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> introduction

> updates since summer

missing transverse momentum with large number of multiple jets

missing transverse momentum with jets and one lepton

missing transverse momentum with one b-jet, jets and one lepton

missing transverse momentum with 2 photons

> summary
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Search Strategies for SUSY

> at the LHC sparticles are pair produced

= dominantly squarks and gluinos via the strong interaction

= they decay via cascades into the stable LSP (neutralino or
gravitino), assuming R-parity conservation

= common signature:

= multiple, high energetic jets and transverse missing momentum g

= distinguish final states by additional particles

zero, one, two, .. leptons (e, u), two photons, ... P === €====D
b-jets if 3" generation squarks are lighter than other generation squarks 1-lepton

> incomplete event reconstruction due to LSP

g
* no mass peak ‘iv> N\, l 4”-
) T Rk S
4

- SUSY is in the tails of the distributions

* SM backgrounds (top, W/Z+jets, QCD) are taken p/Q
from/verified in control regions g . 2 teptons
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A Word on Models

> most experimental results are interpreted in > mSUGRA/CMSSM:
one or the other model = m,: common scalar mass

) . " m,,: COMmMOoN gaugino mass
= e.g. mMSUGRA/CMSSM, GMSB, simplified models,

= A,: common ftrilinear coupling

= tan B: ratio of Higgs vacuum

= the interpretation in a model give nice, coloured expectation values
plots = sign(p): sign of SUSY Higgs potential
_ . _ o parameter
> the main experimental result is the limit on > GMSB:

the number of signal events in the signal

. . . = A: SUSY breaking scale
region (or the limit on the effective cross

M: messenger mass scale

Section) = N: number of messenger fields
. . . . = tan B: ratio of Higgs vacuum
> interpretation is straight forward but not oo valuog® vacu
trivial = sign(u): sign of SUSY Higgs potential
parameter
= signal efficiency = Cgpay: ratio of the gravitino mass to its

. .y value at the breaking scale A
= signal uncertainties

> Simplified models:

= statistical interpretation
P = reduced particle spectrum: masses
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The Large Hadron Collider

> pp collisions at Vs = 7 TeV

> LHC has performed extremely well this year:

= 3.59 x 1033 /cm?/s peak luminosity

~ 80 pb-' per day

= 7 T T T T -
= >5 fp-! delivered, thanks! o - ATLAS Online Luminosity N\s=7TeV E
50 ns bunch _ > 6 [JLHC Delivered -
ns bunhch spacing S =[] ATLAS Recorded .
= ~15 collisions per crossing 'E Sluy Total Delivered: 5.33 fi =
: — - - 1
. -l L . -1 _
S datasets CO”Sldered 8 4:_ Total Recorded: 5.00 fb _:
by analysis up to now % N E
= 2011: 0.87 — 1.34 fb" = F :
T 2 —
o n .
1— N
0:' o .
27/02 27/04 26/06 24/08 23/10

Day in 2011
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ATLAS SUSY Searches

ATLAS SUSY analyses Publications

E Mss + jets + 0 lepton arXiv:1102:5290 (35 pb) [published in PLB]; ATL-CONF-2011-
086 (163 pb'); arXiv:1109.6572 (1.04 fb-') [submitted to PLB]

E ™ss + multiple jets + 0 lepton 6@“"arXiv:1110.2299 (1.34 fb-") [accepted by JHEP]

E Mss + jets + 1 lepton arXiv:1102:2357 (35pb) [PRL]; ATL-CONF-2011-090 (163 pb*);
arXiv:1109.6606 (1.04 fb'!) [submitted to PRD]

E;™ss + b jets + 0/1 lepton arXiv:1103:4344 (35 pb') [PLB]; ATL-CONF-2011-098 (833 pb);
ATL-CONF-2011-130 (1.03 fb-")

E Mss + jets + 2 leptons arXiv:1103:6214 (35 pb') [EPJC]; arXiv:1103:6208 (35 pb-1)

(OS, SS, SF subtraction) [EPJC]; ATL-CONFE-2011-091 (simplified model interpretation to
SS); preliminary (1.04 fb-1)

E ™Mss + jets + >= 3 leptons ATL-CONF-2011-039 (34 pb")

