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» Introduction to supersymmetry
» SUSY searches in ATLAS

o (O-lepton + missing transverse energy (w/wo b-tag)
o 1-lepton/2-lepton + missing transverse energy
o 2 photon + missing transverse energy
» Searches for R-parity violating SUSY
o Medium-lived particles with displaced vertex

° €U resonance

» Conclusion
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Supersymmetry

» Unanswered questions in Standard Model (SM)

o Why 3 generations?
o Matter-antimatter asymmetry
o What determines the masses and mixing parameters of SM?

o What is dark matter?
» Supersymmetry (SUSY) as an extension of the Standard

Model (SM)

o SUSY provides an elegant solution to the hierarchy problem by
introducing a super-partner to every SM particle (fermion — boson)

> Provides a dark matter candidate
o Unification of gauge couplings

» If SUSY 1s accessible, new particles are expected to be
produced copiously at the LHC

> Production of gluinos and squarks and their decays
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Searches for SUSY at the LHC

Characteristic SUSY production and decay

Coeent
M.pp

&
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In R-parity is conserved, SUSY particles
are produced in pairs and the lightest
SUSY particle (LSP) becomes stable

° R:(_1)3(B-L)+25
No direct observation of SUSY particles,
but only SM particles are reconstructed
directly

e No mass peaks
LSP escapes the detector undetected
producing a missing transverse energy
(%)
Evidence of SUSY i1s done by
establishing an excess of events in some
region of phase space

e (Crucial to understand the

contribution from SM processes
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ATLAS experiment

Calorimeter
Inner Detector o . LAr - EM c.alc.)nmete.r
« Pixel (pixel detector) N e Tile: Fe/ Sc1:nt111ator tile

e SCT (silicon strip detector)
e TRT (transition radiation tracker)

Tile calorimeters
LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr eleciromagnetic calorimeters

‘loroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker

Muon spectrometer Magnet system
 MDT, CSC : precise momentum measurement 2 T solenoid
e RPC, TGC : trigger chambers * (0.5 T toroid
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Overview of SUSY searches in ATLAS

0-leptons+jets+Emiss >2-4 jets, large E{™S, m_g; 1.04 fb-!
1-leptons+jets+Emiss >3 jets, e or , large E{™S, m_; 165 pb-!
2-leptons+Emiss Exactly 2 leptons, large E™ss 35 pb’!
0-leptons+bjets+Emiss >3 jets, large E;™S, m_g 0.83 fb’!
Diphoton-+Emiss yy+Emiss+X 36 pb!
el resonance eutX 0.87 tb°!
Medium-lived particle utdisplaced vertex 35 pb!

e Interpretation of search results in the context of
« mSUGRA/CMSSM model O miss
* MO: M1/29 AO: tanB) Sgn(u) meff - ;‘ pT ‘ " ET
e Simplified model
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E M + jets + 0-lepton channel NEWL=104 1

Five signal regions are defined to
maximize sensitivities for various
production mechanisms

aq — (a7 faz?)
64 — (a97° Naz?)
69 — (097" Nqaz?)

Signal Region |>2jets >3 jets >4jets  High mass
E%‘JiSS > 130 > 130 > 130 > 130
Leading jet pr | > 130 > 130 > 130 > 130
Second jet pr > 40 > 40 > 40 > 80
Third jet pr - > 40 > 40 > 80
Fourth jet pr - - > 40 > 80
Ad(jet, E%‘i*“),m,, >04 >04 > 0.4 > 0.4
ET" [ meg >03 >0.25 > 0.25 > (.2
me [GeV] > 1000 > 1000 > 500/1000 > 1100

Background sources

W+ jets Leptons reconstructed as jets

Z/y+jets y/leptons as jets, Z+jets>vv+jets

Top Hadronic tau decay

QCD Mis—-measurement of jets or v from
heavy flavor decay
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All backgroud estimations are

data-driven
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Search in (-lepton : Results NEW L=1.04 "

