@ATLAS

EXPERIMENT

Inclusive gluinos and squarks searches at
ATLAS

Duong Nguyen
on behalf of the ATLAS collaboration

Argonne National Laboratory

LPC Near Future SUSY Search
Fermilab, November 11-13, 2013

£ U.S. DEPARTMENT OF
.2/ ENERGY



Introduction
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= Strong gluino and squark production . O\
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is attractive due to high cross section e [GV]
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= Around 4.8 fb* (7 TeV) and 20 (8 TeV) have been analyze
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: SUSY 2013 [Ldt=(46-229) b V5=7,8TeV
Model e T,y Jets ET™° [rat[m) Mass limit Reference
MSUGRA/CMSSM ; 0 g’g jets Yes 20.3 q. §' — . . - 1.7 TeV m;&)=m(§) ATLAS-CONF-2013-047
MSUGRA/CMSSM e, -6jets e 20.3 1.2 TeV any m(g) ATLAS-CONF-2013-062
g Loy o e o e, | COVered
5 ggx’ ‘é_}q 51‘7? 0 26jets Yoo 203 |z 1.3 TeV m(E9)=0 Gev ATLAS-CONF-2013-047 in this
S &z EoqatioqqWiRS lepu 3-6jets  Yes 203 |& 1.18 TeV m(¥9)<200 GeV, m(F*)=0.5(m(¥3)+m(z)) ATLAS-CONF-2013-062
D zg, g-qq(Ct/tvim)T 2eu 0-3jets - 203 |& 1.12 TeV mE)=0Gev ATLAS-CONF-2013-089 ta|k
- 2L G2l v a7 o ATLAS GONE 2013026
% GGM (bino NLSP) 2y - Yes 4:a m(E9)>50 GeV 1209.0753
£ GGM (wino NLSP) 1epu+y - Yes 48 m(¥9)>50 GeV ATLAS-CONF-2012-144
GGM (higgs!no-bino NLSP) Y 1 p Yes 4.8 m()z?)>22OGeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10"* eV ATLAS-CONF-2012-147
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Outline:

= Search Strategy
= QOlepton+2-6 jets
= QOlepton + multijets

= Search with leptons
— 1 hard lepton + jets + MET
— 1 soft lepton + jets + MET
— 2 same sign leptons + jets + MET

= Search for R-hadron

= |nterpretation of search results



Search Strategy

= Define model-dependent signal regions:

— Number of jets from 2 to 10, with or without leptons (no taus) and MET.

— Jets can be identified as “fat” jet in some cases

— Model-dependent optimization for the best reach

= Perform a likelihood fit combining signal regions and
corresponding control regions to find excess or to exclude the
model parameter space.

= Main variables used to distinguish

signal from backgrounds

— Missing transverse energy

— Transverse mass

mr = /2 ph B (1 - Ag)

— Effective mass
Mef = Koy + Zj P

— Razor variable
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O-lepton + 2-6 jets Analysis
= Wide catch of SUSY hadronic decay chains with 2-6 jets and MET
= Signal region definitions

Squark- Squark-
squark gluino gluino-gluino
< >< >< >
Channel
Requirement A (2-jets) B (3-jets) C (4-jets) D (5-jets) E (6-jets)
L M M T M T - L M T

EMs[GeV] > 160
pr(j1) [GeV] > 130
pr(j2) [GeV] > 60
pr(j3) [GeV] > - 60 60 60 60
pr(js) [GeV] > - - 60 60 60
pr(Js) [GeV] > - - - 60 60
pr(Jje) [GeV] > - - - - 60
AdGet, ER) i > || 0.4 (i = {1,2,3ifpr(j3) > 40 GeV)}) 0.4 (i = {1,2,3}), 0.2 (pr > 40 GeV jets)
E™S [meg (N j) > 0.2 - 0.3 0.4 0.25 | 0.25 0.2 0.15 | 02 | 025
meg(incl.) [GeV] > || 1000 | 1600 || 1800 2200 1200 | 2200 1600 1000 | 1200 | 1500

(a) For SR A-medium the cut on ET™ /meg(N j) is replaced by a requirement EF/ V/Hy > 15 GeV'/2.

