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Search strategy

Prospino2.|

® Target large cross sections !¢
from strong production

o, [pb): pp — SUSY VS =7 TeV

® Signature based, inclusive
analyses with MET

® Simple “cut and count” style
analyses

® No deviations from SM
observed = limits set
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SUSY searches with

Signature ATLAS CMS
All-hadronic > 2,4 jets (arXiv:1109.6572) at (PRL 107, 221804 (2011))
= 6,7,8 jets (arXiv:1110.2299) M2 (SUS-11-005 including b jets)
b jets (ATLAS-CONF-2011-098) Razor (SUS-11-008)
MHT (SUS-11-004)
MET+b jets (SUS-11-006)
Single-lepton arXiv:1109.6606 SUS-11-015
b jets (ATLAS-CONF-2011-130)
Dilepton arXiv:1110.6189 SS (SUS-11-010)
OS (SUS-11-011, SUS-11-007 taus)
Z (SUS-11-019, SUS-11-017)
Multilepton RPC (SUS-11-013) 2.1 fb"’
RPV (EXO-11-045) 2.1 fb™
Photon Diphotons (arXiv:1111.4116) Single and diphotons (SUS-11-009)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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All-hadronic searches

N
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ar and Ht based search: ® Backgrounds
= Z = vv from y+jets sample with MC
ear > 0.55

translation factor
eHt > 275 GeV

e At least two jets with pr > 100 GeV = W/top from p+jets control sample
e Lepton veto with MC translation factor

= QCD background shape from lower
ar control sample
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All-hadronic searches

® New in 2011 = shape fit in bins of Hr
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® Significant improvement in sensitivity
from shape fit

= Also sensitivity to lower Ht signals
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All-hadronic searches

® Novel search in hadronic events with very high jet multiplicity

= Large number of jets = 6,7,8 and lower MET requirement complementary to traditional
search with =2 2,4 jets and higher MET cut

® Backgrounds in two categories
= [ eptonic backgrounds (W, Z + jets, leptonic top) = Extrapolate control regions using MC

! [ [
IL dt~1.34fb"

ATLAS

. Datla 201 1I (\'s =|7 TeV)
—— Total SM Prediction
I Alpgen Z— up

[ Alpgen tt— ql,lI

I Alpgen Z— (ee;tr)
[ Alpgen W— (e u,t)v

-------- SUSY Point (1220,180)

Z Control Region

P;> 55 GeV jets

6 7

8
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70

Number of Jets
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IIIII T I I |
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ATLAS

W Control Region

P> 55 GeV jets
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IIIII T I I
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ATLAS
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Total SM Prediction
[] Alpgen tt— g

[ Alpgen W— (e u,t)v
I Alpgen Z— (ee )
-------- SUSY Point (1220,180)

Top Control Region

P> 55 GeV jets

6 7 8 9 10

Number of Jets

= Systematic uncertainties on extrapolation from JEC, JER, ID and b tag efficiencies
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All-hadronic searches

® Novel search in hadronic events with very high jet multiplicity

= Large number of jets = 6,7,8 and lower MET requirement complementary to traditional
search with =2 2,4 jets and higher MET cut

® Backgrounds in two categories

= [ eptonic backgrounds (W, Z + jets, leptonic top) = Extrapolate control regions using MC
= Multijet backgrounds (QCD and fully-hadronic top) @ MET/\Hr templates

T l T T T l T T | T T T ]
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= Data-driven technique works to around 10-20% precision = residual systematic assigned