> E l|llll|llll|llll|llll|llll|E > —IIII|IIIIIIII|IIII|IIII|IIII|—>105__!!!!|llll|llll|llll|llll|lllll
@ E e Data 2011 {s=7 TeV) 3 v 10°L e Data2011(s=7Tev) o & E e Data 2011 {s=7 TeV)
g r Ldt~1.04fy: ——SMTow ] 8 g 1 — SM Total 3 8 c Ldt~104fgt —SMTotl
S 10° E ! 1 QCD multijet E S - Ldt~1.04fb [C1QCD multijet 19 10t : [C1QCD multijet
~ F WHjet E - E j H -~ E . WHjet
9 10° o Three Jet Channel =z+;§ss ] 9 10* E Four Jet Channel =;\:§§ 19 £ Four Jet High Mass =Z+;J§SS
5 E [t and single top 3 = - [tf and single top 1 & 10 Channel [t and single top
T o e SM + SU(660,240,0,10) 7 5 10 5 SM + SU(660,240,0,10) = L0 E e SM + SU(660,240,0,10)
3l _ E 3 C
107 ATLAS Preliminary C ATLAS Preliminary 1 w0 con ATLAS Preliminary
c ] 1% = E
ol ] 3 i ] 10¢
10k N 10¢ E =
- : 1=
[ _ 1= = -
. 1e E g !' | E o 10t i |
g 28 | F = Q 2 g 28 =
z ' il S ad z 4
g 0.8 - S E 0.51— yii I A & g o,g
0.5 o _OF 0.5
0 500 1000 1500 2000 250r(T)] [Gizg?]o -0.50 500 1000 1500 5000 5500 3000 0 500 1000 1500 2000 250?]1 : gg(\)/(i)
eff meff [Ge\/] eff
>4 jets >4 jets
m,>500 GeV m>1000 GeV high mass
Total 62.3+4.3+9.2 55.0%£3.8%x7.3 984+£39+£145 33.4%+29+6.3 13.2%+1.9=%x2.6
expected
Data 58 59 1118 40 18
Limit on fiducial 22 (fb) 25 (fb) 429 (fb) 27 (fb) 17 (fb)

Cross section

No excess was observed
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E ™S + jets + 0-lepton : Interpretation

Phenomenological MSSM (squark-gluino) grids

* Masses from 100 GeV to 2 TeV, m(y°,)=0
e Limits unchanged if LSP mass raised to 200 GeV

Squark-gluino-neutralino model (mLSP =0 GeV)

2000 q - —
S TEETRTETERIT TT T ATLAS Preliminary
8 : ! k *\ 0 lepton 2011 combined
= I B — % C.L. limi
& 1750 : \\ CL, observed 95% C.L. limit
% i 1 === CLg median expected limit
= 1500 i LN exp. limit 68%, 99% CL
x i a
= ; . ' —— 2010 data PCL 95% C.L. limit
i s .
> \‘ = UM™=1.041 {5=7 Tev ]
[72) | ~ _
1250 1 .
i ,,,,,,,,,,,,,,, Ggysy = 0.01 pb]
R U T 1
1000 S NG e, my, e 7
& ]
S| T
750 Q3 . Osusy = 0BT
\\ \\\ ]
\ -
N =1pQ]
N S
500 S~ .
e — Osusy =10pb 7]
250 ]

0 250 500 750 1000 1250 1500 1750 2000
gluino mass [GeV]

Exclude at 95 % C.L.
m; < 800 GeV, m; < 850 GeV

if my =m,, masses <1075 GeV
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MSUGRA/CMSSM. A0=0, tan=10, u1>0

