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Context

Super-symmetry Standard particles
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) Quarks . Leplons . Force particles

e Standard-Model extension
e Boson > fermion symmetry

e Provides dark matter candidate
(in RP conservative models)

e Solves the hierarchy problem

Why top squarks?
e "Natural" SUSY = m; ~ 1 TeV SUSY particles
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Context

Feynman diagram Transversal view
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Stop pair production
(1-lepton channel)

pp — tF — YO0 + ¢t
— XK+ W W
— %0 + bb + vy + qq
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Context
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e Study in the frame of simplified SUSY models (generic result)
e Production rate divided by 10 every ~ 200 GeV
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Selection

Looking for a needle in a haystack
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Selection

All events
(~10® pb)

~ "Relevant"

Looking for a needle in a haystack
About 1 signal event among 100 millions!
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Selection

pp — t* — DWW + X%
— 0+ qqbb + vex°x

>0 ()

detector

detector

[ jets
B leptons
B invisible
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Selection

pp — t* — DWW + X%
— 04+ qqbb + vex°x

>0 0

detector

detector

<~ missing transverse energy

(MET) 1 jets
Bl leptons
B invisible
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Selection

pp — tt* — BBWW 4+ xOx°
— {4+ qqbb + W)ZU)ZO

Selection

1 lepton (e/p)
e > 4 jets, > 1b-jet
MET > 100 GeV

second-lepton vetos
(isolated track, hadronic 7)

= signal-to-noise ratio increased to ~ 1 per 15000!
(good, but still not enough)

04/12/13 Alexandre Aubin



Context

Selection Background

Optimization Interpretation

Results



Backgrounds

e Other Standard-Model processes have similar final state

1-lepton #1 2-lepton {1 W+ jets
tt — bbqq + (v, it — bb+ Lrelyy W — i,

ISR jet

e Understanding these processes is crucial to spot and exploit
second-order differences
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Backgrounds

Need for precise background prediction

e Reliance on Standard-Model measurements

and Monte-Carlo generator
e Estimation and checks from the data

CcMS is=8TeV, [Ldt=1951"

6 7 8
Jet Multiplicity

Selection
ect 14 >2/
criteria
. Wjets
0 b-jet dominated )
y ) . tt - ff
=1b jet Signal region dominated
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Optimization

leptonic W

I-lepton tf
= bb+ (g

leptonic W

| [

Wlepmic = lepton + neutrino mass(W) ~ 80 GeV

Vy

ous -8V, [Lai- 195"

T T T T T
Preselection —e— Data

1ltop
ED s

[ Weets
re

The My variable
o Mp =mass({ + MET)

e try to exploit the leptonic W to
discriminate signal and
background

Entries / 30 GeV
_O;

[GeV]
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Optimization

leptonic W I-lepton £

> bb + (v

leptonic W

\ 7
MET

Wlepmic = lepton + neutrino mass(W) ~ 80 GeV

Vy

ous -8V, [Lai- 195"

T T T T T
Preselection —— Data
1ltop
ED s
[ Weets

re

| My > 120 GeV

Entries / 30 GeV
_O;

= signal-to-noise ratio increased to
~ 1 per 200!
(good, but can do better)

[GeV]
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Optimization

Use boosted decision tree

to combine variables into one

Variable 1

\Boosted Decision Tree

_—

Variable 2

Variable 3

Alexandre Aubin
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Optimization

Use boosted decision tree
to combine variables into one

e Split the (mz,mgo) space in

e Use ~ 6 different variables in different regions
the BDT
Variable Usage L gt
MET v 3 ool ‘ {omm=m,
MY, v = o
T2 & e
minA® v
HT]T?(IO \/
hadronic top x?2 on-shell ¢
leading b-tagged jet pr | off-shell ¢

200 300 400 500 600 700

m; [GeV]
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Optimization

e Split the (mz,mgo) space in

e Use ~ 6 different variables in different regions
the BDT

Variable Usage

MET v

MY v

minA® v

HTFE™ v

hadronic top x? on-shell ¢

leading b-tagged jet pr | off-shell ¢

m; [GeV]

= signal-to-noise ratio increased to 1 per 0.5 ~ 2!

..-\{,@
Ly
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Interpretation

At the end, what you measure is a number of event

model
with signal

probability

[

number of events

04/12/13 Alexandre Aubin 13



Interpretation

At the end, what you measure is a number of event

probability

model
with signal

number of events
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Interpretation

At the end, what you measure is a number of event
— what can you really say about the existence
or non-existence of the signal ?

=
>

what's seen
in data

probability

model
with signal

number of events

Not a trivial problem
Need use of statistical tools
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Results

{
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= no excess is observed
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Results

Excluded parameter space

cms Vs =8 TeV, [Ldt =19.5 fb"
L S I S I A
=== Observed (+15"**")
[ BDT analysis === Expected (+15)

T
c
S

=]
S
2
=
g
-
=}
o

500 600 700 800
m; [GeV]

Alexandre Aubin

102

10

G upper limit [pb]



04/12/13

Results

Alexandre Aubin



Results

o Other analysis providing complementary results
e Ongoing combination with 0¢ and 2¢ channels

e 14 TeV projections predicts 50 discovery potential up m; ~ 750-950
GeV

i~ . ~ ~0
t-t production, t—t¥, CMS Preliminary
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Conclusion

Hope you understand a bit better the different aspects of a
search at the LHC

Stop search : hot topic to search and constrain SUSY
So far, we probe stop masses up to ~ 650 GeV.

Now working on combination with 0-¢ and 2-¢ channels, + looking
forward to the 13-14 TeV.
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Conclusion

Hope you understand a bit better the different aspects of a
search at the LHC

Stop search : hot topic to search and constrain SUSY
So far, we probe stop masses up to ~ 650 GeV.

Now working on combination with 0-/ and 2-¢ channels, + looking
forward to the 13-14 TeV.

Thanks'!

Any questions?

Alexandre Aubin
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