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Motivation & Backgrounds

» Stop quark searches are a natural extension to inclusive SUSY
searches at the LHC.

Additional requirement of b-jets can give better sensitivity to these
signatures than the inclusive SUSY selection.

» The stop quark can be the lightest of the squarks
Can even be lighter than the top quark

» 3rd generation squark searches (%1,%2,b1_ strongest coupling fo the Higgs system )
GeV
are now also even more ol R Barbier.
strongly motivated by early 3 B. Pappadopulo
LHC results ol b 5
~TeV scale exclusion of light . - eMzat tree level)
squarks and gluinos narrows of &
down phase space for “natu ral @1,62,512 heavy enough (> g)to be ~ irrelevant )
SUSY”
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Stop production at the LHC

» The following production modes are

currently studied in ATLAS o i
SUSY analyses: AN

4

O,[pb]: pp — SUSY

/

VS =7 TeV

Gluino mediated stop production

Larger cross section - more suitable for _
first data i

- 900
If TeV gluinos are excluded stop pair Mavenge [GeV]
production a more interesting search

Stop pair production T
The focus of this talk
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Stop pair production

» A huge variety of possible final states, constrained kinematically

a) 2-body
mass iéeV]A ;

b) 3-bOC|)' . 1Th

stop — b x* = bW=* x°

400 200

stop > blVv

C) 4-bOC|)' 200 100 -
200 300 400 500
stop bff XO stop mass (GeV)

d) stop — t X° ]
b c/u b i - Y 1
+ W
a) X X b) v c)
f

» | will cover stop — t + X° (0-lepton channel) in this talk.
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Analysis Overview

» Signature stop — top + LSP in 0-lepton channel:
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Analysis Overview 8O L
» Signature stop — top + LSP in 0-lepton channel:
> 6 jets L T N

2 2 b-jets
Missing transverse energy (ET™')

TN
N

<
<
~

22 0
%3
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Analysis Overview

» Signature stop — top + LSP in 0-lepton channel:

> 6 i ¢ - t
Ve N
- ]etS Vs N

S
N

2 2 b-jets

Missing transverse energy (ET™)

» Analysis cuts:
jet + ET™ss trigger

22 0
3

veto events with loose leptons
2 6 jets pt > 130,30,...,30 GeV
2 2 b-jets pt > 30 GeV

Et™iss > |50 GeV

A (6], Er™ss) > 0.2
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Analysis Overview

» Signature stop — top + LSP in 0-lepton channel:
> 6 jets L T N
2 2 b-jets

' . O
Missing transverse energy (ET™*)

» Analysis cuts:
jet + ET™sS trigger
veto events with loose leptons
2 6 jets pt > 130,30;=30.GeV
2 2 b-jets pr > 30 GeV Driven by trigger
Et™iss > |50 GeV thresholds
A (6], Er™ss) > 0.2

22 0
3
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» Signature stop — top + LSP in 0-lepton channel:
2 6 jets AN
2 2 b-jets

Missing transverse energy (Et™')

» Analysis cuts:
jet + ET™sS trigger
veto events with loose leptons
2 6 jets pt > 130,30;=30.GeV
2 2 b-jets pr > 30 GeV Driven by trigger
Et™iss > |50 GeV thresholds
AP (6], ETiss) > 0.2 <=

22 0

QCD
background
rejection
\ S
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» Signature stop — top + LSP in 0-lepton channel:

> 6 ° 7 N t~
e N
= 0 Jets P <

S
N

2 2 b-jets

Missing transverse energy (Et™')

» Analysis cuts:
jet + ET™sS trigger
veto events with loose leptons
2 6 jets pt > 130,30;=30.GeV
2 2 b-jets pr > 30 GeV Driven by trigger
Et™iss > |50 GeV thresholds
A (6j, ETmiss) > 0.2 <

22 0
3

- ~ QCD

» Cut and count background
» Semi-data driven background estimation k rejection )
> Full 5 fb-! 201 | dataset used P
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Discriminating variable -

» Dominant background is leptonic top

pair production

Extra suppression needed for
sensitivity!