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

> ATLAS Prelimina 0 lepton 2011 combined
&)
o L™=1.04f" (s=7 Tev —— CL, observed 95% C.L. limit
l_f.“GOO [ LEP2 i --=- CL, median expected limit
S [ 1 D0g,@g tanp=3,u<0, 2.1 fo! exp. limit 68%, 99% CL
e [ CDF g,g, tanp=5, u<0, 2 fb* %  Reference point
I Theoretically excluded —— 2010 data PCL 95% C.L. limit
= V ’\ t

400

—~——

200

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

Exclude at 95 % C.L.
if my =m,, masses <980 GeV

2011/7/25 9



E ™S + bjets + 0-lepton NEW L=0.83 fb!

e Analysis similar to jets+ channel but requires at least one b-jet
* Sensitive to 3" generation squarks in R-parity conserving scenarios
e Define 4 signal regions to maximize sensitivity 1 b-tag

— T

T T
E ATLAS  Preliminary 0-lepton,3 jets
* >= 1 bjet

ILdt=0-83m'lv‘E=7TeV ® Data2011

Events/ 50 GeV
=
o
i

E W Z production
E ) QCD production

>1 b-tag >1 b-tag >2 b-tag >2 b-tag T
M>500 GeV  m>700 GeV  m>500 GeV  m>700 GeV : ' o

'mﬂ HHIM HHMM Hleﬂ HHMM 11

Pheonomenological MSSM s ;
mg > mB‘1 > milo 200 400 600 800 1000 1200 mel:([]gev]

G —bb, b — bz’ (100 %) § L T 2b-tag
m., = 60 GeV P g =
1 10? ;l? E‘ §Q ggupg)et%";;o Gev é
General simplified model i3 E
e Squarks assumed to be heavy wp "l
e Gluino-gluino pair production g 25 1 2
~ ~ g 1.5:7 —— ‘ =
g % beIO (3 - bOdy decay) Og];? 200 4[;:_,- 6(:(:_‘r+800 1000 1200 1400 7:

Megt [Ge\/]
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E M + bjets : Results

Signal region

NEW L=0.83 fb"!

Total expected 356+103_, 70+24_,, 79+28 . 13736 .,
Data 361 63 76 12

o (pb) 95 % C.L. 0.288 0.061 0.078 0.017
upper limit

Phenomenological MSSM

g-g+ 51-51 production, 51—> b+i‘1J
T T LI T

J L dt = 0.83 f5'\s=7 TeV

'S‘ 100 _I T I T T I T I LI I LB I L I LI I T T .I I I LI ]
[} - A CL, observed limit 3
o)  ATLAS Preliminary ~ -w-eee CL; expected limit .
= 900 p— T e 68% and 99% C.L. —
s C o lepton, 3 jets CL, expected I_|1m|ts T
1S o ' ATLAS (35 pb?) 3
800 :_ b-jet analyses _:
- m(z‘l)) = 60 GeV, mfi, ,)>>m(g) .
700 |~ . 3
= | |coFbp,265m? =
600 | - -
= [ oob5 521 ) .
:_ = _ ] . QQQ" ............ E _:
500 | |:| COF 3.~ bp 251 1@@\,@' .
400 :_ - /'\,0:9" _:
- ,9‘ ; -
r y Ref:eérence int ]
300 | -
200 _I 1 1 1 I 111 | I 111 | I 111 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 1 1 1 I_
100 200 300 400 500 600 700 800 900 1000
my [GeV]

Gluino masses below 720 GeV excluded for

sbottom masses below 600 GeV
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Simplified model (gluino>bby°,)

|

dt=0.83 f5"\/s=7 TeV

9-g production, g— 2b+ig, m(g) >> m(g)
T

=~ T
8 800 = Observed 95% CL_ limit
E?Xﬁ 700 :_ ______ Expected CL_ limit
600 £ ATLAS Preliminary
500 |~ O lepton, 3 jets
[C b-jetanalyses
400 | :
300 - ' :
- o 652 :
- ol 275.0 N
200 — .. >
_‘x, o,.:, X I
00 - [0 ' :
E 79.9 65 K
C 102.0 2.9 !
500

