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QOutline

« Supersymmetry phenomenology at the LHC

« LHC operation and the ATLAS detector

* Overview of Supersymmetry searches in ATLAS
 Conclusions and outlook

Links to Webpages:
ATLAS results

-p - vy I
1" SorRDIBGIMERIC
).<n~wﬁ

= 42

ATLAS SUSY results




SuperSymmetry (SUSY) Introduction

One of the most popular extensions of the SM
v'SUSY postulates “superpartners” to each SM particles

S: N
S)
E)
<

v'Higgs sector extended to 5 Higgs

;\Qo o

<

weark
3
Sl
]
3
N
N
RS G L,

1 ? 1 . €22 o/ | Koz ra¥] Z
Why is SUSY popular { It answers many open questions at once: S v V) W
v'Provides a solution to the hierarchy problem | p— | y
» The fermion/boson contributions to the Higgs mass He

exactly cancel

Gaugnos
J

P . . I II III
v'Allows unification of gauge couplings o 21720 --}7
v'Offers a dark matter (DM) candidate 3 bf id —

| =

=\ Z

. A |7

The SUSY experimental challenge: Yeoars =
v’ SUSY is very predictive in terms of spins and couplings, but "€ | 4 . i

tells us nothing about the masses after symmetry breaking

v Results: 124 free parameters !
» All possible mass hierarchies between SUSY particles: 9! models

v" Unknown mass hierarchy determines decay chain and
(possibly long) lifetimes

FNAL Wine & Cheese



So where do we start ?
Modeling SUSY

7”0/9 —dowon alplproac/z-' .201‘50/)7-—&(/9 quroaches .
> Model of SUSY breaking: » Phenomenological models:
* Gravity mediated (MSUGRA, cMS5M) « Assume mass & hierarchy for SUSY
« Gauge mediated (GMSB) particles

° QY

$
» Assume GUT scale parameters (few)

m,: scalar mass parameters
m,,: gaugino mass parameter
A,: trilinear Higgs-sfermion-sfermion coupling

tanB: ratio of Higgs vacuum expectation values > Simplified models:
SENIR SRR A L - Well define production & decay
« Assume simple decay chain

214

> Predict phenomenology at the EWK scale

1 ;'___——— - ~ ,y’4

Mode/ Ina/e’pena/enf finntds:

» Provide:
» o x selection efficiency x detector acceptance

FNAL Wine & Cheese




Expected Signatures

General MSSM Lagrangian violates leptonic ﬁ Introduce new symmetry R-Parity
and baryonic numbers in the superpotential to suppress proton decay

)3(B—L)+:zs

rR=(—

SMo_
RV =41

Impact on expected phenomenology

K-Parity Conservation (KPC) R-Parity Violation (KPV)

v" LSP: not need to be stable nor neutral
v" Not DM candidate ~
v' LSP decays: g
v' Exploit invariant mass, decay
properties
v Sparticle can be produced singly

v' E;miss can also be expected (e.g neutrinos) but
can be relaxed

v' SUSY particles created in pairs
v’ Lightest Supersymmetric Particle (LSP)

is stable. DM candidate.
v' Missing transverse momentum (E;miss)
v" No mass peak: SUSY evidence in tails of
distributions

Simplified Decay Chans
9 49

Other rore exotic. Situations

v' Depending on the mass splitting/hierarchy
v Displaced vertices
v" Slow moving ionizing particles
v Delayed decay

FNAL Wine & Cheese




The Large Hadron Collider

In 2011
2011 LHC facts T o msonmetamey e
* pp collider at 7 TeV center-of-mass energy S [ [ Deivered .
* Currently (Oct 2011): 'g ST [] ATLAS Recorded F
« Operating Peak Luminosity:3.4x1033 cm-2s-1 € 4b Total Delivered: 4.72
« Max integrated luminosity per fill ~60 pb-! é  Total Recorded: 4.43
» ~12 collisions per bunch crossing (~6 in July) % 3
« Bunch spacing: 50 ns T,
« 1331 bunches colliding in ATLAS - >
22/02 | 22/0I4 IIIII 1l9/|06 16/08 13/10

Day in 2011

10°

ATLAS Online 2011, \'s=7 TeV _[ Ldt=3.02 fo "'

, — B*=10m, <p>=116
10 — B*=15m,<p>= 6.3

STy

Recorded Luminosity [pb ']

0 6 8 10 12 14 16 18 20 22
Mean Number of Interactions per Crossing
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The ATLAS Detector

Multipurpose multi-layered detector _—
E;™* in W->uv

ATLAS Preliminary

» Design specifications

v Fast response and fast readout ‘°' jm=3spb" o Q010N =7 Tov
10 :]MCW—o}."\'

v High granularity
v" Radiation resistant

» Performance specifications "
v’ Large acceptance and hermeticity '
v Excellent jet and E;™ss resolution
v’ Excellent particle identification g
v Excellent vertex reconstruction osf

06

v’ Standalone muon measurement ¢ % 100 79 20 %0

Em MC Z - pp
@ MC tibar

Events / 2 GeV

14
12

Data/MC
[T
+?*

4
1
nrmmi

Electromagnetic
Calorimeters

Hadronic
Calorimeters

Simplified Detector Transverse View
Muon Spectrometer

TRT

Endcap Toroid

L= Muon Detectors

€—— 25m

Barrel Toroid Inner Detector
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Analyses Outline

I I IIZ p [
8 ol
EFH| I C
—— G- p x
I
\% E ﬁ . A typical SUSY decay chan
‘v 0-lepton
Kich Phenomenology: v 1-lepton
K-Parity Conserving < v’ 2-leptons
v Short/long decay chain Searches (BPC) « Multi-leptons
v With/without sleptons v b-jets searches
v’ Different flavors of jets/leptons L v" Photon searches

v' Large/small E;miss
( -pd)‘/‘fy \/lo/ dZ‘/‘ng
searches (BPV)

FNAL Wine & Cheese 8
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0-lepton Searches

r Z7 /”1'1 Strong production of massive particles:

alle | 0(33)>0(43)>0(54) for m(3) <200 Gev

B g—aqax, 4->aX,

2% & Jet+E;miss signature (hadronic t treated as jets)

