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SUSY searches at ATLAS
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SUSY searches at ATLAS
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SUSY production at LHC

10 Prospino2.1
0,,[pb]: pp — SUSY VS =7TeV
1
qg
-1
10 |
2 55
10 &
0 7
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average

» Expect copious production of coloured SUSY particles
» If m(g) ~ 800 GeV we should already have ~1000 pp — g g events
» “Natural” SUSY: 3" generation squarks are lightest:

masses of i, by, § < 1 TeV
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Gluino-mediated stop production

» Searchfor pp— g g

t — bqq’
with § — HT and # — tX{ S
X1
and hadronic tops: t —+ bqq’. T bqq
» This means looking for a signature: 7 — bqd’
B %
q: 12jets
b: 4bjets t — bqq’
x(: eveto
»: pveto

But there are no events with 12 jets, of which 4 are b-jets = relax conditions:

= EM$ atleast 6 jets, 3 b-jets
= EMs multijets (8, 9, 10+)
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Identification of Muons

» They are the easiest.
If at muon chambers: it's a muon

» Example 1: H — ZZ — uibb =

» Example 2: Cosmic muon (]

ATLAS 2008-08-28 10;18:08 CEST avonc]ivaXML_S0272 J065845 rum@02 77 aviz

%
\
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Identification of Electrons and Photons

They leave a characteristic deposit at the Electromagnetic Calorimeter.
» If it has a track associated: an electron
> No track or 2 tracks associated: a photon

Example 1: H — ZZ — egbb Example 2: H — v + jet

Electromagnetic Calorimeter Photons

But jets also leave deposits at the Electromagnetic Calorimeter ...
7133



Identification of Jets

calorimeter jet

» Collimated jets of hadrons are interpreted in terms
of the fragmentation of quarks and gluons.

sy,

> Energy deposits in the electromagnetic and
hadronic calorimeter are clustered using jet
algorithms.

» The number and properties of the jets in an event N
depend on the algorithm used. H

p,[GeV]
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Identification of Jets

An example: a six-jet event

gy
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Identification of b-jets

> Exploits decay length of B hadrons: displaced tracks and secondary vertices.
> Combines information into a neural network.
» Three working points calibrated with data: 60%, 70% & 75% efficiency.

Displaced QB
cks % E ATLAS Preliminary  — E
8 h ]

‘o JetFitterCombNN
Second 2 0% 3
econaary T JefFitterCombNNc 3
Vertex oy b ., 1
TN RN e IP3D+SV1 B

S .

’ L4 //": 3 10% —— sv0 E
! 10%E E
Primary . F ]
Vertex / r 1
10 _ ) 3
E tisimulation,Ns=7 TeV E
[ p'e‘>15 GeV, W|<2.5 ]

\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\
oJet d 3 04 05 06 0.7 08 09 1
b-jet efficiency
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Non-interacting particles

Presence of non-interacting particles
(neutrinos, neutralinos?) is inferred
from momentum imbalance

in the transverse plane: Ef"™

Z H — v bb candidate
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The jet energy resolution

» Jet energy resolution measured via pr balance in dijet events
» Very good agreement with Monte Carlo predictions B.D.

» o(pr) ~/Pr = 3 x 300 GeV jets event can have Ef"™* ~ 100 GeV

Z\(15‘”_H_H_H_H_H; o& 025¢ ; ; -
SS | D200 G-7Te ATLAS E = L Cone R=0.7 GCW jets (0.2<ly|<0.4)
i ] Monte Carlo (PYTHIA) Antik R=06jets | % C ATLAS Simulation (JINST 2008) b
107 EMES callration 0.2 Anti-k, R=0.6 GCW jets (lyl< 0.8) ]
E < W
F Wooe ] Data 2010 15 =7 TeV ]
10%g 3 0.151~ -
10°¢ E 0.1 -
E ey ; s F e, ]
o *ﬂ T e e o e R r p 4'?& 1
S é T e +‘“+T“)‘T‘ 0.05— Ldt=35pb "‘3‘31:&... 7
g 8 4 | | | | ; o . L, eeAe., |
8 06 04 02 0 02 04 06 30 40 50 100 200 300 1000 2000
p; [GeV]
_pri—pr2 A T
PT,1 + Pr2
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Summary of the analysis

1 - Identify signal-rich regions

» Choose variables that discriminate SUSY signal from SM background

» Optimize cuts to maximize significance: S = Signal/AB

o [= EPS atleast6 jets, 3 b-jets
12 quarks (4 b) + 2 Xi . .
= Er™ multijets (8, 9, 10+)

2 - Background estimation

» QCD, {t, W+jets, Z + bb, single top, Higgs... (data-driven and MC)

3 - Systematic uncertainties (signal and background)

» Detector: Energy calibration/resolution, b-tagging efficiency, pile-up

» Theoretical: MC generador, PDF, factorization/renormalization scales ...

