OVERVIEW OF SEARCHES FORSTOP & SB ()TT()M
IN ATLAS

o [ SUSY at the Near Energy Frontier I

* K ok ok

> Sophio Pataraia
-)u 1l AN (Bergische Universitaet Wuppertal)

on behalf of the ATLAS collaboration

FAFTRIMII IV




Stop&sbottom searches at ATLAS
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Stop&sbottom searches at ATLAS

Introduction

O
SM - huge radiative corrections to Higgs
mass = high-levels of fine tunin
g g ? } ' 152" gen.
SUSY = corrections to the Higgs (soft) — Gluino squarks
mass are driven by the top/stops system,
Natural SUSY - low fine tuning:
average mass of two Stops in the =— Stop Left/Right, sbottom Left
sub-TeV range |
at least one light Sbottom (part of | .
he LH Itinl —= 3 light Higgsinos:
the multiplet) — Neutralino-1,2, Chargino-1
‘ Higgs
___u___Q___u___ Decreasing Relevance for fine-tuning
Plot from ].List talk on natural SUSY
47

- - —_——————

Light 3rd generation (<1TeV) preferred by naturalness.
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Stop&sbottom searches at ATLAS

3rd gen. squark searches

Simplified models:

~ Decoupled sparticle spectra, particles of no interest considered very massive,
Isolated single production and decay mode

~ Decay BR are assumed to be 100% into a selected mode
Sophio Pataraia, SUSY at NEF, 11th November 2013



3 =% //E 8 2
%7 - SM BG esumation

Irreducible BG f BG modelis |
dominant: normalized validated
to data in CR, MC . ; "
transfer factors for SR Validation

SM processes sub-dominant: MC check BG

Top,V, VV,VVV, estimation in VR

o : ’ designed to be
close to SR

Stop&sbottom searches at ATLAS

ttV, multijet ReducibleBG

data driven: matrix
method, jet smearing.

Light 3rd generation = very SM like
Direct production cross section small = need precise measurements of SM tails

Notations: Standard Model - SM, Background - BG, Monte Carlo - MC, Control
Region - CR,Validation Region -VR, Signal Region - SR, Transfer Factor - TF.

3] |
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Stop&sbottom searches at ATLAS

&

Systematics & Combined fit

&

Detector systematics: Ly Systemalic
* Jet Energy Scale (JES) ¥ Data/MC ¢} ’ %
* Jet Energy Resolution (JER)  §normalization} =

e Y statistics

* b-tagging uncertainties

* Lepton ID, energy scale & resolution

* Missing Transverse Energy soft
component

* Trigger: scale factor uncertainties

* Luminosity uncertainty

* Pileup

contaminatio)n

CR Closeness to signal region

multiple SRs per

analysis

3! 1.if SRs overlap

1 use one with best

§ expected sensitivity,

& 2. if SRs are orthogonal
4§ do statistical combination.

BG MC modeling uncertainties: §
generator choice, PDF renormalisation §

and factorization scales, parton shower, "
ISR/FSR. i

¥ Exclusion fit,
;; CL59 P09 Nesw $

Signhal systematics:

* ISR/FSR; parton shower, PDF
renormalisation and factorization scales
and strong coupling (&_s) uncertainty.
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Stop&sbottom searches at ATLAS

Sbottom searches

4 0 leptons + 2 b-jets + Etmiss - 1308.2631, JHEP
4 0-1 leptons + >=3 b-jets + Etmiss - ATLAS-CONF-2013-061
4 2 same-sign leptons + 0-3 b-jets + Etmiss - ATLAS-CONF-2013-007

Sophio Pataraia, SUSY at NEF, 11th November 2013




Stop&sbottom searches at ATLAS

&

Events / 25 GeV

Data / SM

1308.2631, JHEP 10, 189

OL+2b+ Etmass (1)

&
Selection: Etmiss, 2b jets, lepton veto.
Main backgrounds: Z(vv)+b jets, W+b jets, tt.
mer (v1,v2) = [ET(U1>+ET<”2>]2‘2 Contransverse mass (mc) end point for tt ~135GeV
[pr(v1) — pr(ve)] ‘ mQ(B) —m2 () "
o and for Signal mgF = ——=l
Hrs =) (o) m(b)
1=4
é |56 | o wwwwons 1 SRA - Large Am( 51,55?)
5 L o= 1 Etmiss > 150 GeV, mCT >150 to 350
g p | GeV, mbb > 200GeV, 3rd jet veto.

