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What we are looking for |
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Standard particles SUSY particles There is a theory that says 5

that, for each one of you, |
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there is a partner for you
E Quarks @ Leptons @ Force SQuarks ) SLeptons [ SUS

somewhere out there. |

3 Carriers Carriers i
I

K 1 :

- = The theory tells us there 1s a partner for every SM particle E

Sy

Your partner simply
hasn't been found yet.

= We don’t know the symmetry breaking mechanism and thus the mass spectrum. Specific models
with unproven assumptions on symmetry breaking predict mass spectra with few free parameters
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< Naturalness: stop “light” as it must cancel the top loop to Higgs mass. Gonstraints on first two
generations squarks much looser unless flavour universal symmetry breaking

|
<= Dark Matter: lightest particle neutral and weakly interacting i

1 =  LEP: slepton, squarks, charginos heavier than about 100 GeV. Tevatron: first generation squarks
and gluinos heavier than roughly 400 GeV (unless nearly degenerate with LSP)
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For ATLAS, first priority is to discover any signal we are sensitive to i

Look into all final states where there might be something. |

Do not tune cuts on any particular simulated signal, but try to have complementary signal
: selections which are sensitive to the various possibilities (short or long decay chains, small
or large mass splittings, etc.) ,

SetwandmrtanthGs

We are always open to suggestions for promising signatures we are overlooking! (but be
patient, it might take a while before we come back with results)

In case of negative results, we place exclusion limits in various forms 4

i On cross section times acceptance times selection efficiency (0Ae€). Model independent
but need a detector simulation for comparison with model predictions

S o s M B b L.

On constrained models, ike mSUGRA

On particles masses for toy models with the most relevant particles and decays for that
i channel, and on production cross section as a function of the particle masses
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Our data .
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<= Results presented here are based on either the full 2010 dataset (35 pb! after data quality
selections) or up to 1.3 th! of 2011 data.
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- Analysis of the full 2011 dataset (~5 fb™!) in progress - stay tuned!
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> ATLAS The first searches have been focused on the strong production

~ BLEXPERIMENT of first generation squarks and gluinos: highest cross section
process at LHC, sensitivity well beyond Tevatron limits
already with 35 pb-!

If R-parity conservation, signature is jets+ErMs+”X” where
X depends on the mass spectrum and available decays

Each X defines a search channel

Shown here:

EtMiss+jets+0 leptons
EtMiss+jets+1 lepton
EtMiss+jets+2leptons
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= Choose sets of selection cuts (signal regions, SR) optimizing the expected discovery significance |
for different possible signals |

< (Choose control regions (CR) to control the main backgrounds, derive a solid prediction of the
backround rate in the SRs

b asuiletiunt AsSabtnd. sudaml

Typical background estimate strategy

! 1

! E Transfer factor (TF) '.I‘F R N(SI.{,p.r OC)/N(.C ESPEog) . : }

1 C R " SR Unc.ertalntles parflz.llly cancel in the ratl? i
i ¢ Derived from additional measurements in 't
i \ | data (multijets), or from MC .
i| Kinematically close to SR o If from MC, theoretical uncertainties (scale, §
'}| Good statistics PDE, choice of generator, etc.) taken into : '
I .| Good purity of targeted background account ]
i g
y susy
| 3
I v f
i = Lookin the SRs, compare observed and expected rates !
! cut &

Coeent ?

:
:
1
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+ = All the limits I will show are obtained with CLs.
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Targeting the strong production

 of squark and/or glumos

| decaymg into SM particles and a
1 neutralino

Driven by trigger

Defines the channel

Instrumental background
(multi-jet) rejection

S/B enhancement

Miss 2

ET"'55+ (22-4)jets+0 leptons
signal selectmns
Signal Region | > 2-jet | > 3-jet > 4-jet | High mass
B 130 130 #1518 > 130
Leading jet pr 130 130 1210, > 130
Second jet pr >40 | >40 > 40 > 80
Third jet pr = > 40 > 40 > 80
Fourth jet pr — = > 40 > 80
Adlet, PES) i 045 S 0 4 et w30 4 > 0.4
S o e (6 > 0.25 > 0.2
Mefr > 1000 | > 1000 | > 500/1000 | > 1100

definition

2 Xiv:1109.6572
submitted to PLB|

mesr = scalar sum of ET™iss and the prt of 2/3/4 highest pr jets depending on the SR. For the high

mass SR, all jets with pt > 40 GeV and 7l< 2.8 are used.
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E MISS+(>2 4)jets+0 leptons |

1

background estimate |

| SEUIREL NGB ST DA e A S AR ST {]
51 = .'hx Jat C l '.E | " 10 ; ] !
i L :::I - ATLAS ; ; E { I
f o |
: 10 *": +' ’, i .
!' ‘ ‘u: TEPRRua 1i
' ! - g ° | .
b B Ty i
! Z(yy)+jets CR1 Z(VV)+jets CR2 multi-jet CR W+jets CR j!
| : : . . APETMs, jets) cut 1-lepton W+jets E
'{ gammatjets selection Z(1l)+jets selection HET™,j 1 2 P 1id J :
i3 e - reverse candidates 3
|8 wf Jramruw S Five control regions (CR) are defined for each SR, each targetinga
L8 wf o B specific background source. 1
I - 10 e, ATLAS : . s : 1
| S The SR backgrounds are obtained from a likelihood fit to CR data, §
[ ¥ ﬁm ; extrapolating to the SR using MonteCarlo for W+jets, Z+jets, and top !
- # * ;] pair production. 1
1 o = ¢
I *’“wﬁ For mulyjet, the expected ratio between SR and CR 1s obtained i'
| tt CR e, Ge) entirely from data, smearing a low E'1Miss sample with jet responsé
’ . . . S |
semileptonic tthar functions obtained with measurements on multi-jet data.
: candidates SN : : d ] 4 ; {
For limits, signal contamination in the CR 1s taken into account |
| :
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i >0 . . . . ° Q