4 - “Open the box” (look at data in signal regions)

» Significant excess of data wrt estimated background?
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Summary of the analysis

1 - Identify signal-rich regions

» Choose variables that discriminate SUSY signal from SM background

» Optimize cuts to maximize significance: S = Signal/AB

o [= EPS atleast6 jets, 3 b-jets
12 quarks (4 b) + 2 Xi . .
= Er™ multijets (8, 9, 10+)

2 - Background estimation

» QCD, {t, W+jets, Z + bb, single top, Higgs... (data-driven and MC)

3 - Systematic uncertainties (signal and background)

» Detector: Energy calibration/resolution, b-tagging efficiency, pile-up

» Theoretical: MC generador, PDF, factorization/renormalization scales ...
4 - “Open the box” (look at data in signal regions)

» Significant excess of data wrt estimated background?

NOPE : set 95% CL limits
YEAP : buy ticket to Stockholm
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Trigger selection

Every 50 nsec we get:

Rate needs to be reduced from 20 MHz to ~600 Hz.

Triggers: sets of restricted conditions applied online to decide

which are de ~600 events to be stored per second to disk.
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The trigger strongly restricts the optimization of the search

Trigger efficiency
g- 1+ o
% r =g [ T !
j75. adtc xe75: 1 jet pr > 75 GeV and EMss > 75 GeV o9 -
. 06 "
© Imposes a lower limit on Es (150 GeV) and p} i N
o4 sl —e— Data
®© Allows lowering the pr of sub-leading jets b -
"t = —o— Ttbar MC@NLO
0 20 40 60 80 100 120 140 160 180 20C

ET™* Simplified Ref Final

H

|

Efficiency

°
®

5j55_adtc: 5 jets pr > 55 GeV

°
>

® Imposes lower limit on pr of leading jets (70 GeV)

°

© Allows lowering the £Mss and the pr of leading jet

°

|
100 120
Sthjet pT [GeV]
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QCD background supression

..g ?‘H‘HH““““\Ls,‘"ﬂ‘.,‘\““
SM Total ' Q108 %“ﬁm:‘f'. “,:m
[ ti semivteptonic), s768.9 H - JL dt~47 b’ o
:l tf (hadronic), 142.9 10 £
[ single ton. 517.7 10°E preselection cuts
- tH+V, 66.1 10° ;
[ w5, 407 E
[ w1+, 79260 10°* E
B v+ 5659 10° ;
[ w-cerbb, 3507.2 £
- 2414, 51787 10° E
2 ese 10 %
[ oivoson, 67.4 1 ;
[ acp. ae2608 c
0 .Aq) |
min

» QCD: EM** comes from a mismeasured jet — ¢(EM) ~ ¢(jet)
» Define Agmin: closest A¢ between EF™* and a jet = AP ~ 0
» SUSY, W/Z, tt: genuine EM* — uniform Admin

> A¢dmin > 0.4 requirement selectively suppresses QCD
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QCD background supression

Qe T T T T T T g
SM+O(S| ! § 0 E :l'fmm“wmmmw E
[ ti semivteptonicy, 3623.7 w10 E JL dt~47 b’ 3
:l tf (hadronic), 10.1 5 F 3
E single top, 289.5 10 ? After QCD rejection é
[ ti+v, 205 104 <
[ w5, 236 F 3
- Wal1., 4528.0 10° e -
- Wac, 263.1 £ ]
- Wacc/bb, 1916.9 10° E E
- 2414, 3350.4 10 L ]
- Z+ht., 1160.8 E 3
E Diboson, 48.8 1 ; ; 2 1
[ oomcers 0 100 200 300 400 500 600 700 800

E; [GeV]

» QCD: EF" comes from a mismeasured jet — ¢(EF™™) ~ ¢(jet)

> Define A¢min: closest A¢ between Ef™ and a jet = A¢SSP ~ 0

» SUSY, W/Z, tt: genuine EM* — uniform Admin

> A¢dmin > 0.4 requirement selectively suppresses QCD
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Other backgrounds

tt+jets, W/Z+jets, tt+bb, tt+W/Z, ...

