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Introduction

4 N\
<> Supersymmetry (SUSY) is promising
< LHC is a hadron collider and cross-section of colored
3 particle is very large

g and g search is one of the main
analyses at LHC-ATLAS experiment

—

4 )
<> In runl, we searched for SUSY signals in Vs = 8 TeV
collision using 20.3 fb! of ATLAS data
<> In run2, we will search for SUSY signals in Vs = 13 TeV
collision

N y
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Runl analysis

»analysis for large E;™S event
»multijet analysis event for small E;™' event
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Typical event selection for large E;™** event

{ <> Typical SUSY signal have large E,miss gluino signal event
4 I

Event selections for O lepton 4jet signal region (SR)

/"« 0lepton N\
* ETmiss > 160 GeV

. 1tjetpT>130GeV
* Number of jet(pT>60 GeV) >=4
* minAd(jet ._;,ETmiss) >0.4 ) / |
« minAd(jet ., ’ETmiSS)ZV reduce QCD multijet background LsP- undetected!
« E.Mss/meff(4jet) > 0.2 j

* mg > 2200 GeV | Large mass of gluino M, EISS 4 z:Nj

N / -

Mainly from Z(->vv)+jets

—Large E;™ from LSP

/expected SM background events
in 4jet SR : . :
Diboson 0.34 Z (vv) +jets BG is dominant
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

/> The high kinematic region is unreached region even for standard model process and\
MC need to be controlled with data
» Normalize MC events in control region (CR) which is orthogonal to signal region (SR)
» For Z(->vv)+jets, W+jets, and Top BGs

»NSR  — NSR N§R o

\ data MC NAC;IIE‘ /

<> Control region for MC normalization CR y from Run1 result* \

Z (->vv) +jets YCR y+jets

ATLAS
CRY - 24l

after eut: 7 rfHy = 8 Gy ™

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

yHeals

Events / 100 GeV \

Multi-jsts
P wejets

{i{+X) & single lop

W(->8v) +jets

_ . .Dibnsan
(€ is missed or T jet) WCR W) e

Top TopCR t > bW(->8v)

P ]
O W _a 0 R
[

\\
p— Y

jets

=]

500 1000 1500 2000 2500 3000 3500 4000
mglincl.) [GeV]

JHEP09(2014)176

*before fit 5
SUSY2015, Lake Tahoe, California 2015/08/27 (:_’

vCR replace

v
/ Data / MC




Runl results with O lepton analysis

/ m. distribution in 4jet SR \

> 0 PR j 3 limit for gluino direct decay model
0] - Ldt=203 %" ]
= SR - 4t e Data 2012 ({5 = 8 TeV) ] 66 production; §- 4 q 7.
— 1E|3 —_— '_S'Fr:{'?'?hnn [t_ﬂ:l seo - % L LA (LA AL N RO B R B BN N N B
— === qgq m{gq|=400,mi; = 3 - ATLAS e - SUSY —
% a0 mid)=1425 miz’1=75 3 S 1400 ATLAS = E'bs“":jlf'm_":i: "mue;wf' -
& Multi-jets ] T » ¥ ==== Expecied imit {1¢,,, ]
T . B Wejels E 1200 —J Ldt=203 10", f5=8 TeV Oloserved limil (4.7 17, 7 Te\d—
10 fif+X) & single top E| | 0 leptons, 2-6 jets === Espected limit (4.7 i, 7 Tev)
B zejets E - A
Il Ciboson : 1000 L .
800 [~ —
600 [~ —
400 :— e L U N _:
0
b= 200 —~
g . L ﬂ 1 1 1 1 L 1 1 1 1 .'I 1 1 I L [ | I 1 ‘-
o 400 600 800 1000 1200 1400
2000 2500 3000 3500 4000 m; [GeV]

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

No significant excess was observed

@ > m(§) S1400 GeV is excluded for m()?la)=0
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One-step decay