, gl 1o ) Veto leptons

aRat = 7

7 ﬁ ;“ ? 'f%’ Background control challenging:

sl EA6 + High multi-jet cross section

» Need data-driven background estimate
o-lepton » Low signal EfficiencyxAcceptance

q
\ Objects definition

10 m Electron

Anti k; AR=0.4 p>20 GeV; |n|<2.47

g pT>20 GeV, | n |<2.8 Muon
>  G-----

- p E;miss p,>10 GeV; |n|<2.4
p Vectorial sum of all jets and leptons

: , 2 awaLgsis strateges:
Xi Cluster not belonging to any jets e Excess at Laroe E-miss
added to the E;miss 98 P

* Excess at large jet multiplicities

FNAL Wine & Cheese




Sighal regions selection

« Depending on the SUSY mass hierarchy, different production processes favored 99. 9. 44
« To maximize m;.m; coverage, defines 5 signal regions optimized using a simplified SUSY model

Signal Region | > 2-jet | > 3-jet > 4-jet | High mass
E;‘E‘iss > 130 | > 130 > 130 > 130
Leading jet pt | > 130 | > 130 > 130 > 130
Second jet pr >40 | >40 > 40 > 80
Third jet pr - > 40 > 40 > 80
Fourth jet pr - - > 40 > 80
Ag(iet, BFS)in | >04 | >04 | >04 > 0.4
ET' [meg 0.3 | 2025 > 0.25 30 2
Meff > 1000 [ > 1000 | > 500/1000| > 1100
S I M
Mg =D P HEST A 5 Z
i=1

Combine the 5 channels to optimize the
search for different topologies

>

3\

>

€ GCD rejection

7riqger Plateart

Jef Ma/ Z‘/p/ I.O.Z‘y

} \51:91762/ enhancement

m .

g M

4 Jef\s




Background estimate overview

Background Sources

QCD jets  Mis-measurement of jets or v in H.F decay

L+jets Irreducible Z — VvV
W+jets Lepton measured as jets or not reconstructed
top Hadronic t decay

All background estimations are data-driven

* Method:

1. Define 5 Control Regions (CR) for each five signal regions (SR)
» Each CR enriched in particular background source (>50% purity)
* 1-channel: 1 SR & 5 CR’s

2. Input to combined profile likelihood fit

» Accounts for correlated systematic uncertainties and mutual background
contamination in CR
3. Extrapolate from CR to SR using Transfer Factors (TF) for each background
process. TF’s are computed using a mix of data-driven and MC driven
techniques.




QCD background estimate

 E;miss origin in QCD multi-jets due to:
— Jet mis-measurement

E;miss aligned with f the jet
— Heavy flavors leptonic decays} TMISS alighed with one of the Jets

QCD CR

s T o v e 2

. . 0] C [ ata \s = e -

 Transfer Factor obtained by smearing low g °°¢ IL dt=1.0a1" oA E

E;miss events with a jet response function 3 19°F  Three set Channel g7t E

E 10° E D tstﬁnf §B%§3f’zp4o,o,1 0 I

. 3 3_ -

- Validation: 0 ATLAS E
2

— QCD prediction from pseudo-events 7E E

compared to data in event with 0 E

LB E

Ag, . (jet,E miss)<o.4 I » ;t* o

O 25_ ..... T 1. .. '._;

. . . . . % DY CESU R S N B R SR =

» Uncertainties from modeling jet smearing R ——— H+ ___________ ’ __________ E

0.5 Fmm B oo OO A4 ] . ’E

° % 500 1000 1500 2000 2500 3000

m,, [GeV]



L+jets background estimate

 z—vv is the dominant component of the the total Z
background

 Estimate performed in 2 CR’s (in both cases, replace the boson
with E;miss)

—V+ij ,
y+jets events dO'(Z,+Jets)/de
. R, = ;
use robustness of zry da(}, 4 Jets) /i
— L(ee+pp)+jets
y+jets CR
* Main uncertainties: gop S
. ) §1o‘-' _[L dt=1.04 b e Data 2011 f\s«7 TeV) § JL dt=1.041" SM Total
— Theoretical extrapolation 5 | heesetchamel [Jyejes = Three Jot Channel Sul+<t
. '%,1 o* .g 1 and single top .
— Jet E-scale/resolution 3 ATLAS & = S+ SUAE90:2400.10
o " ATLAS
— MC statistics 107
10 + +
L 11
N f ........... o
% ¥ ”’“4+ l E ; """" +“03;+¥ ++|++ """""" T """"""""""
':'0 500 1000 1500 2000 2500 3000 ° <)0 500 1000 1500 2000 2500 3000

Melf [GeV) m,, [GeV]
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W+jets & top background estimate

* CR events selected with a lepton + E;miss>130 GeV & ¢ [uatmraees ° D =T
§ )i Ldt=1.04 fb QCD multet 3
(leptons treated as jets) g 'OF  Three Jet Channel g7 i !
= 5| 1 and single top
_ 30 <mT<1OO Gev 5 10 EF . SMoSU(9660,240,0,10) 1—
102;_ ' ATLAS _g
, 2. W+jets CR 3
m_ = \/;2 X pf” XE_miss X (1 —C0S A%P . W,s) 10f Tt J
e
— b-tagged jet = Top CR oL
— b-tagged veto & W CR 2 ++ ;
R St ““L ......................... :
OO 500 1000 1500 2000 2500 [G30\(l)]0
- Transfer factor from simulation s T
g 10'k ILdt=1.04 i’ Elg';:‘g‘jn'ﬂlm q
. . . é Three Jet Channel =¥::;5 i
* Main uncertainties: s 0% ot i iy SRV
— Theoretical expectations 7 ATLAS
— Jet energy scale/resolution 10k _ Top CR :
— Pileup I f 3 1
— B-tagging uncertainties g =F H I”
_ MC Statistics % :);: ...... +MM+ d b L - —— :
00 500 1000 1500 2000 2500 3000

m-m [GeV]
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1:04)fbrt 0-lepton results