» Require b-tagged jets to

[ W production
Il Z production

suppress SM bkgs with less 3 o e Datazott | 3
b-quarks than signal (4 bs) 8 Jra-arwee7rev D T o cion

‘g 4-jet, before b-tagging m {fabb

i

» Starting point: # b-jets =0 1

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

data / exp

o
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Other backgrounds

tt+jets, W/Z+jets, tt+bb, tt+W/Z, ...

» Require b-tagged jets to

. > FrTT LA B LA RN U | 3
suppress SM bkgs with less & 10 2 Data 2011 -
. E ~ 5= % SM Total E
b-quarks than signal (4 bs) 8 oL {“:‘1:‘"‘;0;/“3 i 3 Top production -
g E Tl B tf+b5 E
S ok [ W production
. . . E Z ducti E|
» Starting point: # b-jets = 0 Y e W Zproducton 3
> # b-jets = 1: Reduces W/Z E 3
1 =
g %
© S PP L 1 A A e 5
5 B e 0
QJ 100 200 300 400 500 600 700 860 900 1000

ET [GeV]
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Other backgrounds

tt+jets, W/Z+jets, tt+bb, tt+W/Z, ...

» Require b-tagged jets to
. > ET T T T T ) _\ T T T T T T 3
suppress SM bkgs with less & F Amas  Preiminay e Daa20ni E
. 4 - T E=7Te 555455 SMTotal il
b-quarks than signal (4 bs) 8 10 Jra-a7t o7y B E
2 FCReeO [ Others 3
5 10 uli-je =
) ) . 3 E — gbg: {n;=950 GeV,m_=50 GeV 3
» Starting point: # b-jets =0 el s =700 GeV, =400 GV _]
10% é
> # b-jets = 1: Reduces W/Z e ey E
L= A B B 777 7 D =
. e S
> # b-jets = 2: Removes W/Z & Z %// -
. _ 5 E A
— Dominant bkg now ¢t B A = ]
QJ 100 200 300 400 500 600 700 800 900 1600

ET [GeV]
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Other backgrounds

v

v

v

v

v

tt+jets, W/Z+jets, tt+bb, tt+W/Z, ...

Require b-tagged jets to
suppress SM bkgs with less
b-quarks than signal (4 bs)

Starting point: # b-jets =0
# b-jets = 1: Reduces W/Z

# b-jets = 2: Removes W/Z
— Dominant bkg now ¢t

# b-jets > 3: Suppresses 1
— Signal now visible! ®

Events / 50 GeV

data / exp

FT T T T T T T T T T T T —
- ATLAS Preliminary ° Data 2011 A
3L —
10° JL dt-471" 5=7Tev #5555 SMTotal E!
E [ tisjets 3
[ SReL T others 3]
102 Gbb: m; =950 GeV, m ,_50 GeV _|
E Gbb: m ~700 GeV, m =400 GeV 3
10 5
1 =
2 3
N7 277777737 17 A1/ E
00 100 200 300 400 500 600 700 800 900 1000
ET* [GeV]
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Other backgrounds

tt+jets, W/Z+jets, tt+bb, tt+W/Z, ...

» Require b-tagged jets to

. > FT T T T T T T T T T T T —
suppress SM bkgs with less 8 oL s Preimnay o Daazott 1
. E ~471" 5=7Te 555555 SMTotal E!
b-quarks than signal (4 bs) 8 E i:‘L FTRLSSTIV T e E
2 r [ others -
[ T ] — Gbb: 950 GeV, m =50 GeV __|
o E Gbb: m.=700 GeV, m’1=400 GeV I
» Starting point: # b-jets = 0 S ’ g B
0= E
» # b-jets = 1: Reduces W/Z L 2 B
_ SRR R S ——
> # b-jets = 2: Removes W/Z o o e =
. = o E- > -
— Dominant bkg now ¢t 5 b A — 1
. i 007 100 200 300 400 500 600 700 800 900 1600
> # b-jets > 3: Suppresses ft ET*° [GeV]

— Signal now visible! ®

Data is consistent with tt prediction but not with these SUSY models ©
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Several pp — §g simplified models: Gtt, Gtb, Gbb (virtual or real t,b)

Gtb Gbb

b b
i B

=R

Topology Process Final state #b-quarks  # otherq
Gt G- T+ X it + Ep 4 8
Gtb g+ X K owsd  fibb + BN 4 4
Gbb §— bb+ XS bbbb + EMs 4 -