For the limit of one-step decay, O lepton & 1 lepton analyses
are combined

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

/ limit for § one-step decay model \/ limit for g one-step decay model \

= ) -
G - caWWIL T, x=1/2 0 — qQaaWWILT., x=172
;1000||||||||||||||||||||||||||||||||||||| — LA B B B B B N B B B B S E N L
[ S Observed limit (+105.5) ATLAS 3 1000 E = Obsarved limit (£1.a,,5) ATLAS
:.:r 900 | === Expectsd limit (£15,,) oL + 1L combination .:.:.- 900 = === Expected limit (+1a,,) i 0L + 1L combination
T = 4 T L a
= : =8 TeV, 20 th = : s =8 TeV, 20 fb

E g0p [ = 'epton alone E 80Q B == Mewton alone @ {s-8 Te

——— O-lepton alons
700 = ansmits at 95% oL

== OHleplon alone
All Bmits ar 95% CL

1 1 | PRI T A T T 1

300 400 500

600 700 800 900 1000 400 600 800 1000 1200 1400
m(q) [GeV] m(g) [GeV]

arXiv:1507.05525 /\ ariv:1507.05525 /
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Typical event selection for multijet analysis

-

< Long decay-chain -> Small E,™iss

> Selection using large jet multiplisity

Event selections for 8jet signal region (SR)

~
 Olepton
 Number of jet (pT>50 GeV) =8
* OB -jet
o EMss//Hr >4 (VGeV) <
\ J
/expected SM background events\
in 8jet SR
Total events before fit S 1§
tt before fit 3.5
W4jets before fit 2.9
Others before fit 2.4
=

)

Multi-jets
\Z

8
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N.
.y Njet

reduce QCD multijet background

multijets BG is dominant

ETmiss is from jet mis-measurement
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BG estimation and runl results

Dominant BG is QCD multijet events
— > Estimate with data-driven method

» Use E;ms$/./Ht shape from low jet multiplicity region
> E;miss/ /Hr shape is almost invariant with jet multiplicity

/ Njet=8 SR from Run1 result \ / limit for g two-step decay model \

™TT ™TT L B I B ™TT T T T e . ~ -] - o ] - =
3 10° ! ! ' ' bt ' 1000 38 Production, § - aaWZ1, ; m(x,) = (m(@) + m(x,)/2; M{E,) = (M(T,) + m(,))/2
ik} ATLAS ! Total background ;‘ — 1 1 T r 1 rr 71717 — 71 v T T 1 17
*:3 107 |Ldt=20310 == Multijeis 3 - Alimis at95% CL.
-~ s =8TeV [ — |i||.|| ‘—?'H_ 900 ATLAS o :.:E‘pﬁledtﬂﬁ?ﬁgv
R o mm Observed (210, )
- E 800 fs=8TeV,L=20" o Expected  (0+1)-lepton combination
= "EV >v':' +"|59J!1;1i§t3 ATLAS, L=470' E=7Tev Expecied O-lepton + 7-10 Jets + E™*
o+ - mis - = = Expecte -lepton + 7-10 jets +
|§-i§|3|900-1 50] [GeV] 700 (1/2)-leplan + jets + ET . | -

8 jels p, =50 GeV

---Expected SS/3L + jets + Eri”
600

500

400

107K 300 A
E 25 1 ~ ‘_.I ‘al
N + | 200 |
[ 3 - N - 1
Eﬂlsé + é 100: L I 1 L L | 1 1 L I 1 L L I L I'| ; -; "l L | 1
5 % 6 200 600 800 1000 1200 1400

0 2 4 ] 8

10 12
ET=A\[H, [GeV'?) m; [GeV]
\ / \ arXiv:1507.05525
No significant excess was observed
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For run2
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From 8 TeV to 13 TeV

-

~

\

100 ————r —— . stina
ratios of LHC parton luminosities: 13 TeV /8 TeV ';" Cross SECtiOﬂ increases by a faCtor of ~20
/

2

g

Z 10}

2 /

1S |

N m(g) =1.5 TeV m(@) vs m(h)