M’
----- T T T T T ™ B e e e S e e e G e S -
% 105!: ® Data 2011 (\s = 7 TeV) % IOVE: e Data 2011 (\s = 7 TeV) ‘ E
F 1 SM Tota F 1 — SM Total
8 » JL dt=1.041"  —ach mutjer 2 4o k JL dt=1.04 fb DCCTDT;:W 1
-~ i Wejets - N+iets :
3 ©  Four Jet Channel EZ»"L; 2 L zc;ur Je!lngh Mass ?,'.“'__',f; :
- . tt and single top = 3L i and sir o o
Lfr 10*; veee SM 4 su'%so,zzv:-lo,m. ;_'—: 10 : anne DZJ .d;.:%z:t,;olc 10) . A SMSY
¥ ATLAS ] N
10¢ 3 A\
10: ’
] Cut &
8 N - .. 1 :1
g 5\'_ g VVVVVV H Mef/‘
% 500 1000 1500 2000 2500 3000 % 500 7000 1500 2000 2500 3000
m,, [GeV] m,, [GeV]
Process j 24-jets 24-jets High mass
M.>500 GeV  M_,>1000 GeV
Total 62.4+44+93 549+39+7.1 1015+41+144 33.9+2.9+6.2 13.1+1.9+2.5
Data 58 59 1118 40 18

Result is interpreted as a 95% C.L. exclusion limit on fiducial cross sections (CLs)

23-jets 24-jets 24-jets High mass

M.>500 GeV M.+>1000
GeV

22 fb 25 fb 429 fb 27 fb 17 fb

Best expected signal region per model point is chosen



1.04)fbL

v" masses from 100 GeV to 2 TeV, neutralino mass of 0
v’ Limits unchanged if LSP mass raised to 200 GeV

Squark-gluino-neutralino model, m(i‘: ) =0GeV

;-2000 TTrTLTrrY Irv‘llvlv‘rl‘s
© L
- :
17
@ 1750 '.
© [
E \
x 1500
[V 3
= \
3 1250 N
1000

DO, Run Il

0 lepton 2011 combined
= CL, observed 95% C.L. it

—— 2010 data PCL 95% C.L. limi]

CL, median expected limit
Expected im#t 210

[Ldt=1.041b" 1527 ToV ]

—

-4

Tgugy ® 0.01 pb]

0 250 500 750 1000 1250 1500 1750 2000

gluino mass [GeV]

Exclude at 95% C.L

m, <700 GeV m; <875 GeV
If m,=m_, masses <1075 GeV

FNAL Wine & Cheese

0-lepton search interpretation

Phenomenological MSSM squark-gluino grids:

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

m,, [GeV]

400

300

200

MSUGRA/CMSSM: tanf} = 10, A =0, u>0

0 lepton 2011 combined
[ALE!-A1§4 ', ys=7 TaV CL, ocbserved 95% C.L. limit
[ | LEP2 % === CL, median expected hmit

Expected limit +1¢
* Reference point
— 2010 data PCL 95% C.L. limit

| D0G, G tan B=3, u<0, 2.1 i
I COF g4 tan fes, p<0, 2 o™
I Theoretically excluded
"

llllJLllllll[J

500 1000 1500 2000 2500 3000 3500
m, [GeV]

Exclude at 95% C.L
If m, =m, , masses <950 GeV




Large jet multiplicity search

Extension of the 2-4 jet analysis: 26 to 8 jets + E;miss o-Lepton NI
cee 70 IW*
* Increases sensitivity to many-body or cascade decays '(rl
— E.g. high m, region in cMSSM/mSUGRA q.\f,&_\’. .
q
:
Signal region 7355 | 8j55 | 6j80 | 7380 p ====== . A p
. 8
Jet pr > 55 GeV > 80 GeV qa/l\ q q
Jet |n| <.2.8 > 7riqger Plateact A
! Z
AR;; > 0.6 for any pair of jets | | W:,‘
Number of jets|| >7 | >8 | 26 | >7 | € 5K definion 15 <6 miss/ i, <20 Gev’ ¥ NG
BF/VHr > 35 VYT | €= Baokground Lol LT R
reduction Yo7 ATLAS [ QCD-4i - aq (Template)
10° E ::Ez: l\:;’uln(lilgx.:l\'
10° I Alpgen Z— vv
. . . . HT_ — PT_ o —‘T_.— ------- ' SUSlY Po::tuzzo_ulx)l
Key observation variable: E;miss//H; pT>40§;|<2'8 :osg |_ i conrot R

 Invariant under jet multiplicities

« Main background is multi-jet production
« Leptonic background are subdominant:

FNAL Wine & Cheese

p. > 55 GeV jets

2 4 6 8 10 12 14
Number of Jets



Multi-jet background estimate

E-miss//H; shape determined from data in
dedicated CRs with lower jet multiplicities

D Validate in low Eymiss//H; and/or low Nj. regions
U . . .
*3 Example: exactly 5 jets with pT>80 GeV with
template of 4 jets of pT>80 GeV
Get normalization
from ratio B.C/A o LI S B B B I U IS A
> -1 e Data2011 (\s=7TeV)
310° J"- GESlSS 10 Total SM Prediction
) [ QCD+ti— qq (Template)
> S10% gene, ATLAS 0 Alpgen tt— ql/lI
£7MIA56/J_W -~ .‘q [ Alpgen W— (euz)v
2 R _ B Alpgen Z— vv
§1°3 . | TF=B/A . SUSY Point (1220,180)
u.11 Multi-Jet Control Region
Background control regions, on top
of Llooking at Low ME/VHy (Y 5 jets p_ > 80 GeV
5 10 o \.’J* " t T
o ¢ QCD : btag-veto I e
o
¢ ttbar had : btag 1k 11 SETE 'V}
¢ ttbar Lept : btag & Lepton | gF :
® V+jebs : btag-veto & Lepton 10" i

—

: g _
MEH i L

41| :

For QCD, additional validation using the smear o2 4 & 8 10 16

Eg"”;\z H, ((‘3‘;\/”2)
jet technique used in 0-lepton analysis
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Signal region

Total
Data

Fiducial o

393 +8.7 a5
45
19.4 fb

23 +4.4 0.7
4
8.4 fb

25.8+6.1

26
12.2 fb

1.3 +0.9 o
3
4.5 fb

>
4
(G}
W
N
<
@
[
@
-
w

Best expected signal region per model point is chosen
MSUGRA/CMSSM: tan§ = 10, A =0, u>0

; T TrrrI
ATLAS
@550

T

Multijets plus E7* Combined

rr1rrr

L™ =1.34fb"