+ = Effective mass distributions after all other cuts. The arrows indicate the final cuts.
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@ 3 Dijet Channel e 3 @ e Three Jet Channel 27-?"» 1 @ : Four Jet Channel EZ 1:'.; 3
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|
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i 3 : - 0 ‘4'T~"~" (18 =7 TeV b Signal Region
; e ‘ =1.04fb SM Tota rocess
i l,{? 10°) i Ldt=104fb [—_—]j\{(_,Ll multijet . : > 4—jet, > 4—jet, .
Pk Four Jet High Mass Bl W-jots > 2-jet > 3-jet High mass
¥ 8 o TN TVESE ElZven Mt > 500 GeV | meg > 1000 GeV
i k .E 10 d Channel D'l ;‘.'ldnm r j"p i s
} othcecbibact i s Z[y+jets 323+.26+ 69 | 255+ 26+ 49 209+ 9+ 38 | 162+ 22+ 37| 33+ 10+ 13
{ t el 1 Wtjets D614 4.0 L 6] $00T6 T e 5 e B o TSR I S R e SR
' F 53 1t+ single top %22 o ol o e SOt 2 e 2 425 +£39+ 84 4.0 “Ex NS T ¥t 5 IS E ek
! : E
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! F Q 3
I Good agreement between data and SM expectation in all signal
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s ¥
Miss .
| E +(22-4)jets+0 lept
| T 22-4)jets eptons i
| . .
| interpretation |
i1 M B B b B B Rl L R B b b B b B R B B b B b bl B L B B B b B b L R L B b B b B R R b B b b B b R B B e b B R R L R R B R b i i
| For limits, the SR with the best expected sensitivity 1s used for each signal point |
2 1 Squark-gluino-neutralino model, m(/ ) =0 GeV MSUGRA/CMSSM: tanf = 10, A = 0, u>0 I
! '—2000 ; L LB TTrT Ty rrro Y S 0 -

: = ) : ATLAS > ATLAS 0 lepton 2011 combined :
1§ 8 : 0 lepton 2011 combined 8 [Ldt=1.04 ", 1527 TeV CL, observed 95% C.L. limit :
i t = 250 " wee CL, observed 95% C.L. limit — ' LEP2 5 - === CL, median expected limit !
[ % ': ===+ CL, median expected limit 3600 D04, 4 ;an B3, u<0,2.1 1" Expected imit t1o :
: | £ : \ EIPCHG £ B CDF g.q tan =5, u<0,2fo” % Relerence point ‘
i [ _E 1500 ' \‘ 2010 data PCL 95% C.L. limit B Theoretically excluded 2010 data PCL 95% C.L. limit : |
. t g : ‘\ \ Lot =1.04 0" 18=7 Tov 500 I+ w— ;
§ @ 1250 = g o ._ |
; . g g(1200) | g
| E C = P — i !
1k 1000 ENISY 400 :
i = & N ;
i g S g (1000) ,
¥; 750 | > i
} f' 300 i
500 = | |
| 250 N 200 sk
} i\ i
i t b ) l L el l s l b= I
1§ 0 250 500 750 1000 1250 1500 1750 2000 500 1000 1500 2000 2500 3000 3500 .
; gluino mass [GeV] m, [GeV]
| §i
i Simplified model with a gluino, first two : 4
1 P 8 mSUGRA/CMSSM with tang =0,A=0,m>0 }!
i generatlon squarks, and massless neutralino m(g) = m(§) > 950 GeV ;

- m(g) > 700 GeV m(q) > 875 GeV
[ m(g) = m(q) > 1075 GeV
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.
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131 |

E MlSS+(>6 8)jets+0 leptons axiv:11102209

l accepted by JHEP
selections and backgrounds |
Lo ek R e e i sl Qe el I S A TV O S Mol B AN R DR S DL {]
Signal region 7 j55 8j55 6j80 7 j80 definition
I Hrt = scalar sum of pr of jets with f
E Jet pPr >55GeV > 80 GeV pT > 40 GeV and |)7|< 2.8 x
t Trigeer-driven , L
{ i h S S0 L Targeting glumo pair production {
AR;; > (0.6 for any pair of jets g long decay K A j I
Number of jets || >7 > 8 >6 = '
1S/B discrimination| Ef*/ vH; > 3.5 GeV!/? Based on multi-jet triggers f!
; ‘[ i
§ L B B I R RN B N e 3 1:
i | | S0 fla-ten it Multi-jet apd fully hadronic 1
g : : Q. L. ATLAS ] oot femmie) ttbar: ErMiss/v HT shape §
o : . SR e, I Alpgen W— (eut)y 3 g : . ! S s i
1 S s eat e (] 05 Gof o SUav pant (1220,160) 1 Invariant W1Fh jet m.ultlphuty, |
o E E ”sz:E 1 Mutt-Jet Control Region measured with 5-6 JGtS :
"é : : 105 6jetsp_>55GeV ] 1 |
S RTCLPRRS i : W, semileptonic top: CR with ~ :
. one lepton, 40 <mr(lep, ETM) '
A : C . J%L'm | < 100 GeV, b veto or tag.
: : 7 TRALARY ¢ S Extrapolation to SR from
' 5 0 2 4 6 8 i0 1 14 16 ;
1 . E?lSS/ﬁﬁT (Gev1/2) MG : ;

)
3.5 EtMiss/VHT [GeV!/?]