= Major backgrounds: W+jets, Z+jets, top quark pairs, single tops,
QCD multijets



O-lepton + 2-6 jets: Background Estimation ~'»

CONF-2013-
= Define 4 CRs for each SR: only one background process iS 047
dominant in the CR TSPy et | 8
B jets e Data 2012 (/5 =8 TeV) o
CR | SRbackground | CR process (R selection 10° - _%M 5%?122: m e 2&; ig F@
CRY | Z(= wy)4jets YHets Isolated photon i =%AV J'éf{ 1 g
CRQ |  multi-jets multi-jets | Reversed Adet, Eg“ss)mm and E%‘i“/meﬂv(N j) requirements® | 1OF g e sndle top E
CRW | W(= fy)Hets | W(= {v)+ets 30 GeV < my((, E™) < 100 GeV, b-veto E-loose
i i , po=0.03 (1.9 0)
CRT | tfandsingle-t | tf— bbgq'ly 30GeV < mr(f, E5™) < 100 GeV, b-tag 1 g
= Roughly speaking, extrapolating the ..~ 5 ="
backgrounds from CRs to SR using |1 #==t4p= B B <
.00 500 1000 1500_ 2000 72500 ;00 3500 4000 45( o
transfer factors: Ml [GeV]
— Transfer factor is the ratio of a
background process between CR and SR. Z+jets 12+7
. W+jets 18+7
= Do the job smarter: extract the |
] ] ] . ] Ttbar+single top 76 £ 19
backgrounds using likelihood fit with .. L0410
transfer factors as inputs. Total backgrounds 113 £ 21
Observed events 166



N
Long decay chains: Olepton + 7 to 10 jets + MET

= 19 ssignal regions are defined:

— p; >50 GeV: 8, 9 and 10 or more jets with O, 1 or at least 2 jets
identified as b-jets

— p; >80 GeV: 7 and at least 8 jets with 0, 1 or at least 2 jets identified
as b-jets

— p;>50GeV and M; > 340 or 420 GeV, number of jets are at least 8, 9
or 10

e The M; is the scalar sum of “fat” jets reconstructed from
clustering narrow jets (0.4 cone) within R=1 cone.

Discriminant variable: Effniss/\/HT >4 GeV? is applied for all regions

= Backgrounds:
— Multijet backgrounds: QCD multijet, hadronic ttbar, W+jets, Z+jets

— Leptonic backgrounds: leptonic decay of ttbar, W+jets and Z+jets



Olepton + 7 to 10 jets + MET: Background estimation

arXiv:

= Multi-jet background: e s

— Use the shape of Effmss/\/}hwith low jet multiplicity and normalize
the shape using low E%/\/Hg 4 GeV2

= Leptonic background: normalize MC predictions using CR
dominated by background process undergoing estimation
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q T T T T T T T T -~ 6 ATLAS ® Data
Z10°E ATLAS ¢ Daa 310 [Ldt=20.3fb", {s=8 Tev —— Total background
210 1 Total background 0] - = U  15= ] Multijets
S [Ldt=20.31b ) Multijets <10 L7 lets, p; > 50 GeV v
T10 il N MVE > 420 GeV i al
; I Single top D A4 J= I Single top
= - Wz <10 N fw, z
o — v+ b ’
>10 I W — v + light jets G>J 3 l:lW—>|V+t.)jetS.
w . Z vy, jets w10 I W Iv + light jets

102 [6,14900,150] [GeV] B Z vy, I+ jets
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1 .. == N e D N
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102 5
c 2p : : : : : : : - 102"
2 E = [ 2E |
§1.5E -.-ﬂ = _% 15
§ : - L g 1E.m_mz'=......,..._... ........+........ e —
%0.55 E & 0_5E == I -
S T2 4 6 8 10 12 14 16 g OO 24 6 8 10 12 14 16
E1m|ss/\/E [Gev1 /2] =)

E_I’FliSS/\/WT [Gev1/2]



Searches with leptons + jet and MET

= Require 1 or 2 leptons + jet and MET:

— Targeting leptonic decays of charginos, neutralinos, sleptons,
sneutrino either directly or through immediate steps.

