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SUSY searches @ the LHC

Broadly and deeply cover the SUSY signature space

General strategy to search for SUSY, based on phenomenology

oriented searches :

1. Strong production in a R-parity conserving (RPC) scenario
2. Natural spectrum in a RPC scenario

3. Low effective couplings leading to long-lived SUSY particles
4. Prompt R-parity violating (RPV) scenarios

5. MSSM extensions

6. Other searches
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SUSY direct searches so far

ATLAS :

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
* Full 2011 data (4.8 Ifh, 7 TeV) :

e 24 papers

* 6 conference notes
« 2012 Data Analyses (< 13 /fh, 8 TeV) :

» 14 conference notes

CMS :

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
* Full 2011 data (4.7-4.9 /fb, 7 TeV) :

» 16 papers

7 conference notes
e 2012 Data Analyses (< 12 /fb, 8 TeV) :

e 1 paper

» 7 conference notes
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

SUSY searches : strateqgy

Broadly and deeply cover the SUSY signature space

1. Strong production in a R-parity conserving (RPC) scenario

M-H Genest - Searches for Supersymmetry



Strong production in RPC

Inclusive jets + E™ + X (y, £, more jets... depending on NLSP)
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For a given mass, the production of
strongly interacting sparticles would
dominate
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R:(—l)(

L= leptonic number
where { B= baryonic number
J=spin

R = -1 for sparticles
R = +1 for SM patrticles

L+3B+2])

Lightest sparticle (LSP) stable (WIMP candidate)

Pair produced sparticles
Cascade decay down to the LSP

MSUSTIL
Search for large and small AM |
MET ~ AM . AM l _
H. =X p; (jet) [+ prtl ]
Meg=MET+H; = 2 Mgsy | A, I T




ATLAS-CONF-2012-109

Inclusive gluino and squarks @ 8 TeV
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« 12 signal regions to probe different production mechanisms and SUSY mass scales

* Main background: leptonic W+jets/ttbar, Z(vv)+jets, Multijets

The 3-jet medium SR as example :
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Squark-gluino-neutralino model, m(%?) =0GeV
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PRDS84 (2011) 015004

A more compressed scenario

Models with compressed MSUGRA scenarios AM/Msusy from 0.85 to 0.15
Compressed SUSY model
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— The signal regions with the softer cuts allow to go to lower AM/Msusy
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CMS-PAS-SUS-2012-028
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Probed squark up to ~ 800 GeV
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Using the razor

« Used in the search for the pair production of two heavy particles, each decaying to an

unseen particle plus a visible one

* ldea: move from the lab frame to the CM frame by looking for the boost that makes two
jets to be of equal momentum and use this momentum to estimate the mass scale

“CM” frame Lab frame

Boost

- -

q o . .

Potential large boost in the beam direction
Transverse boost preferentially small since the mass is large

Peaks at
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CMS-PAS-SUS-2011-029

4 exclusive boxes: U S i N g t h e razZor
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Gauge-mediated SUSY breaking (GGM)

Neutralino NLSP (bino or admixture) : photon-based signature

PLB 718 (2012) 411
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1211.1167, submitted to PLB
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SUSY searches : strateqgy

Broadly and deeply cover the SUSY signature space

1. Strong production in a R-parity conserving (RPC) scenario

Inclusive searches have set stringent limits on strongly produced
sparticles (1st, 2nd generation squarks, gluinos) [less stringent in
case of very compressed scenarios]

2. Natural spectrum in a RPC scenario

M-H Genest - Searches for Supersymmetry
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2- Natural SUSY

The Higgs boson mass is regularized by
PAthe scalar top mass and it is still possible to

A Natumf Spectrum;, P o\ve a natural SUSY with a relatively light
stop (and a consequently light sbottom)

General “bottom- up " viewpoint L

Tev | MRS achieved even if the first two
The “Nuclear Family” generations squarks have masses

of the Higgs

M 7 d12 br \
" l “Distant The naturalness of the theory can be

around the TeV scale

500 GeV_|

o () R

ul b= @The gluino should not be too heavy
B (=)7»

hy

«<— Closeness to Higgs

L. Hall, LBL workshop 10/2011

Dedicated search program for

“3rd generation SUSY”: direct

production or gluino-mediated
production of sbottom/stop pairs
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ATLAS-CONF-2012-103
ATLAS-CONF-2012-145