L ™ T T
e C.L. limit

...... exp. CL_95% C.L. limit

obs. L1 089

exp. limit 1o

vvvvvvvv | B S i e S o w e m s o o e

3
e

1

(=]
e

J.l dt-134f

ATLAS

e Data 2011 (\s =7 TeV)
Total SM Prediction
QCD+ti-» qq (Template)

[ ] Alpgen ti—s qUI
B Apgen W (041
B Apgen Z-» vv

v SUSY Point (1220,180)

Signal Region

=86 jots P, > 80 GeV

g 200 g Tl e 20112234 jets plus E7=
2, CL, 95% C.L. limit .
450 2 LEP 23 - ¢  ETTTTETT | B B B LT T o
” X N > .F ) 1 ala 2011 (\8 « 7 TeV)
: : ) ! - 107 JL dt~ 13410 Total SM Prediction 1
U pward flUCtuat]onS n 400 DO g, g tanP=3, u<0, 2.1 o' ﬁ P ATLAS C(;D-tf + qq (Tempiate) 7
- N ] soen 11—+ qll
two key channels = B COF 33 tanp-5, u<0, 210" ] Sk B Ao Vis o 3
350 - Theoretically excluded { - gﬁi"‘vz.;«.:x l‘\zl:';-.':,m.-.. L
Exclusion less than ] Signal Region
d . d 300 - 27 jetsp_ > 55GeV 7
predicte . : ittt
250 f+% — ]
' E
200 R iis
150
N 1 l 1 1 1 | l 11 1 1 l 1 1 1 1 l 1 1 1 1 l 11 ) 0] 16
500 1000 1500 2000 2500 3000 3500 ) ET™/\ H, (GeV'™)
m, [GeV]

Exclude at 95% C.L m, masses <520 GeV
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Z
a:
) '/, |
{7
1-Lepl:ov\ L
N
7~ —
Zl ~0
R X
a4\, 4
g
D w=m== > Err==- p
A/Q
q ~0
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1-lepton search

v’ Cascades including charginos or neutralino can
lead to final states with leptons

v' Advantage:

v Suppress QCD background.
v Use lepton triggers

Background sources:

» Fake leptons from QCD background
» Top, W+jets

Objects definition

Anti k; AR=0.4 p>25 GeV; |n|<2.47
p>20 GeV, |n|[<2.8 Isolated

Vectorial sum of all jets and leptons
Cluster not belonging to any jets
added to the E;miss

p:20 GeV; |n|<2.4
Isolated




Sighal regions selection

» Optimize signhal regions
— Tight: optimize for mSUGRA/cMSSM (characterized by high p; jets, E;miss)
— Loose: optimize for simplified model (compressed spectra mt, __ = m, = mé)

Discard events with additional e(u) p>20 GeV (10 GeV)

Signal region

Lepton p; (GeV)
Veto lepton p; (GeV)

Number of jets

Leading jets p; (GeV)
Subleading jets p; (GeV)
AD(Jet;, Ef™S); 53 4
m; (GeV)

E;™ss (GeV)

E(™5/ Mg

meff (GeV)

3L 3JT  4JL 4L
< 2000 > .
% ﬁgi e iﬂ; S 1800 | £ SAJT
T 1600 | ® P 3JT o &
3 & v DT
23 24 14009 & PR
60 80 60 60 12009 't A
1000! ‘
25 25 25 40 800% :
>0.2 600 :
Y '
400! '
> 100 2005 [ " \%%>6
>125 >240 >140 > 200 obl ’._\i'?qo_Ge_v. 7 Gey " \00 Gev, . E
0.25 >015 »0.3 >0.15 0 100 200 300 400 500 600 700 800
> > > > |
. ) | ) E?ISS[GeV]
>500 >600 >300 >500




Fake lepton background

» Fake lepton: jets misidentified as leptons or leptons from heavy flavor jets

 Fully data-driven estimate using loose-tight matrix method:

— Loosen lepton selection, drop isolation ,
Estimated for every

CR’s & SR’s

Pass real” " real misid Nmisid pass N
misid mistd misid

fail ( r.enL ) N + (1 gmisid ) Nmisid fm , (1 / E ) P fes

1/ 8m£s[d o 1/ greaL

N =& N
N

N_ . /N i loose everts pa\SS/ng/ f’a///nj Zhe z‘{a/?i Selection

£ : Td and »usid rade 1[}‘0/)7 /oose -2 i'ﬁhi

real misid
Eent : Measured from MC Z->ee () and Wt jets /L (w
gmisid: Measured Fronr enric hed QC\D SQMP/Q



Normalization of W & Top background

W+jets & top background

. A
derived from the CR’s 3
1. Assume MC shapes § ME rormlized 2o o
a 1n
2. Transfer factors: - 00 \ >
— NMG \
CRHSR Nf/z SO —
3. Extrapolate to SR: Jef%op Data-driven
40 ( /.oo\SA e—z‘o—z‘{ﬂ/n‘
<r e §CD madrix method) )
predicted =N data X ccyaesa 30 40 SO 25 s (@ l/§>
7 e
4. Simultaneous likelihood fit of the i e
. )
dlfferer!t CR s to account for cross R 3 jets CR’s
contamination i
5. Validate procedure (MC shape n
assumption) in 28 additional CR’s e
Good agreement observed between - —

predicted and observed in every CR’s

Separdfe CR for 3 & 4/(/&2‘5

Y
Extrapolation Zo s. Iigna/

region done with
Simeltaneoces £it



1-lepton search results

L]
ATLAS

1
10’ J‘LGT= 1.04fb BB W+jets
-2 pets
B3
@ single top
B8 Dboso
««s MSUG!

Electron Channel

Events / 100 GeV

L] ] T

o Data 2011 \s«7 TeV)
~ Standard Model
) multijets (data esbmaie)

s -
RA m_ «500 m__«330
oese Signal Regicn belore m__ cut

Data / SM
T
t

Data / SM

1200

1400
m,, [GeV]

Events / 100 GeV
(=3

2

T T T T
ATLAS

' [ multijets (da
IL di=1.041b 0 Wajets
.2t
i
Muon Channel B single top
b @ Dboso

e -3
«+« MSUGRA m =500 m, =330 3

T T Y
o Data 2011 \s«7 TeV)
~ Standard Mode!