» Construct pseudo transverse mass
(mT) of top quark:
Assume pT(W) = Exmiss
— construct min[mT(b, ET™s)]

Endpoint at ~m¢op

. o
miss
min[mr(b,ET™'s)] D> & rea
> 1 03 E T T T T I T T T T I T T T T T T T T I T T T T §
8 = ATLAS Work In Progress Eltsf“gggtf' 3
o B E tTFH .
Al 2| tt+Vv |
e 107 0 155 E
) E @ single top =
= C W Z-+jets ]
[ o 3 W+jets —
L 10k CJacp _
g t450 X100 3
e E
107 I——
102
0 100 200 300 400 500
min| MT(b,EfT“‘SS) ] [GeV]
S 10"
‘é | ATLAS Work In Progress .
e other =]
L. | _
= i
a —
Q lep
L — 10%
qq I E
bq I 5
bec
- I I = 10-3
b b(W) -
PEETEE EEA TR ATATETE Lo by oo byw o a bww v bon v bow g a by vy
0 50 1 00 150 200 250 300 350 400 450 500

min( M (b W) ) [GeV]
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Discriminating variable - min[mr(b,Et™s)]

» Dominant background is leptonic top
pair production

Extra suppression needed for
sensitivity!

» Construct pseudo transverse mass
(mT) of top quark:
Assume pT(W) = Exmiss
— construct min[mT(b, ET™'s%)]

Endpoint at ~m¢op

» Tail dominated by b-jets coming from
heavy flavour W decay
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Reduce by requiring b-jets are well
separated (AR(b,b) > 1.0)

> 103 E T T T T I T T T T I T T T T T T T T I T T T T §
8 = ATLAS Work In Progress E?g:gtl_a' 3
o - C3JttFH —
QN 102 L =tT+V _
0 E ttbb 3
q_) - ingle t 3
¢t After AR(b,b) cut  Emsroewr 3
[ o 3 W+jets —
L 10L CJacp _
E 1450 X100 3
10 = =
102
0 100 200 300 400 500
min| MT(b,E;“SS) ] [GeV]
S 10"
‘é | ATLAS Work In Progres l
1 T
e other =]
.l U :
S (] -
3 ol 1
| i —E 102
qq 1 m
bq . 5
- | I i
) 1
- I 10-3
b b(W) B 1
bb ]
= 1
M ISP PSSP TAPATET W PO NSPETT PSP PATA AT IPATAAT A
0 50 100 150 200 250 300 350 400 450 500
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Leptonic top background estimation

102 g

» Semi-data driven technique using
leptonic control region (CR).

M th,signal
M Ctt_,control

N, top,signal = N, tt,control

» The ratio provides a transfer factor
(TF) to extrapolate from CR to SR.

» TF derived from MC but validated in
data by the CRs.

» Some systematic uncertainties
cancel in the TFE

Entries/20 GeV

102

Entries/20 GeV

Data/MC
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107" =

L L B B
ATLAS Work In Progress

—— O-lepton SR

—— 1-lepton CR

:

10°E
£ ATLAS Work In Progress

14 Josh McFayden

R

N IR I R N
100 200 300 400

500

min(MT(bW) ) [GeV]

1035. ——

—o—
=
.

| ==
]
[ |
=
=
—_—
— 1351
— 130

10

1-muon, 6-jet jet+MET
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Data/MC

QCD background estimation

» QCD background is expected to be very small in the signal regions.

But Monte Carlo is not sufficient to estimate this contribution.
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» We employ a data-driven estimation - Jet Smearing method

Smear jets in well reconstructed seed events to simulate detector
mismeasurement and generate pseudo data for QCD estimation.

Normalise in reverse Ad(6j, ET™%) control region.

