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Introduction

At LHC energy, squarks and gluino production have large

Cross section.
R-parity is conserved:

« SUSY particles are pair-produced.

(*)

pp —qq-’ , pp — 49 , pp — gg

» The lightest SUSY particle (LSP) is stable and will leave
the detector undetected leading to missing transverse

miss

energy, E,

The squarks and gluinos are assumed to decay promptly
into various final states depending on the decay chain. The

analysis selection depends on the studied decay.

Will show a selection of the inclusive searches for squarks and gluinos.
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SUSY Search Strategy

Standard Model is well understood.

SUSY signal will lead to high p; objects and 4
E; . Usually with low SM prediction. o |
e
Three types of background estimation: Ec Validation Signal
Region 2 Region
+ Simulation normalized to data in control 5 €510
regions orthogonal to the signal regions. -
(W, Z, ttbar, etc.) | |
» Data driven techniques such as jet
smearing. (Multijet events from QCD) Control Validation
+ Simulations. (rare backgrounds like WW, Region Region 1
WZ, ZZ, etc.) ] |
Before unblinding: Cross-check background Variable 1

estimation in validation regions.
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Direct decays of squarks and gluinos

JHEP 09 (2014) 176

Phys. Rev. D. 90,
052008 (2014)

arXiv: 1507.05525
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pr (jet): transverse
momentum of the jets.
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pr (jet): transverse
momentum of the jets.

17 signal regions.
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miss jet
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Targeting initial state
radiation jet.

3 signal regions.

Discriminant variable:
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2 or more jets, Ermiss
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One-step d f ks and glu o
NE-step aecays ol squdrks ana glullos  ispesss
q
PO v Two analyses are the almost equally sensitive in this model.
=T X1
- X1
>\(; S W The 0-lepton, 2-6 jets analysis vetos events with leptons (e/ ).
p
w
! The 1-lepton analysis selects events with one lepton (e/ ).
No overlap between signal and control regions, but a shared set of
systematic uncertainties.
= Analyses can be statistically combined using combination of
likelihoods.
aq — quW%?f(?, x=1/2 g9 — qqquWi?%?, x=1/2
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JHEP 09

t ° t t (2014) 103
lwo-step decays with taus o
1507.05525
q v/l
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G == -0 . . ultijets +jets =
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JHEP 06

Direct gluino d with st bott o
irect gluino decays stops or sbottoms
(2014) 024
2 same sign charged leptons or 0 or 1 leptons (e/ ), 4-7 jets,
3 leptons (e/ ), 0-3 b-jets, Epmiss at least 3 b-jets, Epmiss
High lepton multiplicity = Discriminant variables:
lower Er™iss-cut. :
. .. . Meff E'II‘mSS/ H'ZIL‘J , T
Discriminant variable:
O Mjews 9 signal regions.
mer = EF™ + ) |ph (jet) |
1=1
5 signal regions.
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JHEP 06
(2014) 035

Direct gluino decays with stops or shottoms

JHEP 10
(2014) 024

0 or 1 leptons (e/ ), 4-7 jets,
at least 3 b-jets, Epmiss

2 same sign charged leptons or
3 leptons (e/ ), 0-3 b-jets, Exmiss

High lepton multiplicity = Discriminant variables:

lower Etmiss-cut.

Discriminant variable:
Njets

, | 9 signal regions.
miss ¥ :
Meff = Ep ™ + E |p7 (jet) |
1=1

5 signal regions.

L™ =20.1 fb", {s=8 TeV

gg production, g— tt(*)i?; m(t) >> m(g), including up to five-body decays

§-g production, b,— b+;”(:)
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GGM models with photons om0

General models of gauge-mediated SUSY
breaking (GGM) 1 or more photons, 0 leptons,
2-4 jets, 1 or 2 b-jets, Ermiss

« Gravitino is the LSP

: Discriminant variable:
- The final state depends on the nature of

the NLSP. Vi M% Efrniss
Vg e bb T
The NLSP considered is a higgsino-bino
mixture leading to final states containing 2 signal regions.
photons and a higgs.
GGM: higgsino-like neutralino, u<0
S T B e e < L . SUSY
ATLAS (s=8TeV,20.3fb" -#-Data2012 ) _ Observed limit (= 103, 2)
8 104 [Sjm;moo,mia:wo [ JLepton (_2. 1600: ._—: O Theory
10 L3 [~ my= 1200, m =450 [ Multet o - CER (R I Expected limit (+ 1o, )
N 10 > ey misd £ 1500 A o
0 102 i SR Oz-w - ]
T ) stat. @ syst. : =
g 10 1400— E
LLI —
1 Oy -
g 7 1300—
10_2 : : ~ ATLAS ", &
10 N e 1200 — SRYLbandSRLbanalyses P8
= | ‘ | ‘ ] - Vs=8TeV,20.3fb"
N 2" ] 1100 Al limits at 95 % CL
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O O - L +_+_1 L L - 1000_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
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MSUGRA summary s

