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Introduction

® Sizeable mixing of gauge eigenstates to form mass 10

eigenstates for the third generation squarks

® Lightest stop squark (F;):
O Can be relatively light (150-250 GeV)

O Can be produced in pairs with high cross section at

the LHC or appear in the gluino cascade decay
O Produce b and t in its decay

O Ligh stops favored in several models for SUSY to

solve the hierarchy problem naturally
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Signal Production and Decay

® Stop production :
o Direct ;f; production
o Gluino-mediated with § — %t

® Tevatron searches based on direct stop
production and ¥ — c¥} or & — bli decays

® Stop decays explored at LHC:

ot — tx}

° # — bY}"
® Final state with 2-4 heavy quarks (b or t)
® Signature: b-jets, E™*, light jets, leptons

® Possible analysis strategies:
o b-jets: 1 lepton+b-jets, several b-jets
o Jets: large jet multiplicities
o Leptons: 2 opposite- or same-sign
leptons, 3 leptons
® |n % production, leptonic decays in both

legs lead to opposite-sign dileptons
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Outline

® General talks on searches for New Physics with heavy flavor by R. Cavanaugh
and T. Golling on Wednesday

® Summary of recent results from gluino-mediated and direct stop searches
® Results from stop searches in ATLAS and CMS:

o ATLAS search for with 1 lepton, b-jets and EMiss
(2.05 fb™1): arXiv:1203.6193, submitted to PRD

o ATLAS search for with large jet multiplicities and
E™ss (4.7 fb~'): ATLAS-CONF-2012-037

o ATLAS search for with 2 same-sign leptons, jets and
EFs (2.05 fb™1): arXiv:1203.5763, submitted to PRL

o CMS search for with 2 same-sign leptons, b-jets and

EMss (4.7 fb7'): CMS-PAS-SUS-11-020
o ATLAS search for direct stop in GMSB models with 2 same-flavour
opposite-sign leptons, b-jets and E™ (2.05 fb~1): arXiv:1204.6736
submitted to PLB
® Some of those analysis have signal regions and interpretations aiming at other

models (MSUGRA, sbottom production, SO(10), etc.), but only stop
interpretations will be discussed in this talk
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e ———
Background Estimation Methods

® Typical background estimation methods used in stop analyses:
O Top, WHjets:
e Estimated with “transfer factors” using background-enhanced control regions:

MC
Nest,Bkg _ NSR (Ndata _ NMC,otherS)
SR - C\'"'CR CR

M
NCR

o Correlated systematics between numerator and denominator largely cancel
O QCD and fake-lepton backgrounds:

e Estimated from data
e Pass-fail matrix method based on a looser lepton definition commonly used for
fake-lepton estimations

O Smaller irreducible backgrounds: diboson, associated tt production, etc.
e Using Monte Carlo
O Charge flip in same-sign dilepton analyses: e}?;rd — 'yharde;gft — esfftesffte}ird
e Semi data-driven
® Uncertainties affecting the results:

O Experimental uncertainties: jet energy scale calibration, b-tagging efficiency, etc.

O Theoretical uncertainties: renormalization and factorization scales, PDF, etc.
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ATLAS 10 + b-jets + E™ss (2.05 fb1)

Exploiting the presence of b-jets from the top decays and the leptons produced
from the leptonic top decays
Analysis selection:

Single lepton trigger — one lepton (£ = e or u) with pr(e, u) > 25,20 GeV
Veto on additional leptons

At least four jets with pr(jet;) > 60 GeV and pr(jet, 34) > 50 GeV

One of the four leading jets must be b-tagged

Emiss > 80 GeV

O mr=1/2:ph - EP - (1— cos(Dp(t, EF'™)) > 100 GeV
Signal regions:

0 SR1-D: met = 32, P + Z.f P! EMiss > 700 GeV
O SRI-E: mes > 700 GeV, ET® > 200 GeV

O O O O O

Background estimation:

O Non-QCD background:
Semi data-driven estimation using transfer factors from control region
(40 < mt < 100 GeV, meg > 500 GeV)

O QCD background:
Estimated from data using a pass-fail matrix method
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ATLAS 1/ + b-jets + EIss (2.05 fb~1): Results
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R S EEEEE————SC——m—————
ATLAS Multijet Analysis (4.7 fb™1)

® Analysis requiring high EX"™** no isolated lepton, and > 6 to > 9 jets
® Multijet trigger (4 jets with pr > 45 GeV or 5 jets with pr > 30 GeV)
® 6 signal regions defined (8j55 and 9j55 sensitive to #; production):