H d
&

multi-jet background estimate

SR background BxC/A
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ErMiss+(26-8)jets+0 leptons |

1 |

:1 B A B b B B R R R R B e b B B R R R B B B L L R R B B e R R R R B B B B B R R R R b B B R R R R B L L R R R R J l
1 | Signal region 7§55 8j55 6§80 7§80 | i
: |
1 [ Multijets R K B R e i
i |
| R 10.8 + 6.7 0 6.0 £4.6 Puie i
1| W+ jets 095+£045 | 0913 | 034x024 | 005 L
Z + jets 1.5+1.8 0+0.75 0+0.75 0+0.75 j i

ik :

¥

Total Standard Model 39+9 235 26+ 6 130 | |

: . :

; Data 45 4 26 3 !
Nt 26.0 11.2 16.3 6.0 Limit on signal event rate in SRs %'
'} O ot X €/TD 19.4 8.4 12.2 4.5 Limit on signal cross section times efficiency in SRs ||
I : 2 3
3| psm 0.30 0.36 0.49 0.16 | SM hypothesis p-value i
] MSUGRA/CMSSM: tang = 10,A =0,u>0 L™ =1.34 fo’ £
I.( - T T | | T T T | 1T T | T T ;
| % 550 - - AT).AS | | | obs. CL, 95% C. L imit B i
l % - Multijets plus E’"ISS Combined ::Z f;isti%o i g ] '
' g 900 - [ S U R 20112234 jets plus ET™* B j |
. - CL, 95% C.L. limit ] i
: 450 E_\ \\: = | [ |LeP2y” B ]
a0k €. 7 [ 10053 tanp=s, u<0, 2.1 1" ] . : ] e ¥
| S W orsaamsioze' 1 [N MSUGRA gluino dominated regions, results competitive i
4 350 - Theoﬂetlcally ex¢|uded - . 3 :
1 I 1 with those of 2-4 jet search. m(g) > 520 GeV at 95% C.L. i
4 800 6 8Jets l!mlt E ¥
1ol N — uiE |
200 = ST l
; Clo ‘\ \\‘\(. TR |
' 150 p~ R 5
: | | I T | | I T | | I T - | 1 1 1 | | 1 1 i
4 500 1000 1500 2000 2500 3000 3500 {:
f m, [GeV] {
| ;
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signal selection and backgrounds

B A A B b B bl B L R B B e b B B L R R B B b B B B L R B e B R R L R B B e B B L R R Bl e e B B R B b B L L R L R R b

4 Looking for gluino and squark decays to LSP,

: : : Background estimate:
| but with one lepton in decay chains. 5

ETMiss+j ets+ 1 lepton arXiv:1109.6606

submitted to PRD

| 1 multi-jet from data, using a control f
i example: « . :
y g QQX — qqW )X sample with looser lepton selection. [
i £l
i ° ° {:
e Signal selection: . i
] 5 W(ttbar) control region: 40 < Mt<380 I
i ; : Mi £
; Single electron or muon trigger, 1 electron GeV, 30 < Er*™ < 80 GeV, b-tag veto
: : ' :
i (muon), with pt > 25 (20) GeV, Mt > 100 (one b-tag jet), all other cuts same as SR. !
I GeV CR =SR extrapolation with MC. §
5, M %106"""""""""""""""""'Q I
| E1™ss cut between 125 and 240 GeV 6 ATLAS 5 2?%;5%3235232.7:‘3")” =R }

e - q — _ -1 multjets (data estimate C”> ] '
' depending on the signal region. 5 Jra=roar E;V;g; EE f
? §104 Muon Channel -smgle iop ¢ 1 !
: 5 & 5 g 4 3o i
Four signal regions (3 jet loose, 3 jet tight, 4 Y = MSUBHA m,=500 m, =330 = i
¥ A A X - 10 AY(E IssJet1234)>0.2 EES g
| jet loose, 4 jet tight). 3/4-jet cuts more - after one muon, J f
4 sensitive to squark/gluinos. Tight/loose cuts o 4 jet selection 3 |
2 e : =
3 more sensitive to light LSP/compressed - 1
1 mass spectrum scenarios. 1
i3 .. 3(4) l
'; definitions = :
, jet, n
; met =prt ) pr+ER :
| mr = \/2'pT'EIFmSS (1= cos(Ap(l, E5*))). 0 50 100 150 200 250 _ 300 350 il
m, [GeV] i
L.m L e A 2 LY TP R LA L A VP i e S MALLIAL & JA L K 20T AP, Yot A PP AL A A1 A A R A L R Y L A A 0 S AT 1 AL PR N B L Al P LA 3. U AP A A P i i e, T LS W LT L e e A .._,..--.,.‘-...,:.,.u-...-:
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ETMiSS+j ets+1 lepton
results

00V U TR O O O VN VO VO N N N 0N VOh VON V0N VRO TR0 U N V0N V0N V0N V0N V0N V0N TR0 N U T VO VO TN 0 VO VO 0 0 0N 0N TON V0N VO VO N N N 0N 0N V0N V0N V0RO D D O O O TR TR T T

Electron channel

3JL Signal region

3JT Signal region

4JL Signal region

4JT Signal region

Observed events 71 14 41

Fitted top events 56 + 20 (51) 7.6 3.0 (6.8) 38 + 15 (34) 4.5+ 2.6 (4.1)

Fitted W/Z events 35 4+ 20 (34) 10.5 + 6.5 (10.1) 9.5+ 7.5 (9.2) 3.5+22 (3.4)
4 go +2.3 +0.37 +0.54 +0.02

Fitted multijet events 6.077% 0.46°5 59 0.907 37 0.00"5 0o

Fitted sum of background events 97 £+ 30 1854+ 7.4 48 £ 18 8.0+£3.7

Muon channel

3JL Signal region

3JT Signal region

4JL Signal region

4JT Signal region

Observed events 58 11 50 7
Fitted top events 47 + 16 (38) 8.9 +3.2 (7.3) 39 + 13 (36) 4.7+ 2.2 (4.3)
Fitted W/Z events 16.6 9.4 (20.1) 5.0+ 3.2 (6.1) 14.1 +£ 8.5 (14.2) 1.4+1.1 (1.4)
Fitted multijet events 0. Ofg 8 0. 01’8 g 0.04_'8:8 0.0i'g'.g
Fitted sum of background events 64 + 19 13.9+4.3 53 + 16 6.0 £ 2.7

=
-
-

700

|T]

m .. [GeV]

600

||TIT[

500

T

400

TTT‘xITI]

-y
.....