102

- =
o
Maximum cross section [pb](CL )

N
e
n

=
e
N

700
m [GeV]

Gluino masses between 200-660 GeV
excluded up to LSP mass of 160 GeV
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E M + jets + 1-lepton

Event selection
e 1 lepton (electron or muon)
e electron p>25 GeV or muon p>20 GeV
e Veto second lepton if
e electron p>20 GeV or
* muon p>10 GeV
e 3jets (>60, >25,>25 GeV)
o Ag(jet, E;ms5)> 0.2 for all jets
o E Ms>125 GeV, EM >0.25%M 4
e M_+#~500 GeV
Main background: W+jets
S 4
A
x 97k ;
P I P X ° _MC rormalized to %q
“Typical” SUSY 1 & % ,,E’-‘-’\ T _:‘: ’: .CF Ew?
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NEW L=165 pb'!

7
> 10 g e s T ey
8 s ATLAS Preliminary — Standard M(\(/):Jel (SM)) g
o 10 1 O multijets (data estimate) ;
— 5 J-L dt~ 165 pb~ EAW+jets 3
-~ 10 Wl Z+jets 5
%) [l 2
2 10 I single top =
= @l Dibosons B
0O ----MSUGRA m,=420 m, ,=300 5 2
Electron Channel 8

s .
72}
3
©
o
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& e ATLAS Preliminary — Standard Model (SM) g
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— 5 IL dt ~ 165 pb~ EBW+jets e
-~ 10 Wl Z+ets s
1% Ot 3
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=
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E ™S + 1-lepton : Interpretation

MSUGRA/CMSSM: tanf = 10, A0= 0, u>0

';' 400 B T | T T T | .I T T | T T T | T T T | T T T | T T T ]
b d S - ATLAS L™ =165 pb”, Vs=7 TeV  —— Observed limit95% CL ]
Np excess observe S 450 [ PrENiminary 1iepton. 3jeis -~ Vedian expected fimit ]
Limit in the context of T . (6800 Gev) - ]
 Goomy T s Expected limit +15 N
mSUGRA/CMS SM 300 __r\\\\ ...... \\\\a (800 GeV) \:I LEP2 ’iil’ ****** -]
RN *\’,; --------------- | | p03.G tanp=3,u<0, 2.1 b ]
250 — 0 ‘ I cOF §. 3, tanp=5, <0, 2 o™
o “\ ----------------- e ;
200 - > = —
T ____________________________________ -
150 BN\ SO\ \geodi, =
I\\\I I\\ | 1 1 1 1 | 1 1 ] 1 :
200 400 600 800 1000 1200 1400
m, [GeV]
{ea PP [ty S50 Seos C'hgy pls =0}
lileciron channel 41 (.8 1[].64_'2:2 (.24 0.77
AMuon channel 53 8.8 38137 0.50 0.531
LHC physics discussion (Results for EPS) 2011/7/25 13



ETmiss + 2-lept0n L=35 pb'!

MSUGRA/CMSSM: tan = 3, A = 0, 1>0

S‘ T T T I LI LI I T LI T I LI LI I T LI I LI LI I LI T T
@ ATLAS LM = 35 pbt, V5=7 TeV —— Observed limit 95% CL SS
O, 300 '
[ = ' .-
Exactly 2 leptons 8 2-lepton analysis (OSandSS) 77" Median expected limit SS
E 280 ——— —— Observed limit 95% CL O

* Opposite-sign (OS)/Same-sign (SS) b B
o Emss>100 (for SS), 150 GeV (for OS) 240 S —

220 [ [1po%, 1, -
. [ ]D0§,gu<0, 21
200 & “#T.**‘\\ -\CDFﬁ,a,tanB:S,Zfbi‘
e mSUGRA/CMSSM. A0=0. tanB=3. u>0 wE /NN
. 160 X
e m(gluino,squark)>450-690 GeV 140 D\
120
. . 100
e Phenomenological MSSM (2 grids) e I
(44 29
e “Compressed spectrum e
e - soft final state kinematics 8, 7505 i ATLAS izssm vt e
g '

e Light neutralino
e - harder kinematics

.. . . . 500Er—
Limits on model independent fiducial cross sections R
@95 % C.L.

