR obs, CR

Control regions depend on analysis, i.e.:

bkg, CR)

- M. (+ETmiSS) for backgrounds with leptons from W (from top)

- Separate W from top with b-quark tagging
- Z—vv + jets from y + jets control sample
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