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- Motivations
- Natural SUSY
- 3rd Generation
- Direct stop production limits, 7 TeV, 4.7/fb
- Gluino mediated stop production, 2 same-sign leptons, 8 TeV, 5.8/fb
- Gluino mediated stop, direct sbottom production, 3 leptons, 8 TeV, 13.0/fb
- Electroweak production
- Slepton and chargino pair-production, 2 leptons, 7 TeV, 4.7/fb
- Chargino-neutralino production, 3 leptons, 8 TeV, 13.0/fb
- R-parity Violation
- NLSP pair-production, 4 leptons, 8 TeV, 13.0/fb
- Summary
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SUperSYmmetry

Standard particles SUSY particles
- Most popular theory beyond the

Standard Model \‘.')\?)J ‘

t
- Introduces SUSY partnerstoeachSM (¢ = b
particle with spin different by 1/2

- Regularizes electroweak scale
- Stop must be similar to top in mass

- Gauginos coupling to the Higgs sector
should be light

' h
- Unification of gauge couplings at GUT
scale k™
- Mass unification at GUT in parallel o™
Implies M1:M2:M3 ~ 1:2:7 at EW =
- Higher GUT scale (~1e17 GeV) __ 40
prevents GUT-mediated proton decays > _
3
- R-parity conserving models can -
provide dark matter candidate 10} ..
- large missing momentum collider e
signature 2 4 6 ®8 o 12 1 16 A8 20

log (E/GeV)
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¢  Production of SUSY Particles

- Strong production is dominant unless squark and gluino masses are large
- Stop has to be light to solve hierarchy problem

- Gaugino masses expected to be light as they couple to the Higgs sector

- Stop and weak production could be the dominant production at this stage
- Large MET signature could be lost due to RPV
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Direct Stop Limits, 7 TeV

T, production: T, — by, X;— W+, (BR=1, m, <200 GeV); T, - t+%, (BR=1, m. > 200 GeV)
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Gluino Mediated Stop Searches

- Targeting RPC models where gluino and N1 are the lightest SUSY particles
- Pair-produced gluinos decay to tt + N1 final states via off- shell stops

- Two topologies are used for the search:
- 2 same-sign (SS) leptons + jets + MET (8 TeV, 5.8/fb)
- 3 leptons + jets + MET (8TeV, 13/fb)
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2 SS Leptons + Jets Search

Signal region

2 leptons, p; > 20 GeV, same sign
24 jets, E; > 50 GeV
MET > 150 GeV

Background classified into 3 classes:

Real SS lepton pair from VV and ttV

- Estimated from MC

Fake leptons from semi-leptonic tt

- Matrix method using fake rates measured in SS control samples

Charge mis-identification from electrons undergoing bremsstrahlung with
subsequent photon conversion

- Charge mis-ID probability measured in data using OS and SS events forming a Z
candidate and applied to MC

ATLAS-CONF-2012-105
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Entries / 50 GeV

Validation region

Same-Sign Dilepton

® Data

/) sM Total
[ +F Faxe
[Jcharge mis-io . t§
- tt+V
[[] oibosen

aee G113 (M =300GeV, m, =800GeV)
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0, = O X acceptance
x efficiency < 1.08 fb

Category ee eu U tf

HF fake 074+0.53 1.16+0.70 0257037 |2.14+1.08
iH+V 0.17+0.08 044 +0.18 0.23+0.10 | 0.84 +0.34
Charge mis-ID (Z,tf) 0.13+0.06 0.14 +0.06 - 0.27 £ 0.10
Diboson 0.04+0.04 0.10+0.05 0.03+0.03 | 0.18+0.07
Total background 1.1+0.5 1.8 +£0.7 0.5+0.3 34+1.1
Observed in data 1 2 1 4
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3 Leptons + Jets Search

Counting Experiment

23 leptons, p+ > 15 GeV |2q| = £1
24 jets, E; > 30 GeV Third electron with g=2q
MET > 50 GeV Z-veto
i i £ 220 ATLAS Prellmlna tt CR '
- Irreducible background (ttV, VVV) is 2 200 Y > Data. 56 Tov
estimated from MC 1aof. JLa=teom’ gy, fww, Vv