— The lepton can be soft for better sensitive to compress spectrum

= Channelincludes:
— 1 hard lepton + 3-6 jets
— 1 or 2 soft leptons + 2-5 jets
— 2 leptons + jets + MET: same sign, razor anlysis

= Major backgrounds:
— QCD multijets
— Ttbar, W+jets
— Other backgrounds from diboson, single top, ttbar + V



1 hard lepton + 3-6 jets

= Signal definitions

ATLAS-CONF-2013-062

inclusive (binned) hard single-lepton
3-jet | 5-jet | 6-jet
Ny 1 (electron or muon)
pé(GeV) > 25
pridd T (GeV) <10
Niet >3 >3 >6
pr(GeV) > 80, 80, 30 | > 80, 50, 40, 40, 40 | > 80, 50, 40, 40, 40, 40
priddJes(GeV) | - (< 40) — (< 40) -~
ET™ (GeV) >500 (300) >300 >350 (250)
mt (GeV) > 150 > 200 (150) > 150
E%IISS /mexcl > 0.3 _ _

eff
m" (GeV) > 1400 (800) > 600

> L I L A B I I R I I IR A > TTT T[T T[T T[T T[T T[T [T ITTToTT

[ [

G [ ATLAS Preliminary —e— Data(2012) b 0] ATLAS  Preliminary —*— Data(2012) |

g I 4 s m 8 N e [«

(=4 L | Ldt=20.3fb", Vs=8 TeV [ Woets J 1ol | Ldt=2031b", Vs=8 Tev [ welets _

; r A [ misid. lepton b ; | ) ] misid. lepton i

€ r hard 1-muon + 6 jets [ single top B z hard 1-muon + 5 jets [ single top

€ [ signalregion [ pibosons § € [ signal region [ pivosons 1

w T 7 Wt T v 1
Il Z-iets H Z+iets i

————— gluino(1145,785,425) GeV

Vs
Y

————— gluino(1145,785,425) GeV

i SEOUTIan] o

" o il 0 =
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Soft leptons + jets + MET

ATLAS-CONF-2013-062

Lepton pT < 25 GeV

= Signal regions includes:
— 1 soft leptons + 3 to 4 jets -> short decay chain
— 1 soft leptons + 5 jets -> long decay chain

>40||||||||||||||||||||||||||||||||||||||| % _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
() - 4
- . —e— Data (2012 —
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- A I Wijets i — I W+jets _
= 30 - J dt=20.1fb", Vs=8 TeV i N — i i
-lg - I single Top B -ig I single Top _
o C Il Z+jets . q>_> B Z+jets |
Lﬁ B [ pibosons N L 20 [Z0 pibosons —
B Other contribution N Other contribution
20 - gluino (625,545,465)GevV | ¢ |+ e gluino (625,545,465) GeV
00 - i -
?//7/ 77 soft 1-lepton + 3-jet soft 1-lepton + 5-jet
) signal region signal region
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2leptons + jets + MET

= Razor variable utilize the symmetry of SUSY decay chain when
s-particles produced in pairs

My = \Gre + 2.6 = o + 20 e
ME 3
_ M7
k= M’ . A miss| (| 7 ES Smiss | (7 2 /
R R |ET™ el + 122D = E07° - (e + j2,1) ¥
T — 2 ‘ w

= Rislow for SM backgrounds

= Signal definition

LSP

q
\
q

b-jets Z-veto Nyes Jet py R Range M}, Range [GeV] M}, bins

Signal Regions

ee/uu SR 1 No Yes <2 > 50 R >0.5 400< M 8

eu SR 1 No No <2 > 50 R >0.5 400< M 8
ee/uu SR 2 No Yes >3 > 50 R >0.35 800< M 5

eu SR 2 No No >3 > 50 R >0.35 800< My, 5
Discovery Regions

ee/uu DR No Yes <2 > 50 R >0.5 600< M} 1

eu DR No No <2 > 50 R >0.5 600< M 1

LSP
7
Y

LSP
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2 leptons + jets + MET

Razor distribution after final selection
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"
2 same-sign lepton ATLAS-CONF-2013-007

u M Od EI . d—q z . W=z’ Gluino-squark (via W) T4 o
q x ~ ~ Ly v, 01 . .
VAV A . ) ~ 2 direct squark (via slepton)
— - Gluino-squark (via slepton) N ~I_’ vy
qx, —— vy 74—q7
= Signal regions:
Signal region Ny _jets  Signal cuts (discovery case) Signal cuts (exclusion case)
SROb 0 Niets > 3, EF> 150 GeV Njegs > 3, EX5> 150 GeV, mr> 100 GeV,

mr> 100 GeV, meg>400 GeV  binned shape fit in meg for meg >300 GeV
= Backgrounds:
— ttbar, diboson