Gluino-mediated 3™ generation

High jet multiplicities (6-9 jets)
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Gluino-mediated 3™ generation

§-g production, §— tF,ED
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ATLAS-CONF-2012-165
ATLAS-CONF-2012-151

Direct sbottom @ 8 TeV

The search exploits the %-body kinematics

P
Different signal reglons for different Am
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Direct stop searches

Several decay modes are possible, depending on the couplings and
the SUSY particle mass hierachy

High cross sections, 200 r'{ - )
very similar to SM o0l N\ 7 TeV HHC | ’\
background ,\ sob | |
2 x|
- Low cross section (2 pb
10} :
or less), high mass:
5 R

Mostly stop = top +LSP

2r .F"-'EI; \ 'f-' t
! 150 200 250 300 Y

0
m; (GeV)
~ @
b + %= and, where kinematically allowed, t + %°
Need powerful discriminating variables to reject top BG

Mass ranges , AM (stop — neutralino), AM (stop-chargino), AM(chargino-neutralino)

all play a crucial role in the search optimization
M-H Genest - Searches for Supersymmetry 18



Direct stop searches

T, production

[1] arxiv:1208.1447 (0-lepton 7 TeV)

[2] arxiv:1208.2590 (1-lepton 7 TeV)

[3] arxiv:1209.4186 (2-lepton 7 TeV)

[4] ATLAS-CONF-2012-166 (1-lepton 8 TeV)

[5] arxiv:1208.4305 (very light stop: 2-lepton 7 TeV)

[6] arxiv:1209.2102 (light stop: 1/2-lepton, bjets 7 TeV)
[7] ATLAS-CONF-2012-167 (2-lepton 8 TeV)

[8] ATLAS-CONF-2013-001 (0-lepton, bb+MET 8 TeV)

Status: December 2012
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http://arxiv.org/abs/1208.1447
http://arxiv.org/abs/1208.2590
http://arxiv.org/abs/1209.4186
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-166
http://arxiv.org/abs/1208.4305
http://arxiv.org/abs/1209.2102
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-167
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-001

2- Natural SUSY

A Natural Spectrum

General “bottom-up” viewpoint

M G2 br i
- “Distant
| Tev | . Cousins”
The “Nuclear Family” g '
of the Higgs
500 GeV. | t2 The electroweak sector should also
R e be light
;;,.Ti- ;;i : \ " | |
A
\ _ 7
«<— Closeness to Higgs
L. Hall, LBL workshop 10/2011 .
Dedicated search program for
“Electroweak SUSY™": direct
production neutralinos,
charginos, sleptons
M-H Genest - Searches for Supersymmetry
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CMS-PAS-SUS-2012-022

Electroweak production
chargino/neutralino \

3 leptons + E_ M

Three-lepton events with an ee or yu OSSF dilepton pair,
where the third lepton is either an electron or a muon
CMS Preliminary Vs =8 TeV, L = 9. 2fb1
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PLB 718 (2013) 879

Electroweak production : sleptons

2 leptons + E_™s

Reduce the WW background by using its
endpoint in stranverse mass, m_, (at ~90 GeV)

1 (1) (2 2)
S A (¢ AR ARD))
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SUSY searches : strateqgy

Broadly and deeply cover the SUSY signature space

1. Strong production in a R-parity conserving (RPC) scenario
2. Natural spectrum in a RPC scenario

Comprehensive program for the third generation sector in place
with limits starting to bite into naturalness — need to continue to
cover the full phase space. EW searches also underway with
first limits on direct slepton since LEP.

3. Low effective couplings leading to long-lived SUSY particles

23
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R-parity violation and long-lived sparticles

« R-parity violation (RPV): W =Wussa + dijrLiLy By + XijpLiQs Dy + wiLidly + A3y Ui D, Dy

Lepton Number Violation (LFV)

« RPV can lead to a displaced vertex if A, A', A" is very small
 Along-lived (LL) particle can also occur in RPC :
. A]W(X1 ,Xl) ~100 MeV (eg. in AMSB) : disappearing track
* LL gluino due to the very heavy squarks mediating its decay : R-hadron