E Miss +yy arXiv:1107:0561 (36 pb') [EPJC]; preliminary (1.04 fb-)

colored scalars $e‘sarXiv:1110.2693 (34 pb") [submitted to EPJC]

ep resonance (RPV) arXiv:1103:5559 (35 pb') [PRL]; ATL-CONF-2011-109 (870 pb™);

arXiv:1109.3089 (1 fb'!) [submitted to EPJC]
Stable hadronising squarks & gluinos arXiv:1103:1984 (34 pb™) [PLB];

Heavy long-lived charged particles arXiv:1106:4495 (37 pb') [submitted to PLB];
Heavy medium-lived particles Qe\spreliminary (33 pb)
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Large Jet Multiplicity + Missing E- SUSY11

> use jets + missing E; analysis and increase number of jets: 6, 7 or 8

> selection:

= similar to standard jet + missing E; analysis

= events with jets and missing E; = veto events with p; of e(n) > 20(10) GeV

> four signal regions used based

i o L B L B BN B | =
on th.e number of jets and oL IL - 1aam |+ D 1P(r\e;cnznTeV)_;
mISSIng ET/SCI rt(HT) g § ATLAS % QCD+th> qq (Template) §

S10°e ApgenWos ey 3

= scalar mass H; = scalar sum of all jet E; 2 f B Az

£10° 000, - =

o E I'*L. o SUSY Point (1220,180) =

I S > . . ]

L . Signal Region ]

Signal region || 7j55 | 8j55 | 6j80 | 7j80 e e

u ¢ 27 jets p_>55GeV ]

Jet pr >55GeV >80 GeV 10g el 3

C. _:'_,_1 . .

Jet 7] <28 g o ‘ -

ARj; > 0.6 for any pair of jets 10E - i

Number of jets =7 =8 =6 =17 : R
E™Mss/ \/Hy > 3.5 Gev'/?
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EmISS/ Gev1/2
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Large Jet Multiplicity + Missing E

SUSY11

> QCD control region defined by lower number of jets, e.g. 7 = 5 jets,
and inverse cut on missing E;/sqrt(H+)

= essential to estimate QCD background from data as MC predictions are unreliable

= other background estimated from MC and validated in different data control regions

> signal region defined by number of jets and MET/sqrt(H-)

Q F T T T I T T I T T T I T T T ' T T T T T T T T T | T T T =
> - . -1 e Data2011 (Ns=7TeV) 7
8 10° E IL dt~1.341fb ——— Total SM Prediction 3
- [ 1 QCD+tt— qq (Template) 3
Lo L ]
Nyt ATLAS 1 Alpgen ti— ql,ll —
S E [ Alpgen W (ep)v 3
@a LT B Alpgen Z— vv T
§10 ?"‘0 -------- SUSY Point (1220,180) §
L > . : ]
102 - Signal Region .
- >7 jets p_ > 55 GeV ]
10 :E T E:
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-
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Large Jet Multiplicity + Missing E- SUSY11

> QCD control region defined by lower number of jets, e.g. 7 = 5 jets,
and inverse cut on missing E{/sqrt(H)

= essential to estimate QCD background from data as MC predictions are unreliable

= other background estimated from MC and validated in different data control regions

> signal region defined by number of jets and MET/sqrt(H-)

Q F T T I T T I T T T I T T T ' T T T T T LI T | T T T = )
> r - -1 e Data2011 (\s=7TeV) A MSUGRA/CMSSM: tanf = 10, A =0, u>o |_'"t 1.34 fo’'
8105 :g IL dt 134 fb —— Total SM Prediction §: ; T T T | LA L B IR | [T | T T T 1
0 - [ ] QCD+tt— qq (Template) 7 ‘@550 AT
ol B ATLAS = 1 O exp. CL 95% C L. limit
g 0= [ 1 Alpgen tt— ql,lI = = T
g E - Alpgen W= (e,}l,’C)V E = exp. limit 1o .
2 B B Alpgen Z— vv ] E 20112234 jets plus ET™**
4103 . -
§10 gm. ........ SUSY Point (1220,180) § e g e L mt
m . . ] [lLep2y’
102 = Signal Region = L [ |D03, g tanp=3, u<0, 2.1 fo"
- >7jets p_ > 55 GeV ] . Il coFGd anp-s ueo, 210"
10 T | [ Theor“ptically excluded
155 : o b b
wil g Q
o R e n
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b-jets + Missing E; EPS 2011