9 BSM 4 LHC UK @ IPPP, 11t-13% January 2012, Durham, UK.



All-hadronic searches

6 J 80 GeV

7 J 55 GeV

7J80GeV |8J55GeV

Data

26

45

3 4

SM

26

I+

6

39+9

I+

1.3 1904 2.3 *457

(\\I = T T T I T T I T T T I T T T ' T T T I T T T T T T T T T =
> - N -1 e Data2011 (\s=7TeV) 4
210°E f‘- dt~1.34fo  __ 1otal SMPredicon
0 - ATLAS (I QCD+tt—> qq (Template) J
Nyo? e [ Alpgen tt— g, -
SE [ Alpgen W— (e ut)v 3
2. 40 I Alpgen Z— vv -
§10 o e SUSY Point (1220,180) §
e . . 7
102E Signal Region .
= > 6 jets p_>80 GeV ]
10g ! E
15, 3:
10 Htle
§°E $ ' ]
ELS ey §
g 1E 'ﬂoﬂ+ E
305 s 3
O 4 6 8 miss 1\7; 1l 1/2
EM*/\ H, (GeV'?)
:\:I F T T T I T T I T T T I T T T ' T T IDI t| |20|11 (l\ T |7 Tl VI) T =
> . fF . -1 e Data s=7TeV) 7
310° f'— dt~1.34fo " 1oaiSMPrediction
0 - ATLAS (I QCD+tt—> qq (Template) J
Nyo? e [ Alpgen tt— g, -
2F I Alpgen W— (ept)v 3
2. 40 I Alpgen Z— vv -
§10 E e SUSY Point (1220,180) §
o F ) . 7
102 -y Signal Region .
E . > 8 jets p_> 55 GeV ]
10k i T =
= Tf 3
B E i § G0 B PR 7
10-1M Ll O.. .0 L W=
52— : : : - 3
%1.55 + E
[ 2. ®.-&--1-L1 E
e
00- 2 4 8 miss 1\7; 1l 1/2
EM*/\ H, (GeV'?)

10

MSUGRA/CMSSM: tanB = 10, A = 0, >0

L™= 1.34 o

;‘ L L T 171 | T T 1 | | I I R
550 F AT}_AS obs. CL, 95% C.L. limit —
Q) ~ . i . e exp. CL 95% C.L. limit —
— I Multijets plus E™*° Combined : ]
g500 - . T ‘ ———— exp. limit +16 .
S - N o N 201122,3,4 jets plus E™*
- o —-—.l T —
\ \ I -
450 E_\\ \ % \.‘ CL, 95% C.L. limit E
o, i E | | |LEP2%” _
SRS \: ' ; 1 —
: .\;O.R\\ - . \.\ \\. ~ o~ 1 :
400 — .;\9/1 s S S |:] D0 g, g, tanf=3, u<0, 2.1 fb"' _]
— P \ T~ — — =
- ¥ —~ 8(1000) | CDF g3, tanp=5, n<0, 2 fo™"
C N ‘ - ‘ - . ]
350 | — 7 /1 Lk \\\ ) \ - Theoretically excluded | —

— 7 .\ ] . . : ; :
-y - \ | —
- R \ 1 1 | -
300 £ | | i i i |
2502 0 WO\, TTmmeeeel —

200

150

2000 2500

3000
m, [GeV]

500 1000 1500 3500

BSM 4 LHC UK @ IPPP, 11"-13% January 2012, Durham, UK.



Interpretation in Simplified
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= Clean way to communicate results of our searches and compare different
channels = no hidden theory dependence

)
95%

I

S
)
95%
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Single-lepton search

® |_epton (e/y) requirement

= One electron pt > 25 GeV
= One muon pt > 20 GeV

=prt+ 3, prt
mlSS
eﬁ=HT+ E"

-

® Four signal regions defined in terms of MET, mt, mesf and Njets

= Tight signal regions for CMSSM-like models with large MET and high E jets
= | oose signal regions for models with more compressed particle spectra

= Three jet signal regions for lower multiplicity squark-squark production

= Four jet signal regions for gluino-gluino(squark) production

%00 |2 RS/ BN 3JL | 3JT | 4JL 4J T
£ 1600 3 3JT AP Leading jet 60 80 60 60
1200 5 s Other jets 25 25 25 40
10007 mr 100 | 100 | 100 100
600L| | MET 125 240 140 200
4001 - E
o %M%G : MET/mes 025 | 015 | 0.3 0.15
00~ ~100200 300 400" 500 g“ob”‘?(')o 800 Meff 500 600 300 500

**[GeV]
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Single-lepton search

® Backgrounds in two categories

= Fake leptons (small contribution) = fake rate method
= |eptonic backgrounds (W+jets, top) = Extrapolate control regions using MC
= Combined fit to control and signal regions including all background sources
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Interpretation in Simplified Model

s‘ lIIIIIIlllIIllllIllllIllll
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= Shows where kinematic coverage ends = leptons/Ht too soft
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Dilepton searches