— charge misidentification: use charge flip probability identified from Drell-
Yan process

> L B B B BN BN B BRI M= > LA I B B R B L B
8 Same Signp = 8 Same Signu ]
imi 0 b-jets 7 imi >0 b-jets —
9 40t ATLAS Preliminary ook . S ATLAS Preliminary s ]
P = 7 (s=t SM Total 3 > _ Q. = SM Total |
2 f Lat=2071b", /6B Tev =5 O la 3 2 10° f Lat=20710", fs=8Tev ESENTOE E
[ 10° [ Fake leptons — Q [ Diboson e
[ . . Bt+v 3 [ Bi+v -
) [ Charge flip . ) - [ Charge flip -
g 10 = g 10 =
[ = [S B =
Z . L ks ] zZ B || ]
10 = 4
= 1 7;
= =
o g B
3 o 2 =
S~ RO S~ RN seeee NN —
< < \§ \ \\\ R TR g

-— -— NENRNNN

§ § ‘N&\\\ %\‘#*\“# NR S

00 1 OO 200 300 400 E%O 600 70(() 800 QOP 1\%00 00 250 300
‘ective mass (jets P; >40) [G Transverse mass m; [GeV]
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N ]
R-hadron search arXiv: 13106584

Gluino, squark are hadronized into R- 3 s n s
0] ATLAS 5.0fb" @ (s=7 TeV ) ]
S 30F 2291 @ (s=8Tev L. Cosmic -
hadron: g9 9999 99 tq. =i
= - — 1000 GeV g x100
Some R-hadrons loose their 5 20f ]
momentum, stop in the calorimeter o E
. . 10 E
and decay to neutralino and jets at i _'
later time -> candidate events o_ 100 200 300 4%00 800700800800 1000
selected empty bunch crossing Leading Jet Energy [GeV]
Selection: at least one high energy jet z | . —
. o Expected Limit (£10ey,
and no muon segments in the muon s 50 10T | — et
2 251 22'9 fl?*l@%ﬁ:STeV = pp — §& Theory
system = e 0w Scale + POF
§ 20l myo :_100(%e\{ t >
— Jet: |n| <1.2, pT >50 GeV, up to five jets § enere Lo e Bk = 30060
are allowed % ol
— No muon segment with more than 4 hits f 10}
— Two signal region with leading jet pT > 5
100 and 300 GeV ,

600 700 800 900 1000

Backgrounds: beam halos and cosmic rays Gluino Mass [Gev]
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N
Interpretations of search results

= Simplified models:
— Direct decays of gluinos and squarks to jets
— 1-step decays of gluinos and squarks via chargino

— 2-step decays of gluinos and squarks

= mSUGRA/cMSSM

; 16



N
Simplified model: direct decay of gluino and
squark to jets and LSP

Squark-gluino-neutralino model

S TLAS 0 LI VO R R ATLAS
3 —(Y) = ved limit (+10; -
So600 - T \TTERSA L o m(i‘:’) 0 GeV Expected limit (1 a::p:
| O_ | e to n 2 9400 e m(3) = 395 GeV Observed lmit CONF-2013-047
p £ -~ -~ m(z) = 395 GeV Expected limit
= 2900 = m(},) = 695 GeV Observed limit
| M g— F™ -~ N, m——— m(i?) =695 GeV Expected limit
a n a y S I S ? 2000 = T 7Tev (@70 m(z?) = 0 GeV Observe

