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Supersymmetry

+ supersymmetry (SUSY) links fermions and bosons
> SUSY necessarily broken — gravity mediation, GMSB, AMSB
> requires a whole spectrum of new particles

Standard particles SUSY particles

| Quarks . Leptons . Force particles Squarks O Sleptons Q SUSY force
particles

+ elegant solution to the hierarchy problem
* unification of the gauge couplings

* R parity to avoid proton decay
> lightest supersymmetric particle (LSP) is stable
*> SUSY can provide an excellent dark-matter candidate
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Searching for SUSY at the LHC

Prospino_1

*

SUSY production
> highest SUSY cross sections from
gluino and squark production
> also electroweak chargino/neutralino
production becomes accessible
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*

complex decay phenomenology
> diversity in decays determined by SUSY spectrum

'I':I Tl L ) e e ey 1y s 1 i ....I ..........

*

searches designed around expected signatures
> missing transverse energy (MET) *
> hadronic activity (HT)
> leptons with different multiplicities
> photons
> heavy flavour

multiple search regions

*

* non-MET based SUSY searches presented
by David Adams and Morten Dam Jergensen
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ATLAS and CMS

Key quantity: missing transverse energy

* most SUSY searches in CMS use particle-flow reconstruction
* MET performance in ATLAS and CMS (PF) comparable
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Rencontres de Moriond EW - 8 March 2012 4/21 Steven Lowette - UCSB



http://dx.doi.org/10.1140/epjc/s10052-011-1844-6
http://dx.doi.org/10.1088/1748-0221/6/09/P09001

Searches Presented

* photon search

> CMS, 4.7 b [SUS-12-001]

> ATLAS, 1.07 fb?! [arXiv:1111.4116, accepted by PLB]
+ search for disappearing tracks

> ATLAS, 1.02 fb [arXiv:1202.4847, submitted to EPJC]
* hadronic search

> CMS, 4.4 fb'! [SUS-12-005]

> ATLAS, 1.34 fb" [arXiv:1110.2299, JHEP 11 (2011) 99]

+ search with same-sign dileptons
> CMS, 47 fb? [SUS-11-010-5fb]
> ATLAS,2.05 fb'  [ATLAS-CONF-2012-004]

* multi-lepton search
> CMS, 4.7 fb? [SUS-11-013 and EXO-11-045]
> ATLAS, 2.06 fb'  [ATLAS-CONF-2012-023]

+ search for same-sign dileptons with b-jets
> CMS, 4.7 fb* [SUS-11-020]

+ all these searches and other recent results linked from
> https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
> https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ SupersymmetryPublicResults
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Photon Search

2 photons .

CMS Preliminary \'s =7 TeV, _r Ldt = 4.7 fb”

—
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At least 1 Jet Requirement

* two selections:
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*

2 photons + 1 jet + MET > 50 GeV

—_
o

HHIUJ IIIHUJJ \HHUJJ HHLIJJ IIIHUJJ \HH_

—

i (PRI ISP

Number of Events / GeV
>

L 4
—
e

QCD background:

real photons or jets faking photons
> MET distribution from control sample 0O 20 40 60 80 100 120 140 160 180

—
o
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> single photon: reweigh with "photon” p_ 1 photon #r [GeV]
> di-photon: normalized to vy at low MET NS RIRIRIRAN -3 E S e >|1;;2;fts =
. Data - Tota g. _
@ vy/QCD e
BRw/Zy Bty

*

electroweak background:

electrons faking photons
> from W decay: real MET
> using measured e - y fake rate

GGM m /m /m. . [GeV] N
— 2500/800/650 — 1250/1 200/375_

Number of Events/Bin
3233339 5;
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+ other small backgrounds from simulation =2 —— )
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Photon Search

* interpretation in general gauge mediation (6GM), gravitino as LSP P g
* phenomenology driven by NLSP \ o
> considered simplified model with bino-like and wino-like neutralino NLSP v
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+ also interpreted in a UED model
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Photon Search