- Reducible background is estimated from MC I% =
with correction fgactors from data 120l A 7
- Scale factors for electrons/muons and heavy/ 123 //%7
light flavor 60 ¥
- Scale factors obtained with likelihood function: 33 207777

- four fake-rate scale factors

- 16 binned distributions in 3 dedicate control
regions each with different flavor/charge
combinations

Data/Predictions
T T %d\ T T

ATLAS-CONF-2012-145 Jet Multiplicity

11/12/12 Zoltan Gecse (UBC, ATLAS)



3 Leptons + Jets Results

3u 1e2SSu  1e20Su  2SSelu  20Selyu 3e 3¢
Z+jets and Z+bb+jets - - - - - 0.4 f‘é; 0.4 fg%
tf and Wt 0.7+0.8 0.5£0.5 1.5 jg;g 09*19 1.0 j§;§ 02755 | 497
WW, WZ, and ZZ 0.7 194 - 0.8 *03 - 03702 0.6+0.6 | 2.4+
tt+W and tt+Z,and VVV | 0.3£0.2 0.2 +0.2 0.6£0.5 0.3+0.2 0.4+03 0.2+0.1 | 2.0+1.0
Total SM 1.8+1.0 0.8+£05 29+12 12*2 1770 14702 |97 jg;
Signall 1345 1.2 fg:; 2.2 iﬁ:‘i 1.2 ﬁg:; 22705 0.7 tgé 8.9 ”_’?:8
Signal2 09+03 122 200> 14+0% 20:06 08+ | 8317
Data 1 2 3 1 4 3 14
E 12 ATLAIS lPll'e'Iirlni'n'ar'yls'igln;l llqelgi(')nl o ‘ % 14 ATII.AS Fl’relirrltinar; Sign:al Regilon '
0 _ 1 -¢-Data,\/s=8 TeV ] Ll>.l _ 1 -¢-Data,\/s=8 TeV
S B Z+jets 4 B Z+jets N
o ks B 1 Ok E
B wt - B wt ’
—B500, %300, %¥°150 ] —B500, %300, ¥°150
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Gluino Mediated Stop Limits
2SS L+ jets+ MET 3L + jets + MET
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Direct Sbottom Search

In the 3L + jets final state

L™ =13.0 fb"',\s=8 TeV

s 200 .~ opserved lmit 102%%) | 211 2 e ot .
3 - IMit (+10meery)  ATLAS Preliminary 4
- Sbottom = tOp + C1 ‘éf,; L Expected limit (+10,,,) =
. - —— Observed 7TeV data '
. + 00— =
C1into W + N1 2. Expoctod 7Tov data :
. — 140 |- -
« With mg, =2 X my, C Al limits at 95% CL -
. 120 |- -
° Wlth mN1 - 60 GeV [ . _
100 [~ PR =
80 | - —
X3 60 - B
" N TR T ] .
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@ EW 2 Leptons Search

- Four SR optimized for direct slepton production and different Chargino/

Neutralino decay modes.

ner-s»

- 7 TeV, 4.7/fb

SR- mr2 OSjveto  SSjveto 2jets
charge OS OS SS OS
flavour any any

my Z-veto Z-veto -
signal jets = =0
signal b-jets
Emiss,rel.
T

other
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- mT2 signal region

- tt, Z+j normalized to data in control regions
- WW from MC simulation
- reducible background (W+j, and QCD) from loose lepton sample using the loose

to tight efficiency
All Channels [OS]N =0, |m -m,|>10GeV All Channels [OS] N =0, |m -m;|>10GeV
> rrrr e > 105l---|--‘”‘--|--v'|-n--|----é
8 s ATLASPreliminary —e— Data2011 (\s=7TeV) ] & ATLASPreliminary  —e— Data 2011 (\s=7TeV) E
S 10 %44+ Monte Carlo 3 = 4444 Monte Carlo .
~ I Ldt=4.7fb" (] Fake leptons . - 10t I Ldt= 4.7fb" (] Fake leptons
8 10 CJ Ziy*+jets - $ CJ Ziy*+jets
= O 3 = .
uCJ . [ Single top . uCJ 10° = [ Single top E
10 = moo89bGev, m_~27.5GeV 3 & C Dioos8Rev, m_-20GeV 3
- o m JZSGeV m =-425GeV . o m_1QOGeV m 1OOGeV
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10° 1 =
1 - e T E
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Direct Slepton and Chargino Limits