All three topologies give 4 b-jets, Ef'*, and possible jets
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An example: Optimization for Gbb topologies

Common selections to all Signal Regions

» pr leading jet > 130 GeV (trigger) > EF™/mer> 0.2 (QCD)
» EM > 160 GeV (trigger) » > 3 b-jets with pr > 30 GeV
> Admin > 0.4 (QCD) > Atleast 4 jets, pr > 50 GeV
S 80 Ty ‘
c 700 g gtﬁ:g;n
o 4.0L_2bl
= 600 6o dn
SIGNAL REGIONS 7.0l b
8.0L_3bm
9.0L_3bt

1-6: Signal regions with at least 1 or 2 b-jets
7: > 3 b-tag (60% WP), mes > 500 GeV
8: > 3 b-tag (60% WP), mess > 700 GeV
9: > 3 b-tag (70% WP), me > 900 GeV

[$))

o

o
AR A A L
[N SRR R R

N WA OO N 0 ©

ury

] > © © © ® ®» © ©
o] ©c ©c ® ® ® © @ ® ©

700 800
M; (GeV)
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An example: Gbb acceptance and efficiency

Acceptance Efficiency
-9 production, § — bb+’, m(@) >> m(g) L"=4.71" \5=7TeV -9 production, § — b+, m(@) >> m() L"=4.71" \s=7TeV 100

; FT T T T T T 'o\? ; = T T T T T 'o\?

K] [ ATLAS o1 o e & [ ATLAS S

?'10005 SR4-T g _?'10005 SR4-T s

g0 £ 8 I ©

800 8 8001 i
L < L
600~ 6001~
400 400F
200~ 200
o r

200 400 800 1000 1200 600 800 1000 1200
m; [GeV] m; [GeV]
Decreases as Mgo — Mg All in the 50-80% range

(not enough phase space for jets)
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Experimental results: Model independent exclusion limits

Events / 50 GeV

data / exp

Observed (expected) 95% CL upper limit

SR SM prediction  data Noon—sm ayis(fb)

SR4L  444+100 45 23.8 (23.4) 51 (5.0)

SR4-M 23.0+54 14 8.6 (12.8) 1.8 (2.7)

SR4T  133+26 10 7.1(9.2) 1.5(2.0)

SR6-L 12.7 £ 3.6 12 9.6 (10.1) 2.0 (2.1)

SR6T  9.9+26 8 7.1 (8.3) 15(1.8)
Earias pimnay | e owmoort % ‘Ujg‘ ATLAS | Proliminary o Dana0n E
0E [la-srw! @-rtey 2 SMTow T & [ freewlEre 2% s 3
F smeL T tiiets 3 Foosmer [E— ]
mz; :I S -950 Gev, m =50 GeV' ,; mZ? :I 8:{*,;‘625% GeV,m -50GeV
E Gbb: m.=700 GeV, m;:ABu cev 3 E Git: m,=600 GeV, m}:zau cev 3
10;7 7; 10 -
1;7 i *; ‘;* ’;
En e P DT I T AT I E E|

“ B ;3
200 300 400 500 600 700 800 900 1000 o1 2 5 6 7 8

ET* [GeV]

b-tagged jet multiplicity (OP = 75 %)
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Model dependent exclusion limits: Gbb and Gtt (virtual squark)

Gbb

3 production, § - bb+7}, m@ >> m(g)

" =471, 5=7TeV

S 1200 [T T T T T e T T T
8 [ meam CL, Expected limit £1,,, ]
= C susy B
29000 [ T Ot Observed mit o7, B
r 0O-lepton + b-jets, 2.0 fo™! ]
b Alllimits at 95% CL B
800 — —
[ ATLAS ]
600 |— 3 brjets channel 4
r & ]
L ,v\d"\%-"' ]
400 — ; —
200 [ -
foy P P PSP PO PSP BTSN IR I U I3 1 I

200 300 400 500 600 700 800 900 1000 1100 1200

my [GeV]

» Solid red line: observed 95% CL limit

» Dotted red line: £10., uncertainty

m_, [GeV]

g9 production, § — |i+i“‘, m(@) >> m(g) L"=47f" §=7Tev
800 Fr T T T T T
F CL, Expected limit = 1o,
700 E cL, o: d limit + 1 s ATLAS
: E - Observed limit £ 161, 3bijets channel .-~ B
E —— sSdiepton, 2.0 fb" B
600 — 1-lepton plus b-jets, 2.0 fb™! —
C Multi-jet, 4.7 fo™* |
500 — =
£ Allimits at 95% CL B
400 —
E 0 ]
E & =
300 o ]
o
100 \
AN AR S ATIPT A 0 0 1 W S