> 3 generation is special: has to be light to stabilize the Higgs

> selection similar to jets + missing E; plus 1 or 2 b-tags

> define 4 signal regions / two control regions and combine them for the

exclusion limit

Phenomenological MSSM:

> 10— T T T 0 = o
2 ATLAS  Preliminary 0-lepton,3 jets BR(geb']bebbx 1) 1 OO /0
o ‘ >= 2 bjets
S 104 _I.L dt=0.83fo",Ns =7 TeV ® Data 2011
> === SMTotal §-3 + b-b, production, b, b+% Ldt=0.83 fl5'\s=7 TeV
E 3 D toP prOduc.tlon [ gy 1000 LI 1I I1 T 1T | T |1 T T | I1 LI I T T JI T I TTrrr I TTrTrT I LI I TTrrr
g 10 (B3 W production = C L ——— CL_ observed limit ]
@ @ Z production 8 - ATLAS Preliminary .- CL, expected limit -
[ QCD production = 900~ T 68% and 99% C.L. —
12 amam g 700 GeV,b 380 GeV - C ’ CL, expected limits 7
E.c - Olepton, 3 jets ATSLAS (35 pb") .
. 800 :_ b-jet analyses . _:
0 ~. . -
- m@)=60cev,mf, )->m& 600/600 Gev ]
700 - ~
1 - I:l CDF b, 2.65 b \ /72 0/6005:GeV
: 600 — . —
10 faren, C - DObp, 5.2 b \ Z
S 3 E A ; 3
- ) = 500__DCDFgg —»bp25tb! ¥ =
O = * * ' I i I * ) * N E : ?\O'K’ :
~ 2F E C ; | =
% 15 % + + + é - F\e‘f:erence int 3
° 1E o ¢ - P 300 — 3
0.5 '+' = c ]
00_ 160 260 360 460 ?60 660_ 200 _I L1 1 I 11 1 1 | L1 1 1 | 11 1 1 I 11 1 1 I 11 1 1 I 1 1 11 I 11 1 1 I 11 1 I_
miss 100 200 300 400 500 600 700 800 900 1000
ET* [GeV] my [GeV]
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One Lepton + Jets + Missing E; SUSY11

> cascades including charginos or neutralinos can lead to final states with
one, two, three or more isolated leptons

> advantage: suppress QCD background, help in trigger

> analysis requires exactly 1 lepton (e: py > 25 GeV or u: pr > 20 GeV)
and = 3/4 jets - four signal regions

—_
o
~

L L I L R B R A RN L
ATLAS « Data 2011 (\Ns=7 TeV)

>
V]
O — Standar ode ;
2 10° JL dt=1.04fb" E{’Sn\;illtie;tsd(gnatg elstimate) ﬁ BaCKg round
2107 N - ¢ «fake leptons from QCD background
I ectron Channe L e to g . . . “ .
Gi10* & Dispsont ¢ =>fully data driven estimate with “loose-tight
-+« MSUGRA m =500 m, =330 3% . ’
o AHET ot )02 5 matrix method
10° * non QCD background dominated by top
10 pairs and W+jets
1B =» semi-data driven estimate
5 “’; T L I e WNERING « normalize MC to data in background specific CR
g o ; +$U[ ..........................................................  extrapolate to the signal region relying on MC shapes
= """”**++++++| ___________ ) * final background estimate done performing a
0 o0 0 : 0 200 00 . V'] simultaneous likelihood fit of the different CR
m, e

1 € . N -+ = .
my = \/2 - pip - ERss (1 — cos(Ag(f, Exss
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One Lepton + Jets + Missing E; SUSY11

T
o Data 2011 Ns=7 TeV)

————
ATLAS

> observed number of events in data Bk fra-toan S|
consistent with SM Bl e B
> uncertainties dominated by jet energy oF % E
scale and resolution, theory and MC E e :
modeling and statistics ‘ 3
> Interpretation in: B e s —