® Dilepton production:

= |n cascade decays of strongly produced particles
= Directly via weak pair-production

® Several searches

= Opposite-sign leptons = On/off Z peak, same-flavour lepton pairs
= Same-sign leptons = strong and weak production

® Event selection

= Electron pt > 20 GeV (25 if leading lepton)
= Muon pt > 10 GeV (20 if leading lepton)
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Dilepton searches

® Backgrounds

= Fake leptons = fake rate method
= | eptonic backgrounds (Z, top) = Extrapolate control regions using MC
= Charge mis-assignment (small) = From Z control sample

® Results
MET > 250 GeV
\ Background | Obs.
MET > 220 GeV + 3 jets - OSSR1 | 1565 +40 | 13 SS-SR1 limit
MET > 100 GeV + 4 jets OS-SR2 | 13.0 4.0 17 o nd i
TT—> OSSR3| 57+36 | 2 _ JEMEIo "1'/'2"( S
© __mx—m m. _mI_SP+ m.-m, 4
MET > 100 GeV e S_S'SRI 32.6 £ 7.9 =5 %x— 70 [Ldt=1.04 ", \5=7 TeV ’ 3
2

SSSR2 | 249450 | 28 Feer - 0
MET > 80 GeV + 2 jets / 250 -+ Expected

- . Expected+ 1o
200 ’

150 F

100

Ty,
g,

50

150 20 250 300 350
M. oo [GeV]
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Dilepton searches

® Flavour subtraction analysis

= Subtract number of ey events from number of ee and pu events

(correcting for differences in efficiency)

Sobs Sp > T

FS-SR1 | 131.6+2.5(sys) | 118.7£27.0 & 1°F
FS-SR2 | 142.2+1.0(sys) | 67.1+28.6 = so- |
FS-SR3 | -3.06+£0.04(sys) | 0.7£1.6 o

405—
SR1 : Z Veto MET > 80 GeV =" +
SR2: MET > 80 GeV + 2 jets 20
SR3: MET > 250 GeV 0

-20 |

_+7
+

lllllllllllllllllllllll lllll

—e— Data 2011 \s =7 TeV)

——— SM Background

Data overflow(S): 2

JLdt~ 1.04 fb"

+ ATLASPreliminary ]

0 50 100
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Interpretation in Simplified Mot

PP~ 88,8 aax’ i - vy m@>>m(@) pp -8, qq7; m@>>m(@)
_— L T T LI T T LI T 1 AQ‘A o [T | L T T | T T T | T T T T T T ; _
> 12001 cMs Prelliminary| | | — % 12007 cys Preliminary —y
O - -1 4 Q O - -1 " Q
= s =7 TeV L=0.98 fb = = s=7TeVL=1.11b g
I i . ) I i o)
£ 1000 SS:OR all selection 10 & £ 1000 Oy 10 &
- gProd — gNLO-CD o - —gPred = gNLo-acd o
....... o.prod = NLO-QCD — O.prod =3x 0.NLO-QCD " =
| wmmgProd — /3 x gNLO-QCD g L aeegProd Z 1/3 % O.NLo-Q(iB, S
800 = 800 ’ =
. = - E
i 1 = i L
600 §-_ 600 §
L S =
- - B |
i O - (&)
400~ 1073 400~ 1073
L » b (o2}
200 200— .
: 10° 102
200 400 600 800 1000 1200 400 600 800 1000 1200
my (GeV) m, (GeV)

= |_eptonic searches probe compressed mass spectra better than current
hadronic analyses
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Multileptons

® At least three high pr leptons e, y and 1 (require at least one e or )

= Many signal/control boxes considered:

 MET (50 GeV)/ no MET, on/off Z peak, high Ht (200 GeV)/no Ht, same-sign/opposite-sign/flavour
- Sensitivity to EWK production

= MET threshold determines control/signal for RPC/RPV search
= Statistically combined for final limit

® Backgrounds
= Irreducible: WZ+jets, ZZ+jets => estimated from simulation CMS Preliminary V5 =7 TeV, |, =2.1 fb”

il | |

. . . . . L9 (2 -y ]
= ttbar - simulation with study in control regions S o5t mw
= Z+jets, WW+jets, W+jets, QCD - data-driven fake rate S o0 { =T

2 15F .