- mT2 SF signal region

3 v - Direct sleptons within the pMSSM model
Y* "l - - - - - -
VI - Direct Charginos with Simplified Models,
& Chargino1 and Neutralino1 masses, light
N sleptons
>
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 Targeting C1-N2 direct production

 Both decays via intermediate
sleptons or gauge bosons

« Z-enriched and Z-depleted

or large mass splitting
 moderate or large MET & mT cuts

ATLAS-CONF-2012-154

Lepton pT > 10GeV
8 TeV, 13.0/fb, dilepton triggers

Targeting models with either small

.-""~0
L X2

Selection SR1a SR1b SR2
Targeted ¥5 decay ™ or Z* on-shell Z
|msros — mz| >10GeV <10GeV
Number of b-jets 0 any
Exmiss >75GeV >120GeV
mry any >110GeV  >110GeV

pr of leptons

>10GeV  >30GeV

>10GeV

15/07/12
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Background Estimation

- Dominant Irreducible WZ Selection VRI VR2 VR3
- Normalized in dedicated region to data via Imspos —mz| >10GeV  SFOS veto  <10GeV
simultaneous fit accounting for potential signal ET™ min 30GeV 50GeV 30 GeV
contamination in control region ET™ max 75 GeV - 50 GeV
- Remaining Irreducible from MC simulation +V 3.1+£12 25+£08 39+19
. . . triboson 4+4 2.1+2.1 0.7+0.7
Fake leptons with data-driven matrix 77 64517 0414093 49+4
method WZ (normalised)  161+19 45407 38550
- Using loose lepton data sample plus fake rates  Reducible Bkg. 121+50 27+13 185+70
and efficiencies to solve system of equations Total Bkg. 353+ 60 36+14 624+ 90
b e Data 391 36 692
L ATLASPreIimina?;iﬁgme E 3 T T
Vs=8TeV ILdt=13.0 fo :?ﬁm?o?fé 3 S 102 g— ATLAS Preliminary “Total SM —§
102 E 5 ., Wiy = -~ [ Reducible ]
3 .g - Vs=8TeV ILdt=13.0fb" B Dibosons 7
] e T [ Tribosons
-? w 10k Bifv

17722

%

. o 10-1
0g 50 700 150 200 250 40 60 80 100 120 140 160 180 200 220 240

S-CO i SISy
ATLAS-CONF-2012-154
15/07/12 Zoltan Gecse (UBC, ATLAS)




3 Leptons Results

Selection SR1a SR1b SR2
tt+V 062+028 0.13+007 09+04
triboson 3.0+3.0 07+0.7 034+0.34
zZZ 20+£0.7 030+023 0.10+0.10
WZ (normalised) 34 +4 1.2+ 0.6 47+0.8
Reducible Bkg. 10+6 08+04 001246

50+8

20
3110 6120

48

4

4

SUSY Ref. Pont1 139+10 114+09 05+0.1
SUSY Ref. Point2 0.9 +0.1 03+0.1 8.0+ 0.6
Visible o (exp) <1.5fb <0.41b <0.5fb
Visible o (obs) <13fb <0.5fb <04fb

%103' B BLALELEL BN R B ALELEL N B

4 ATLAS Preliminary *Data M Dibosons

N %Total SM || Tribosons

-g Vs=8TeV ILdt =13.0f" Reducible v
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10 == SUSY Ref. Point 2
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C1-N2 Simplified Models Limits
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3L pMSSM

pMSSM: number of free parameters reduced to 19
(from 105) by the following assumptions

- CP conservation, minimal flavour violat
trilinear couplings for 1st and 2nd gene

M, [GeV]

Limits

ion, negligible
ration, degenerate

1st and 2nd generation sfermion masses

Heavy squarks, gluinos and left-hand
tanp=6, m,=500GeV

Right-handed slepton masses
Free parameters remain: M1, M2, p

my,. = (

ed sleptons,

ATLAS Preliminary ‘3\ | \’}5&

| L H
Ldt!!=13.0fb1.‘§=8 v i

M, [GeV]

.............