+ 2 photons + 1 jet + MET > 50 GeV

* background estimates from data with ~ identical tfechniques
> QCD background also cross-checked by modeling MET with Z—e’e” control sample

GGM: bino-like neutralino, tanf} = 2, cty gp < 0.1 mm
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* also interpreted in SPS8 and UED models
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Search for Disappearing Tracks arXiv:1202.4847
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* motivated by AMSB scenario o L ATLAS :
Y 34
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* gluino/squark production
> 3 jets, MET > 130 GeV 1

* number of outer TRT hits <5
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Search with Razor Variables

*

the razor R: for S/B discrimination
> sensitive to the ratio of missing and visible momentum

M, is sensitive to the scale of the new physics
both R®* and M, fall exponentially: F;(Mg, R?*) = [kj(MR — M )(R* =R ) — 1] ¢~ Ki(Mr—Mg ) (R*~Rj)

*

*

*

background strategy:
> fit functional form (2 components) to data in control regions, and extrapolate
> simultaneously use O, 1 and 2 lepton samples
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Hadronic MultiJet Search THEP 11 (2011) 99
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+ search for longer decay chains j » Data2011(\5=7TeV)
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[ 1 QCD+ti— qq (Template)
1 Alpgen ti— gl
I Alpgen W— (e v
I Alpgen Z— vv
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* 4 signal regions
> varying multiplicity (6,7,8 jet) and jet p_ cuts
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* search variable: MET significance |
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>7 jets p, > 55 GeV

MSUGRA/CMSSM: tanB = 10,A = 0,u>0 L™ =1.34fp"

iy
=

1 ;Th.llll\llll IIII|LI.I.| \IIIILI.I.| IIIIILI.I.| IIIIILLL| IIHII.LL| 11

L ]|[||f|1f|'|||1|f]|l Irl][.l.lll g 2 . IIIIIII IIIIIIII-.II
EEEU __AT).AS obs. CL, 85% C.L. limit = S +||| 8 S
- “ ; P w  mewees . CL_95% C.L. limit & Eea 1 E
= [ Multijets plus E™* Combined oo o SR -h 3 3
'Q_-]EDD = T TR exp. limit £1¢ - ED.S E_ - + + B ! I _;
E : o potel | esese 20112234 jet? pllus B %5 3 7} 5 : 1o I T 7] ”21‘
450 :_ ’-?5 CL, 85% C.L. limit E;“ il HT (GeV'™)
B 8 i [ LeP 25
400 |- 2. . _. | | D0§.3 tanp=3, u<0,2.1 o'
i ,-"{%—"\ # (1000} [ CDF §3 tan=5, u<0, 2 o'
R ey i -
WO TN i * challenge from QCD background

300

+ estimated from data in control samples

.\-

g(@o0)

S R R S S with lower jet multiplicity
200 — N T : > and normalized at low MET significance
150 ﬁ\ ™ | .

I5claol | I1IOIO{I]| I1Is|mlJl Iéoloclnl Izlsloclyl 3000 3500 + betfter expec’red senSiﬂViTY at high m,

m, [GeV]

Rencontres de Moriond EW - 8 March 2012 11/21 Steven Lowette - UCSB




Search with Same-Sign Dileptons

+ SS dileptons arise from gluino pair production
and both OS and SS squark pair production

+ several search regions probing

different mass splittings
> HT and MET
> low-p_leptons: as low as 5 GeV

> including taus . CMS Preliminary L =4.7 fo"
E 60? . ;3: ® Data
g L H‘g ‘;Fé‘ [ charge Mis-ld
* maln baCkground Cha“enge: lep.rons fr‘om JZTS w 50~ & 7.:3“ 3 f"’: - Prompt-Prompt(irreducible)
. . T2 Nonprompt-Nonprom
> multiple data-driven methods ¢ 5 E P:Jo ;»pc:_Np:np:; r:pc: pt

40-

P
High P;

T

* charge mis-id background
> muons verified to be negligible (~107) 20l
> electrons measured with Z—-e'e” decays (~10?) i