300

Combnation

— Qbserved 959
-- Expected

Expected =0

1-Step Decay, x=1/2

0g—-qaaqWWi 7

L™ =104 b " \5=7 TeV

» CL

400

800"T""T""T""T"’"I""

ATLAS

500 600 700

Cross Section Excluded at 95% CL [pb]

800
_[GeV]

Data consistent with SM
expectation for all selections

Cross section limits as a function of gluino and LSP

mass, for the decay mode:

g — qgX" —= ggW X’

T = (mg+

— TN ~0

)/ (mg —

mo)

Il

Full line 1s the limit assuming the MSSM NLO cross
section and 100% branching ratio for the decay above

e aladta g B g

o d Cb A ot e L e b by

Ll e Lot o o o) b e sbedn ' 4 1 Can d b= o 4 D) bk B s

2l by
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: E MlSS+J etS+2 lepton arXiv:1110.6189

submitted to PLLB
selectlons and backgrounds

TR ‘\')' bt A AL B B B L B B b L L R > ~ bt A AL L R B B A A

et 4
|(a) X0 = FviT, (b) %E - livxj (€) X° 0 (d) %F > 1 [
Supersymmetric events can have two leptons if (c) or (d) happen in one decay chain (leptons

} have same flavour and opposite sign) or 1f (a) or (b) occur 1n both chain (leptons might have
different flavour and/or same sign).

liﬁ

Analysis 1: Opposite sign inclusive search

Analysis 2: Same sign inclusive search

'Two signal selection (see table)

e e N P gt oy bl S wpeierwn A L

Analysis 3: Flavour subtraction search

SM rate very small, from dibosons or opposite sign events with mismeasured charge

Signal Region OS-SR1 | OS-SR2 | OS-SR3 | SS-SR1 | SS-SR2

Thr 1ognal sel 10ns (see table i Gl 2] 52l L0 0 i

GRS e el < ) Leading jet pr [GeV] - 80 100 - 50

Second jet pr [GeV] 40 70 50

: g . : : Third jet pr [GeV] 40 70 -
Main background 1s dileptonic top pairs. "6 GoV] s

Number of jets ] Dl 2

i

§
Look for an excess of e*e™+p*p* over e*p™ . Sensitive to (c) or (d). Main background (top) i
; Cancels in the subtraction on average
|

A AT AN Y L T AT o PR T 7 S L M P Y P A Pt AL & T YL SV a0 SR B PLP VEA PP AL A TIAS T A AR

. I, TV T A W RRATE L LY AAA IS e ST ERRAR = P Tere

P WO A Pl SRS G e ARIY AN 1 BB AN B
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T P A LT LT W T W S A A T MY e i T VIRV T TR AT T A . v O i T e e et L e B Tt L i R BT T -~ ey - e L Bttt e b L]

o P deshwdassidnd - o PO " - st ey
{ L b e A ) bt b o 4 TR NN - —v—-F

£ ErMisst+jets+2 lepton
results |

1

i V010 T8 . TO0 PO TN 1N 1O 0 D D D 0% PO TN N 1 T8 D D 78 0% TR TN TN 1 1 D P TN TN TN 10 1O T D D 7O P8 O T 1 O A D FO P TN TN T 0 D 0N VO YO TN TN 1 1 D D T I

: - TTT Y YT T Y Y YT YT YT Y YT T T Y YT T YT - TTT Y YT T Y YT T TTTY ML S AL BN B B —
- R ) ® Data2011 Az« 7 TeV) - 1 ) ) ® Data2011 As « 7 TeV) i
o 10° Ldt~104fo  dilepton [OS] NN SM Background o Ldt~1.04fo dilepton [OS] + 3 jets 2N SM Background !
9_ ) Fake leptons 9 ] Fake leptons I
i - y E=) Z+jots -~ 10° E=) Z+jots '
» 2 Drell-Y: — &) Drell-Y: :
; ‘2 10 ATLAS D:’;'ﬂ i .2 ATLAS :’l,?ci an !
1 -4 @8 Cibosons - o @ Cbosons o ;
W 10 @ Single 1op w 10° @ Single 1op :
i

=
=

R \.& S
me&%sk\\ o

g g
< 2 — 2 1
§ 1 g 1 :
00 50 100 150 200 250 300 : 350 AOO 450 >490 0 10 150 200 250 300 350 400 450 »>490 :
EY “[GeV) EY “[GeV) :
i
% T T . Y v T T r .2 T T Y Y Y T T T . - ;
: 0] 10° F|Ldt~1.04fo" dilepton [SS) ® Data2011 (\s=7TeV) ~H X ) i
| . Waltdomd 3 < Data are 1n good agreement with i
i -2 10’ .ont:- o - q Q :
; | ATLAS — Pl 3 SM expectation for all signal
| w e . regions
| E i
} o 3
i 1 i
s e e BN ~ 1
5 ‘ \ ;!
¥ 3 ' 33 3
r L A\\ ;
%) 3
- 5
S : ,:\.\\\.\\ ;

1
rr ss '