SRB - small Am ( b, , X1)
anti-b tagged ISR jet, HT,3 < 50GeV,
Etmiss > 250GeV.

Data/SM

I P IR W S i iiritnd
0 50 100 150 200 250 300 350 400 450 500
m., [GeV]
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Stop&sbottom searches at ATLAS

Sbottom pair production, 6, - b i?

O
Bonus

Direct Stop sensitivity for small

Am( Zli,Z? )1 ;1

| g 600 | | B T LR 1
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Sbottom masses up to 620 GeV are
excluded at 95% CL for mLSP< 120 GeV.
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stop masses up to 580 GeV (440 GeV) are excluded for
Am(Z;, 70)=5 GeV (20 GeV) and for mLSP= 100 GeV.
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Stop&sbottom searches at ATLAS

&

data / exp
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IL Selection: >=6jets, Etmiss > |75 to 275GeV,

mT (lepton, ETMiss )>140 to160GeV, meff>700 to 900GeV.

OL Selection: >=4//jets, Etmiss > 200 to 350GeYV,
meff>1000 to 1500GeV.

Main Backgrounds: tt+HF(prompt/fake), fake HF
estimated with matrix method.

Multiple SRs - best expected limit is used per signal,

Statistical combination - 0 and | lepton SRs.

>
ATLAS Preliminary ® (w2013 8
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ATLAS-CONF-2013-061

- 0-1L+>=3b+ Etmiss

@

=

me (k) = Y _(PF)i + EF** (+pT(lep))*
=

k=4 for mJ. * |L SR

k=all jets for m.!

This analysis is driving the gluino-
mediated stop/sbottom sensitivity, for
more details see talk by J. Thompson.

b b producnon b » D+ y
- ATLAS Preliminary
- 0and 1 lepton + 3 b-jets channels

£ m(%, )= 60 GeV

-l 0
. l“ -+ h+ 'I"

L™ «20.1f0", 1548 TeV
- Expected limit £10,,,

— Observed limit + 1 GM'

All limits at 95% CL
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800

Sbottom masses between 320 and 600 GeV

are excluded for mLSP =
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Stop&sbottom searches at ATLAS

Entries / 300 GeV

Data/ Exp

HELLY 4
b=

~

N
i

\.
e300

Ob Selection: b-jet veto, >=3jets, Etmiss > 150GeV, mT>100GeV.
Ib Selection: >= |b-jet, >=3jets, Etmiss > |50GeV, mT>100GeV.
Binned shape fit in the meff(>300GeV) distribution for 0/1b
selection.

3b Selection: >=3 b-jets, >=5 jets, Etmiss< 150GeV or
mT<100GeV orthogonal to 0/1b selection.

Main Backgrounds: ttV, VV+jets, BG with fake leptons
estimated with fully data driven methods.
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ATLAS-CONF-2013-007

27 2 2(5S)L+0-3b+ Etmass
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bb production, t;fa %, m-j:/.f"l = 60 GeV

T 1\ 1 !
600 . ATLAS Preliminary - "::
[ Ldt=2071", 15=8 TeV 18
B 19
2 same-charge leptens + jets q %
500 — Observed mit (+10, ) — 8
| === Expected limit (+10_) 1=
3leplons, = 4 jets, 13.00b', \s5=8TeV §
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400 2
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sbottom masses of 470-480 GeV
are excluded with 95% CL for
chargino masses below 280 GeV.
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Stop&sbottom searches at ATLAS

&

4 0 leptons + mono-jet/c-jets + Etmiss -

ATLAS-CONF-2013-068

4 0 lepton + 6 (2 b-)jets + Etmiss
- ATLAS-CONF-2013-024

4 1 lepton + 4(1b/2b)jets + Etmiss
- ATLAS-CONF-2013-037

4 2 leptons (+ jets) + Etmiss

- ATLAS-CONF-2013-048

4 2 leptons + (b)jets + Etmiss

- ATLAS-CONF-2013-065

4+ Z(11)+1+bjets+Etmiss

ATLAS-CONF-2013-025 >

‘jt

Sophio Pataraia, SUSY at NEF, 11th November 2013
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Stop&sbottom searches at ATLAS
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(@ c-jet/ monojet like+ Etmiss

Monojet-like selection: <=3jets, | st jet
pT>280GeV, Etmiss>220GeV.