Low p
. (ee/uulep)

i T
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20/;

* rare processes are becoming important _ i e 3 s 5E
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Search with Same-Sign Dileptons

" CMS-SUS-11-010

* data agrees with expected background

* results interpreted in CMSSM
> also: efficiency model provided
for reinterpretation

CMS Preliminary, L_ =47t Vs=7TeV

z2,
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(7S
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ATLAS-CONF-2012-004

+ 2 SS dileptons (e*, y)
* MET > 150 GeV, 4 or more jets
+ similar background estimates

MSUGHNCMSSM 1ang = 10, A= 0, >0 ﬁ_ dt = 2.05 b, \s=7 TeV

500 1000 1500 2000 2500 3000 3500
m, [GeV]
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CMS-5US-11-013

CMS-EXO-11-045

CMS Preliminary Vs=7 TeV, L, =47 fb"' 4 leptons: 3(e/u)+1t channels
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, , S - WM« .
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CMS-5US-11-013

MU'Ti-Lepton Search CMS-EXO-11-045

+ sensitivity for many models
> both strong and electroweak production ~
* interpretation in GMSM framework N 2
> gravitino LSP op < Q,
> degenerate sleptons: co-NLSP a,
> neutralino is bino-like and next in mass scale I_.@'g

00 CMS Preliminary (s=7TeV, L

1900

m. (GeV/c?) .

g

1800F

1700f

- 95%C.L. CLs Limits

- = NLO observed i i -

1 SDD __ - NLO Mmﬂl&di'lﬂ ................................. ............................. __
L s NLO expected 20 :

150_""""":‘"":‘""_
00 600 700 800 2900
mf(GeWc)

* also interpretation in R-parity violating models
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Beyond Squark-Gluino Searches

+ squark-gluino mediated SUSY production was the first line of attack
> large production cross section
> rich phenomenology of final states to explore

+ with the large luminosity available we now also become sensitive

to more exclusive production modes
> electroweak chargino/neutralino production
> direct sbottom and stop production

* in general the third generation is special
> desired light for SUSY naturalness
> mixing can push the stop, sbottom and stau masses below other generations

* in the next slides a glimpse of EWK and 3™ generation results

+ 3" generation results from ATLAS presented in more detail tomorrow morhing
by Antoine Marzin
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@ EWK Multi-Lepton Production

ATLAS-CONF-2012-023

* tri-leptons from chargino+neutralino production

*

3 isolated leptons (e and p)
> 2 regions in/out Z-mass window

MET > 50 GeV

* no requirement on hadronic activity
> b-jet veto for Z-depleted events

*

*

diboson and t1V from MC
t+ and £°2yv* from data

*

*

degenerate X" and X,,°
> sleptons in between X% and X °

+ also interpreted in pMSSM
Rencontres de Moriond EW - 8 March 2012

interpretation in simplified model with
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Search for Same-Sign Dileptons with b-Jets

+ similar selection as SS dilepton analysis

> 2 same-sign isolated leptons (e, p)
> look at high MET / HT
> at least 2 b-tagged jets

+ several search regions (SR) for different kinematics

> including 3 b-tag one

+ 2" b-tag requirement reduces top background by factor ~10

SR1 SR2 SR3 SR4 SR5 SR6 SR7
No. of jets > 2 > 2 > 2 > 2 > 2 > 2 >3
No. of btags =2 = 2 =2 =2 = 2 > 2 =3
Lepton charges|++/—~—-| ++ |++/——|++/——|++/—~| ++/—— | ++/——
Et = 30GeV | =Z30GeV | =120 GeV | = 50GeV | =50GeV | =120 GeV = 50 GeV
Hy = 80 GeV | = 80GeV | = 200 GeV | = 200GeV | = 320 GeV | =320 GeV | = 200 GeV
g-flip BG 11402 | 05401 (0054001 03£01 [0.124+0.0310.026 = 0.009 1 0.008 £ 0.004
Fake BG 34+20 [ 1.8+£1.2 1032+£050] 1.5+1.1 |0.81+0.78) 0154+045 | 015+0.45
Rare SM BG 32416 [ 21+£1.1 |056+£028] 20+£1.0 [1.04 052 0394020 | 011 +0.06
Total BG 77426 | 444+16 | 094+06 | 3.7£15 | 2.04£009 0.6+05 0.3+05
Event yield 7 5 2 5 2 0 0
Ny (12% unc.) 7.4 6.9 5.2 7.3 4.7 28 28
Ny (20% unc.) 7.7 7.2 5.4 7.6 4.8 28 28
Ny (30% unc.) 8.1 7.6 5.8 8.2 5.1 28 28
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CMS-SUS-