Lta estimate)

Uncertainties dominated by the JES, JER, limited MC statistics
and theory uncertainty on background extrapolation

Channel

Predicted
Observed

Predicted
Observed

3JL

97 + 30
/1

64 + 19
58

3JT
Electron
18.5+7.4
14
Muon
13.9+4.3
11

3J Locse Sigeal Region before m et -
-
L " L 3
] 200 400 600 800 1000 1200 1400
m,, [GeV]

4JL

48 + 18

41

53 + 16

50

sUSY

4JT

8.0 3.7

6.0+ 2.7

FNAL Wine & Cheese
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1.04)f; 1 lepton search interpretation

m,, [GeV]

Model independent fiducial cross section upper limit, 95% C.L.

Channel 3JL 3T 4JL 4T
Electron 50 fb 14 fb 33 fb 10 fb
Muon 36 fb 10 fb 31fb 9 fb

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

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

500

L T I L] T T I T 1 1 l T T T I T ] ] I ] ] T l L] ] 1 .
- ATLAS L™ =1.04fb",\s=7TeV  —— Observed CL; 95% CL 3
450 — 1 lepton, combination - - . Expected CL =
400 — geooGev) L. Expected CL_ t1o -
- g (900 GeV) -
e LEP2, ]
350 oo caanitanns o R B -]
- — ., (800 GeV) DO g, g, tanP=3, u<0, 2.1 fo"
: q (700 GeV) . :
300 frrmr B COF §.5, tanp=5, u<0, 2 6™
250 = \ thC;[‘)”G.iev‘-"]" =
: q (500 GeV) :
200 — S §(500GoV) | 3 EXCIUde at 95% C.L
C G (400 GeV) ! -] _
150 NG - ,é’ (400 GeV) = mé B mf{ < 87546\/
. S AN AT R | ; 71 1
200 400 600 800 1000 1200 1400

m, [GeV]



bilinear RPV

Y. Grossman and S. Rakshit, Phys.Rev.D69, 093002 (2004)
* RPV model with neutralino decaying mainly to neutrino with ct<15mm
— Viable alternative to the origin of neutrino mass and mixing

Use muon 4TJ signhal most sensitive
bRPV MSUGRA: tanp = 10, A = 0, u>0

. ATLAS L™ = 1.04 fo", \'s=7 TeV

1 muon, > 4 jets, tight SR

400

350

300

Expected CL  +10

""""""""

IIIIIIIIIIlIIlIIIIIIIIIIIIIIIII[IIIIIIIIIIIIIIIII

— Observed CLg 95% CL
- - Expected CLS

ct,= 15 mm—

1 lepton search interpretation

Exclude at 95% C.L
m, =m, < Feogev

150 200 250 300 350

FNAL Wine & Cheese
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1 lepton search interpretation

Simplified Model

Gluino model Squark model

1GaV]

AEREENE:

A
s - 5§
Crons Section Excluded at 95% CL o]

™70 a0 00 &0 700 80

1GaV]

s ¥ s8R oy3
3

- 3
Cross Section Exchuded at 95% CL [pb]

3
3

3

3

- 35
Cross Secson Excluded at 96% CL [pb]

BR=100%
Consider: 7= —>w"}° )
Squark model (44, 44 ): 4a—aX’ No b t
Gluino model (99 ): 5—agj’

« 3 free parameters:

m. .,.m

5" 5

X:(mif —mNO)/(mé/é—mZo)

Top: x=Y, lightest ¥~
Middle: x=V2

Bottom: x=% heaviest ¥~
Colored map: cross-section limit

Full(dashed) lines: Observed(expected)
limits assuming MSSM cross section

Gluino model has better reach due to SR with 4-jets
Limits deteriorate for compressed mass spectrum

FNAL Wine & Cheese
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Searches with b-jets

« Mixing of 4= and 4. proportional to fermion masses:

important for the 3 generation

s+ Large mixing can yield to b, and¥, being significantly

Experimental search for direct
production or via gluino decay

lighter than other squarks

“ |+ Low stop mass also motivated by naturalness

arguments:
m; <500 eV to void too much fine tuning

stop, sbottom pair

Gluino cross-section is larger: Experimentally challenging:

preferred production @ LHC

§—bb

Small cross-section
Difficult to disentangle from top
Multiple decay scenarios to cover

l
°

FNAL Wine & Cheese



g mediated b search

» Analysis selection similar to the 0-lepton analysis:
— add the requirement of at least one b-jet p;>50 GeV (displaced vertex algorithm)

» Event selection: QCD CR: A, <0.4 rad
+ Jet p>130, 50, 50 GeV | . .y e )
«  E miss>130 GeV e regearesten Srhe
« Ap.,>0.4 rad ) S 1
«  Emiss/m4>0.25 > 7o reduce JCD multijet : :"“Mﬂz\% o 1
To maximize sensitivity define 4 signal regions r _______ I 1 l \ rjl:l EHI

3J-A 3J-B 3J-C 3J-D .

>1 b-tag >1 b-tag >2 b-tag >2 b-tag e e [GoV]

My>500 GeV M >700 GeV  m_>500 GeV M >700 GeV TopCR: 1 pi(e) pr>20GeV, m_>600,

_ 40<m+<100, 21b-tag

ATLAS Prelminary lewona ot '—-,

 Background estimate:

* QCD multi-jet: same data-driven method as 0-lep
* Smear jet momentum in low E;miss data
to generate “pseudo-events”

« Top, W(bb), Z(bb) estimated using MC :
« Validation using data-driven estimate S e U N 4

data / MC



Evens/ 50 GeV

data / MC

Evems/ 50 GeV

data / MC

10 ILm-O&Sb'.\s-TTeV ® Oatazom

10* ILG-O.&BYD',\S-?TeV

T T T T

T L T
ATLAS  Preliminary

T T T
ATLAS  Preliminary

|+~*¢++#| "l

200 400 600 800

1006 1200 1400
M, [GeV]

FNAL Wine & Cheese

A SUSY

/

au.

Cut &
Cownt

M opor
Main systematics uncertainties: top theory cross section (~30%), JES (~20%), b-tagging (1-20%)
Process 3J-A 3J-B 3J-C 3J-D
Total 356 +103 -92 70+24_22 79+28 -25 1 3+5'6 5.2
Data 361 63 76 12

Model independent fiducial cross section limit, 95% C.L.