 Weak coupling NLSP-gravitino in GMSB : LL slepton

MetaStable Stable _ o
q Challenging analyses requiring
- pe“:g (kink) Sl e dedicated developments
displaced . P - . .
vene% Sl ity (re-tracking, trigger, ...)
primary @ of flight) " penetrate
vertex a detector
O(10) mm O(100) mm .> O(1000) mm decay length
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« RPVwith 1,70 : sparticle decay gives a multi-track vertex with a

high-p, muon, a few mm to ~10 cm from the IP

» Dedicated tracking to increase signal efficiency

Background-free analysis in M

vertex

Vertex mass [GeV]
o)

T TT ||8
T

preliminary |

Signal region s =17 Tev

— det = 441" é

é é ; @ Data 2011

1= = - Signal MC

:T 1 1 1 1 11 ‘ 1 1 1 ;
3 4567810 20 30 40

Number of tracks in vertex
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Remove vertices reco'ed in regions of high-density material

I'N,.., plane

Displaced vertex

ATLAS-CONF-2012-113

> 0.45 J
2 " ATLAS -
.2 .4 simulation _ —=— Re-tracking 3
L,,_% preliminary Vs=7TeV .
@ 0.35 -=- Nore-tracking
c J
g o3 "'i "* # =
= 3
2 025 * =
S 02 % W *ﬁ{@
oy # ++ i
3 015 R .
= o @%b% —f
e =
0.05 b . ]
0B PO IO A ST N RN e e e SR SO SRR WA R
20 a0 60 80 100 120 140 160 180
T T T T T TTIT] T T T T TTIT T T T T 1117 TDV[mm]
ATLAS =
preliminary -
{s =7 TeV ]
JLdt =a4f’ 3
1 | Sample mg Mg
[GeV] | [GeV]
MH 700 494
B ML 700 108
3| HH | 1500 | 494
- PROSPINO 1.5 TeV squark pair production .
S R B RS S A e
1 10 10° 10°
ct [mm]



ATLAS-CONF-2012-111

LL chargino : dlsappearlng track

« Injet (from ISR) + E™ events, search for high-p,
isolated tracks that stop in outer TRT

~+ ”';,'D . ~+ ~— .
PP_’)LIAU pp = A1)
X 1 )L + branching ratio set to 100%
%1* decaying into %, "+m*

high-p; charged particle
interacting with TRT material

low=p charged particle scattered
"'\\ in materials resulting in badly
| measured track pr

reconstructed track
———— true particle track

Pixel SCT TRT

For Am = 160 (170) MeV, the chargino
mass limit is set at 103 (85) GeV

M-H Genest - Searches for Supersymmetry

> 10*
O 10° ATLAS Preliminary  —e— pata
?, <4< Total background
é 5 Vs=7 TeV,j Ldt=4.71f -+ Hadron track background
E 10 T T Electron track background
= m,- =100 GeV, .= 0.2 ns
10" n'L 100GeVr =1.0ns
rrL =200 GeV, r l=10ns
.
107
107
10° . I
10 100 200 500 1000
track P, [GeV]
— 200
> || S Observed 95% CLiimit ¢10,00,)
g ------- Expected 95% CL limit &1 cexp)
é”*’r 190 - LEP2 exclusion
3 2 saver;
180 ATLAS Preliminary
J Ldt=47f" ys=7TeV
170

150

140
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https://cdsweb.cern.ch/record/1472932

ATLAS-CONF-2012-075

R-hadron / long-lived slepton

- Selection based on good quality, isolated high-p_ track

« Use the time of flight and dE/dx measurement to get (3, By
Three analyses :
 Full-detector

 MS-agnostic (ignore MS) ‘ cover the lack of knowledge of R-hadron interactions with the detector

° ID-onIy ‘ and the lifetimes for which they would not reach the calorimeters
R hadron model Slepton model

S'-]OOO T T % % :I LI | T T 17T | T T T T | T 1T 1T T | T 1T 1T T | T 11 I:
3 ATLAS P-rellmlnary ------- 0 o o -ATLASPreliminary 4§ pata(zom, &E7Tev) -
= 9000 Full Detector 1 1Tt e  210PE A —
E B P 80 x mOF Ldi=4.7fb ——— Bkg estimate  1a (syst) 3
800—,[“’“ 411’ T 2 £ F 3
F cdlooooO0ODO0Gooo G 70 — = rr+ . GMSE A=90 tanfi=10 =
c Pals s mEE o oE oo 2 E 10 =
700 R I I 60 ¢ S B W 0 GMSEB A=110tanB=10 J
- " s s s m i EEEEE R oo L L m
600__ ...... immEme o= g=] u -
E [l = = B Sk Bk B miah ik i 50 é -|§_ _E
so0f- it e g f
E " s e e ] S i ]
400:_ 5 oo oo .DaLaIZO_H(E:?Te\l')_: ~30 © 107 = =
300 :— - " : : "o . Backgra-und Estimate —: —20 u E
20021; : : . DS‘“-'”.E’@‘”’”OOGE‘” = —{10 107 i =
r . H = E [ ] L] -- Signal regiol E E [ i i ;
LI LI Lol b Pl 7
109002(}03004005006007008009001000O NI T R T
m; [GeV] 107 100 200 300 400 500 _ 600