Charm-tag selection: >=4 jets, b veto for
2nd and 3rd jets, 4th jet c-tagged, Ist jet
pT>270GeV (ISR), Etmiss > 410GeV.

Main Backgrounds: V+jets, VV.

ATLAS Preliminary o Data 2012

Lt =203 15=8TeV Standard Model

: B W o1 v)eets
B tf (+X) + single top

N B Z( vy ) ejets
il -3 W Z( W) sjets E
E B dibosons E
: -« L") = (200,195) GeV
M(t.:‘) (200,125) GaV

Events / 50 GeV
5

R

.....
///////

Data / SM
M M
Qn

7 2
- 0
e
T T T T T
’ ' !
-
s
" i ! { 7
; w 7
> AR o AW Xk A A SIS -
PR i Sl SR, R S e
o el Ll Ll Al Y 7
¢/
. Vs
- i
[ T e

200 300 -300 500 600 700 800 900 1000

Leading jet p_[GeV]

Sophio Pataraia, SUSY at NEF, 11th November 2013

Events / 50 GeV

Data / SM

T —

ATLAS Prelminary * - Data 2012 -
[Ldta203 15 15=BTOV o Wi v} olets
Nt (eX) single lop
B Z( v ) efets
B Z( M) sjets
BN dibosons
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oS T - - - m(l3") = (200,195) GeV

& m(ly,) = (200,125) GeV
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ATLAS-CONF-2013-068
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t, t, production, t, - c+ %

1
;‘ 350 I ' L3 ]' T T T T ] T ‘i ' ' l’ T T T T
3 - ATLAS Preliminary |Ldt-203f", \s-8 TeV 1
= [ Charm-tagged + Monojet-like selection ]
e 300

Observed limit (+10,.")
— Expocted limit (t10,)

250 |- LEP (6= 0°) -

CDF (267

All limits a1 95% CL

200

150 -

100

0 A | ' A A L A 1 1
100 150 200 250 300 350
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Stdp mass of 200 GeV is excluded at 95%
CL for m(Stop)-m(LSP) < 85 GeV.

Stop masses up to 230 GeV are excluded
for a LSP mass of 200 GeV.
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Stop&sbottom searches at ATLAS

ATLAS-CONF-2013-024

" OL+6 (2b-)jets+ Etmiss

@ | | | . <O
>> 4

Selection: >=6jets, >=2b jets, Etmiss > 200 to
350GeV, mT(b-jet,Etmiss) >175GeV, tau veto.

Full reconstruction of hadronic tt system (3 closest
jets in 11 — ¢ plane), 2 top candidates

with 80 < m(jjj) < 270 GeV.

Analysis is insensitive to Stop polarization (L/R).

The sensitivity as a function of the BR,
assumes the other decay mode is
invisible -> conservative.

11, production,t, - 13°

pu— S00 ~ -
a ol ATLAS Prenmituary R 1005
€% aook ILdt =2051b ,15=8 TeV —BR=78%
° . - 60 % -
Main Backgrounds: tt, Z+jets, {tV. ‘ = A hadronic channe e
350/~ Observed Excluded Branching Ratio at 95% CL
° 4 300
O o :
8 8 o0 —
%’ 2 200
@ @
& it 150E 0.82 073
100F :‘.,_.o:“i.i':'-c;ux.--'&;a 0.68 ‘l"‘p.n
50 oe.s 062 041 067 065 o“:ln
E | o5 oxs. ash . asz es .ols :
%00 300 400 500 600 700 800
m. [GeV)
2 s G s A a4 Stop masses between 320 and 660 GeV are
3 osp- e AT B s S 7 L tda
} ’ 100 150 200 299 00 30 400 4% _n,z.; : 855 o0 Ti%i) ’ 0 400 ‘ eXCIUded at 95% CL for a' nearly maSSIeSS

m,(b.ET™) (GoV]

fren LSP (BR=100%).
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Stop&sbottom searches at ATLAS

Events

Data/SM
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Selection: >= 4jets, >=1b/2b-jets, mT >120 to 200
GeV, 130 < m(jjj) < 205 GeV, Etmiss >100 to 275GeV,

amT2>170 to 200 GeV, mT2_tau>80 GeV.