Signal region 7355 | 8j55 | 9j55 | 6i80 [ 780 | 8j80
Isolated leptons (e, 1) =0

Jet pr >55GeV \ >80GeV

Jet |n| <2.8

Number of jets >7 ‘ >8 ‘ >9 ‘ >6 ‘ >7 ‘ >8
Emiss/ \Hy > 4 GeV'/2

® EF™ cut as a function of Hr = Y, pf* — Minimal cut on EF'** > 84,89 GeV
for 8j55, 9j55
® Background estimation:

O "Multi-jet” backgrounds (QCD, fully hadronic tt, W and Z decays):
Estimated from data using control regions with lower ET**/\/Ht and/or jet
multiplicity

O ‘“Leptonic” backgrounds (non-fully-hadronic decays of tt, W+jets and Z+jets):

Estimated from control regions using transfer factors
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ATLAS Multijet Analysis (4.7 fb~!): Results

§-g production, §— tf;"(? L™ =471’

® No excess observed over the SM S 600 oo Aot | T ok
F [S) C X % imi ]
predlctlon: ECEN :x§ fr:iiiu i 019 0413]

n i i B E ool SS Dilepton, 2.0 " 022 042 0.08]

| Signal region H 8j55 ‘ 9j55 F 1-lepton plus bjet, 2.0 fb* ]
Multi-jets 10+3 1.2+04 [ Multi-jets plus ET'** combined R %5 "%

i — qt, €€ 57160 | 0702072 400 [-ATLAS Preliminary 023 0.12 0.08 0.05 0.04]

W+ jets 0.81+0.72 0+0.13 5§ 0.21 0.12 0.07 0.05 0.04 0403:

Z + jets 0.05:0.19 | 0+0.12 s 0031

C 0.02]]

Total Standard Model 17+7 1.9+0.8 L e 4

200 - 0.0;

Data 22 3 r 0.02

. . 1007-55 0.16 0.1 0.07 005 0.0 0.0:

® Results interpreted in the same r

. zo0 [078, 014 oo 008 op 003 ) i, 25 L

g — ttXi model used for the 1 500 600 700 800 900 1000
lepton—+b-jet analysis 5 (GeV]
® Low sensitivity in the region close to the kinematic limit (mz 2 2m: + m, o)

similarly to the 1 lepton+b-jets analysis

® Both analyses have strong requirements on mes, around 500-700 GeV —
Reduced sensitivity for final states with small mass splitting between g and its

decays products
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EE——————————————————————————
ATLAS 20 SS + jets + EMss (2.05 fb~1)

° . _ . . . @8 T T . T
E)I(p|0|t same-sign (SS) dilepton signature E la- 208 11NE 2 7 To *gm:g;;mm
with softer jet cuts = W2 iets it
o W 0ivoson [ Fakerepton
. . - - Signal
° .
Analysis selection: - ATLAS
O Single lepton and dilepton triggers
O At least two leptons (e or p) with 10 NN
pt > 20 GeV }
O The leading lepton pair must be SS  F @0
. . 10"
O At least four jets with pt > 50 GeV
. . Nei(p,>50 GeV)
® Signal region for stop search:
. > ! "¢ Databot1
o SR2: EP > 150 GeV, mr > 100 GeV § | fra-2osmiee7rov S
B ol ATLas =Z/\ e
. 2 E Diboson ake-lepton
® SM background evaluation: 5 L
w & N
O “Fake-lepton” background: NN GGy T
Matrix method
O Electron charge mis-ID:
Semi data-driven
o Di_boson and associated tt production e e
(tT+ X): 0 50 100 150 200 250 >250
. ™ [GeV]
Directly from MC B (e
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ATLAS 20 SS + jets + EMss (2.05 fb1): Results

® Very small background

expectation

® No event observed in signal

region:

SR2
tt +X 0.21 = 0.16
Diboson 0.02 = 0.01
Fake-lepton <0.17
Charge mis-ID | 0.039 & 0.007
Total SM 0.27 £ 0.24
Observed 0
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® Results interpreted in the § — tt%) simplified model

® Comparison with 1 lepton+b-jets: 2 SS lepton slightly worse at high m; but

better at high m, 0 (softer cuts: 4 jets of 50 GeV and E:
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Other Interpretations: § — tt; — tb¥\{