-::::dl —————— l MSTWZOlBNLO m(h) =125.7%0.4 pu=m(qg), tanp =20
1 100 1000 ' ' My, O, = Ms, XM = 0. tanB = 20_u= MS
M, (GeV)
k http://www.hep.ph.ic.ac.uk/~wstirlin/ % =S —
2 =
ANy ~10 TeV <
& . ﬁ
%
[In MSSM, m(q) has correlation with m(h)} |
~ . m(q) (GeV)
:> g search is important
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Reach for gluino direct decay model

( )

<> Similar selection as run1 but with tighter cut
» m_, Was optimized at every integrated

luminosity
§ y,
s ff cut for each L ME )
meTT CUt 1or eac . . .
_ _ int Reach for gluino direct decay case
Lin: (b~ | Mass of target gluinos (GeV) | meg(incl.) (GeV)
1 1350 > 2200
2 1350 > 2400 o 10 _ _ e
5 1500 ~ 2600 2 1 ATLAS Simulation Preliminary Discovery reach, D—Ieplon+|ets+ET
10 1650 > 2600 % - - - - - - - - - - g iniinrgoscmsmg - - - - - - 0o
2 BT e - el Fort b il 1o
________ ‘d-'-— __-__.:I__-.:I:_‘l..:.‘l__--------------.26
Gl - = - : I: - _..‘:l‘ _______________________ 3 (4]
10 - R gg prcduﬁcticn .
Unexplored region can be OE e e g2aax, mx)=0GeV |
. 10° i V5= 13 TV, AB/B=20 %
reached with 30 . | e
. ) A 20 | —e— 21’
IN a feW fb 1 107 ¢ P v 51"
8 TeV,201b™" (95% CL_ ) ;
-0 rri I | |--||-|-|---||°?E---I..- 10 o
0" "S200 1300 1400 1500 1600 1700 1800 1900 2000 _ 2100
m(g) [GeV]
\ ATL-PHYS-PUB-2015-005 /
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Reach for gluino one-step decay model

<> 1 lepton is required for one-step decay model
<> mT is used in addition to O lepton analysis

m; :\/2 - ph - PSS . (1 — cos(Ap(L, EMSS))

Unexplored region can be
reached with 30in 2 fb!

13
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Discaovery p

Reach with gluino one-step decay case

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

ATLAS Simulation Preliminary Discovery Reach, 1-Iept0n+iet5+E: >

10 Bl {5= 13 TeV, AB/B=25 %
10° N sl 1b7
e d oo 50| —e— 21!
107 3 5 ; e 5!
§8TeV; 20 1b" (95% CL , ) 4
10-3 ra g I"l | |Lr| ol e aal "I"'l ' I I - 1°fb
1200 1300 1400 1500 1600 1700 1800 1900 2000 2100

m(g) [GeV]
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A first data in 50 ns bunch spacing

<> We have 13 TeV data with 78 pb! integrated luminosity
<> Non-collision backgrounds are well studied and under cotrol

Non-collision background make fake signal in tail of E;™' or meff

4 N

. . . . _ -1
m.¢ distributions in CR at [Ldt =78 pb
> = T 'I T T T T I T T T T I T T T T l T T T T I :. T T I T T T T l T T T T I T T T T I T T T T I
8 C —@— Data 2015 ({5 = 13 TaV) 3 § —&— Data 2015 (5 =13 Tev} ]
o [ ATLAS Preliminary ——— SM Total P 10° = ATLAS Preliminary ——— M Tatal -
2 107 L=78pt" I wijets = 2 L=78pb’ B wjets 3
‘; o Top th‘ Top
E i 'g I 2= ]
> [ >10° B citoson 5
w 108 = — w = E
g CRW selection 3 CRT selection ]
10k
10F E
1k 1€
B _ T
Q 25 : Q 25 y
| S SRS P ol + S— | e P S SN 25 [P R B B—
8 osf s 1 Sol % T
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
m,4(incl.) [GeV] m,,(incl.) [GeV]

k ATL-PHYS-PU B-2015-02y

:> good agreement between data and MC
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¢

» No significant excess was observed in Vs = 8 TeV
» Gluinos with a mass smaller than ~1.4 TeV are
excluded for massless neutralino
» At Vs =13 TeV collision 78 pb-data, good agreement
between data and MC (or BG estimation)