mln[m rn2} [GeV]

Exclude directly produced LL sleptons up to 278 GeV and R-hadrons
containing a gluino up to 985 GeV (generic interaction model)
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http://cdsweb.cern.ch/record/1460272

SUSY searches : strateqgy

Broadly and deeply cover the SUSY signature space

The ATLAS SUSY group has a well-defined strategy to search
for SUSY, based on phenomenology oriented searches :

1. Strong production in a R-parity conserving (RPC) scenario
2. Natural spectrum in a RPC scenario

3. Low effective couplings leading to long-lived SUSY particles

5. MSSM extensions

M-H Genest - Searches for Supersymmetry
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1212.1272 Submitted to PLB
JHEP 12 (2012) 124

Leptonic RPV

lj:
e Search for a tau sneutrino decaying « 4 leptons + E_™s*
1 ! _ —t ——— =0
m_to_eu, etorut (A, >\’|?_>k) pp — KR ! )
e Limit on oxBR as a function of the . -0 . vfv
. YT — Wi)l/ I* 121
sneutrino mass for each channel A1l A1,
v %7
T 10°E Xt = vyt
= - ATLAS NI TheoryX' =0.11,k;5,=0.07 =
m 4 | A ,311 ;‘1 000 :I TTT | TTTT | TTTT | TTTT | TTTT rem o suUsY
q 10 = eI.L J- Ldt = 4.6 fb = Theory )L:m =0.10,A,5,=0.05| C #== Observed limit (10, )
X - Observed Limit % _900 = ATLAS - -~ Expected limit (1o, )
© 3 Ns=7TeV o = = ‘ ; _
1 1 O ........ Expected Limit 800 [ \s=7TeV J- Ldt=4.71fb LEP exclusion
O [ ] Expected Limit+1o - Il 0o exclusion
700 — ¥y + 50 W 50 imits at 95%
&\z 102 [ ] Expected Limit+2 6 - T%%jxjﬁ W+xj W Alllimits at 96% L .
o 600 X, = ee’y, /e U, -
10 500 - : -
e - [ ]
; a00 £ i E
500 1000 1500 2001 . i .
mqt [GeV] 100 - /, -
E I—Pf+‘|’|’l’l | 1111 | 1111 | 1111 | 1111 | 111 I:
0 100 200 300 400 500 600 700 800 900 1000

m. [GeV]
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http://arxiv.org/abs/1212.1272

JHEP 12 (2012) 086
1210.4826 accepted by EPJC

Hadronic RPV & scalar gluon

 RPV gluino decay into three quarks
* Resolved analysis with 6 jets

» Boosted analyses for low-mass gluinos

Q 106 T 1T | T T | L | T 1T | T T ‘ T 1T ‘ LI
Q F e Exp Limit (Resolved) .+1 o Exp Limit (Resolved)

—— Obs Limit (Resolved)
— — Obs Limit (CMS 2010)
- Obs Limit (CMS 2011) .gg Cross-Section (NLO+NLL)—

|:| 2 o Exp Limit (Resolved)

All limits at 95% CL

—

Ldt=4.6fb"s=7 TeV

—
o
T HIHHl T IIHIH‘

I\Hllll | HIHHl 1 IIHIH‘ | I\I\Hll | HIHHl

! —
‘ T I\Hllll

-
o

O TTIT

1
m, [GeV]

Resolved analysis : exclude up to 666 GeV
Boosted analysis : exclude up to 255 GeV
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0 200 300 400 500 600 700 800

Massive coloured scalar (sgluon) with
R=1 (beyond MSSM)