Search for Same-Sign Dileptons with b-Jets Iy

* interpretation with direct sbottom production
> sensitivity from SR1 and SR4
>m > 380 GeV

sbottom

CMS Preliminary, /s =7 TeV, L = 4.7 fb”

> 300 _L T T T T . | T i T T T l T T T T ‘. T T T _l_
& - Same Sign dileptons with btag selection .
; w- T [ m(;zf) = 50 GeV 7
- E - e Exclusion oP™9 = gNLONLL + 1 5 .
B X1 \-\'] 250— —]
IrJ-[ - ! — |
o 200 — —
e i X1 . — —
n bi v B i
; n 150| .
- + - : :
pp— ttW* W™ + MET - ]
100 — Ll Ll ‘ ‘ 1
250 300 350 400 . 450
m(b,) GeV
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CMS-SUS-

Search for Same-Sign Dileptons with b-Jets Iy

pp—tttt+ MET
intermediate stops

* interpretation with gluino-mediated
N 4W+4b+MET final states
> SR3-SR6 contribute most
M o 800 GeV

; Cms Prellmlnary, @ 7 TeV L = 4.7 fb™

0 E
[} P — NLO+NLL Observed Ilmlt ]
CMS Preliminary, s =7 TeV, L_ = 4.7 fb" % o 4g-b f’v '“Ebﬂ = 500 GeV, m(x*) = 200 GeV, m(y) = 50 GeV |
1000 '“‘ < 1oL §3 -1 t, m(t) = 530 GeV, m(;®) = 50 GeV |
S = Same Sign dileptons with btag selection o) 0 Eomeeee gag—-ti, m(11) 280 GeV, m(x“) 50 GeV
2 %0 Exclusion o®*= oMOMLL + 16 - —— § - 4top + 2¢, m(¢?) = 50 GeV
E soof- I
— 1 E E
700— E
600
- 107 3
500 N O L LT UL LLL S
400 _ I
= m(%’) = 150 GeV .
300/ ; 107 ¢ E
= m(%;) = 50 GeV - 1
200—
- -3 N R T B RS R B
096500 600 700 800 900 1000 500 600 700 800 900 1000 1100  120C
m(g) GeV m(g) GeV
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Supersymmetry Searches with ATLAS and CMS

* both ATLAS and CMS have a vibrant SUSY program
2 many new results available and more to come soon

+ SUSY searches keep covering ground rapidly
* factor 130 more LHC data in 2011 compared to 2010
> rare backgrounds are gaining importance

+ all data compatible with expected backgrounds

+ search strategies are becoming more diverse and advanced
> covering more corners of the phase space

* dedicated attention to 3™ generation and EWK production
> looking forward to the 2012 datal

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Backup Material
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CMS Luminosity

* in the process of precision determination of the luminosity collected by CMS in
2011, a slight time-dependent calibration drift was found in the calorimeter used as
a luminometer.