<
;0000' % 0000999,
ete e e 11 (SS) s

- A 30° ZRARIIAR
0.09pb 021pb 022pb  0.07pb ’

0 350 400 450 500 550 600 650 700 750 800
m; [Gev]
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Diphoton + Emiss

In gauge-mediated SUSY breaking

(GMSB) models, the LSP is the gravitino

27— Gy

Signature: 2y + EMss +X

Interpretation using a generalized
model of gauge-mediated SUSY
breaking (GGM) with a bino-like
lightest neutralino (95 % C.L.)

e 0<0.38-0.65pb

 m(gluino)>560 GeV
Intepretation using Universal Extra
Dimension (UED) (95 % C.L.)

e 0<0.18-0.23 pb

e 1/R>961 GeV on the UED

compactification radius
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R-parity violating SUSY
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Heavy long-/medium-lived particles 1-33pb"

e Heavy stable particles are predicted in a number of theories including SUSY
e Models with stau as the LSP
e R-hadron (long-lived gluinos or squarks after hadronization)
e SUGRA with R-parity violation

Event selection
e  Muon p>45 GeV (also used for the trigger)
e Displaced vertex (DV) using tracks with d0>2
mm
e DV fit quality : y><5
e Fiducial region of the pixel detector
* |zpy|<300 mm, |rpy|<180 mm
e 3D distance from the primary vertex >4 mm
* Ny pv=4
* mp,~>10 GeV
e Veto vertices in high density material regions

R-parity violating interaction

Displaced vertex
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Vertices / bin

10°

102

Results on medium-lived particle search

No signal observed

Set limit on the cross section
e oracceptance=€<0.09 pb @ 95 % C.L.
for m(squark)=150 GeV and 100 % branching

ratio

Distributions of Mpy and N

A A L A
 data 2010 E

[Jqcomc  ATLAS

@w.zmc preliminary _|

[Dttbar MC E
JLdt=33pb-:

Vertex mass [GeV]

Number of vertices

107

10

10" E

. data2010 -
[Jocb Mmc
@ w,z Mc =
[ ttbar MC ]

ATLAS 3

preliminary J

J.Ldt =33pb™t3

L -
Number of tracks in vertex
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o JLdt=33 pbt =
- R R B R
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T T T T T T
ATLAS
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J.Ldt =33pb*
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S b M 1 llHHM 1 llHHM 1| Il
w
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B ‘ Il Il L1l \‘ Il Il | \‘ Il Il L1l
1 10 10°
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Search for e-p resonance NEW L=0.87 fb-

Look for particles decaying into opposite-
sign different flavor lepton
e R-parity violating SUSY
 Extra Z’ gauge boson with lepton
flavor violation
High mass e-u pair: clear signal with small
SM contribution

d
7 Process Number of events
A po Zly =t 614 £ 53
1t 1281 + 168
b wWw 318 £ 24
Single top 125+ 17
. 1 ’ Wz 8.2+ 1.9
Lagrangian term: Eﬂﬁk LLE, +4;LQ;D, W/Z +y 67 + 11
Jet instrumental background 984 + 105
L /Q :lepton/quark SU(2) double superfield Total backeround 3408 + 230
E /D :charged lepton/down - type quark singlet Data 3338
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Limits from e-u resonance search

B " Preliminary ¢ NS Instrumental =
2 10 s - = e -
S Ldt=087 f" I Ziy- L Fawcey, o
g = 0. v =TT (700 GeV) =
i =
10 =
1 =
10
25
© -1 ------------------------------------
(=] 05
)

0 100 200 300 400 500 600 700 800 900 1000
m,, [GeV]