Pair production: 2 resonances M1, M2
reconstructed with =4 high- pT Jets

> 4000t ‘ —
(0] — -
G am&:ij 4610 AHAS pMJdb1%Gm/ 3
2 E \Ns=7TeV « Data; Region A =
3000 —
2 = [ ABCD result 3
Q — -— -
& 2900 _ = [ MC sgluon; Region A
= e 250 GeV =
2000 :— - - msgluon = e _:
1500 — - —
S - =
1000 . =
= e =
500;_ _1____.__.5
a
0
g L R T T T + ————————————
:é H"""‘_’_‘*‘"—O—_‘_—C——’— i +_+_—+— --- _+__+_+
o T - S S
— | , | . | , | . | ,
=) | ' I ! [ ' I ! | '
L S _
Q
=
g o
:’g}
i Py —
@ | ‘ | . | ‘ | . | ‘

100 150 200 250 300
(m1+m2)/2 [GeV]

Exclude scalar gluons for masses
from 150 to 287 GeV
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http://link.springer.com/article/10.1007/JHEP12%282012%29086

’//7

1. Inclusive search

/\

Inclusive searches

3rd gen. sq.
gluino med.

2. Natural spectrum

particles

4. Prompt RPV

5. MSSM extension

*Only a selection of the available mass limits on new states or phenomena shown.

Gluino med. ¥ (=87 ) :
GMSB (zNLSP): 1:27 +

IMP interaction (D5,

................................................................................... MEEE

........... MSUGRAICMSSM 0 1ep + s + €.

T.miss

MSUGRAICMSSM :
Pheno model :
Pheno model :

Tlep+js+E
Olep+js+E
Olep+js+E
1. 1lep+js+E
GMSB (| NLSP) : 2 le| SOS) +s+E

lep +'s +E

T.miss
T.miss
T.miss
T.miss

T, mass

GGM (bino NLSP) : yy + E;
GGM (wino NLSP) ;7 + lep + E "™
GGM (higgsino-bino NLSP) :y + b + E "™
GGM (higgsino NLSP) : Z + jets + E; ...
Gravitino LSP : 'monojet

T.miss

+E
........ T.miss:.
(\rlrlualb) Olep+3bjs+E; ..
ﬁ—)ttx VII’_HEH 2lep (SS) +js + E, e
—)ttx (\rlrlualt) lep+js+E
g—)ttx \rlrlualt) 0 lep + multi] Js +E;

T.miss

bbb —)bj(1 0Iep+2 b-jets +E
:3lep +j's+ E
(light), t—)tg;( 1I2 Iep {+ b-jet) + g
(medmm) t—)bx 1lep + b-jet + E
(medmm}it—)bx :2lep +E
t—)tx '1Iep+b|el+E

+E
]Et + ET JeEs

Tmias

l_)bﬂn 2lep +Ey .

-u-t.l T.miss
tt T.miss
T.miss

T.miss

LL’

-

—)Iv —)va ‘2lep+E,
f;z‘z’x—)xﬂ'\ﬁﬂ(vmﬁam |;:-v :3lep +E, e
......................................... :3lep +E;

Direct ' pair prod. ( Amséj"'lﬁhg"iii}éﬁ?"
Stable QR hadrons : low B, By (full detector)
Stable t R-hadrons : low B, By (full detector)

GMSB : stable T

LRV pp—w X,V —et+ resonance
LFV : pp—v_+X, v —)E{}L)"‘t resonance
Bilinear RPV CMSSM:1lep+7|s+E

0o T, mass
x‘x“‘x‘ W;E‘ X,—eev euv, tdlep+E, L
1=l X oeev, e}w cdlep+Ey mias

9—)CICICI .....................................

luon : -jet resanance pair
irac x) ‘monojet’ +E

Scalar

L=1281b", 8 TeV [ATLAS-CONF-2012-145]

ATLAS SUSY Searches™ - 95% CL Lower Limits (Status: Dec 2012)

| [T T 1T | | IIIII| I T
L=5810", 81'h\! [ATLAS-CONF-2012-108]

T 11 ~ T 1
hatev —gmass

L=581h", 8 TeV [ATLAS-CONF-2012-104] 1.24 TeV q g mass
L=581b", 8 TeV! [ATLAS-CONF-2012-108) 148TeV §Mass (mig) <2 eV, light 7, 3 AT_L_AS
L=58 b”, & TeV [ATLAS-CONF-2012-108] 138Tev. mass {mig) <2 Tev, Ibghl;( ) Preliminary

g mass {m{_;( ) < 200 GaV, mif’) = —(m{;( i@
gmass' (tang < 15)
gmass (tang > 20)