A
i ¥ Ey [GeV] |
: !
1
-
:
- - : ” A e e S TS S N T A — :
e Nr. e L Y -~ e E aia il Ll R T S L Ll o el e B P R b R e Tt LR ST W!le- '-me-hﬂ- - >, A . LR il s P L Sl o e
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E ErMisst+jets+2 lepton |
results

s Background | Obs. | 95% CL

OS-SR1 IEE LA 13 99 fh <= Model independent limits on cAe, 5

i OSSR2| 13.0+40 | 17 | 144fb

} OS-SR3| 5736 2 6.4 fb

1 SS-SR1 | 326+79 | 25 | 148fb :

! SS-SR2 | 249459 | 28 | 17.7fb
|

5 |
i | et TN ATl T The SS selection without jets 1s also
fE = F T T T ‘ 5 sensitive to electroweak production {;
; o - M =Moo, M_=mMgp+ 1/2 (m_, - m.) 4 EER T £ ;
B O SN E b Lok of X1 X3, if they decay to slepton: |
> F [Ldt=1.041b",\s=7 TeV 3 e s Ly ;

= SE -0 SN ¢
2 R T s X1 xe: — eSS
i ; s S e b g AR S
; 250 -~ Expected Xixs — (FO)ET) = Ce)Exa)

- Expected+ 1o ¢
(with one lepton undetected or out of

BEE N BURLE B

¥ 200} g

t ATLA'S‘_..-""‘ 1 acceptance) f

; 150; Plot: cross section limit as a function of !

' 100 A the mass of X{and m(X") = m(x9) ’.
: 500 }

Cross Section Excluded at 95% CL [pb]

Limits assuming 100% BR 1n sleptons |
0.2 |

i "~ 150 200 250 300 350 O are also shown. |

1
| Lespanamcmom e ammmmimmoirasamtros

.
n - 9 > o = o o oo T " Al g g 9 ! agaTad 4 d :
ey e R L PR Y P i T SO T TR G BT W N A N P U W O8N el T A e A o e A P PO S R e el . O A Vol w—a— N >, - Ao v W W AR e W S T W s P e
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U e b-Jets+0 lepton ATLCONF-2011-098

selectlons and backgrounds

S ™ "

Targeting glumo pair productlon followed by elther & — Db — bbX! org—bbx

i In many models, the third squark generation 1s the lightest and these decay modes

might have branching ratios close to 100%

Cuts: ET™M > 130 GeV, leading jet pt > 130 GeV, >= 3 jets with pt > 50 GeV, no
lepton, AGEMS jets) > 0.4, ErMis/Mer > 0.25

Number of b-jets and mefr cut define 4 signal regions

lf Dominant background is tthar for all SR; normalized with data in a CR with one
| lepton and 40 < Mr(lep, ExM*) < 80 GeV; TF from MC
Sig. Reg. F fohoisethn 8 F e )

| 3JA (1 btag mey >500 GeV) | © 8= | . =

| 3]B(1btag me >700 GeV) | LJT X . i B :
! 3JC (2 btag meg >500 GeV) | » ] N -‘—I—H‘r |
- apebagma>70Gey) | Bl 1A ;M e
| Signal region definition : 7 , 1

LA A N L e P A P 2 R L A Y P e P e AV & T v G a0 L e P 1 o A P T A A Y -l o Y Y S e e e i A 2 S AL KB R e e T B e WO e P AR LY L WY P 1 P AR, B S P Y W WP I W AR A Tk W S ] T P,
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Miss : ?
E1r""s5+b-jets+0 lepton
§
results i
o Ly St e S e RS e S S TG DR L {
:1' | |
| Sig. Reg. Data (0.83 fb~!) | Top W/Z QCD Total |
| 3JA (1 btag mes >500 GeV) 361 221782 [ 121+61 | 157 | 35671%° i
| 3]B (1 btag megr >700 GeV) 63 37t | 31+19 | 1.9+£0.9 70*3‘2‘ {
1 3JC (2 btag meg >500 GeV) 76 S5 20 LD RS0 LS E Fi0i | |
: 1
| _3JD (2 btag meir >700 GeV) 12 78133 | 5+4 | 05403 | 13.0728 i
{
I .. 1
§ & O Amas Poimnay | olemenses | 3 Sig. Reg. 95% C.L. N events | 95% C.L. o.rf(pb) |
g} Ej 10* .:; JLdt=083fb \s=7TeV “. l1 —g CL, (PCL) CL (PCL) 1 '
12 of SUSE A (1 btag mer >500 GeV) 240 (206) 0.288 (0.247) t
of £ oo o  3JB (1 btag mey >700 GeV) 51 (40) 0.061 (0.048) L
F = 3]C (2 btag mey >500 GeV) 65 (53) 0.078 (0.064) §
| °F = 3]D (2 btag me >700 GeV) 14 (11) 0.017 (0.014) f
: : "B 5 Limits on new physics rate and 0" A€, '
1 L
4 B s E i
| 5 12 | 1
| = 1.5 bi
! © 1 i
; 5 i

Effective mass, 1 bjet selection

N LA AN L Ay PP 2 R L e ) P e P S vi & B v Ly a0 L kL o A P e A A AT § -t L Y P e et e o A I A S BT R e S e o e W e P WA Y P WA S 1 e A A B B PP Y W W I e A N ek W o S T
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sl e 2R