MSUGRA/CMSSM: tan(B) = 30, A =-2mg, u >0

< 1000 77T T T T 1 Y | I | I | I
P - SRS ' Alllimits at 95% CL. ' .
O _ LSP \ el SN _
— \ - = Expected (¥10_,.)
- o ArlNlrAaAss o DWsy =1
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hal |-~ \ . d . . -
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5 | ---Expected  O-lepton + 7-10 jets + E™**
800 §=w %, 1 \ —— Observed T —
E ‘-\\ S i o - gxpected 0/1-lepton + 3 bjets + ET"
= “ \ — == - = Observed . —
= W, \ ---Expected Taus + jets + i -
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Conclusion of 8'TeV searches

ATLAS has performed a big variety of searches for

squarks and gluinos with 8 TeV.

No significant excesses were seen.

We are ready to keep searching at 13 TeV!

ATLAS SUSY Searches*

- 95% CL Lower Limits

ATLAS Preliminary

Status: July 2015 \V5=7,8TeV
Model &IT,Y Jets ET® [Laim™] Mass limit Vs=7TeV.  s=8TeV Reference
L] L] L] L] L] L] L] I L] L] L] L]

. —a¥) 0 2-6jets  Yes 203 q 850 GeV ‘]’) OGeV m(1% gen. §)=m(2" gen. §) 1405.7875
@ G4, g—q%1 (compressed) mono-jet 1-3 jets  Yes 20.3 q 100-440 GeV (q) m(¥})<10 GeV 1507.05525
S @ q—>q(f€({€v/vv}\’1 2e,p(off-Z)  2jets Yes 203 |4 780 GeV (”2) -0GeV 1503.03290
§ 88 8&—qdX) 0 2-6jets  Yes 203 |Z 1.33 TeV m(¥})=0 GeV 1405.7875
B % §—qai —qqW*i) 8 Oleu  2-6jets  Yes 20 |& 1.26 TeV m(¥7)<300 GeV, m(¥*)=0.5(m(¥})+m(z)) 1507.05525
o & g—>qq(€£/£v/vv>v1 2e,u 0-3 jets - 20 g 1.32 TeV m(¥})=0 GeV 1501.03555
E GMSB (f NLSP) 1-27+0-1¢ 0-2 JetS Yes 20.3 g 1.6 TeV tang >20 1407.0603
S GGM (bino NLSP) 2y - Yes 203 |z 1.29 TeV (NLSP)<0 1mm 1507.05493
E GGM (higgsino-bino NLSP) Y 1b Yes 203 g 1.3 TeV m(¥ )<900 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
=  GGM (higgsino-bino NLSP) Y 2 jets Yes  20.3 Z 1.25 TeV m(¥})<850 GeV, cr(NLSP)<0.1 mm, x>0 1507.05493
GGM (higgsino NLSP) 2e,u(2) 2 jets Yes 20.3 4 850 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 F12 scale 865 GeV m(G)>1.8 x 107 eV, m(3)=m(g)=1.5TeV 1502.01518
S5 g—bbi! 0 3b Yes 201 |2 1.25 TeV m(¥?)<400 GeV 1407.0600
SO gz gt 0 7-10jets  Yes 203 |g 1.1 Tev m(?!) <350 GeV 1308.1841
< S gz gt 0-1e,u 3b  Yes 201 |& 1.34 TeV m(7")<400 GeV 1407.0600
%0 2z, gbit] 0-1e,pu 3b Yes  20.1 g 1.3 TeV m(¥})<300 GeV 1407.0600
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Prospects for Run 11

ATL-PHYS-
PUB-2015-005

Direct gluino decay:

<0
X1
<0
X1

0 leptons (e/ ), 2-6 jets, Exmiss

meg-cut changing w. luminosity

One-step gluino decay:

1 lepton (e/ ), 23qjetqs, Epmiss

Signal region cuts: mesr and mr

Events/(50 GeV)

10?
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o 50 | —e— 210"
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8TeV, 20" @5% cL ) | "®" %P
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Assumed 20% uncertainty on the background

