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Introduction

B
SupersymmetrySUSY) Is promising
LHds a hadron collider and crossctionof colored
_particle isvery large

N and"Qsearch is one of the main

= analyses at LHEBTLAS experiment

p
In runl, we searched for SUSY signaksina 8TeV

collision using 20.3 fhof ATLAS data
In run2, we will search for SUSY signalsia 13TeV

collision
\_
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Runl analysis

U analysis for larg&Mssevent
U multijet analysis event for smai™Mssevent

E SUSY2015, Lake Tahoe, California 2015/08/27 &




Typical event selection for largg"ssevent

[ Typlcal SUSY signal have |EE—g@S ] g|uin0 Signa| event
Event selections for O lepton 4jet signal region (SR)

/A 0 lepton I
A ETmiss 160GeV
A 1stjet pT> 13066\/\\LargeETmissfrom LSH
A Number of jet(JT>6OGe\) >=4
A Y A ¥Y(pet,._;,ETmiss>0 ) /
R YV & v (et i>3,ETm|S);>/ reduce QCDnultijet background LSP: uﬁdetectéd
A EMsy meff(4jet) > 0.2 j

\A My > 2200GeV

Mainly from Z{>A yjets

/expected SM background everﬁs
In 4jet SR

Diboson 0.34 { Z M +jets BG Is dominalﬁ\t
2.9 1’>

ﬂLarge mass ajluino

W+jets 1.2 dominant

tt(+EW) + single top 0.6 J
\
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Background estimation for O lepton analysis
Monte Carlo (MC) based Background (BG) estimation

/'u The high kinematic region is unreached region even for standard model proceg an(
MC need to be controlled with data
U Normalize MC events in control region (CR) which is orthogonsijrialregion (SR)
U ForZE>n njets,W+jets and Top BGs

00 [ e—
N

/

' w 1 FTNRBY Wdzyml‘

Control region for MC normalization

ATLAS
CRY - 24l

after eut: 7 rfHy = 8 Gy ™

J-Ld1= 203Mm"
® Data 2012 (V5 = 8 TeVE
—SM Total

yHeals

Events / 100 GeV \

Z(->/\ )\'l'jetS /w4 be S l.,l a Multi-jats

e
WBKA D B28A0 Wk s beSis | P
o K a2 Mn g R WBKAD b2Siia

Top TopCR tMHbWEH K A 0

500 1000 1500 2000 2500 3000 3500 4000
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JHEP09(2014)176

*pefore fit 5
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Runl results with O lepton analysis

/ M, distribution in 4jet SR \ /

> 0 3 limit for gluinodirect decay model
8 ATLAS jL dt=203 %" 3
= SR - 4jt e Data 2012 (15 = 8 Te\) ] &4 production; §— q q i:?
— 1E|3 — 5M Talal _ _ ; T T T [ T T [ T ¢ [ T T [ T T ]
- = = = qa m{g)=400,m( =250 3 [ L ATLAS e - susy, =
o B M(§1=1425 miz")=T5 3 @, 1400 ATLAS = Observed limit (£1 LT
5 Multijets . Foi - J B ===~ Expected imit (£10,,} .
T . B Wejels 1 E 4opp ) Lat=2031b, f5=8 TeV Oloserved limil (4.7 17, 7 Te\d—
10 fi{+X) & single top E| 0 leptons, 2-6 jets --es= Expected limit (4.7 b7, 7 Tev)
B zejets E - A
Il Ciboson : 1000 L .
800 [~ -
600 [~ _— -
- - . e, "'-___' 't..- :
| e, ) L —
400 ™ : ey,
Q L o :-‘..,.__._”.... ) ."._:
= 200 > - =
= & ] 7
1] . L ﬂ 1 I 1 1 1 I L 1 1 | 1 1 \I 'I 1 L 1 I L [ | I -
o 400 600 800 1000 1200 1400
2000 2500 3000 3500 4000 m; [GeV]

my(incl.) [GeV]
\ / \ arXiv:1507.05525/

No significant excess wabserved

> m(Q M1400GeVis excluded for m(.)=0
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Onestep decay

For the limit of onestep decay , O lepton & 1 lepton analyse
are combined

P : W
1 < W
- X1
- =~ X1 0

/ limit for 1 one-step decay model \/ limit for "Qone-step decay model \

3G - aWWEE, x=1/2
%1000 UL L] I T T 7T l T

i 00

g0 = gaagWW i, x=1/2
— T T T

S Observed limit (+105.5) ATLAS

= L L L L L L L S
3 1000 E = Obsarved limit (£1.a,,5) ATLAS

= E g E . 3
o 900 | 5= = Expected imit (1, oL + 1L combination -] .:.: 900 = === Expected limit (+1a,,) i 0L + 1L combination =
Tod P - 1 E Rt a =
E gop | - 'epton alone f5=8 TeV, 20 b E !,Es 800 E. === Mevton alone Fo (s=8 TeV, 20 fb 3
——— (O-lepton alons 3 E —— 0O-legton alone ) =