—
IOIII

= Measured Z = 3 lepton background on Z peak in 2011
= Asymmetric internal/external conversions
= Higher order EWK processes important for search!

IIm T

IIIII
50 100

=)

450 200 250
M(u*pp) [GeVic?]
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Multileptons

; CMS Preliminary Vs=7 TeV,L_ =2.1fb" 4 leptons: 4(e/u) channels
CMS Preliminary Vs=7 TeV,L_ =2.1fb" 3 leptons: 3(e/u) channels int

10 = 7 | | | | | | | | I I 0 | | | | | I |
= B« 10° = I 1
B wz/zz = wz/izz
JF / /
10° & ol e 1o 3 lepton (e/p) : : 4 lepton (e/p)
= fiw / iz / Www 10 . B tiw / iz / www
[ [ Data-driven = [ Data-driven
10° - -... Bkg Uncertainties C - Bkg Uncertainties
E 1 = ®
10 & =
- 107
1 =
10" 10° g
10-2 HT>200 HT<200 HT>200 HT<200 HT>200 HT>200 HT<200 HT<200 HT>200 HT>200 HT<200 HT<200 10-3 HT>200 HT>200 HT<200 HT<200 HT>200 HT>200 HT<200 HT<200
MET>50 MET>50 MET<50 MET<50 MET>50 MET>50 MET>50 MET>50 MET<50 MET<50 MET<50 MET<50
ET>50 MET=50 MET<50 MET<50 MET>50 MET>50 MET>50 MET>50 MET<50 MET<50 MET<50 MET< MET>50 MET>50 MET>50 MET>50 MET<50 MET<50 MET<50 MET<50
v v v v v v v zv

CMS Preliminary

\s=7TeV, L =21 fb

GGM inspired model 1900

Multilepton signatures from:

O =TT 51T+ 1+ G 1600

YR B 95% C.L. CLs Limits N

(SJ i NLO observed ]

® G raV|t| nO LS P & S N N S U L L L L NLO expected median 4

: 1800— —— NLO expected =10 ]

* Mass degenerate slepton co-NLSPs i A A N NLO expected <20 |

o x0 (bino-like) NNLSP - -
1700 N\ N i

RPV interpretation in backup Te00 700 800 900
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Photon(s) + MET

CMS preliminary

|||||||||||||||I||||I |||||||||||| =
1y,>=3 jets ]

[
o
[¢,]

® Data
Ldt=1.14fb ™ [ 1/QCD (from data)
e — vy (from data) =
tty (ISR/FSR) (Sim.) ]
W/Z+Jet+y (ISR/FSR) (Sim.)
Signal(750/1000/375) 3
Signal(1450/700/225)

—
o
~

—_
o
N

Number of Events
)

—_
o -
L a O

Data/Sim.
N

o 4

1

1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
200 400 600 800 1000
£, [GeV]

Single photon + jets + MET:

Pty > 75 GeV
Ht (3 Jets) > 400 GeV
MET > 200 GeV

Number of Events / GeV

T | T T T | T T T | T T T | T T T | T ]
CMS Preliminary \/s =7 TeV, Ldt=1.14fb"

1+ Jet Requirement

—e— 7Yy Candidate Sample
Total Background Uncertainty =

Qcb

[5] Electroweak

IIIIII IIIIIIIII T

— GGM yy (720_640_375)
— GGM vy (800_960_375)

\Q

I| IIIIIIII| IIIIIIlll Illllj IIIIIIII|

l100| 205 0 (120L 202 )50 01 4OI X
£ [GeV]

Diphoton + jet + MET:

Pty > 45/30 GeV
At least one jet
MET > 50/100 GeV

= QCD bkgd. dominant = shape from control samples - norm. at low MET
= ¢ => y fake rate measured on Z peak and used to estimate EWK bkgds.
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Conclusions

® \Wide range of SUSY searches performed with 1 fb-' 2011 data
= Still > 4 fb-! to analyse for both ATLAS and CMS

® No significant deviation from the Standard Model so far

® Mostly inclusive searches

= Broaden search programme in 2012
= Discussion later today on direction

https.//twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Multileptons: 3 lepton (e/M) dis
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Multileptons: RPV limits
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