G G mass (niz,)>50 Gev) J.Ld! =(2.1-13.0)fo'
g mass

g mass {m{_;( )= 220 GaV) E =7, 8TeV
L=5.81b", § TeV [ATLAS-CONF-2012-152] 690 GeV' g Mass (m{H) > 200 Gav)
L=10.51b”", 8 TeV [ATLAS-CONF-2012-147] Ba5Gav. F  scale (m(G)=10* eVJ
L=12.81b", 8 TeV [ATLAS-CONF-2012-145] 124Tev g mass (mi” ) <200 Gav)
L=581b", § TeV [ATLAS-CONF-2012-105] 850 GeV g mass (mig) < a0 Gav)
8 TeV results

L=13.01b™, 8 TeV [ATLAS-CONF-2012-151]
L=5.81b", § TeV [ATLAS-CONF-2012-103]

gB0Gav| g mass (mfy ) < 300 Gev)
100Tew g mass {m{_‘,( 1% 300 Gav)
145Tev. 3 mass {m{;( ) < 200 Gav)
620 GaV b mass (mi" ]< 120 Ge\."]
#05Gav| b mass {miz,) = Zm{x 1
t mass {mg j =56 Gel)
180-250 GeV tmass {mf_x )= DGeV mix,) = 150 GaV)
1B0-440 GeV tmass {m{',( )= 0Gav, m{l] iz} =10 Gev)
230-560 GeV_ t mass {m{',( 1=0)
230-465 GaV | tmass {m[‘,( 1=
t mass {15 <m{_‘,( j < 230 GaV)
[ 85195 GeV | mass {m{;( V=01
[ 110340 Gev x mass {m{x )< 10 GeV, m{lv] —(m{_;( ]<m{',( 0
!BIIG&V x mass {m{;( J m[',( Jm{',( J o, m{lv]as above)
Nﬂﬂslﬁw x mass {m{',(:l m[',( Jm{',(] o, slapbunsdeouupled]
x mass {1 =1 J< 10 ns]
gmass
tmass

L=1281b", 8 TeV [ATLAS-CONF-2012-165]
L=13.01b™", 8 TeV [ATLAS-CONF-2012-151]

L=13.01b", 8 TeV [ATLAS-CONF-2012-166]
L=13.01b”", 8 TeV [ATLAS-CONF-2012-167]
L=13.01b™", 8 TeV [ATLAS-CONF-2012-166]
L=4.7 107, T TeV [1208.1447,1208.2500,1209.4166]

L=47 fb", 7 TeV [1208.2664]
L=47 fb", 7 TeV [1208.2664]

L=13.01b™", 8 TeV [ATLAS-COMF-2012-154]
L=13.01b", 8 TeV [ATLAS-CONF-2012-154]

Tmass (s5s< tanﬁ < 20)
q mass (0. 3)(10 Shy, % 1507 1mm<er=1 m, g decoupled)
V,mass (i, 0.10,i,,,=0.05)
V, mass (i, =010,4 =005
9=3 mas;}m <1 )
L=13.01b", 8 TeV [ATLAS-CONF-2012-153] 700 GaV' ;:( mass {m[‘,( )= 300 Ge\." A0 h > 0)
L=13.0 b, 8 TeV [ATLAS-CONF-2012-153] 4306ev| | mass {m[;( ) > 100 GaV, m{u-m{u-m{m hygyorky, = 0)

g mass
L=46 1", 7 TeV [1210.4826) HGEETEa sgluon Mass (incl. limit from 1110.2653)

L=10.5 b, 8 TeV [arus.cnm.amz.rm 704 Gw M* fcale {m, < B0 GeV, limit of < 68T Gev for Ta:
1 1 1L 1111 1 1 L1 1 1 1 L1 1

107" 1 10

Mass scale [TeV]

All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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SUSY searches : strateqgy

Broadly and deeply cover the SUSY signature space

The ATLAS SUSY group has a well-defined strategy to search
for SUSY, based on phenomenology oriented searches :