2D binned shape fit: mT [60-140-]GeV and
Etmiss [100-150-] GeV.

Main Backgrounds: tt, ttV, V+jets.

: . . " 1 > ~2phiaaee T —
- ATLAS p"}"”" nary —e— Data 201 8 ATLAS Preliminary .
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ATLAS-CONF-2013-037
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Stop&sbottom searches at ATLAS

/ »
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+4.(1b-)jets+ Etmass (11)

11, production, t,—=t

L1, production, f,— t . m . = 50 GeV < 400 T I T T OO P I L To—
—_—107 . o L _ e—— Observed kmit (=1 )
:g-_ ATLAS Prellmlnary 247\, pair prod. cross secion g 3500— ATLAS PfO"m'"aW — - Expected limit (=1 "1‘"-&“] =
o I 1 3 = expecied kmit (mostly siop-rght) E"\‘ 1-4 s Expected limit (HCP12)
1 20.7 e — pboerved hmt imostly slop-ngh P ’”'O"*MS*E ; 5
102l J Ldt«20.7 b 12«8 TeV observed | wostly slop-right y Al limits at 95% CL
= oxpecied imil (purely stop-left) 300+ —
: m™ss cbhaerved 2 iourely stonleft Ll3{=20,7'b|\5=5TOV
- 1-Iepton +f¢'$ +E cbaerved imt {purely stop-left) f ...
' ' - 2D-Shape fit sensitivity
L] & All limits at 95% CL NG 2
=
200 b
150 ]
100 int
50
Y,
/}//,}////7 -
" 800
103t | 1 ! | !
0 300 400 500 600 700 m. [GeV]
m- [GeV]

Baseline Stop signal model - mostly stop-right handed,
comparing results with purely stop-left handed

(LSP=50GeV) gives drop of the sensitivity (~75GeV).
= lepton kinematics depends on Top polarization.

Stop masses are excluded between 200 GeV
and 610 GeV for massless LSPs.

# The sensitivity as a function of the BR (grey
numbers), assumes the other decay mode is
invisible =conservative.

Sophio Pataraia, SUSY at NEF, 11th November 2013

Numbers give 95% CL excluded model BR
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Stop&sbottom searches at ATLAS

21 +(b)jets+ Etmiss (1)

&

ATLAS-CONF-2013-048/065

e

¥

'Iepton mT?2 selection:

mT2(l,l,Etmiss )>90 to |20 GeV, 0/>=2jets,
Main Backgrounds: tt,Wt, Z+jets.

' hadronic mT2 selection:
==2b jets, mT2(l,l,Etmiss )<90 GeV,
mT2(b,b,|1+I+Etmiss )>160GeV.

Data/MC

mr2(Pr, Prs ) =

4r+q7=qr

' ' A |
10 i . ata 2013 -!1
Ldt~203 M1 A4 SM Background =3
- ) 2 1
10 s -
(a) same flavour (== -
(=N =
10° s -
= =
- -4
10 - "

R o |

2 > 7/'
1.5
¢ 70000»“"%‘«“00”9"%&(% %// // //2//////%///3

0 aaa(/
0 20 40 60 80 100 20 14 160 18 200

m,, [GeV]

mT2(l,l,EtMiss ) bounded by W mass

fo

r WW, Wi, tt

min {max[ mT(P%, q%), mT(P%, qur) ]}

Main Backgrounds: tt.