T T T T T T
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) tt 3
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-tt i

-+ 3§ 1-step, m(@, 7., 1)=o
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PR .‘}'11'\1'1 L

|
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Discovery p

39 — qaaqWW5 7., x=Am@: 7,)/Am@ % )=1/2, m(z;)=25GeV

ATLAS Simulation Preliminary Discovery Reach, 1- |epton+jetS+ErnISS
--400
——————————————— 1o
—————————————————————————————————— 20
———————————————————————————————————————— 30
—————— P e KX
® /=13 TeV, AB/B=25 %
; g 11b?
R I 50 -2
S @ 5 !
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Events / 100 GeV

Data / MC

First peek at 15°TeV data

ATL-PHYS-PUB-2015-028
ATL-PHYS-PUB-2015-029
ATL-PHYS-PUB-2015-030

2 jets, 1 b-jet, 1 lepton, Epmiss

10

T I T T T T I T T T T I T T T T I T T T T I
—@— Data 2015 ({s =13 TeV) |

— ATLAS Preliminary —— SM Total —

= L=78pb’ I Waets 3

- Top N

N Bl zets 7]
- Diboson

CRT selection

7 jets

Events / 8 GeV'?

—
<

-

IIII|T| T IIIII|T| TT

ATLAS Preliminary

e Data(s=13TeV)
72 pb™

==z Total background
[ Multi-jets (==6-jet data)
CJtt—=ql,ll

W — v +jets

Bl Z— vv, Il +jets

I Single top

(1300,200) x 100

==7 jets P, > 50 GeV, Inl < 2.0

II| IIIIII|_|,| IIIIII|_L| IIIIII|_L| |1

Events / 50 GeV

1 lepton, 4 jets, Epmiss

Ldt=78.4pb” ﬁ
hard 1L (e/ ) I Wjets

Diboson
- Single Top
- Z+jets

(1225, 625, 25) GeV

I T T T T I T T T T I T T T T
ATLAS Preliminary —® Daa2015(is=13TeV)

~ ~ ~x ~0
...... 10 x g 1-step, m(g, %;, ,)

_____________

] S A5G A Y R = s °F S 20

2¢ v E B A 0 T ——

i e o e e I st e

0: 500 7000 1500 2000 25‘00: § 'OE - L . . L L " L L = a L B , VVVVV VVVVV L VVVVV L N

m,(incl.) [GeV] R O A % 100 200 300 400 500 590

First look at the control regions with 78 pb-! data shows
good agreement between data and simulation!
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Backup Slhides




SR cuts, O-lepton, 2-6 jets KT miss

Requirement

Signal Region

26th of August 2015

2j1 | 2jm | 2jt 2jW 3] 44W
| EF'™|(GeV] > 160
prii) [GeV] > 130
prij2) [GeV] > 60
priss) [GeV] > 60 40
| priis) [GeV] > . 40
Ad(jety 2 (31, BT )pin > 0.4
Adjer; 5, EF™ ) in > 0.2
W candidates 2(W = j) [ (W —=3) = (W= 37)
Esis [ Hy [GeV'/2] > 8 \ 15
‘ ER'S fmox(N;) > 0.25 0.3 0.35
g (incl.) [GeV] > 800 | 1200 | 1600 1800 2200 1100
Requirement [ Signal Region
4j)- ] 4j1 [ aim | 4jt | 5§ | &)l | 6jm | 6t | 6jts
EF'"™(GeV] > 160
' pris;) [GeV)] > 130
priiz) [GeV] > 60
priis) [GeV] > 60
A prija) [GeV] > G0
A priss) |GeV] > I 60
prijs) |GeV] > I 60
Ad(iet) 2 (3, EF ™ )min > 0.4
Ad(jet;~ 3, EF"™ ) min > 0.2
ET'™ //Hy [GeV'/3] > 10
. EZ' fm a(N;) > 04 | 0.25 0.2 | 025 | 015
g (incl.) [GeV] > 700 1000 ' 2200 1200 ' 900 ' 1500 ' 1700 |

1300 1200

Number of events

Data/Bkg
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SR cuts,

Monojet and Razor

arxiv:

1507.05525

Signal region

Requirement
M1 M2 M3
Jets At most three jets with
preselection pT > 30 GeV and |n| < 2.8
Pt [GeV] > 280 340 450
Efrmss [GeV] > 220 340 450
Ag(jet, Emiss) > 0.4