1. Strong production in a R-parity conserving (RPC) scenario
2. Natural spectrum in a RPC scenario

3. Low effective couplings leading to long-lived SUSY particles

5. MSSM extensions

6. Other searches
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ATLAS-CONF-2012-107

General search

* Did we miss anything? Clean up with a general search for new physics

« All event topologies involving electrons, photons, muons, jets, b-tagged jets and
missing transverse momentum in a single analysis (655 channels defined)

 Scan the effective mass distribution of each final state for deviations from the
Standard Model prediction (note : BG from MC only)

Distribution of the p-values :

@ LRI DAL LA B S B IR T _ _ _
5 10PE FGamma Stream — « Consistent with the expectation
) i Jra-azie 31 from toy experiments
g 10 = ATLAS Preliminary E _
H - —— 1 * No event class found with a p-
= D201 (- 7TeY) D value smaller than 103
E SM Toy Experiments E . . . .
10" = * No big signal hidden in the
- 1  previously unexplored channels
102 E
:I I 11 | 11 I 11 I 1111 I 1111 | 1111 I 111 I:
o 1 2 3 6 7 8 9 10
-Iogw(p-value)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-107/

Indirect search : B >MM

SM prediction: s

SM BB —pp) = (3.2x0.2) x 107 -

Buras et al. arXiv:1012.1447
b M

Branching ratio very sensitive to new physics 1xio7

o~ Bx 1078}
b MSSM o - x |
n +y 2x 1078}
HY/A T 1x1078}
m _
m 5x107%
ey [
PR 2x 1079t 7.
gL . . 1* il L E i L
<107 0 10 20 30 40 50 60 70O
Fit performed in 8 (for 2011) + 7 (for 2012) BDT bins tang
é 10?_‘},_ LHCh |
1E .
N
Rl
10-3;— m Signal _M—O——
4: O Background ]
0% 02 0s e s 1
BDT 34
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Indirect search B.->uu

- - T T T J--I_-|--'|-"l"'l

a0 , "
9 14 — = -
S : 1.0 fb7'(7TeV) llfb'IL;E"(?sft; . - LHCb 7
D] — : ey) +1. 8 - & -1 -1 . .
= 12¢ BDT>07 1 0.8 L01577TeV) +1.1 157ETeV)
o 10F =
2 F : :
— 8F 1 0.6+ _
: : :
5 6f = expected
: :
4 1
] F ;
O 2 ] . -
- + 1 Lo n [ B \‘ -
0 M o 5 ""h-.___- -
B e ¥ B
6000 'é .

m,., [MeV/c?] B(BY = W) [107]

Combining 201142012 data

Bkg only hypothesis p-value is 5 x 10™* corresponding to 3.5 &
B(Bs — ptp~) =325 5 (stat) 1y 5(5y5t) x 1077

First evidence of the decay By — ™

Consistent with the SM!

Submitted to PRL arXiv:1211.2674
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Conclusion

« Strong and diverse program for SUSY searches

» 2012 data analyses well under way, complete
dataset being analysed now

e Goals:

» Extend inclusive searches, also for compressed spectra
« Continue the stop search, covering all signatures
* Expand gaugino/slepton searches

» Continue developing innovative searches for RPV & long-
lived signatures
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Additional material
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What do the various lines mean ?

J Exclusion limits : a new standard ATLAS/CMS procedure (>June 2012)

= Ease the life of theorist by separating the signal theoritical and experimental systematics

Expected limit:

=Central value: all uncertainties included in the fit as nuisance
parameters, except theoretical signal uncertainties (PDF,scales)

»+10 band : +10o results of the fit

Observed limit:

=Central value: |dem as for expected limit

*+10 band : re-run and increase/decrease the signal cross
section by the theoretical signal uncertainties (PDF, scales)

= 600
O,

-
500
400
300

200

100

g production, g— tﬁf

1‘|IIII|IIII|II

- ATLAS Example

e f Ldt=4.7 6" \Ne=7 TeV

f gt Ry
e’

x_III|IIII|IIII|III

All limits at 85% CL,

II|IIII|IIII[IIII|IIII

900 1000
m, [GeV]

Excluded Model Cross section (SMS)

= Number quoted in paper correspond to observed -1 ¢ observed (conservative)
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Numbers give 95% CL_ excluded model cross sections [fi]