* to remedy this, we developed an independent luminosity determination using the
more stable and precise pixel tracker

+ preliminary result presented at the LHC Luminosity Days suggests an upward
change in the estimated luminosity for 2011 by ~6%, i.e. slightly outside the 1s-
band of our original estimate of the luminosity uncertainty

> the corresponding change for the low-luminosity part of the run (2011A), which is the basis
of our new and published precision measurements, is ~3.5%, well within the quoted
systematics

+ we are finalizing determination of the new luminosity measurement, with
significantly better precision

* the anticipated change has a very minor effect on our preliminary results and no
visible change in published limits

+ instability does not affect the 2010 luminosity determination, as it only affects
high-luminosity running
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Photon Search

CMS preliminary 4.3fb '\/s=7TeV_ >1y,>2jets CMS li 4 3fb \F 7TeV =1y,=2 CMS preliminary 4.3fb '\/s =7 TeV_ >1y,>2jets
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Search for Disappearing Tracks
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Fig. 1 The Nypy* distribution for data and signal events (LLO1, Tpe = 10 20 o0 100 200 lra{:kﬁnu[GE‘I\EDD 10 20 30 100 200 tra{:kﬁm[Ge.l\:’:;m
I ns) with the high-py isolated track selection. The selection bound- Pr Pr
ary is indicated by the arrow. The expectation from SM MC events, {a) High-pr hadron track sample ib) Bad track sample
normalized to the number of observed events, is also shown. When
charginos decay before reaching the TRT outer module, Nypif' is ex-  Fig. 3 The pr distributions of high-pr hadron track (a) and bad track (b) background control samples. The data and the fitted model are shown by
pected to have a value near zero; conversely, SM charged particles  the solid circles and the line, respectively. The significance of the data-model difference on a bin-by-bin basis is also shown at the bottom of each
traversing the TRT typically have Nyg7" = 15. figure.

Rencontres de Moriond EW - 8 March 2012 Steven Lowette - UCSB




Search for Disappearing Tracks
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Hadronic MultiJet Search

JHEP 11 (2011) 99
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Search with Razor Variables

CMS Preliminary \s =7 TeV fL di=44 fb-I CMS Preliminary \Js=7TeV fL di=44 fb'I

— 1 000 T T | T T )}I T | T T T T T I) T T | T T T T | T T T T — 1 000 T T | T T )I T T T T T T I» T T | T T T T | T T T T
> P 2 > " %

(1)) tan(p)=10 S = [1)) tan(p)=10 > 5 =
(5 900 [ |4, =0y E)= 20 (5 900fg hcooy | ;

O ¥ .20 2 )= 2000 O a0 2 m(g) = 2000

m, = 173.2 GeV B =173.2 GeV .
§ 800 Razor Inclusive o goofN ° Razor Inclusive
: st A . . s
= Hybrid CLs 95% C.L. Limits - (7R /s Hybrid CLs 95% C.L. Limits
700 — — HAD Expected Limit 700 %

— — Leptons Expected Limit

—— HAD Exp.Limit+1 o

: = HAD Observed Limit
500 5 N\ HAD Obs. = 1 g (theory)

Leptons Exp. Limit +1 o

Leptons Observed Limit
500 s AN, mmmmam Leptons Obs. = 1 o (theory)

mie) = .
n(g) = 1000 mg) = 1000

200 S e 300 T
200 m(g) = 50p ei‘-""ﬂ?%eé | 200 .
o
10075500 1000 1500 2000 2500 3000 1007500 1000 1500 2000 2500 3000
m, [GeV] m, [GeV]

Rencontres de Moriond EW - 8 March 2012 Steven Lowette - UCSB




CMS-5SUS-11-010
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CMS-5US-11-013

CMS-EXO-11-045
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Same-Sign Dileptons in EWK Production
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EWK Multi-Lepton Production

+ SR1: Z-veto, b-veto

+ SR2: on-Z

* VR1: Z-dominated control region

* VR2: ttbar dominated control region

Selection VR1 VR2 SR1 SR2

trv 1.4£0.6  0.7£0.6 04103 2.7+2.1
Z7Z 6.7£1.8 0.03£0.04 0.7+£0.2 3.4+09
wWZ 61+15 0.4+0.2 1143 58+14
Reducible Bkg.  56+35 1449 14+4 7.54£3.9
Total Bkg. 125+38 1549 2645 72415
Data 122 12 32 95
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CMS-SUS-

Search for Same-Sign Dileptons with b-Jets Iy
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