OLRaz_SRicose | OLRaz_SRiight
BT [GeV] > 160
Jetl 2 [GeV] > 150 200
A¢(Jet1 2, ET™%) > 0.4 1.4
R > 0.5 0.6
Mp, [GeV] > 700 900
Signal region OLRaz_SRioose | OLRaz_SRyjgnt
Expected background events before the fit
tt 138 1.8
Single top 23.9 1.6
tt+V 4.7 0.2
W+jets 794 49
Z+jets 762 58
Diboson 112 10
Fitted background events
tt 117 + 22 1.7+ 0.5
Single top 24.9+2.6 1.8+£0.3
tt +V 3.7+ 1.0 0.20 £ 0.07
W+jets 454 £+ 40 27.0£3.0
Z+jets 618 £ 76 45+ 6
Diboson 94 + 49 10£5
Multi-jet 14+ 13 24+24
Total background 1326 + 84 88+ 8
Observed events 1322 74
(ea)?? [fb] 6.17 0.83
SS9 125.3 16.8
s 1B | 2437
p(s =0) 0.49 0.50

26th of August 2015
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SR cuts, 1-2 Taus

JHEP 09
(2014) 103

Signal region

Requirement
17 Loose SR | 17 Tight SR
Taus Nmedium —
pr > 30GeV
Ad(jety o, BRISS) > 0.4
Ag(r, ERiss) > 0.2
m] [GeV] > 140
Emiss [GeV] > 200 300
Hrt [GeV] > 800 1000
Requirement Signal region
27 Inclusive SR | 2r GMSB SR | 2r nGM SR | 27 bRPV SR

Taus Nloose > 9

pr > 20 GeV
Ad(jety o, BRIS) > 0.3
mi +mp? [GeV] > 150 250 250 150
HY [GeV] > 1000 1000 600 1000
Njet > - 4
Requirement Signal region

74+¢ GMSB SR | 7+¢ nGM SR | 7+¢ bRPV SR | 7+¢{ mSUGRA SR

Taus Nloose > 1

pr > 20 GeV
Ny = 1
mé. [GeV] > 100
meg [GeV] > 1700 - 1300 -
Emiss [GeV] > - 350 300
Njet > - 3 3

26th of August 2015
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SR cuts, SS/5 leptons

JHEP 06

(2014) 035

SR3b SROb SR1b  SR3Llow SR3Lhigh
Observed events 1 14 10 6 2
Total expected background events 2.2+0.8 65+23 474+21 43+21 25409
p(s =0) 0.50 0.03 0.07 0.29 0.50
Expected signal events 34407 243+£35 164+30 10.6+1.0 5.0+£0.8
Requirement Signal region ' for chosen benchmark models
SR3b SROb | SR1b SR3Llow SR3Lhigh Components of the background
Leptons SS or 3L SS SS 3L 3L ttV, ttH, tZ and tttt 1.3£05 09404 25+1.7 16+£1.0 1.3+0.7
Npy_jet > 3 -0 > 1 _ _ Dibosons and tribosons <01 42+£17 09£04 12406 1.2£06
I - ; ; y . Fake leptons 07406 12773 082 1.6+16 <0.1
jet = : Charge-flip electrons 02+0.1 024+01 0.5+0.1 - -
ER'S [GeV] > 150 | > 150 | 50 < ER'S® < 150 > 150
Systematic uncertainties
mr [GeV] > - 100 - - _ on expected background
Veto - - SR3b Z boson, SR3b SR3b Fake-lepton background +0.6 e ti2 +1.6 <0.1
meg [GeV] > 350 400 700 400 400 Theory unc. on dibosons < 0.1 +1.5 +0.3 +0.4 +0.4
Jet and EXS scale and resolution +0.1 +0.7 +0.4 +0.4 +0.3
Monte Carlo statistics +0.1 +0.5 +0.2 +0.4 +0.4
b-jet tagging +0.2 +0.5 +0.1 < 0.1 +0.1
Theory unc. on ttV, ttH, tZ and tttt +0.4 +0.3 +1.7 +1.0 +0.6
Trigger, luminosity and pile-up <0.1 +0.1 +0.1 +0.1 +0.1
Charge-flip background +0.1 +0.1 +0.1 - -
Lepton identification < 0.1 +0.1 < 0.1 +0.1 +0.1
ICNFP2015/1. Deigaard 17
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JHEP 10
(2014) 024