* mMSUGRA/CMSSM MSUGRA/CMSSM: M [56V]

(mo,mwz)-plane 3 500g IA-;'-L;IASI T L‘I"'=I1-‘;4;L",I\fs=l7Tlevl _ ;)b;ewued.CL;gs,%.CL. . g
= simplified model FEOE . tencomten e, E
gluino > chargino > neutralino  **E T e osckiCly e
squark > chargino = neutralino  sso flli e ey e

—=-oc==osooo N g . _ 17
E Ty .8E0cen) [ D0, § tan=3, p<0, 2.1 o'

Eoaren NS o

= bilinear R-parity violation model ~ *®°F - == - B 007 3.3, ta=5. <0, 2157
o SN i =

250 = " RLTIRN . ' =

_ (500GeV) b ‘E T T — - e e .

200

e e

1 I 1 1 | |
200 400 600 800 1000 1200 1400
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One Lepton + Jets + Missing E; SUSY11

Simplified model: Simplified model:

gluino = chargino - neutralino squark = chargino - neutralino
; 800 [ T T I T T T T | T T T T I T T T T I T T T T I T T T T E S‘ 800 [ T T I T T T T I T T T T | T T T T I T T T T l T T T T Sl
& E :Step Decay, )::}/4 ATLAS _I& & E 1 :Step Deca:, ::3/4 ATLAS _|&
o 700~  99-aqqqWWE X, O g 700~ qg-aqWWZZ, (@)
= - Combination = & = - Combination = &
600 — L"_ 104" Ns=7 TeV % 600 — L™_1.041b"\Ns=7 TeV %
E . 2 E N 2
500/— — Observed 95% CL 3 500 — Observed 95% CL 2
[ --- Expected ) 10 % —  --- Expected » 10 T:_)
:_ ------ Expected t‘ky LE 400 :_ ...... Expected +15 |_|>j
g B 8 - , S
C "8’ — “8‘
— ] 300[— >
E 1 o - 1 o
: =5 :
5 200 - 5

100
107 10"
300 400 500 600 700 800 300 400 500 600 700 800
rrIgluino [GEV] msquark [GeV]

x:t
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One Lepton + Jets + Missing E; SUSY11

Simplified model: Simplified model:
gluino - chargino - neutralino squark = chargino - neutralino

800 T T I T T T T | T T T T I T T T T
1-Step Decay, x=1/2 ATLAS

§3—qqaaWW. 7,

Combination

800 T T I T T T T I T T T T | T T T T
1-Step Decay, x=1/2 ATLAS
~~ ~0-0 -
ag—qqWWZ X, o
Combination o

10°

m,sp [GeV]
m,gp [GeV]

L™ = 1.04 fb”,\'s=7 TeV L" = 1.04 " Ns=7 TeV

— Observed 95% CL
--- Expected

------ Expected +1c

------ Expected t‘lcl__.-v""»

I*-‘_II|IIIIIIIII|IIII|IIII|IIII
Cross Section Excluded at 95% CL [pb]
I'.A_II|IIIIIIIII|IIII|IIII|IIII
Cross Section Excluded at 95% CL [pb]

107

300 400 500 600 700 800 300 400 500 600 700 800
rrIgluino [GEV] msquark [GeV]

x=(mg—m)/(m,,—m)
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One Lepton + Jets + Missing E; SUSY11

Simplified model: Simplified model:

gluino = chargino - neutralino squark = chargino - neutralino
s 80T T e 5 8001
8 1-Step Decay, x=1/4 ATLAS 8 1-Step Decay, x=1/4 ATLAS
Yo 700 6->qq0aWWT T, . 700 JG-aqWWR T,
E_l Combination 10° E_I Combination 10

600 L™ - 1.04 1o \Ns=7 TeV 600 L™ _ 1,04 fo"\s=7 TeV

— Observed 95% CL
--- Expected

500 500

400
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200 200
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-
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100 100
107
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One Lepton + b-jets + Missing E; LP2011

> 31 generation is special: has to be light to stabilize the Higgs
> selection similar to one lepton + 4 jets + missing E; plus 1 b-tags