» We can explore gluinos with mass ~1.5 TeV in 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 + 3 bjets
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Cross sections of SUSY particles

/

-

we . r_r 11 1
Vs = 14TeV 1012
103;— Followed prescriptions in 1206.2892 [hep-ph] —_— pp— 38 1ot
o
= 102?_ . ~10° -
= F Ji0® 2
S 10 s
2 ok J107 o
e = o—
[<F] E -
“ 0k 10° g
2 0 1 2
S F Ji0t 2
107 3
10-f 1'©
10_55 102
< 10!
10 E-I L L L l L L L L l L L L L I L L L L I L L L 1 l L i i L I L L 100
0 500 1000 1500 _ 2000 2500 3000
Mass [GeV]
\ crosssections of each SUSY particle /
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Target signals and final states

<> Assumption

~

gg,qq, or gg production
» R-parity conservation
> t,b searches will be presented in a dedicated talk by Pierfrancesco E.miss

>

<> Decay modes and target final states /~

-
» §,q direct decay, 1 or 2-step decay

g,
> 0lepton & E;MS & jets

/
/

p
» g one-step decay, two-step decay
> 1lepton & E;Ms & jets

-

» g two-step decay
» 0 lepton & multijets
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Background estimation for O lepton analysis

<> Monte Carlo (MC) based Background (BG) estimation

-

»For Z(- >vv)+jets W-+jets, Top BGs

— SR Ndata
>Ndata_ MC * N

\

» Normalize MC events in control region (CR) which is orthogonal to signal region (SR)

~

)

<> Control region for MC normalization

-_

Z (->wv) +jets vjets - one photon

W(->8v) +jets O G

(€ is missed or T jet)

-one e/u

Top TopCR t->bW(->8v) -treate/u asjet and apply the similar selections for SR

- mT &€ [30,100] and b-jet tagged

- assume y as E;™ss and apply the similar selections for SR

W CR W(->8v) +jets - treat e/u as jet and apply the similar selections for SR
-mT&€[30,100] and b-jet vetoed

Z(vv)

jets>§- —

YCR replace

SUSY2015, Lake Tahoe, California 2015/08/27
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Backbround estimation for O lepton analysis 2

< Data-Driven BG estimation

gjet smearing method \

» For QCD multijet BGs ( fake E;™ss from mismeasurement)

» Measure jet response function with data

: reconstcucted
jet pr
true

jet pr
» Smear all jets in low E;Ms seed event
> Normalize smeared events in CR QCD

» Response function :

\> Inverted cuts of QCD events reduction cuts for SR /
/" CRQCD from Run1 result
conceptual figure of jet smearing 5”'""”';;;fs;m"””"”'L'dl';.ﬂ;”'"?
0E yhmit .DLa2012{|r aTvg
o .m:le:sts E

smear

fi{(+X) & single top 7

—
Q 500 1000 1500 2000 2500 3000 3500 4000

. N .
. pmiss j s
meff' ET + Zk:O ijet,k k meg(incl.) [GeV]

JHEP09(2014)176
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Results of O lepton analysis (from 2jet region)

/ CR W from Run1l result

~

CR Top from Run1 result CRy from Run1 result
................................ R SN RS RN LA AR RARRE RARAE LRARE N % T ATLAS T ATTT TR
ATLAS I I I I ™ 3 E ATLAS P G ATLAS La=z08m’ ]
10t CRW- 3j1mt J'Lm;zo.am‘ 3 CRT - 2fLmt L 1 o CRY - 2 -
- o 3 8 r ® Data 2012 (15 = 8 TeV| =] ato st 5Py > 8 G # Data 2012 (13 =8 TV
® Data 2012 (V5 = 8 Tev T ok - N —SM Total b
10k —SM Total 7‘ @ E —SM Total E “_E,, e -
E Wwwjets g 3 [Wwwsiers 3 g Multi-jets ]
H(+X) & single top Lﬁ 102k 1i{+X) & single top a 1T} Wvisjets -
102k .zﬂal5 _ E .Z-jels E [ +X) & single top E
f Boioson 3 E Woiboson E Woiboson _;
I 10F E 3
L 1k - 3
E E 3 E
E Q0 25 O 25 T
% 5 o ,','I'. s ;
3 S 0.5 .“_iﬂ E—— S 0.5 S |E
ST 09030 3000 300400 S0 5007000 1500 2000 2500 3000 3500 4000 00500 7000 7500 2000 2500 2000 3500 4000
my,(incl.) [GeV] me(incl.) [GeV] myg(incl.) [GeV]