SR cuts, 0/1 lepton, >3 b-jets

. Signal region
Requirement
SR-0/-4j-A | SR-0/-4j-B | SR-0/-4j-C* SR-0/-Tj-A SR-0/-7j-B | SR-0¢-7j-C
Baseline 0-lepton selection lepton veto, pj;tl > 90 GeV, E%iss > 150 GeV
N jets (pr [GeV]) > 4 (50) 4 (50) 4 (30) 7 (30) 7 (30) 7 (30)
Elfniss [GeV] > 250 350 400 200 350 250
m;‘;i‘:fd [GeV] > - - - 1000 1000 1500
m2 [GeV] > 1300 1100 1100 - - -
ppiss/\/HY [VGeV] > ; ; 16 ; - -
. Signal region
Requirement
SR-1/-6j-A | SR-1/-6j-B SR-1/-6j-C
Baseline 1-lepton selection | > 1 signal lepton (e,u), pil(ftl > 90 GeV, Erl}“iss > 150 GeV
N jets (pr [GeV]) > 6 (30) 6 (30) 6 (30)
Emiss [GeV] > 175 225 275
mr [GeV] > 140 140 160
m%el [GeV] > 700 800 900

26th of August 2015
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SR cuts, Photon analysis

arXiv:

1507.05493

Signal Region SR{b SRQb SR/ SR
No. photons (Et [GeV]) >0 (> 125) >0 (> 150) 1(>125) 1 (> 300)
EP'S [GeV] > 100 > 200 > 200 > 300
Hr [GeV] - > 1000 - > 800
No. jets (No. b-jets) 2-4(>1 >3(>0) > 34 > 14
No. leptons 0 - 0 0
Mbb [GeV] 75 - 150 — — -
M [Gev > 90 > 90 - -
Admin(iet, ET5%) (No. leading jets) >0.3(2) >034) > 04 (2) > 0.4 (2)
Ré - - < 0.85

Admin(iet, y) - - - <20
¢ For SRA{j and SRS, the two leading jets are required to have pr > 100 and pr > 40 GeV, respectively.

. . b b
Signal Regions SR} SR},
Expected background events 18.8+5.3 3.82+1.25
e—y 32+04 0.18 +0.08
W(— ¢v) 12.6 +4.9 3.35+1.05
QCD 23+2.1 0.00 + 0.65
Z - vy 0.8+04 0.29 +0.15
Observed events 12 2
Signal Regions SR/ SR/}
Expected background events 1.27 £ 0.43 0.84 +0.38
W+y 0.13+0.12 0.54 +0.28
Z+y 0.03+0:93 0.21%0%
tt+y 0.64 + 0.40 0.05 +0.05
Single- + 7y 0.06 £ 0.02 0.03 +0.01
v + jet (QCD background) O.OOJ_rg:gg 0.00 +0.00
e—>y 0.38 £0.10 0.00 + 0.00
i=y 0.02+5:98 0.00* 008
Observed events 2 2

26th of August 2015
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Limits on direct decays

arXiv:
1507.05525

.., =—m(X;)=695 GeV Obs. limit
[ ] 7Tev (4.71b") m(3)=0 GeV Obs.
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Liimits on one-step decays, m(L.SP) = 60 GeV

arXiv:
1507.05525

qq production, g— quZ?; m(z:)) =60 GeV

gg production, g— qui?; m(;’{?) =60 GeV

OA‘— [ T T T T | T T T T | T T T T | T T T T | T T T T | T T T T T T T T T T T T ] OA‘— [ T T T | T T T | T T T | T T T . T T N T | T T T | T T T | T ]
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g - ATLAS o E’S;Zf\t: (:1 zgxgs)y) (0+1)-lepton combination | g C ATLAS = ObZ:?de (1052) (0+1)-lepton combination
=~ 1.2 (s=8TeV,L=20f0" = T eory — = o[ {s=8TeV,L=20fbo" ]
= | | i S e Sttt L USSR VPSR — = _ Decay forbidden ]
IS e anl i € 1 e —
< = ] g i ]
I - - [ C _
< 08— ] < 08— -
061 = 0.6 —
0.4 — 0.4 —
0.2 - - 0.2 ) —
:m—l ---n---l‘: v v v by v v by ya ] :|\- } - M — ) e TR R ETE N ]

900 300 400 500 600 700 800 900 1000 900 400 600 800 1000 1200 1400 1600
m; [GeV] m; [GeV]

26th of August 2015

ICNFP2015/1. Deigaard

21



ATL-PHYS-

Prospect for run 2 with 50% syst. s s

§G — qqaaWWR. 7., x=Am@E" X )/Am@.)=1/2, m(7,)=25GeV
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