5 10 ’ fTLASPrr: minary P ' - ] t]_
S 107|203 £ Zejet ! o
B gl G A
c 10 B wv ]
- _E ISR ' ] - i
w 10° & E _‘
= 1 W

: =0

'! X1

1

| Leptonic mT2 Hadronic mT2
o = “7%77 analysis targeting analysis targeting
2 =3 ﬁ.; ......... t“ . large chargino large stop chargino
8 % w777 I | neutralino mass  mass splitting.
0 50 100 150 -JL ...:-U JL.J 350 400

m(Gev  splitting.
mT2(b,b,I+|+Etmiss ) bounded
by top mass for tt
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Stop&sbottom searches at ATLAS

&

21 +(b)jets+ Etmass (11)

s F 'ATLAS Preliminary miy - m; A 5 EATLAS Prokiminary eh-raw © | o 1 3 [ ATLAS Preliminary miy-xoaev | ]
14 a) 6\9 ]
1 B 15( &
1 -
10(

' 5 L'eptonic mT2 analysis

N T S - A
150 200 250 300 350 400 450 500 550 100 120 140 160 180 200 220 240 260 280

a) For m(Stop) — m(LSP) = 90/130/160 GeV Stop mass lower than 155/220/200 GeV are
excluded.

b) Stop mass between 150 and 442 GeV is excluded at 95% CL for a neutralino with a mass
of 1 GeV and and approximately degenerate chargino and stop masses.

c) Chargino masses between 100 and 150 GeV are excluded for a 50 GeV neutralino ahd
300 GeV stop.

Sophio Pataraia, SUSY at NEF, 11th November 2013 18



Stop&sbottom searches at ATLAS

&

Events / 40 GeV

SM

SSNESNTS ATLAS-CONF-2013-025

0 Z+(1b-)jets+Eumiss

7« '

. ()—-1.

@

Stop2 interpretation done

2L Selection: ==2L (SFOS), Z reconstruction, (3,4,>5) jets, ~,_"ien 3k analysis.
Ib jet, Etmiss >160 GeV to 200 GeV. :

%- 4%. : — Observed bmit (=1ogsr)
© ool ATLAS Preliminary
g |

««s= Expected imit {10,)

350l | Let=207 ', \J5=8 Tev

3L Selection: >=3L, Z reconstruction, >= 5jets, |b jet, LM ee
Etmiss > 60 GeV. -

250
2()(};
Main Backgrounds: 2L SR - tt, 3L SR- ttV, VYV, fake lepton 150
- estimated with matrix method. . 100
ATLAS Presminary .o Dumon(Beeny 3 m; (GeV)
10° IL dt=207 " 2-depion SR2L2 gc,.( '8:;.“ i
miiy Wraee | f Stop2 mass 530 GeV and
’ E neutralino mass 245 GeV are
o excluded with 95% CL.
This analysis provides Stopl
3 . interpretations in natural
2, 2% i S SS \\NNSSSSS GMSB, for more details see

0 50 100 150 200 250 300 3% E'; ﬁ(’»{«)ﬁ p] . 2522"‘160'-'1 talk by Andy H aas.
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Stop&sbottom searches at ATLAS

: Stop =top+LSP

Lot production, U2ttt}

Stop up to 660 GeV for massless LSP and

LSP up to 250 GeV for Stop around 500
GeV are excluded.

%. . Rt — Observed bmit (=1og0r)
gw‘t()(); ATLAS Prellmlnary ------ Expected dmit {¢10,,.)
e | .
~ o~ ~ ~ ~ ! Lat=20.7f , \'s=8 TeV MS
t{, production, t,> %, /> Wb ¥, /t->c¥X, Status: SUSY 2013 350, / W
;‘ 7] ] L B A ] L L ] L B B ] L B ] L B B I —
8 a00-ATLAS Preliminary L, =20-21f5"\s=8TeV L, =47 " 15=7 TeV_] f
'_c;;.. - OL L t%, 0L CONF-2013-024 OL [1208.1447) -
= - WLty 1L CONF-2013-037 1L [1208.2590) - :
350 — WLty 2L CONF-2013.065 2L [1209.4186) 7 f
- EE2LI-oWbE , 2LCONF2013.048 -
. B8 OL mono-jet/c-tag.t,» C¥, oL mono-jetictag CONF-2013-068 d ;
300 | COF 2.6 fb" [1203.4171) - 50
~ = Observed limits ---- Expected limits _ T oo y — bt
250 —_ All limits at 95% CL ] m (GeV)
C & .
200/ - Many Signatures considered =
150 1 addressing all corners of Stop LSP plane.
- N

200 300 400 500 600 700

m; [GeV] Warning: simplified models with 100% BR.
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Stop&sbottom searches at ATLAS
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3 mass parameters: Stop, lightest chargino
and neutralino masses.