\
estimate\c

AEP09(2014)175 -

*MCs are before fit

SR from Run1 result

AT.LA; jL dt=203M"
SR-Zjmt ® Data 2012 ({5 =8 TaV)
—— M Tolal

-==gg m[ﬁ]:d?s,m[t':_g:dzs
- 9 miE)=1000,miz")=100
Multi-jets
B Vet
ti{+X) & single top
B zsjels
B Diboson

No excess !

m,q(incl.) [GeV]

JHEP09(2014)176 j
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Limit from Runl results

4 limit for m GMSB N 4 m, vs m, ;, plane exclusion limit )
0 TCNSB: Mo =250 TeV. N, =3, 1> 1
g n “Alimisatsswot | | MSUGRA/CMSSM: tan(B) = 30, A_= -2m, 1 > 0
3 1 = — T L rr LI B LA S S B (N B B
- ; = oo Boscted (*19.,) SgyaL 4 jets 4 ET5 ] > 1000 E : SRS b i at 957 G .
50 ! g == Opserved fi107,.7) ~ . a [ LsP " TT .- = = Expocted (#1a,_} ]
. : : : o ~ gpof- ATLAS 55 Comarved 4105 3
- s :5 | | | | ] £ L [s=8Tev, L="20f" - -Expecied  (0+1)-lepton combination ]
— 18 | 1 | | 1 — — ' ---Expacted  (V'1-lg Ab-ets + ETF ]
“F £ ' : ATLAS | o] 800 '- ; rens s
— I I 1 1 I 1 - - -
- ! ! 5=8Tev,L=20f6" ' 1 C ]
s0f | | | A oF E
- ; : | 2 g ]
- . | = = e 600F— —
20 l | l | - - -
- | | i ! I~ 5001 N b oot =
| [ I 1 1 il | 1 - = I b 1 -1
10— | ! | | | L B g = i ' L
~ ' | 1 | £ : | | i 4001 T —a ' I| [
R TEN I S S NI RIS R TRTEN NI I T T s IS N TR T R N [ R — - i S SR P S | ]
50 60 70 80 90 100 110 r B I | II I ' -
\ A ITEV]J 3005 7000 4000 5000 6000
m, [GeV]
- limit for NUHM \K -
NUHM model with gaugino mediation and v_ NLSP, m =0, m_=D, tan=10, u>0, A <0
< 900
4] -
S gsof- ATLAS »
& F (s=8Tev, L=20f"
BOOE= ) it at 35 oL p 7 ae0cay
750 ;— :mﬁ%} {0+1)-lepton Wllel'ﬂatiOI"l.
700 o L llIllIlIiis
650
600
550
500
4 ¢ x10°
200 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000

\ m3, [GeV?] j
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Simplified model interpretation 2