Limit on the cross section * BR

a(pp—7,)-BR(V, - eu)

6<13Oﬂ:)formV =100 GeV
<11fbforrnV =1 TeV
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Summary of ATLAS SUSY limits

ATLAS Searches* - 95% CL Lower Limits (EPS-HEP 2011)

T TTT | T T T T T T TT | T
. o ATLAS
MSUGRA/CMSSM : 0-lep + Eqic6 g =gmass Preliminary
Simplified model (light 5{2) 0-lep + Eqpiss =g mass Jldt =(0.034 - 1.04) fb™*
— " Vs=7Tev
Simplified model (light xl) 1 0-lep + Eqpiss Gmass
Simplified model (light 22) 1 0-lep + Eqpiss g mass
Simplified model : O-lep + b-jets + Eqqs g mass (for m(B) <600 GeV)
e 20y -
Pheno-MSSM (light xl) :2-lep SS + Eqpiss g mass
5 s
2 Pheno-MSSM (light xl) : 2-lep OSSF + Eqmiss G mass
GMSB (GGM) + Simpl. model : yy + ETmiss Gmass
GMSB : stable T
Stable massive particles : R-hadrons G mass
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
RPV (,,,=0.01, 1,,=0.01) : high-mass ep
| | 11 1 11 | | | | 11 1 11 | | | | 11 1 11 | |
10" 1 10

Mass scale [TeV]

*Only a selection of the available results shown
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Conclusion

» Many searches for new physics are being performed in
ATLAS and already many of them have been published
o Concentrated on new results shown at EPS
> Some analyses using ~1 fb-! of data (0-lepton, 0-lepton+bjet, en
resonance)
» No excess was observed over SM expectation and derived
95 % C.L. exclusion limits

o 0-lepton + E{™ss channel excludes gluino/squark masses up to ~1 TeV
» Expect to have 3-5 times more data by the end of 2011 and
even more 1n 2012

o Increase the reach towards higher masses and into other regions in the
parameter space
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Backup slides
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Summary of ATLAS limits (exotics)

Extra dimensions

Other

ATLAS Searches* - 95% CL Lower Limits (EPS-HEP 2011)

Large ED (ADD) : monojet
UED:yy +E

Mo (8=2) ATLAS

Preliminary

T.miss Compact. scale 1/R

RS with k/M, =0.1:m,, Graviton mass

J.Ldt =(0.031-1.21) fb?
Graviton mass VS=7Tev

KK gluon mass

RS withk/M, =0.1:m

ee/up

RS with top couplings gL=1.0, gR=4.0 ‘me

Quantum black hole (QBH) : m ;... F(x) Mp (5=6)

QBH : High-mass o, , Mp

ADD BH (M /My=3) : multijet ):pT, N

jets
ADD BH (M/M=3) : SS dimuon Ny, o

L=36 pb™ (2010) [arXiv:1103.3864 (Bayesian limit)] 67Tev. A

gqqq contact interaction : Fx(mdijet)
qquu contact interaction : mw L=42 pb™ (2010) [arXiv:1104.4398] 29TV A

SSM: Moy |L=1.08-1.21 b 2011) [preliminary] 183Tev. Z' mass

L=1.04 fb™ (2011) [preliminary] 215Tev. W’ mass

Scalar LQ pairs (f=1) : kin. vars. in egjj, evjj 1% gen. LQ mass

Scalar LQ pairs (8=1) : kin. vars. in upjj, uvjj 2" gen. LQ mass
4™ family : coll. mass in Q4G4—> WqWq Q, mass
4™ family : d464—> WtWt (SS dilepton) d, mass

Major. neutr. (V, ., A=1 TeV) : SS dilepton N mass

Excited quarks :m g* mass

Axigluons :m .. Axigluon mass

Color octet scalar : m ;. Scalar resonance mass

10" 1 10
Mass scale [TeV]

*Only a selection of the available results shown
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