> signal region defined by missing E; > 80 GeV, m> 100 GeV and
m.¢ > 600 GeV

Phenomenological MSSM:
BR(g>tt>tby*,) = 100%

~ 10° S B e B B L §—§+¥—?production,§ﬁt~l+t,'t:ﬁbﬁ:! ILdt=1.03fb'1,\"s=7TeV
8 — ATLAS Preliminary 1-muon, 4 jets, 1 b-jet = ;‘ 600 T [TT T T[T T T T[T T T T[T T T T[T T T T[T T T T[T TTT[ITTT] ]
- y ® daa ] D c .. ——— CL_ observed limit 4
2 B ILdt= 103" Ns =7 TeV Mot 1 ¢ s50  ATLAS Preliminary ... GL, expected limit =
-~ D1 ] eD production = C T Expected CL_limit+1c
% 102 3““‘ D top production IE é‘-‘— 500 - 1_Iepton’ N jEts — Observed ATLAS (35 pb1) 3
— = — 1 —
g — [ w production = E >=1btag,m _ >600Gev YT EXPSCTEd ATLAS (35 pb’) ™5
L — - 2Z production — - eff - =
— [ ciboson production — 450 o . o ’/” —]
- == M =500GeV,m=210GeV | E m(x)=60GeV, mi)=2m(x) W .
s M = 550 GeV, m;:=SOGeV E 400 :_ (Nl ) (~) ! ! .»»“n‘ _:
] S ot p .
g - 350 |~ Ko{o?/:‘,.,;. - H -
EF'.L - Oy e ‘ -
t - - — E = s 3
BN . = 300 "c‘ﬁ’f\ “““““ : =
L 3 c ,, =
o SRARER nmwe | 250 = B . =
S - A+ 3 o H 3 =
a i ] 200 — & Reference pgint Pt =
® E Foo 3 " 3
. 150 & \ —
- E FEE RS B U R I BRI | Sl B by by by by
250 300 350 400 300 350 400 450 500 550 600 650 700 750G \e;oo
m; [GeV] m§[ eV]
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Diphoton + Missing E; SUSY11

> Gauge Mediated SUSY Breaking (GMSB)

= the very light gravitino is the LSP
= event topology defined by next to lightest sparticle (NLSP)

= large parameter space has neutralino NLSP: neutralino decays to photon and
gravitino

> final state: diphoton (+ jets) + MET

> e

@ 4 —+— Data 2011 s =7 TeV
= 2 photons (E; > 25 GeV) o 107, EEE och Ne=7TeV) ;
.. ? 3 I Woev+jets, Woev+y, ttsev+X_]
= missing E; > 125 GeV g 10 Zvv4yy, Woslv+yy E
% , GGM m_/m_=800/400 GeV ]
= QCD and EW background estimated 10 SPS8 A = 140 TeV E

----------- UED 1/R = 1200 GeV

from control regions, irreducible 10 . .
, ATLAS Preliminary '[Ldt=1.07fb

background from MC
> result:

-:u IIIII.lI.II IIII||.|.I.|

= observed events: 5

= expected events: 4.1 £ 0.6+ 1.6 M [GeV]

@ATLAS Wolfgang Ehrenfeld | SUSY Searches at ATLAS | 30.8.0211 | Page 17
EXPERIMENT



Diphoton + Missing E: Interpretation SUSY11

> General Gauge Mediation (GGM) > minimal GMSB / SPS8 slope

= simplified model with three sparticles: = full mass spectrum
Gluino for production = first time considered at the LHC