0
400 500 600 700 800 900 1000 1100

» Solid black line: exp. 95% CL limit

> Yellow band: +1035Y, uncertainty
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Model dependent exclusion limits: Gbb and Gtt (real squark)

m; [GeV]

Gbb  (mp < mg) Gtt (my, < mg)
3+, production, b, b+ L™ =47f" s=7TeV 00 G+ ? productlon T b4ty L -47fb F 7TeV
a0 ;m(x‘b 50 Qv "‘(qlz)» ,,l(g) Tl oL Expected \‘.myme‘sm b 3 ; _____ CLs Expec‘ted umltHc ATLAS ‘ ;
[ ATLAS o 0c ?e:::e:‘:fe:lsmz“; 0:‘ ] g 800 ; CL, Observed limit + ‘“SUSV 3 brjets channel E
1000 | 3biets channel Al limits at 95% CL ] 700 - Hepton + bets 20 b
L [ 4 E SS dilepton, 2.0 fo"
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The Multijet Approach

Example of optimization procedure for a search with >9 jets with pr > 50 GeV.

Significance increases when requiring:

» more central jets: t-channel {f and QCD jets are more forward than s-channel pp — §g.

> more massive jets (M- = S° mfI=1:0): m?=1-0 ~ 170 GeV if fat jet comes from top.
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The Multijet Approach
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The Multijet Approach: Interpretations

To be applied to several models.

» R-parity conserving

> Gtt (off-shell stop) & Git-On-Shell (on-shell stop)
» One-step simplified model: § — ggx*, ¥= — Wt 3
> mex = (mg + mi?)/z
> m_ =160 GeV
X1

» mSUGRA

» R-parity violating models

» RPV-UDD: g —1+1 f—=s+b
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Summary of gluino-mediated stop production searches in ATLAS - 2012

g-g production, g— tfz?

3 800 | ks 95% C.L. limits. 53%5Y not included.

S O-epton, = 3bijets  [L =1281b", 8 Tev] =~ EXpected
Fu ATLAS-CONF-2012-145 int = Observed
£ 700 | 3eptons,=4jets [L =13.01", 8 Tev] ~~~ Bxpected
ATLAS-CONF-2012-151 int = Observed
. . Expected

O-lepton,=6-9jets [L_=5.81b", 8 TeV]
600 ATLAg-CONF2-2012-1JOS Lo 1 Observed
. Expected

-SS- jets [L_=5.81",8Te P

ng?A%t':%tg?oﬁ‘zﬁé jets IL,, V] Observed

500

400

300

200

100

b b b b b b B I

- ATLAS Preliminary

TR FEEEa i
500 600 700 800 900 1000 1100 1200 1300
n1§[GeV]

28/33



THANK YOU



2-jet event

&
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Z — pji + 3 jets

CATLAS
JA EXPERIMENT
7 — u~pt + 3 jets

Run Number 158466, Event Number 4174272
Date: 2010-07-02 17:49:13 CEST




A Z — pjii event but without removing pileup tracks

Event display

including pileup
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Object Selection Details

Muones: ID+MS

Seleccion (Medium++):
» pr>20GeVy|n<24

Senal (Tight++): pr > 25 GeV
» S AA<02 b (track) < 1.8 GeV

track

Electrones: ID+EM
Seleccion (Medium++):

» Er > 20 GeVy |n|< 2.47
Senal (Tight++): Er > 25 GeV

SR<02 pr(track) < 0.1 x p$

Jets: EM + HAD

» Algoritmo: anti-k; con R = 0.4

v

Inputs: clusters topoldgicos
Calibracion: EM+JES
pr >20 GeVy |n| < 2.8

v

v

Eliminacion de objetos coincidentes

AR = \/(A¢)* + (An)?
1. AR(j, e) < 0.2 — electron
2. 0.2 < AR(j,e) < 0.4 — jet
3. AR(j,p) < 0.4 — jet

Energia transversa faltante (E™*)

Suma vectorial de:
» Jets (pr >20 GeVy |n| < 4.5)
» Leptones
» Clusters calorimétricos ¢ jets

b-jets: ID+EM+HAD

» Algoritmo MV1 (NN)

> 3 puntos de operacion (OP):
eficiencia 60%, 70% y 75% (tt)
» pr>30GeVy|n <25
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