10°
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Optimisation & Sensitiv
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»  Optimisation over the following E:ZZ_ T 150 METo TS
variables performed § | MMET>150 METsig>25 O
5350 :— MET>200 METsig>15
ETm'Ss E3002— B
ETmiss significance (METSIg) 2502_ ATLAS Work In Progress n
= ETmiSS/O.S\/HT 2002— | HENE
. miss 1502— H N HEBN
mln[mT(b’ Er )] 1002— H B EEEN
o sof- mm EEEE
» Based on Slgnlﬁcance: - mamm EEEE
% 100 200 300 400 500 600
S ] Mg, [GEV]
S = Signal
2 2
\/B _|_ AB ‘|‘ AS J B = Background %.4505 !5
LAB , AS = Systematic Uncertainty %400? [ 42
%350;— em |
E300;— ATLAS Work In Progress 000 021 %4 %0
C 3
» Three signal regions obtained: 20 EEEE %2_5
2001~ EEEREE
Ermiss > |50 GeV, METsig > 15 VGeV 1501 EEEEEE | |
Er™ss > 150 GeV, METsig > 25 VGeV toof- Ml |
. . 50:_ 192
Er™ss > 200 GeV, METsig > 15 VGeV . B EaEmEEEE
_ % 100 200 300 400 500 600 0
| minfmr(b, Er™)] > 210 GeV | M 61
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» Et™ss and METsig cuts enhance discriminating power of
min[mT(b, ET™%)]
» After all cuts the dominant backgrounds are
leptonic top pair
single top
top pair + X (X =W, Z, bb)

Entries/20 GeV

10°| Eymiss > | 50, METsig > 25 — R > 10° ErMiss > 200, METsig > 15 — T T

© ATLAS Work In Progress —r ] g " ATLAS Work In Progress SJasio .
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Summary

» There is currently significant focus on stop searches
at the LHC from a theoretical perspective.

Results have wider consequences for SUSY.

» Good sensitivity can be obtained with 201 | data in a
very challenging search.

» Results expected soon!
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http://cp3-origins.dk/a/4276
http://cp3-origins.dk/a/4276

Back-ups
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ATLAS gluino mediated stop limits

= 10°
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SR MC - Breakdown

22

ttbar MC@NLO
ttbar Alpgen
ttbar fullHad
ttw

ttZ

ttbb
singletop
QCD

Zjets

Zbb

Wijets

Wbb

Wcc

MET > 150 METsig > 25 MET > 200 METsig > 15

0.509167
1.10031

0
0.0854538
0.347074
0.0216077
0.50644

© O O o o o

min[mT(b,MET)] > 210

13
0
16

(0]
N

©O O O o o o u
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3.83503
5.96082
0
0.238711
0.905239
0.130595
0.887495
0.000891234
0.333302
0.241242
0.578164
0.439396
0
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SR MC-only Systematics B Yt

» The dominant systematic uncertainties are the JES and b-tagging

-m-

9.405
MET > 150

METsig > 15

1.47
MET > 150

METsig > 25

7.59
MET > 200

METsig > 15
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DOWN

UP

DOWN

upP

DOWN

26.28

-22.25 -8.23 -2.53 -4.73
2.73 12.52 -1.62 10.96

-12.76 -11.97 1.71 -11.2

21.94 7.01 3.4 3.72

-26.49 -8.48 -3.24 -3.8
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Jet Smearing method
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Select low MET significance seed events with same no. of jets
Construct smearing function using a sample of simulated jet events.

Smear the momentum of jets in seed events selected in (1) using the
smearing function defined in (2).

Repeat Nsmear=500 times per seed event to randomly generate
configurations where MET comes from multiple fluctuating jets.

Once a large sample of pseudo-events is generated, these are passed
through the same analysis cuts as the data and the non-QCD MC to
give the QCD distribution of any variable of interest. Distributions
are normalised within a QCD enriched control region:

Reverse the A® cut
Drop the MET/NZET and AR(bb) cuts

Then subtracting the non-QCD component using the Monte Carlo.
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Top reconstruction

» Combine 2 b-jets and 4 other jets -
Attempt to reconstruct 2 tops

» Use X? kinematic fit to determine “best
combination” and reject backgrounds

full hadronic ttbar : QCD J6

» Contransverse mass of reconstructed top pairs - McT(t,t)

(JWC’T2 = (ET1 + ET2)2 - (pT1 - pTz)z)

McT(t,t) will be small for SM ttbar reconstructed top pairs (if well
reconstructed they should be back-to-back)

But large with an endpoint for signal
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