A S i S L L L RS ., Cmtimem i
| } °
't °
| ETY's5+b-jets+0 lept
| T -jets epton
[ ° °
| interpretation
; V0000 TR O O VN VN VRO VRO U U VN VO VIO V0N TN N TR 0N O VO V0N VIO VRO VO 0 N VO VO V0N 0N TR0 TR0 TR0 U 0 V0N TR VIO VO V0N V0N N U N 0N 0N 0N TN T T D O T 0L TR 0L T T
: g-g + B'-." production, 5|—, b+ Ldt=0.831b \s=7 TeV g-g production, g— 2b¢"/_1:. m(q) >> m(g) ' Ldt=0.831b'\s=7 TeV
;‘ 1000 LELBLL I LI I LEH B Al I l‘ B.ili 8 I | B B I LI ICLlolb‘.leNédl ll;n:t L L ; :[ T ' B B Bar-B l T r r7r [ T rrr I T rr.7T 1 LN SN e | l T 75T 177 Am
O ATLAS Preliminary ... CL. expected limif ® 800 __ Observed 95% CL, limit N 5
e = o el = ek - JE I 1o
! E'n 0 lepton, age:s ATiASp(SS ob") EQN. 700 e Expected CL_limit -m o
800 b-jet analyses . pe
f m(i,) = 60 GeV, m@, ,)>>m() 600 = ATLAS Preliminary 1T ” =
700 - : a8 O
CDF bj 2.65fb" 500 [~ Olepton, 3 jets oo 12 5
[ 600 ’ o - bjet analyses e 4
~ : — 09 11 o)
[ - DObp, 5.2 b 400 | TR 1 5
: 500 — P coF 53 - & Eoaads z 0s 08 E
i CDF gg, -+ bb 2.52‘0}9\’@ 300 :_ T g
‘ 400 s - TR 10 %
' Ref‘_e.rence Pint £ - e A g
800 ; 100 - =
= : 10
DY L I i B T L PO o i o P il W = . 04 03 02 02 )2 02 04
100 200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 _ 800
m; (GeV] m; [GeV]
= Limits on gluimno and sbottom masses, < Limits as a function of gluino and neutralino}:
. (o hk ~ "~ >, ~SREEE
[ assuming m(\x, ) = 60 GeV and BR(g —b masses, for three body g — b bx;
| b) = BR(b — b &) = 100%
=0
f 2 <= my(g) > 660 GeV for m(¥)) < 200 GeV
- = m(g) > 720 GeV for m(b) < 600 GeV
:
i}
T e e e e o b bt oo N e e et il

[
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TV T TV S VIA R P SA NS § P RSP SR S A P MRS e 1Y VBV S SR 4T T ME ST TP S A VMR BV WIS TS PV P SIS TN P S S £ AW AR E TRV S B S M ST ST S TSP B 1 PR S SV L ML AW Y TRRA Y A ST SIS B AT S8 1 T A VT S T CUEe T YRSV VS A PP TS YRR S Y

1.03 b1 |
ATL-CONF-2011-130

ErMiss+b-jets+1 lepton ;

1D D DD N TN D D D D D I D N TN D D DD IO O O T 1D D DD O D T IO 1D D D D D T D 1O TN D D D D D 1O O TN T 1 1D D D D D O T T 1D D D D

< Targeting gluino pair production followed by either g — tt — t bX " or g — tth} |

0

¢

= If allowed, g — tt — ttX¥] has larger acceptance = limits will be conservative. |

| .
= Cuts: One electron or muon with pr > 25/20 GeV, Er*% > 80 GeV, >= 4 jets with pt > 50
'% GeV, megr > 600 GeV
|
|

b asuiletiunt AsSabtnd. sudaml

< CR for dominant top pair background: same as CR but 40 < Mt(lep,ET™M*) < 100 GeV.

L ™ ™ LI ™ eyl | R e pew e [ B

, > e
) 3 10¢ - ?TLAS Preliminary .1 lepton, SR = Results: !
Q S Ldt=103f0 \s=7TeV ' - . . . :
¥ wH - J assassesse 1 — 1 '
; - r i
= sl i = 54.9 = 13.6 events expected 1n signal region |
= 8 o = |
i = &= v o b
; G107 - . 74 events observed i
, = — E ¥
I i 3 B :
i} E = {:
j B = |
1 E = i
1 107" - |
! = ; . 5 1
ki S E | E §|
'3 e e E
i1 T oF ¢ ‘ ..................... 3 i
| E me®enccacacae ... SARRMARARRIARANE cannsas ' E
5 | s (o R ‘ =
| 50 100 56200 250 300 350 400 450 500 i
transverse mass for the signal region events  m, [GeV] |
|

| ER——— S T N ——— ‘
-H.IOM N T ey O e v L vl Y R i e w T R e al ke i L e S P s T T S e e P 'au'.ﬂ'ﬁ‘.*-ﬁ'a-JM"'M\-l").‘\_ R i WS VPR VR S PP e 3 .0-.'.—.0'#"‘—4”-‘.\ EE S o Rl 'v‘\.'a-)v- et AL L R "'n."
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T RS PR LT T T W T W SN A AR T WY P i T VIV T TR AT T A . v O i T e e et L e B Tt L i R BT T -~ ey - e L Bttt e b L]
- - . . . . M Soumfand 0

! & EtMss+b-jets+1 lepton
interpretation

! V0 TR0 TR0 0 T VO VO VN VRN O TR0 U VN 0% VN VN V00 VRO R VO O VO V0N VO VRO T U O TN O VN O V00 T TR T 0 VR VO VON VO TR O 0N TR VON TN T T D O T ULV TR TR R

I

3-g + t-t production, § —» t.+t, 1 - bo/ j Ldt = 1.03 fb "\ s=7 TeV g-g production, g — 2t+j(?. m(q) >> m(g) J Ldt = 1.03 fo' \ 57 TeV

— 600 N — 450 4 = #i
% S w— CL_observed limit = % w CL_ Observed limit = l
£ (O 550 ATLAS Prellmmary ...... CL expected limit 3 O s00bE e CL. expected limit = :
] = wereree Expected CL limittt 4 = . Expected CL_limit +1o 352 |!
& o0 E epton. 4jets —— Observed ATLAS (35 pb') 3 E‘?.J - o
. >= 1b-tag, m,, > 600 GeV ke e Ll 30 ATLAS Preliminary 3 g 1
4 450 : o .- . o 1
! m(if) - 60 GeV . m(i':) s m(il:) Y = 300 1-lepton, 4 jets bR o
; 400 ; X o = >=1b-tag, m_ > 600 GeV E i
'y m(, ,) >> m(g) o2 \ : = 250 ’ € I
: OO - : = 2 %
! & i - — ® [
g | 350 Nl ; : 200 = B
300 O 7 4 = 1.5 |
i \\. < 150 ,
250 - 0 e I \ — s |
200 - & Reference pgint :/"' .; —; & 05 E
150 =" . e i
\A‘;‘ " l bendendend l P l b k l L I L l Laladal l lzl Rk l ik l Rallead l: o o i
: 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] '