Bino-like neutralino as NLSP
_ = A <145 TeV excluded
= m(gluino) < 776 GeV

for m(neutralino) = 50 GeV SPS8: M,,..=2A, N=1, tanf=15, cty sp<0.1mm

E 1 04 E T T T I T T T l T T T ‘ T T T I T T I T T T | 1 T T E
= E e Expected CLs limit 3
GGM: bino-like neutralino, tanp = 2, cty gp < 0.1 mm o i —— Observed ClLg limit ]
= 120077 71— 1 T 1 3 10° -i‘;ﬁ
Q e imi 3 £ + 20 E
O, 1100 ATLAS Expected Cls L|.m|.t — F —— SPS8 NLO cross-sectiort
e - = ATLAS Observed CL s Limit 3 B
£ 1000 M t1o - 2_ J.Ldt=1.07fb'1, Ns=7TeV
- ATLAS Observed CLs Limit (36 pb™) E 10 E
900 — - ]
800 B 1ok i
S § . E
700 2010 — 2011 Jidt=1071" ] - ATLAS Preliminary -
E vg = 7 TeV E : 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 -
il ] 150 200 250
600 /"_/_’—/— - 1 | | | | m,, [GeV]
B 7 - L 1111 I 1111 1111 1111 L1l [k BN Ll -
5001~ L g NLSP = T 250 300 350 400 450 500 550 7
- ATLAS Preliminary : - i m,. [GeV]
400 I S S S ) [ S Al o b by b by |1 i B
00 400 o0 0 1000 200 1080 100 120 140 160 180 200 220
m.. e
yi

A [TeV]
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Diphoton + Missing E: Interpretation SUSY11

> General Gauge Mediation (GGM) > Universal Extra Dimension (UED)

= simplified model with three sparticles: = mass spectrum similar to SUSY

Gluino for production = 1/R < 1224 GeV excluded
Bino-like neutralino as NLSP

UED:N=6,M =5TeV,AR =20

N |_|1 03 ] | LI ‘ T T T T | T T 71 | T T 1 | T T T 71 I LI
" < 2 - 1
m(gluino) 776 GeV = £ . Expected CL_Limit ]
for m(neutralino) = 50 GeV ot — Observed CL, Limit 1
< | -t io 1
- © + 20 7
GGM: bino-like neutralino, tanp = 2, cty gp < 0.1 mm 5 — UED LO cross section
> 120771717 71 3 10°F ) E
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Summary of ATLAS SUSY Searches

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

MSUGRA/CMSSM : 0-lep + j's + E; ...

G=gmass ATLAS

Preliminary

MSUGRA/CMSSM : 1-lep + j's + E, ... § =5 mass

MSUGRA/CMSSM : multijets + E

T .miss

§mass (for m(g) = 2m(g)) jwr = (0.034 - 1.34) v

Simpl. mod. {light f:) 10-lep +j's+Ep o §=gmass Vs =7TeV
Simpl. mod. (light f:} (0-lep +j's+ E; L § mass
Simpl. mod. (light f?) (0-lep +i's + E; L g mass

Simpl. mod. (light f:} :0-lep + b-jets + |'s + E g mass (for m(E) < 600 GeV)

T .miss

Simpl. mod. ('ﬁ—)ﬁf?) t1-lep + bjets + s + E G mass (for m(f?) < 80 GeV)

T miss

Pheno-MSSM (light i?}: 2-lep SS+ E; .. gmass

ol
Pheno-MSSM (light ;(1}: 2-lep OSSF T EL e g mass

SUSY

Simpl. mod. (§— qG7 ) 1-lep +j's + E
GMSE (GGM) + Simpl. model : yy + E

7" mass (for m(§) < 600 GeV, (m(%") -m(% )/ (m(@) -m(z")) > 112)

T miss

g mass (for m(bino) > 50 GeV)

T miss

GMSB : stable T
Stable massive particles : R-hadrons gmass
Stable massive particles : R-hadrons b mass

Stable massive particles : R-hadrons Tmass

Hypercolour scalar gluons : 4 jets, m, =m_ sgluon mass (excl:m,, < 100 GeV, m,, = 140+ 3 GeV)

RPV (4., =0.10, 1 =0.05) : high-mass epn

3 -1t v, mass

Bilinear RPV (ct o <15 mm): 1-lep + s + E ...

G=gmass

10" 1 10
Mass scale [TeV]

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

> ATLAS has produced an impressive number of papers/conference
notes using the 2010 and 2011 data

> in the channels searched so far, no significant excess above the
Standard Model was found

> SUSY was not “just around the corner”
> several limits have surpassed those from Tevatron/LEP
> besides MSUGRA/CMSSM also simplified models considered

> more data still to come in 2011 (already around 4.9 fb-' on tape)
and then there is 2012
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