700 = aiimits at 953 oL = 700 = aiimits at 953 CL E
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500 - 500 =
400 - 400 —
300 = 300 £, -
---------------- 7 a E

200 =] 200 g —

AT

PR R T |.I'| :'u L PR P T T PRI R R e Y ."-.l i
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arxiv:1507.05525\ arxiv:1507.05525 /
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7
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Typical event selection farultijet analysis

~N

Long decaxhain-> Smalgmss
> Selection using large jetultiplisity

-

Event selections for 8jet signal region (SR)

e R
A 0 lepton
A Number of jet pT>50GeV) =8 H:B
A 0 B-jet
A EMsy /(>4 KGeV)« reduce QCDnultijet background
N y
/expected SM background events
in 8jet SR multijets BG is dominant
Total events before fit 36
tt before fit 3.5
Wtjets before fit 2.9 ETmisss from jetmismeasurement
Others before fit 2.4

Multi-jets . 27+£3 3
\ ~) )
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BG estimation and runl resulits

Dominant BG is QQBultijet events
— > Estimate with datadriven method

U UseE™sY,/( shape from low jet multiplicity region
U EMsY,/( shape is almost invariant with jet multiplicity

/ Njet=8 SR from Runl result \ / limit for "Qtwo-step decay model \

~ o 0 "
E‘r;ms ATLAS T T T N IData | I - 1000 ag prodlucnon g _;quzx m(x ] I(m{g}+ m(i1}if2; m{y,) ={m:”5(1}+ m(i?}]fZl
[it] To‘ial ba: rw d 1 T ) T T T T T T T T 1
(3 107 JL dt=20.3fg" ) Multi Jm;g " 8 . Alimits at 95% OL.
- 5 =8 TeV :ﬁ Hil'" = 800 ATLAS - = = Expecled (*15,,)
w 105 MNo b- ]EtS Slm & top E?x ; . . (iBsarved [_15;9‘%\“:

800 fs=8Tev,L=20fb - ' U Expectad {D+1m)“flepton combination

ATLAS, L=4 7' E=7TeV =
200 (112)leplon + ets + E* - -~ - Expected O-lepton + 7-10 jets + ET'™°
---Expected  SS/3L + jets + E:’i”
600 R
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rar, - PPl St A e
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E'"'“f\[_ [E;Lv”z m; [GeV]
\ / \ arXiv:1507.0552
No significant excess wabserved
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For run2
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From 8TeVto 13 TeV
e )

WJS2013

/| Cross section increases by a factor of ~2f

100 ————t . —— .
[ ratios of LHC parton luminosities: 13 TeV /8 TeV

2
o
Z 10
£ 1 ~ s - <
} m(C =1.5TeV mN OO E
-:::LI ——————— l MSTWZOLBNLO m(h) =125.7 0.4 > |J I’]Wﬁ l:l | y.j |-I k
! — l100 l — .1I000 l . o My Ogg = Ms, XMy =0.tanf =20 y=MS i

M, (GeV)

\ http://www.hep.ph.ic.ac.uk/~wstirlw

Higgs mass3eV)

—_—)

In MSSMm(N E AR OOAk & O BT
— "Osearch is important

/

From P. Draper et akprint 1312.5@3/
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Reach fogluinodirect decay model

4 )
Similar selection as runl but with tighter cut
U mg was optimized at every integrated
luminosity
g J
é ) / \
__mett cut for each | Reach forgluinodirect decay case
Lin: (b~ | Mass of target gluinos (GeV) | meg(incl.) (GeV)
1 1350 > 2200
2 1350 > 2400 o 10 s
5 1500 ~ 2600 2 ATLAS Simulation Preliminary Discovery reach, O-lepton-+jets+E_
10 1650 > 2600 % SRR - - oo conrgoscaseg - oo Ooc
2 10 '“'"'"'"... ':"{l",‘f'“' """"""" 1a
JETTTTm -ttt -———— --.-- -------------------- 20
10 .
1{]'3 """""< ) A ——— T r T m T 3o
. ag prcd‘yﬁctionun
Unexplored region can be S g2aar, ma)=0Gev |
A - A , e i0° V5= 13 TeV, AB/B=20 %
NEF OKSR ¢AdGK d
T e T T (O — S S I 50 | -t
ina few fbl . S e
8 TeV, 20 fb~ (95% CL_ )
N A P R P T T et Rl L L
10 1200 1300 1400 1500 1600 1700 1800 1800 2000 2100
m(g) [GeV]
\ ATI;PHYEPUBZOlSOOS/
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ReacHor gluinoone-step decay model