= Limits on gluino and stop masses, assuming = imits on gluino and neutralino masses, three!’
m(y] ) = 60 GeV, m(Yj = Qm (1) body decay & — t t X
BR(g - — 1) = BRE— b X*) = 100%, and
BR( X=> ¥ 1nu) = 11% |

A g S o T e X e T T D iy S T Al o 1 S U S v T W ST T H P P el gy b A TR ST Wmmwwmwt

b e Ll L Tl e T L -~ e Eia il Ll R e L e S Ll Rl T L S W PN PR S W R N RN T B W WA N 4t - . e L L A e W A o S e T e
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| _ i
l M Z i? I.,-'“u"b'lvfmfb o T !
; 1SS 2 | : '
| ——— 3
| Er"s5+2 photons ., - - .|
:1 70 10 TG0 0 5 VO VO TN TON 10 TG0 0 D D V0N FON V0N TN PG TR D A PO FON PO V0N TN 7N O D A FON PN TON TN 1O 1R TR S D V0N PO TN OV 1R 1O D D A O FO TN TN O 1 D D O YO T h.:q /__ : |
' . . . . . . I"-II .0 I e SN
1 = Targeting the direct or gluino mediated production /fxz =& N
of a pair of bino-like NLSP decaying into gravitino rn( .
1§ f-“f w-* v 28
} and photon / \551 eV
| . - 49 = |
[ <= Selection: two photons of pr > 25 GeV, EpMss > T —T |
i | N . i :
| £ HSdL xk NCOAAME A
} Lo : v G |
i = Three categories of backgrounds: ~- §
't vt > T — e — L
'3 = QCD (di-jet, jet-gamma, gamma gamma) with ¢ 10°g =t 3‘2;'3 2011527 TeV) T |
i g . g le} C'e . :
i fake ETMs, Estimated with a loose photon 2 10’0 Woev+ets, Woev+y, tisev+X ]  §:
| . : = .. Zovv+yy, Wolv+yy g i
| selection, normalized to gamma gamma data 2 GGM m, /m_ =800/ 400 GeV ;
with EtMiss < 20 GeV 10 » SPS8 A = 140 TeV ER |
; R e UED 1/R = 1200 GeV 1§
1 : , £:
3 o . . . . 10 ATLAS Preliminary det -1.07f6" 3 i
1 <= e gamma (W or semileptonic top pairs) with . o I
1 T 4 : ] i
3 real ET™, with the electron misidentified as : AR I
' 3 s WULJ.L( n - I
1 photon. Estimated from an egamma sample, to 10" d. W 4 i
i3 . Qe 'Q . . U ; E
b which the electron -> gamma misidentification o2 (I CALAI A “L_:j §!
I probability (measured from a Z ee sample) 1s 050 100 150 200 250 300" 350 400 450 500 ;
applied. B (GOV) §
' b events observed 1n signal region |
g <= Irreducible: Zgg, ng From MonteCarlo. expected = 4.1 £0.6 (stat.) £1.6 (syst) i:
|-..Q.;..-. L e A 2 LY TP 2 R LA L A VPR i et S MALRAAL . TA PR K AP LB, Vot AP ALY A AP 1A AL erh A L T VA 00 I ASSAAMP 0 - BT TR I e s e A e A . P LY ALY Y AP L L A WY 8 LAY L WA 2 S e S
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| Er™M*s+2 photons limits

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

i = . : bino-li ino, =2, CT N ;
i =10 | RSEhAR Universal extra - s G(?M' b:no1 hk.e t:leLlltrE':Ihn'O tar:B 2' c'm_lsp'<(? ’mrln o i
i§ & —— Observed CL.. Limi | . . , :
E a)z | sy éerve _ Limit | dlmenSIOIlS é 1100E 2’:{2: cE));pectei(():LLs l_lelt ;
' e ' + 20 ‘ =) —_— serve imit :
: ! . ~—— UED LO cross section | I/R > 1226 GGV fOI‘ = 1000 o s

ILdt «1.07fb" \s=7TeV ATLAS Observed CL s Limit (36 pb™)

AR = 20 -

11]1,’]].]'1.11 T

llLlJllLll11111111111111111111111Illl

E
i 800 ;
4 10| JLdt = 1.07 fo" |
i | 700F ;
'} - ATLAS Preliminary : \s=7TeV |
[ 600;— ;
: 171000 1100 1200 1300 1400 1500 5 ATLAS Prellmlnary gNLSP i
1 1/R [GeV] 400 - il L ;

P Tl (S e e e |y i
200 400 600 800 1000 1200 %;
SPS8: M, . =2A, N=1, tanf=15, ctp, gp<0.1mm m. [GeV] :

g _" T T T ) SPS8 L ;
(o L

Ll

I° | = cpemsciotos | Minimal GMSEmodel () =cRerat Gauschleciation ;
1 10 —— Observed Cl limit | B m(g) > 806 GeV for bino masses larger i
g : - : - with heavy squark and ;
F S ; : than 50 GeV

i | e cosssection - oluinos, so that gaugino
| T\s=7TeV | : : |
1 [ER LR . EW production dominant.