Signal Region 3J-A 3J-B 3J-C 3J-D
95% C.L N events 240 51 65 14
95% C.L o (pb) 0.288 0.061 0.078 0.017




0:83)fbl

E

g mediated b interpretation

Best expected signal region per model point is chosen
Interpretation of the zero-lepton results in gluino-sbottom scenarios

Phenomenological MSSM
BR(3— bb)=100% BR(b,— b+ }')=100% m_, =60 GeV

§4 + bb, production, b, b+%, |Lot=083M"\s=7 Tev

; ‘000 L B A l ¥ I ¥ I LA l LN B I l LI B A ) 'c' l°| L] I LA Ii;";' I LN A A |
2 ATLAS Preliminary T GL expected it

& expocied il
alj:tpf:a}ysesa o ATLAS (35 pb")

m(Z;) = 60 GeV, mfi, ,)>>m(3)

O goop TTOT TS T

10

£
800

700 N
[ corbp, 265"
600
500
400

300

200

300 400 500 600 700 800 900 1000

my [GeV]

Gluino masses below 720 GeV excluded for
sbottom masses below 600 GeV
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400

300

200

100

General simplified model

Gluino-gluino production with 3-body decay to l;bfglo

§-g production, g— 2b¢i‘:. m(q) >> m(g)
T
e Observed 95% CL, limi

'Ldt-0.83 f6' N s=7 TeV

...... Expected CL‘ limit

ATLAS Preliminary

0 lepton, 3 jets
b-jet analyses

TTTT TRV r e rr ey vy rrrryereyyT
RN RN RN LAY RALAN RAARE AR |

g 1359 .5 ¥
89.5 .e 2.4
799 65 15
1020|152 29 1.5 ] ,
200 300 400 500 600 700 800
m; [GeV]

107

102

Maximum excluded cross section [pb] (CLs)

Gluino masses between 200-660 GeV
excluded up to LSP mass of 160 GeV

Anyes Taffard - SUSY Searches in ATLAS



g mediated £ search

« Searching for Analysis selection similar to the 1-lepton analysis:
1)g— & Event selection:
« t by 4 jets, 1 lepton(e,p) and =1 b-jet
c t >ty E;miss >80 GeV CR1 Electron channel
5 £ P 1 3" PEPIPTAAASARMRLIRRIYARALLRRS:
z)g — tt%i mT> 00 Gev g Im_.uw‘,.,w no:O(iq[iccnlm“Won %
M>600 GeV : Bortan
: 3
Background estimate:
* QCD multi-jet: same data-driven method as 1-lep
« Top & W/Zjets, CR region with same event 3
selection apart for 40 GeV < m;< 100 GeV y
3o
o
S -
i i i =x SR cr NV v CR
_ MC _ 77C '
600 GV i """" 'i """"" Ndata — *Vdata CR NdataTMC
: | MC -
| CR-21 CK-3
1 1 '

>
40 GV 100 GeV 21
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1.03)fbi g mediated t result

> > y Y v ‘
(85 (2 10t - GTLAS Preliminary 1-lepton, SR ?
" 2 —H
SR \ SUSY
o w 1 § /
“1 9
3
1
‘ ‘ SM Cet &
' Couwrt
: P t 3 >
3 2E _”‘""““”“"-:”.: .......................... asassssas = Mef;p
g T P —— E

450 %00
m, [GeV)

ETmiss>80 Mt>100Ge Meff>100 Meff>100

GeV Vv GEV (MC)  GeV (DD)
Total 6574+1870 3096+1042 881356  109+55 52+28 54.9+13.6
Data 6659 3361 989 141 74 74

No significant deviation from SM expectation
(up fluctuation of 1.40)

Model independent fiducial cross section limit, 95% C.L.

46 fb observed (31 fb expected)



103)fbiL gmediated t interpretation

&4 + 14 production, § — T4t, T, be J Ldt = 1.03 1"\ 57 TeV

| 600 I_l LA ¥ rry LA A | TIrry LB Trry L T~—ryy LB L ey I- | 450 lllllllllllllllllllllllllllllllllll -_
> 3 ATII.ASPI i ! ! e L, observed kmit ' E S " CL, observed limit AL 2
O 550 reliminary ... CL, expected limit ] O 400 e CL, expected limit g
= E wn Expected CL_limit +10 1 = = e Expected CL_limit 1o ~ s
£ 500 E- 1-lepton, 4 jets —— Observed A}‘LAS(:!Spq ) 3 g §
E > 1btag,m >600GeV Expected ATLAS (35 pb) 30E" ATLAS Preliminary 2
450 |~ . - e
F m(i?) - 60GeV, m(i:) "2 m(i‘:) ' 3 300 1-lepton, 4 jets o ' . (é)
il .._.»"‘. = >=1 b!ag. m. > 600 i o’
400 = m(a1 2) >> m(ﬁ] &00 ..... |‘ E 250 L} °§ é
= . Lo ' - »»
= O : = 3 z
350 3 ,\\\o?° ! E 200 -\\.'\v =
- o AN /. 3
300 £ o7 { E 150 e
= i \ =
i et Y —]
250 : L : p ; i 100
200 :_ ~.¢'_{\.-"R p 3 . -~ e’ _:‘:
2 eference pgln i :,; E 50
150 H : -
VPP EPUPETEr IPEPPRrS PO | I N S R T T e 0
300 350 400 450 500 550 600 650 700 750 800 350 400 450 500 550 600 650 700 750 800 850
m; [GeV] m; [GeV]
Gluino-stop plane exclusion limit with nt, > nt, Gluino-neutralino plane exclusion limit in
. . o = L o) . oo
The lightest neutralino mass is set to 60 GeV and the g — tt , simplified model.