2 dimensional slices to quantify the exclusion
limits on these parameters:

a) small Am(')"('f, )?(1)) =5, 20 GeV

b) fixed Chargino mass, 106, 150 GeV

c) m(¢E) = 2m(p)

d) small Am( 7, ,'~1—f) =10 GeV

e) fixed Stop mass 300 GeV.
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Stop&sbottom searches at ATLAS

1310.6584, PRD

Long-lived R-hadrons (I)

& &

long-lived squarks forming R-hadrons with sizable lifetime = large out-of-time energy
deposits in the calorimeter with minimal additional detector activity.

§ R-hadrons produced in filled LHC §
f bunch slots and decay randomly,  §
 select decays in empty bunches  §
¥ Special low threshold calorimeter 3
i triggers (low BG). ?
§ Tight detector noise cleaning cuts §

Selection: <6 jets, 1stjetInl < 1.2, 1stjet pr> 100 to
300 GeV, Etmiss/pr(Jet1) > 0.5.

Main Background: cosmic and beam-halo muon -
fully data driven estimation.
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Stop&sbottom searches at ATLAS
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Combined data set:
22.9 fb-' collected at +/s=

9

—

and ~5.0 fb! at v/s= 7 TeV (201 |)

lived R-hadrons (11)

Analysis provides limits in terms of

IR the gluino, stop, or sbottom masses.
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Sbottom Lifetime [seconds]

800 GeV stop or sbottom, in the generic (Regge) R-hadron model is used as a reference for
the stopping fraction and reconstruction efficiency.
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Stop&sbottom searches at ATLAS

X K :
Y Conclusion

e ATLAS has very intensive Stop and Sbottom search program,
e Significant reach with LHC run-I data,

e | ong shutdown -> time for the R&D,

® More dedicated analyses to cover challenging kinematics,

¢ Increasing number of simplified and full models -> only discovery can
stop us. ‘ ‘

Sophio Pataraia, SUSY at NEF, 11th November 2013
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Stop&sbottom searches at ATLAS

Selection: == 2 jets, meff > 300GeV.

Multivariate analysis, /7 variables: Etmiss, m(ll), mT2(l,I,Etmiss ),
AP(ll), AB(I), Ap(Etmiss,lepl), Adp(jetl,lepl).

Main Backgrounds: tt, VV.

T T T T T T T T T T T T T T T T Y
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Stop&sbottom searches at ATLAS

Matrix method

&

fake lepton, or fake HF estimation

Define loose and tight (signal) object selections,

N (|OOS€)= N (lOOSG)rea|+ N (Ioose)fake

N(t'ght)= N(tight)real+N(tight)fake = &real N(loose)real + EfakeN(loose)fake
Ereal =N(tight)reaI/N(loose)real and Efake =N(tight)fake/N(Ioose)fake
N(tight)fake=(Efake/(Ereal - Efake)) it (Ereal N(|OOS€)-N(tIght))

} Fake lepton: :
§ Semi-leptonic decay of a b jet. |
§ Mis-reconstructed jets.

Photon conversions.

f Fake b jet:

t C, tau (hadronic decay

), light jets - mis-tagged as b jet. §
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Stop&sbottom searches at ATLAS

jetsmearing

Large fake Etmiss - jet mis-measurement
Select enriched multi jet events with low Etmiss,

Smear jet with response function - account both the effects of jet mis-
measurement and contributions from neutrinos and muons in jets from
heavy flavor decays.

Initial smearing function derived from MC, 2 data driven methods to modify
smearing function for the detector effects:

|) pT balance in di-jet events,

2) 3 jet events with Etmiss originating from one of the jet. @ et

MET =»

Sophio Pataraia, SUSY at NEF, 11th November 2013
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Stop&sbottom searches at ATLAS

Charm tagging

Multivariate algorithm provides 3 weights per jet:
Pu - light flavour and gluon jet, Pc - charm jet, Pb - b-jet,
Medium cuts on log(Pc/Pu) and log(Pc/Pb):

20% charm tag efficiency, b-jet/light-jet rejection factor 5/140.
Loose cuts on log(Pc/Pu) and log(Pc/Pb):

95% charm tag efficiency, b-jet rejection 1/2.
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