® Results from the 1 lepton+b-jets and 2 SS lepton analysis also interpreted in
other models
® MSSM scenario considering both gg and %, % production
® Mass spectrum:
© All quarks heavier than gluino except stop with mz > my, + my
O m_+ ~2m_o, m_o = 60 GeV
Xft X1 X1
® Decays: BR(g — #t) = 1, BR(F — b%i) =1 and BR(X{ — ¥30F1)=11%
5§+, production, § » Fst, T, b4, L™ =2.051"\5=7TeV G production, §—T;#t, [b+7: [L dt =2.05 fb”, V5=7 Tev
= F T T T T T T T T LIS = 650 T T e b e ey
® 500 [ ATLAS —— CL, Observed Limit (85% GL) - % EATLAS —— Obs.CL,95%C.L.lmit 3
‘é; [otepondajs gt:gzz:zgtmie‘i&cuz g_ ) 2-lepton ss,v 4ets - Exzeg:fﬁ:;‘;t fimit 3
600 - ) =60 Gov , m(z) - 2m(7) —— ObsecdATLAS 6558 € mﬂj:(::]e — = 1 lepton plus b-jets 2.05 fb’
£ m@,,)>>m@ . B m s X
E E q,>> My ,
500 [— — R .
F - s
w0 e 3 A
£ 0 ] .
C W 1
300 [ o7 3 ("
£ - ] \
2000~ — / i 3
Evi | | | Leiinl : | B \HH\HH\HH\HH‘/‘HH‘\HH\HH
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mg[GeV] rrL[GeV]

® Exclusion of stop masses of ~450 GeV for gluino masses of ~650 GeV
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CMS 20 SS + b-jets + EMss (4.7 fb1)

® Using the SS dilepton and b-jet signatures

together CMS Preliminary, (s=7TeV, L_ =4.7 b
T T T

® Analysis selection:

O Dilepton triggers

O Two SS leptons (e or p) with 120
pt > 20 GeV 100
O Veto events with a third lepton if 80
compatible with a Z boson 60
O At least two b-jets with pt > 40 GeV :z
® Signal regions built with E-'Piss and Ht cuts 0 00 00
(SR4, SR5 and SR6 aiming at stop Hr (GeV)
production) SRA SRE SRE
. No. of jets >2 >2 >2
° . = > >
SM background evaluation: No. of btags S S S
O “Fake-lepton” background: Er >50GeV | >50GeV | > 120 GeV
. Hr > 200 GeV | > 320 GeV| > 320 GeV
Control sample with loose leptons scaled — Fe me 03%£0.1 [0.12%0.03 |0.026 % 0.009
with prob.ablllty of passing tight selection Fake BG 15+11 |081+078| 015+ 045
o Charge flip: RareSMBG | 20+1.0 [1.04+052| 039020
Semi data-driven Total BG 37+15 | 20+£09 | 0.6%05
O Rare SM processes producing SS leptons: | Eventyield 5 2 0

Directly from MC
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R S EEEEE————SC——m—————
CMS 2/ SS + b-jets + EMss (4.7 fb~1): Interpretation

® Results interpreted in two models:

O Model Al: gg production with & — tt%? (off-shell stop), same as in ATLAS
analysis

O Model A2: gg production with § — &t — tf)"(? (on-shell stop) with fixed
mi? =50, 150 GeV

CMS Preliminary, (s =7 TeV, L _ =47 fb* CMS Preliminary, /s =7 TeV, L =4.7 bt
T T T T T T - > =
Same Sign dileptons with btag selection A 8 E Same Sign dileptons with btag selection
s Exclusion 07! = MO £ 10 3 = 900? Exclusion ¢”*? = gN O 4 16
E £ g00f-
El 700E-
E 600E-
E 500
E 400
E| E M%) = 150 Gev
- 300F-
E E m(&) = 50 Gev
- 200
Il Il L E
00 500 600 700 800 900 1000 _ 110 = L L L L L
m(@) Gev 200 500 600 700 800 900 1000
m(@@ Gev
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ATLAS GMSB 2¢ SF-0S + b-jets + EMs (2.05 fb?)

® Only LHC result about direct stop searches so far was obtained within the
context of GMSB models with light higgsinos

® Model parameters: mg, = my, = —A:/2; tanp =10

o Light higgsinos: %9 and )ﬁt almost degenerate in mass

® Only %% pair production considered

® Squark and gluino mass above 2 TeV

® Stops decays: f1 — bX{ or & — t{iy) (if
kinematically allowed)

® Neutralino decays: BR(¥} — ZG)=0.65-1 for
myo = 100 — 350 GeV

® Expected signal: two b-jets, decay products of Z (or h) and large EF™ from
the undetected gravitinos.

® Exploring signature with 2 same-flavor opposite-sign leptons, b-jets and E™s
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EE——————————————————————————
ATLAS GMSB 2¢ SF-0S + b-jets + EMs (2.05 fb?)