1800

-IIIIIIIIII?IIIIIIIIII

- \.
1600 ¢
s : q
1400 S——
C . p
1200 — — q )2?
1000 f 3 :’
Eo i T >~ -0
80900 1000 1200 1400 1600 1800 2000 2200 2400 q X1
gluino mass [GeV] p
q
39 production: §— q q % §q production; g— q Z?
;‘ [ T T T I T T I1 I T T T I T T T I T T T I T T T I T ] ;‘ FrTrorT I T T 17T I T T 17T I T T 17T I T T 17T I LU I T T 171 I L I T 1 1 1
& 1400 — ATLAS Preliminary EZ Observed fimit (+10555) ] & 700 - ATLAS Preliminary S Observed imit (+10505) ]
:— - — - —— Expected limit (+10,,,) — oy C - ==~ Expected limit (+15,,,) 3
€ - det—zosfb" {5=8 TeV > . S E JLdt—zosfb" {5=8 TeV > ]
1200 — T T [ observed limit (4.7 o, 7 Te\y— 600 — Teme e [ observed limit (4.7 o, 7 TeVa
[ O-lepton combined ...l Expected limit (4.7 fb™, 7 TeV) - O-leptoncombined .-~ ... Expected limit (4.7 o, 7 TeV)
1000 — 500 =
800 [ = 400 =
600 |— — 300 -
400 |- — 200 & 3
000 3 100 B =
1 E-. 4..| 1 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 I.Il 1 |4":J I 1 1 E I 11 1 1 11 1 |:
200 200 300 400 500 600 700 800 900 1000 1100
[GeV] m; [GeV]
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Simplified model: 1-step gluino and
squark decay to jets, W and LSP

through chargino

|
Gluino mass limits
~ o~ ~0_0
g-g - qaqaWWyx X, x=1/2
;‘ 1 000 T T T I T T I. Il T T T T T T |,/ T T T | T T T | T
& ATLAS Preliminary PRD 86 (2012) 092002
— . miss .
5 900 = 1-lepton + jets + E] %y, Observed lmit(hard epton)
4 L T e Expected limit (hard lepton)
800 J- Ldt=20.31b", s=8TeV <« - 2 ——— Observed limit (soft lepton)
& Observed fimit (+1655Y) U Expected limit (soft lepton)
"""" — " Ttheory 2 0.42 0.12

700

- - - Expected limit (+10,,,) .~

III|§III|IIlllllllllalIlllllalllllllll|IIII|IIII|I

600 003
500 0.03 o 0.02
. 0.02 o
400 0.02
082 0.02
300 %0.02 0.01
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y 2 0.02
200 £ Yo . 0.01
bs . 6 0.14 : 01 0.01
077 o, ; ' HrY
100 129,16 g 3 ! 0-2‘0 520.30 ’ 110.07 5 ’ 010.0w
2207 a0 | 9% 003 ke "m) Lowost 1oy L 0 obe
400 600 800 1000 1200 1400
m; [GeV]

1llepton + jets (ATLAS-
CONF-2013-062)

Numbers give 95% CL excluded model cross sections [pb]
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€ 000 - 1648 200_7] ‘g
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Simplified model: 1-step gluino and squark
decay to jets, W and LSP through chargino

llepton+jets (ATLAS-CONF-2013-062)

m Squark mass limits
a-q - quWx T, x=1/2
%‘ 1 000 T T T T T T T T I T T T I_/ T T T l __
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EL&— 900 1-lepton + jets + E o T Observed limit (hard lepton) ]
A Expected limit (hard lepton)
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200 By~ ® bor\_ T 19 0.10 0.09 -
' 0.08 0.08 0.08 ]
H 0.10 0.08 0.09 T
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(0 I-? I 1 1010 | I 1 0091 1 I -
400 600 800 1000 1200
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Simplified model: 2-step gluino and squark
decay

= Squark mass limit

llepton+jets (ATLAS-CONF-2013-062)
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MSUGRA/cMSSM

MSUGRA/CMSSM: tan(p) = 30, A_ = -2mq, u>0

Status: SUSY 2013
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Summary

= No sign of SUSY found in inclusive search with jets and
missing transverse energy

= Efficient search techniques have been developed which can
be recycled for new runs

= Stringent limits on gluino, squarks, lightest neutralino masses

— Gluino and squark mass > 1 TeV

= 14 TeV runs promise exciting new results
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