2" lighest chargino masses are 120GeV
Gluino mass below 570 GeV is excluded

Gluino mass below 500 GeV is excluded (and up to LSP mass of 40 GeV)

FNAL Wine & Cheese
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. rZ ZIZ
a|z| B
a|s|b
vV, v, v /
el 2

2-leptons search

Consider strong & weakino production

2 leptons from %7. %; decays

3 analyses: -

« Opposite sign (0S): a), b), ¢), d)
« Same sign (5S): a), b)

$
J
b) 7, > LV’

a) yP —>lvy

e) yP - U7 x

A x; >UCx;
Different combinations
- exploited (e.g. OSSF)

 Flavor subtraction (FS): c), d)

ee: pr 25,20
Event selection: eu: pr 25,10
. . e: pr 20,20
2 isolated leptons & large E.miss he: Pr
HH: pr 20,10
Signal regions OS-SR1 0S-SR2 OS-SR3 SS-SR1  SS-SR2  FS-SR1  FS-SR2  FS-SR3
E.miss [GeV] 250 220 100 100 80 80 80 250
# jets 23 24 22 >2
Jet p; [GeV] X (80,40,40) (100,70,70,70) X (50,50) X (20,20) X
Z veto



Backgrounds

Big change in background composition and sensitivity No jet requirement
between OS & SS

* Opposite sign
— Top pair, Z+jets: normalize MC to data using CR.
Extrapolate CR -> SR

 Top: top-tag CR using mq; (exploits the kinematics of
top dilepton decay)

5 ILdl ~104%" dilepton OS]

Entries / 10 GeV
3

-

=

- O
ATLAS Preliminary 8: .

D Zroe

5 5 %Lm“‘}jgﬁl; :

2 _ v, v, v, v, 5 100 150 200 250 300 350 400 450 500
mcr(vi,vz)—[er +&_ :| —|:‘PT +‘PT:| E71GeV]

« Z+jets: Z peak, low E;miss

— Diboson, single top: from MC

DataMC

10° L dt~ 1.04 & didepton [SS)

 Same sign

— Fake lepton: data-driven matrix method
» Extension of the method used for the 1-lepton analysis
— Charge flip (e.g. trident): measured from MC Zee,
apply to top MC
— Diboson: from MC

FNAL Wine & Cheese

Events / 20 GeV

DataMC




1.04)fbj= 2-leptons search results

SS >ZJets

3 . | ATLAS Prcl-minnr’y > T Y T T T T 2 9

9 10°EJLdt~1.04 " di-lepton [SS) ® Datn 2011 (5 =7 TeV 8 IL @104 didopion [OS] 2 S 20n Ks=7TeW) 3

2 2 jets p_>50, 50 GeV = SMBadkgr e D Fake lepon: -

P LR [ Fiake Lape 5 10’ 3 jots p_>80,40.40 GaV = f‘v:"‘vm .

3 veil-Ya = ATLAS Profiminary @8 bibesers 3
w S Single b

OS >3jets

DataMC

*

67—”’"‘55

Data/MC

OS-SR1
OS-SR2
OS-SR3
SS-SR1
SS-SR2

E....., ....... it

250 %50100150200250300350300456*&)0

Background
155+1.2+4.4
13.0+1.8+4.1
57+1.1+35
32.6+4.4+4.4
249+4.1+6.6

ET*(GeV)
Model independent fiducial cross
section upper limit, 95% C.L.

Data 95%C.L.

13
17
2

25
28

9.5fb
15.2 fb
5.0fb
10.2 fb
20.3 fb
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1.04)fbj= Flavor subtraction result

» Use OS events to search for excess OS same flavor events.

— These decay chains offer one of the best routes to measure SUSY masses via
edges in flavor subtracted m

Flavor “symmetric” backgrounds like top dilepton cancel.

Quantify consistency with: q\ o _I !
o) @) wiew) T E L
i N = 2
@1 B (1 @ ) 1- (1 _@ 1- (1 _@(1 @ B: ratio of e/u reco efficiencies/acceptance

T : trigger efficiencies

70 > T*F = 1T

Most stringent limit set for FS-SR3 B
S, =—3.110.003 (sys)

-~ ATLAS Preliminary
S,=04f12%12

18f- S=0.414.6

16

Experiments

~Width (RMS=4.6)
~ driven by Poisson
- fluctuation in ttbar
obs 10Fbackground

14

12

77% of the experiment have $>S

o
'

A O
TTTTT] 1T

Assuming fo_r SUSY ¢ = ,Lti,lf and ei,Lﬁ =0
Limiton S_<4.9 at95%C.L.

FNAL Wine & Cheese
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1.07/fb> Inclusive search with 2 y and E{™'ss
Sensitive to gauge-mediated SUSY breaking and UED models

In GMSB SUSY (SUSY breaking is gauge-mediated), the LSP is the gravitino, G

~

— Final decay in the cascade is dominated by ;210 — )/G , With 2 cascade per event

— Signature: 2 y & E™ss

Similar topologies are generated in Universal Extra Dimension (UED)

The lightest KK particle (LKP) is the Kaluza-Klein photon

LSP or LKP

\

ad.

67—”’"55
Expected background: 4.1 £ 0.6
5 observed

Events / 5 GeV

10° ke | = 12001 ‘ T
v . acb ) 1 & 1100 ATLAS Expected CL 5 Limit 3

10° BN Woev+jets, Woev+y, tisev+X = —— ATLAS Observed CL s Limit 1
Z »;;wy‘g, w »hwrg v > E 1000E- W+ 10 E

102 GGM m, / m, = 800 /400 Ge ATLAS Observed CL s Limit (36 pb™) 3
SPS8 A = 140 TeV E 900 =

M I I I I I I IS GGM: bino-like neutralino, tan} = 2, ¢ty sp < 0.1 mm
—— Data 2011 (s =7 TeV) ~ — —

----------- UED 1/R = 1200 GeV
ATLAS Preliminary ILm «107f0" 3

[Lot=1.071" 3

700 3

1 \s=7TeV B

600 =

107 500F- - gNLSP ]

‘ ATLAS Preliminary E

-2 3 ] 400 | " Py | e p e e ————
10 50 100 150 200 250 300 350 400 450 50 200 400 600 800 1000 0 1v2]00

m. e
: ET* [GeV %
E2755 3128 GeV/ 7 [GeV)

1

95 % C.L upper limit: 0<0.02-0.04 pb in GGM model
m _, =150 GeV, m, =400 —1200 GeV

FNAL Wine & Cheese

Exclude GGM gluino mass<776 GeV, My > 50 GeV
SP8 breaking scale A<145TeV

UED compactification radius: 1/R;p<1224 GeV
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1. 07Af oL

e.g. R-parity violating dd

e+l resonance search

>V >ell

ﬂ".":ll 4 )‘321

- Single sparticle, Lepton Flavor Violation (LVF), no E;™miss
— Also sensitive to models with LVF decays of an extra gauge boson: 7’