ATLAS-CONF-2012-109

ATLAS O-lepton @ 8 TeV

Channel
Requirement A B C D E
2-jets 3-jets 4-jets 5-jets 6-jets
pr(j1) [GeV] > 130
(| pr(jp) [GeV]> 60
pr(ja) [GeV] > - 60 60 60 60
Pile-up < | pr(js) [GeV] > - - 60 60 60
pr(js) [GeV] > - - - 60 60
| Pt(Jjs) [GeV]> - - - - 60
Ag(jet, EX5S) . [rad] > 04 (=1{1.2,(3)}) 04 (i=1{1.2,3}),0.2 (py > 40 GeV jets)
QCD EXSS [meg(N j) > 0.3/0.4/0.4 (2j) | 0.25/0.3/-(3j) | 0.25/0.3/0.3 (4j) | 0.15(3j) | 0.15/0.25/0.3 (6j)
SUSY meg(incl.) [GeV] > 1900/1300/1000 1900/1300/— 1900/1300/1000 | 1700/~ | 1400/1300/1000
mass scale

12 Signal regions split in tight / medium / loose requirements

M-H Genest - Searches for Supersymmetry




O-lepton @ 8 TeV

3 - | e [iacuaw _E 3 F T ATLAS Prtlay | I.d| Bam Imll_
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H%#-‘ _; % 104 ;_I 1T T TTT |A*£'AIS| l;.)rIEIIirII.“'“érlyl T | T ILIdIt |=I5I-8I 'Ib_|l LI | I_;
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2 E LT —— g - _gugtt?l1un4onﬂ1n P s T —
I S 3 105 it I =
B0 000 1800 @000 2505 mmﬁlm [= E ttﬁlglngletop E Mg lincl) [GeV]
. — s f 7 jcts : . -
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10 = =
e E
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T "'li""',.'a"l TT T E = O T T T
g ‘m’;— cnn:;%sb:"“" mm!':; ““.' E § m,g_ ﬂwfzf:nw mmf:;; BTM
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e 00 e 205 3800 000 SEO0 4000
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DATA /| MG

DATA | MC
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L

Entries / 10 GeV

Data/SM

Direct stop searches @ 7 TeV

* Five searches with 5 fb* (+ 1 in natural GMSB with 2 fb') @ 7 TeV

e
~ o 4+~ i D I i ! N ] ‘ \ t _|_ x[]
— by —> bW~y '
1 0 r : TTC-VLIH.E OI +b +MET
100} , - eptons + bjets
. > T T e
10'e ! ] o 10 Y 7
E AT:LAS —e- Data 2011 (s = 7 TeV) E 5 D B (05 i I Single Top ]
o ¥ %% Standard Model 7 rs) L V() + ets ,
E | Lbt=4710  Slandard vode . ~ g iy =
10° E Hu C:hanne| D‘E 3 - i) L Bkg Syst Error 4
E H -Sing\etop, dibosons, W+jets ﬁ_. 2 [J = ch ______ (m‘,mi?) =(400,1) GeV |
102__ Oz iets _ ; KT 6; ® Data2011 1
- - m{f=112 GeV. m(i’)-55 GV 3 - 10k ATLAS 1
«eeom{t)=160 GeV, m(3°)=55 GeV L i B ]
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g 2r 7
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10 3 . 7 0 B .
> L. l i i i 5 100 600
15 150 200 250 300 ET** [GeV]
0.5¢ 2
% 50 100 150 200 250 =300 i {GEV] .
leading . . [GoV) 1 leptons + bjets + MET
= e
- 10 2 Ieptons + l ’ ]TZ 8 ATLAS e Data 2011 ({s =7 TeV) ]
r . e N 3 4, Standard Model (SM) |
© L $4040 2::?:,? 3 10 e ' ' ' "o Data 2011 ' Q 10 I multijets (data estimate) 3
o . .[L dt=47m", \s=7TeV e 9] (b) different-flavour 44 SM Background - Ldt=4.71b" O+ E
w E B 7 el var © N 0 Zejets 9 03 Vjets, VW .
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General search

An example with p=0.12
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With SUSY, many event classes with small p-value would be expected.



SUSY Higgs sector:

LR

E -To000e—+— n

« (->T11 Signal searched for in three
channels: ep ; et,_,; MT, .

Selection :

« \eto events with additional isolated
leptons

« MET pointing in the direction of the
visible products

- Atmost 1 jet with p, > 30 GeV
« Two categories (jet p, > 20 GeV) :

* No b-tag jet
+ atleast one b-tagged jet

M-H Genest - Searches for Supersymmetry
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