- Blue lines 2L+3L
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..... Expected limit (£10,,,) T —
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~t 5
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Wrpv = AijkLiL;iE ¥l - vi) il L ve(vu) et

J Jjlivk
A121 or 4122 s
X v,(V,) p(e”)

- Sparticles pair-produced via gauge interactions 21
- Decay to LSPs via gauge interactions

- LSPs decay promptly to 2 leptons and neutrino
via RPV

- 4 Lepton (electron, muon) final state
- Moderate MET and high Meff signature  meg = EZ + Z + ZE" + ZE’
- 8 TeV, 13.0/fb

- Lepton pT > 10GeV Selection SR1 SR2

- Dilepton triggers Number of leptons >4 >4
SFOS pair - -
Z-candidate Z-veto Z-veto
E™s$/GeV >50 -

men/GeY - >

15/07/12 Zoltan Gecse (UBC, ATLAS)



ATLAS Preliminary -®-data
ILdl: 13.0b"  \s=8TeV % Total SM
DRed. Bkg.
Oz
Czww

: : : : Wiz

- MC simulation for irreducible 4 real leptons 2.2 Oiww

- Data-driven for processes with 1-2 fake leptons e
- Weight non-isolated events with Fake Ratio

Events / 20 GeV

|||||u1] |||||uj,| ||||||,u] |||||||,|,| Ll

Selection VRI1 VR2 VR3 102 ‘
Number of leptons 3 >4 >4 = 2 ) I
SFOS pair SFOS-veto  SFOS requirement s 127 -
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E.?jSS/GeV >50 _ <50 00 50 100 150 200 250 300 350 400 450 500
ET** [GeV]
Mesi/GeV - - <300
> L LR L B BN B B B
7z 04392 135t 391 ST e oo e ;
ZWW 0.297033 12413 0.018*001% 2 1 Oressie
iz 0.441023 20110 0,011+001! 2 O ]
HWW 0.057+0%8!  (2.523)x1073  (4+})x1073 PE & 3
WZ (1) 4403 - - B ]
W (1) 21407 - - ;
i 107
WWW (f) 1.9+19 = -
Irreducible Bkg. 10%4 138*13 3.9+17 10%]
Reducible Bkg. 196 1.2*1 0.0*94° 5 150 : :
‘ N _
Total Bkg. 29t§6 139tij 3.91-12 8 0'5§_ ............................................................................... /z;é
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4 Leptons Results

Selection SR1 SR2 Selection SR1 SR2
0.22 0.4
ZZ 0'O7i8'% 1.0f% s po-value (o) 0.037 (1.8) 0.16 (1.0)
ZWW 0.10%51, 0.09%5:09
1z 0.045+0028 0.06+0% Ovis (€Xp) <0.281b <0.281b
HWW (679)x107  (3.3*3%)x107? 0 is (Obs) <0.34fb <0.38fb
Irreducible Bkg.  0.22+0%7 1.1793
Reducible Bkg. ~ 0.028*04%7  0.107013 - No significant excess found, set limits
Total Bkg. 0.25+02 .
- 1 0, = O X acceptance x efficiency
a
> IIIIIIIIIIIIIIIIIIIIIlllllllllllllllllllllllIllll > lllllllIlllllllllllllllllllll
& 10°E  ATLAS Preliminary -*- data 4 & 10°  ATLAS Preliminary -*-data
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ATLAS SUSY Grand Summary

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: HCP 2012)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Summary and Outlook

- Excellent performance of LHC and ATLAS in 2012

- Broad spectrum of SUSY leptonic searches, focusing on Natural
SUSY
- Setting stringent limits in the SUSY parameter space
- C1N2: w sleptons ~580GeV, wo sleptons 150-300GeV

- RPV: Winos ~710GeV, sleptonsL~450GeV, sneutrinos~410GeV,
gluinos~1300GeV

- More data already available from the 8 TeV run, expected ~25/fb by end of

the year N AR MAMARARERS SRR
o ey 25 ATLAS Online Luminosity Vs=8TeVv -
- Optimize search strategy 2 [ [OuHcpelivered
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Additional Interpretations, 3L 7 TeV
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