Multijets analysis is important for two-step decay model

q W
r AZ
q . -0 %
- \f. X3 X1
G & B -
> T NSRS I
r z
q W

N

limit for § two-step decay model limit for g two-step decay model
1000 B Production. & - QWZEs m(E) = (m@) + mE)/2: miE) = (m(E) + miE /2 1000 8 Producton. § qQWZF,: m(T)) = (M(@) + mE)2; mE) = (i) + mE,)/2
E g ! ! ! A\‘I limits at 95% (!L. I g g g I ‘ I Al :umuts at95% CL. I ‘ ;
. %0 ATLAS £2 B tetay) E =, 990 ATLAS =S iy E
- — Observed (+10° - C — rved (#1050 .
800F- (s=8Tev,L=20f" 7 oot O—I;;?:m +28je1s +E]F ] E 800 fs=8Tev,L=20f" . o E::;t:: [ :o:ﬁ'f:eplen combination |
700 - -Epeies SSBLajels +ER 3 700 e e e o “-Epocted Odopton = 7-10jots + £ ]
E E E : ---Expected  SS/3L + jets + ET” 3
600 ;_ 20" _; 600 ;_ o\“e-'@“'. E
_ o E C g 3
500 oeBh = 500 2 =
400F- . 3 400 3
300;— _i 300P =
200 = 200 X 3
100E L ] E.o0v s e ]
%00 800 900 100700 600 800 7000 7200 7260
m; [GeV] my [GeV]
\_ arXiv:1507.05525 )\ arXiv:1507.05525 /
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mMSUGRA/CMSSM interpretation

For the limit of mMSUGRA, O-lepton and 1-lepton searches are
combined

/ m, vs m, , plane exclusion limit \

MSUGRA/CMSSM: tan(f) = 30, A = -2my, p > 0

1000_% LT ' ] ) U alimisatesh oL

E—
" ATLAS 177 e ey -
4 — Czarved (21 0‘5"'."'1':' —

fs=8Tev, L=20f0" - - - Expacted .:ﬂ'm-lgpmn combination

800 ---Expacted  (V1-leplon + 3 bets + E] 0

700

600

500

400

SUD L L 1

1 I 1 1 L L I 1 i L L 1 I L 1 1 L I 1 1 1 L I 1 L lI 1
1000 2000 3000 4000 5000 6000
m, [GeV]

\ arXiv:1507.05525 /

— > my,;S 500 GeVis excluded for any scalar mass

(=]

(:j

»
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Reach with 1 lepton analysis

2/fb 5/fb Selections for SR
Ty oales e
# of lepton (pT>35 GeV) # of lepton (pT>35 GeV) ==

2"d jet pT (GeV) >200 15t jet pT (GeV) > 150

4™ jet pT ( GeV) >75 5t jet pT (GeV) > 100

5% jet pT (GeV) >25 mT(8,E,™s5)(GeV) >250
mT(€,E;m)(GeV) >350 ETmiss (GeV) >200
ETmiss (GeV) >200 m.¢ (with lepton)(GeV) > 1400

m« (with lepton)(GeV) > 1600
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Signal Region for 1-lepton analysis

<> Loose Signal Region only for small statistics

/ m; distribution in SR \
2 F 7T T ATLAS Preliminary —o— b 201 (fetatew)
3103 ATLAS PreI|T|naw% _— ru:m - )
3 JLdt:?B pb & ]
2 lepton (/) M e Selections for SR
D > "7 Diboson
m10* P single Top

= Variables | cutvalue
s=eees 10 % 1-slep, miG 7. )=

e lepton pT (GeV) >24
E,™ss (GeV) > 100
4t jet pT (GeV) > 30

10

i3

Data / SM
<
!
W
——
..

“

1 1 ]
400 500 600
m; [GeV]

\ ATL-PHYS-PU B-2015-029/

t Good agreement between
data and the background estimation
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Signal Region for multijets analysis

<> Loose Signal Region only for small statistics

4 Emiss [/H, distribution in SR A

T T T T T
ATLAS Preliminary « Data (Vs =13 TeV) j
. 72 pb™' 4% Total background

i

] Multijets (==6-jet data) 3 1
= it (o 3 Variables cutvalue
Wb+ jets -

HlZ vl +jets
I Single top

----- (1300,200) x 100 1 # Of |ept0n5 ==

==7jets p, > 50 GeV, n| <20 §
Njet(pT > 50 GeV) ==

Selections for SR

Events / 8 GeV'”

e =

[ QCD multijet events are estimated from 6 jet CR ]

ata / Prediction

D
7
NS
IS
[e2]
@

10 12 14 16_ 18 20
E?lss! ﬁ [GEVW]

\ ATL-PHYS-PU B-2015-030/

:> Good agreement between
data and the background estimation
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