T
® Data2011

T
ATLAS

>
. . 3
® Analysis selection: S . P ol
) . . 3 Ldt=205"\5=7TeV  [up
O Single electron and muon-jet triggers P i 50 GaV 5 2+t
B . S T fake-lepton
© Two same-flavor opposite-sign leptons (e 2 et
or i) with pr > 20 GeV (leading lepton £ [ — Tescoek 7 100G
A S N S - - I 7250GeV, 7, 220Ge
pr > 25 GeV if it is an electron) *
O Invariant mass: 86 < myy < 96 GeV
O At least two jets with E
pr(jet; ») > 60,50 GeV
? | Il L & =
O At least one b-jet with pr > 50 GeV 50 100 150 200 250 300 350
) ET* [GeV]
® Signal regions: SR1 (Ef** > 50 GeV) and
SR2 (E_II'_T'IISS > 80 Gev) = 350 smppameb‘ASBNaluralm‘ads\ . .
® ATLAS —CL, observed limit (95% C.L.)
[C) § .. CL, expected limit (95% C.L)
® SM background evaluation: GO Jramsen T Epectea L it 1

Y Reference points
250

O Top: with transfer factors from control
region of inverted my, 200

O Z+hf: from MC and validated in
Iow-E{-niSS control regions

O Fake leptons (W+jets, multi-jet):
Matrix method 5L !

100 150 20‘0 2;0 330 35‘0 400
O Diboson, tt + X: from MC

150
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Summary

® Several searches for stop performed with 2.05-4.7 fb~* of LHC data in ATLAS
and CMS

Exploring signatures with one or several b-jets, one or two leptons (same-sign
or opposite-sign), jets and EFs

® No excess observed so far:

o
O

Model independent limits on o X € X A

Interpretations within specific models (§ — tt%9, & — ¥t with ¥, — t%{ or
f — b)Zli) or GMSB scenarios

CMS limit in & — tt%) model with 2-lep (SS) + b-jets:

& mass of 740 GeV (m(XJ) < 380 GeV) [CMS-PAS-SUS-11-020]

O Summary of ATLAS limits:

Gluino med.t (‘attx )i 1-lep +b-j's + By s

g mass (m(i?) <150 GeV)
Gluino med. T ("‘ettx ): 2 lep (SS) +J's + E7 nyiss g mass (m(x )< 210 GeV)
Gluino med. T (’"—>ttx ) - multi-f's + E7 s 9 mass (m(x1) <200 GeV)
Direct Tt (GMSB) : Z(—>II) +b-jet + Ep s

Tmass (115 <m(x ) <230 GeV)

® Updates to full 2011 dataset and other analyses for direct stop production in
preparation — Results about regions never probed before: STAY TUNED!
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BACKUP
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Pre-LHC Results on Stop Searches

Scalar top in the Dilepton Channel:T— 17 b
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ATLAS and CMS Experiments
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Data Taking in 2011

- F T T T | = E T T T T T T |
v | » E . . . _ E

a ATLAS Online Luminosity Vs =7 TeV 3 o 450 ATLAS Online Luminosity ~\s=7Tev 3
S [ LHC Delivered ] § ® LHC Stable Beams 3

k7 - 3 Peak Lumi: 3.65x 10%° cm? ™! E
8 ATLAS Recorded i E E

£ g 35F E
§ Total Delivered: 5.61 fb™! E = 3:7 E

= Total Recorded: 5.25 fb™" 3 ic E E|
2 End August: 3 5 25 E
] ~2 fot 7 2 £ B

F | 2 = =

£ E g X 3
3 k| é 1.5 5, -
2 | E £ ] B
S El 3 1= rY’ . . E
E % ' . El

| 3 . -

] o E

055 j
B Lo .

0 C L L .| ot L . L L By
28/02 30/04 30/06 30/08 31110 28/02 02/04 05/05 08/06 11/07 14/08 16/09 20/10 22/11
Day in 2011 Day in 2011
CMS Total Integrated Luminosity 2011 (Mar 14 05142 - Oct 30 16109 UTC] s cMs Peak L ity/Day (2011 Mar 15 - 2011 Oct 30)
< b — MaxInst 4.017 nb™'
f 6 E a0
3.5
5
3.0
4 2.5
3 2.0
15
2
1.0
1 0.5
0 0.0
14103 20108 14106 2007 14109 2010 45103 20108 1106 30107 A0 3010
Date Date

Ximo Poveda (1U

May 4, 2012 21