1 lepton is required for onstep decay model
mTIis used in addition td lepton analysis

i fogh g0 gp Al SWEO )

Unexplored region can be
reached witho = 2 oy

-

[+]

Discaovery p

Reach withgluinoone-step decay case

-0 — qaqqWWH %, . x=Am(F. 1 )/Am(GF,)=1/2, m(%.)=25GeV

ATLAS Simulation Preliminary Discovery Reach, 1-I|=,=ptr:m+iet5+E;n >

10 * Ys= 13 TeV, AB/B=25 %
& --g-- 110"
.. 50| —e— 21!
o S8 TV 20" (95% L) e m4_1
10'3 PRI ""' ' T A "| .Iu ' . T -8 1°fb
1200 1300 1400 1500 1600 1700 1800 1900 E‘Ogﬂ 2100
m(g) [GeV]
\_ ATLPHY$PUB2015005 /
1
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A first data in 50 ns bunch spacing

We have 13eVdata with 78 pb integrated luminosity
Non-collision backgrounds are well studied and undetrol

Non-collision background make fake signal in talEgfssor meff

-

—
[=]

=
LRLLL R R

\_

M distributions inCR akLdt=78 pb!

m,4(incl.) [GeV]
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— = = —
3 Tap 3
w F 3 0
E C | ] ‘g
= I civoson >10° 3
w 108 = — wl = 3
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e s e D —— .- T
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¢

U No significant excess was observe&sr= 8TeV
U Gluinoswith a mass smaller than ~114Vare
excluded for masslesgeutralino
U AtKs =13TeVcollision 78 pBdata, good agreement
between data and MC (or BG estimation)

U We can explorgluinoswith mass ~1.9eVin 2015
with the ATLAS detector

Stay tuned for the Run2 results!




Back up
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Other channels not introduced

analysis channels

mono jet search

0 lepton with Razor variable
2lepton (+Razor)

same sign 3 lepton

tau

0/1 lepton + 3bjets
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Cross sections of SUSY patrticles

-

\

Cross Section [pb]

we - r 1t 11 1

Vs = 14TeV 1012
10:;— Followed prescriptions in 1206.2892 [hep-ph] —_— pp— 38 d1o1t
10 - = pp—4q" 10

: " Jio
10°E = pp—if

E L axz0 4107
102k —_— PPk
10t 1
1005- 11
10-'5- 10
10-2{ 1
10_3? 10
10—4{ 1
10—55 1

3 \\ 10!
10-5
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crosssectionsf each SUSY particle

/

Events in 3 ab~!

/
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Target signals and final states

Assumption

0 "QOMn, ori"Qproduction
U R-parity conservation
U ohwsearches will be presented in a dedicatatk byPierfrancesco Emiss

i
P

~ ST
[ : Ie T}\."
- (e
eo!

ol

N

- ,"*- )
L Ll

Decay modes and target final states”

/ N~ A p N w ~A s ~

i ChNA E ORAAA W 2step decay
U O lepton &EMSS& jets

- o
P

U Cone-step decay, twestep decay

U 1lepton &EMsS& jets

-

U Ctwo-step decay
U O lepton &multijets
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Background estimation for O lepton analysis

Monte Carlo (MC) based Background (BG) estimation

a )
U Normalize MC events in control region (CR) which is orthogonsinialregion (SR)
U ForZE>n njets,W+jets Top BGs
uo v ¢—
- /

Control region for MC normalization

-
2Si

- one photon
- & & dzas§mssand apply the similar selections for SR

2y S S K >
\Hé §u UW( BKAUO bE@RBEG &ndapply the sinfaiiselections for SR
-mTe [30,100] and Het vetoed

2yS Sk> ) V
Top TopCR tMbWHB KA OB INBF G Sk> Fa 2SG FyR F LILX &

Z(->N Ntets Flw

WEHKAO bes
0K A&d2NRA

-mTe [30,100] and Het tagged
jets>\ ——)

lw

e jogh £O gp Al SEO )

® 4

- -
Zn N
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Backbroundestimation for O leptomnalysis 2

DataDriven BGstimation

ﬁJet smearing method \

U ForQCDmultijet BGs ( fak&™ssfrom mismeasurement
U Measure jet response function with data

U Response function=

U Smear all jets in loMsSseed event
U Normalize smeared events in CR QCD
\U Inverted cuts of QCD events reduction cuts for SR /

/" CR QCD from Run1 result

conceptual figure of jet smearing

smear

M . O B - .
of oA k JHEP09(2014)1W

SUSY?2015, Lake Tahoe, California 2015/08/27