2l by

First limit from LHC:

105 T A> 145 TeV |

ATLAS Prehmmary
' 80 100 120 140 160 180 200 220

ATeV]  * Fur, Phys. J. G25 (2002) 113 |

)
| brsramscmrmait i 2 At e L e Y S P - P A AR A P /e A g g ey TN T A e T

AL L - g o . s aTad )
e e e L L e e e e e e e L e L e e e e e s b e P e R L LR T et bl DO o B e B T L gt e e b ﬂ-wv'*.l"mw-h- B s = M.l‘
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| Long llved partlcles and R-parlty
v1olat10n searches |

Long lived particles are predicted in many scenarios: weak R-partity violating (RPV) i 5
couplings, long-lived NLSP due to small NLSP-LSP mass splitting or weak coupling | ‘
to gravitino LSP, split susy with heavy scalars, ... |

|
It coloured, they would hadronize with quarks (R-hadrons).

I will present four searches for long lived particles

For particles decaying in the Inner Detector: a search for secondary decay vertices
and one for disappearing tracks

'Two searches for non relativistic heavy particles (R-hadrons or sleptons) i

Also I will show the search for an ep resonance, which 1s relevant for some RPV
scenarios

LA A N W A TP 2 S L el Y P e e S A & B v Ly a0 L A P P Y o DAY P 1 A A Y § s L P S e e e A - S AT X ] R e S T e WY dm e Pl AR LY | P P APk P A AR o o B P YT W T I e AN S kW o S e T
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e —
1 33 pb- |
I . 5 arXiv:1109.22492

‘ Displaced h wbmi

| 1Splaced vertices search submited o PLB

| |
| : iy
i1 M B B b B B Rl L R B b b B b B R B B b B b bl B L B B B b B b L R L B b B b B R R b B b b B b R B B e b B R R L R R B R b 77 J |
: i : : el £ dri
| Target: heavy particle decaying in charged partolcles with ct . |
g between ~1 mm to tens of cm, and produced with (or decaying ;
i} . . An RPV example :
| into) an high-pr muon H 5
ér > 103[""'"""7'""""T""T"""”’T"""" """ " :
i : R + data 2010 i !
i = Ask one muon with pr > 45 GeV and at least one 4-track - | [ Dijet MC | &
'y : . : © 107 B W.Z MC ATLAS o | i
i1 vertex with fit chi square < 5, radius between 40 and 180 mm, g @ ttbar MC IL aesse’] b
: ; : : S shadad I |
F z coordinate less than 300 mm, distance from primary vertex at g 1o |
1 least 4 mm, veto position matching high density detector '
13 . : i §v . §
3 material (to reject conversions and hadronic interactions), 1 g
vertex mass larger than 10 GeV. £
i 107 i
I i et 0 Ty 10 '
1 = Estimate background as the product of the probability of Vertex mass [GeV]  §j
g having an high pr muon and one such vertex, from MC. E gl AR R0 A R AR |
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Ji Tracking and vertex description in MC validated on data. ~ f Ew”i N ER
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1 I o Tifet ity ¢ [ Number of hits in L
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| 10 GeV o 1. L |
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' ks ¥l :
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reconstructed in Pixel and SCT] points to %,* decaying into X, | |
H barrel TRT fiducial volume, has no hit in i
1 outer TRT ring (chargino track) high-p, charged particle 1
, [ j interacting with TRT matenal |
1 Background pt spectrum obtained from data: / Y i
l f 3 : ( low-p, charged particle scattered 1 :
i Hadrons interacting in the TRT: control in materials resulting in badly ~ §)
‘3 . . measured track p, i
I sample of non-interacting hadrons }
| i
| . : econstructed track ¥
Badly reconstructed tracks: low ETMiss, no  ° - Gos paricle Gack.
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Disappearing track search |
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| 37.pb-1-
| Muon spectrometer based s 703,42
i

search for slow particles |
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1 = Signature 1s speed v/c < 1. Mass reconstructed from momentum and velocity. ] i
i ;!
%l <= Muon-triggered events, time of flight 1s measured from muon and hadron | '
calorimeters. Search for long lived scalar leptons and R-hadrons (the latter are |
allowed to be neutral before interacting the calorimeters, 1.e. an Inner Detector track | '
1s not required) |
| {

= Background estimate based on measured velocity resolution function
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search for slow particles '
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W

Using the pixel dE/dx and the tile time of flight to measure particle velocity |

¢

Background 1s from mstrumental resolution tails in these variables. Since they are
uncorrelated, resolution function can be measured from data.
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+ Limits derived on the mass of long-lived scalar bottom (294 GeV), top (309 GeV) and gluino
1 (562-584 GeV).

|
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{ = Possible signals: Z’ with lepton flavour violations, RPV SUSY with scalar tau decay |
Al el e i Production and decay ,
| WNijrLiliBx+) ;5 LiQ;De - Relevant RPV Lagrangian |
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| i Two relevant RPV couplings: A311 for production, As12 for decay {
i $
3 t]
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[ <= Selection 15 exactly one electron and one muon with pr > 25 GeV i
i f:
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i = Data-driven multi-jet estimate from loose lepton control samples; other processes from ;!
{ MonteCarlo.
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<= Most stringent limits on the couplings for sneutrino masses > 270 GeV |
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: Outlook
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< These results rule out the easy scenario of sub-1TeV squark (first generations) or gluino |
with a light LSP }
i
|

<= With 5 fb"! now on disk, we are looking at many other possibilities: |

<= Direct production of scalar bottom, top, slepton, and gaugino

<= CGompressed mass spectrum |

<= Refining consolidate searches, like moving from cut-and-count in one bin to shape
analysis, work on systematics etc., to further push up sensitivity

S e et M B e A

¢

- We haven’t given up, and we are still optimizing our searches for discovery, not
exclusion... stay tuned for more results with full 2011 data set!
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| Performance and Standard Model
f
measurements

Multi jet cross section W+jet cross section Missing Et in Z(ee) candidates |
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