 Lepton requirement: p;>25 GeV & isolation
Nee 7/7}/51‘65
§l :I I LI I LI | UL T I L I UL I LI I L ‘l_
\\ L ATLAS ——— Theory )»sn- 0.11,2,,,=0. 07
o 10E \s=7TeV B Theory A, = 0.10,1,,, = 0.05
o= = 3
= - -1 —— Observed Limit 3
qj)- B J Ldt =1.07 fb ------ Expected Limit ]
E/ 103 - \:| Expected Limit t1c .
an) §\ - Expected Limit+2 ¢ E
> T 3 X = = ATLAS 2010 limit ]
=3 o ATLAS o Data 2011 f— Fake Big. —_
g " S R S o 10° E
PR s Ich 1.0710" W 2y o —Za OOGGVp% 1 E E
E o - ] O T i
N o i |
‘ SR N N
107 § 4 4 ‘ H 1 Lo by b v b b v by v by gy ] ||
z 2f + + 1 200 400 600 800 1000 1200 1400 1600 1800 2000
«: E
JR SR f o § 3 m. [GeV]
0 200 400 600 800 1000 1200 1400 T

m,, [GeV]

SM expectation: 4150+250
Observe: 4053

for N’;;,=0.01, A4;,=0.07

Limits on RPV coupling at 95 % C.L exclude m, <1.45 TeV
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Outlook

» Excluding simplest SUSY scenarios for masses ~600-1000 GeV
 Effort in interpreting results via simplified/pheno models

Prospino2.1

10

Strong production:

0,[Pb]: pp = SUSY vs=7Tev | Well explore for large mass splitting
! New channels:

« Compressed spectra

0 | « Long decay chains

« RPV signatures (resonances)

10~ 0, * Stop/Sbottom pair productions:

» Gain wrt Tevatron

10" « Extremely challenging (small o, large top bkg)

100 200 300 400 500 600 700 800 900

M 9V Direct gaugino production:
» Relevant when colored spartners are too heavy
» Good sensitivity in multilepton channels

Cover new signatures

Improving existing analyses:
Systematics uncertainties (e.g. JES, MC statistics), softer leptons, object performance...
Use shape (e.g. E;miss, mg)



Conclusions

Ormcg/ée...neea’io o

SUSY was NOT “just around the corner” back to the drawing Board

must be hiding well

MSUGRA/CMSSM : 0-lep +j's + E7 s

MSUGRA/CMSSM : 1-lep +j's + E s
MSUGRA/CMSSM : multijets + E7 s

Simpl. mod. (light 5{3) 10-lep +j's + E7 iss

Simpl. mod. (light 5(?) 10-lep +j's + E7 iss

Simpl. mod. (light ;) : 0-lp + |'s + E7

Simpl. mod. (light if) :0-lep + brjets +j's + Eq s
Simpl. mod. @—{T7]) : 1-lep +brjets + ['s + Er pes
Pheno-MSSM (light ) : 2-lep SS + Er e,

Pheno-MSSM (ight 7;) : 2-lep OS _ + E

SuUsy

T,miss
Simpl. mod. @ q8y) : 1-lep +J's + £ piss
GMSB (GGM) + Simpl. model : yy + E.

T,miss
GMSB : stable T

Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Hypercolour scalar gluons : 4 jets, my=m,

RPV (4;,,=0.10, 1,,,=0.05) : high-mass ep

311

Bilinear RPV (ct g, <15 mm) : 1-lep +j's + Eq s

*Only a selection of the available results leading to mass limits shown

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: BSM-LHC 2011)

ATLAS

Preliminary

§=gmass
§=gmass
Gmass (for m(@) = 2m(g)) J.Ldt =(0.034-1.34) fo!
§=Fmass Vs=7Tev
Y mass
gmass
G mass (for m(b) < 600 GeV)
g mass (for m(i?) <80 GeV)
g mass
Qmass
%’ mass (for m(@) <600 GeV, (m(x") - ;")) / (m(@) - m(z) > 1/2)
‘g mass (for m(bino) > 50 GeV)
T mass
‘gmass
b mass
Tmass
sgluon mass (excl: mgy < 100 GeV, mgy= 140+ 3 GeV)
v, mass

§=gmass

10 1 10
Mass scale [TeV]

i ¥,
o £ W PRI 1T L) (S,
R'w“ ‘:‘ ‘: Cr“ 'EF 30 Tfdrdn - dy
.w:..o;m N "““:"'wﬂk\‘ [Py Srpres e
N ik -»...,n-)“"'”" b2 a.;unw W LLIPILYR (MY: V

3
. T
Jf‘a( ! 3 L‘{z_;ﬂ.‘-v—in)d‘t

(1oar-niog Pple. v::n) -
z r\:‘ \}' L Ead

..u.,.--.x( rh -:._m-

STy

“At this point we notice that this equation is
beautifully simplified if we assume that
space-time has 92 dimensions.”

More data on Zape... more ideas to cover different fina/ states, refined

Z(eC/'In;?aeS

The search has not Finshed yet. In some cases, it's just starting.
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ATLAS Latest SUSY Results

E,™iss + Jets + O lepton arXiv:1109.6572 (1.1 fb!) [submitted to PLB]
Large multiplicity arXiv:1110.2299 (1.3 fb1) [submitted to JHEP];
E;Miss + Jets + 1 lepton arXiv:1109.6606 (1.1fb!) [published in PRD];
E;™iss+ b Jets + 0 lepton ATLAS-CONF-2011-198 (0.83 fb'1)

E,™ss + b Jets + 1 lepton ATLAS-CONF-2011-130 (1.03 fbl)

E,™iss + Jets + 2 leptons arXiv:XXXX.XXXX (1.04 fb1) [to be submitted]
(OS, SS, SF subtraction)

E;™s + Jets + >= 3 leptons ATL-CONF-2011-039 (34 pb)

E,™Miss +yy arXiv:XXXX.XXXX (1.07 fb1) [to be submitted]
eu resonance (RPV) arXiv:1109.3089 (1.07 fb1) [submitted to EPJCL];
Displaced vertices of new heavy particles arXiv:1109.2242 (33pb?) [submitted to PLB]
Massive color scalar arXiv:1110.2693 (33pb?) [submitted to EPJC]
Stable hadronising squarks & gluinos PLB 701 (2011) 1

Heavy Long-lived charged particles PLB 703 (2011) 428




