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2 Some SM unsolved questions:
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¥ Higgs boson mass (loop corrections)

X Hierarchy problem
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The ATLAS detector
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Main Objective of the work

2 Replicate the same
analysis described in the

reference article, using:

® Signal (SUSY) and
background (SM) MC
samples (only!) with:
Vs=14TeV
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Main Objective of the work

2 Replicate the same
analysis described in the

reference article, using:

® Signal (SUSY) and
background (SM) MC
samples (only!) with:
Vs=14TeV
[ L£dt =300 fb*

= Then try to optimize the
signal-to-background ratio...

'G3

308,

EUROPEAM ORGANISATION FOR MUCLEAR RESEARCH (CERN)

o]

CERN-PH-EP-2013-119

Submitiad to: JHEP

Search for direct third-generation squark pair production in final
states with missing transverse momentum and two b-jets in
v/ 8 = 8 TeV pp collisions with the ATLAS detector.

The ATLAS Collaboration

Abstract

Tha rasults ol a search jor pair produc bon of suparsymmetnc parinars ol the Standard Madal thind-
ganaration quarks ara raporlad. This search uses 20.1 b~ of pp collisions at /s = & TaV callected
by tha ATLAS axpanmant al tha Large Hadron Callider. Tha lightast bottom and tap squarks (b, and
t, raspactivaly) ara saarched for in a final state with large missing transvarsa momeanium and two jets
danthad as originating from bquarks. Mo excass of evanls above the axpacted leval af Standard
Modal background is tound. Tha rasulls ara usad 1o sal uppar mits an tha visible cross saction lor
procasseas bayond the Standard Modal. Exclusion limits at tha 95% confidance leval on the massas
al tha third-ganaration squarks ara darived in phanomanalogical suparsymmaliric F-panly-consarving
madals in which athar the boftom or tha top squark is the lighlest squark. The b, is assumead 1o dacay
viah, — hyt'and that, viar » by r, with undelactable produets af the subsaquant dacay ol tha
dua to tha small mass spliffing batwaan tha v and tha Y.




Signal Optimization

2 Apply different cuts to the MC generated samples in order to

maximize the sensitivity and, hence, test the “background-only

hypothesis”



Signal Optimization

2 Apply different cuts to the MC generated samples in order to

maximize the sensitivity and, hence, test the “background-only

hypothesis”

B ) S
s\ \/B+(aB)?

SZO‘S-,C-ES B:ZBZ-:ZO'B%.-,C-&“B?;

SEis (mgl, m%&)) Os — 08 (m'gl)

2 Search for sensitivity regions in the sbottom-nautralino masses

plane, considering statistical (and systematical) fluctuations in the
SM background.



Signal Optimization
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maximize the sensitivity and, hence, test the “background-only

hypothesis”

B ) S
s\ \/B+(aB)?

SZO‘S-,C-ES B:ZBZ-:ZO'B%.-,C-&“B?;
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2 Search for sensitivity regions in the sbottom-nautralino masses

plane, considering statistical (and systematical) fluctuations in the
SM background.

2 Verify the signal-background compatibility for each set of cuts.
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Selection cuts (article)

Description

Signal Regions

SRA

SRB

Lepton Veto

if pr(eor u) > 6 GeV

Lm? 55

> 150GeV

> 250GeV

15 jet pr(j;

> 130GeV

> 150 GeV

gnd - jet pr(Jja2

> bh0GeV

> 30GeV

veto if > 50 GeV

> 30GeV

)
)
37 jet pr(js)
Ad (P, 1)

> 2.5

leading 2 jets

Qﬂd

and 3" leading jets

b-tagging (pr > 50 GeV, |n| < 2.5) (pr > 30 GeV, |n| < 2.5)
Np—jets — 2
AdDmin > 0.4
Emiss I (k) Emiss Img1(2) > 0.25 Emiss fme1(3) > 0.25
e > 150 (200, 250, 300, 350) GeV -
Hr 3 - < 50 GeV
mMpb > 200 GeV -
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With the article's cuts
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SRA signal optimization
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SRB signal optimization
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Variables correlation and optimization

Signal (SRA)
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Variables correlation and optimization

Signal (SRA) SM background (SRA)
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After 1°T optimization
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Summary

2 Worked only with MC samples
2 Replicate the analysis performed using 8 TeV datasets. Then, try

to optimize the selections for the new energy (14 TeV) and
integrated luminosity (300 fb)

RESULTS:
2 At first, no significant sensitivity has been observed (3g < 5)

> After the 1°' optimization, increased sensitivity in both SRA and
SRB

> After the scan on m,, , the sensitivity generally increased in SRA

Cc1T?

and reduced on SRB
> With m . > 350, 550 GeV, sensitivity increased substantially on

~~

signal points with high m(b1) and low m(X}) (large mass
splitting)
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Final remarks

2 Obtained some informations about possible sensitivity in

the signal plane

2 No reference are about 95% CL exclusion limits. These

needs:
® Real data
e Other statistical techniques (i.e.: CL, upper limits)

2 It may be possible to find sbottom quark with good
sensitivity, if it has a large mass splitting (SRA)

2 Further optimizations needed in SRB



Thank you for

the attention
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Introduction: SM Issues

2 Hierarchy Problem: large discrepancy between

physics at E-W scale and gravity/Planck(M,) scale

2 Higgs mass loop corrections too large
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> MSSM (Minimal Supersymmetric Standard Model):

minimal extension of the SM, with the lowest

number of new particles and interactions, allowed by

phenomenology.

2> R-Parity (P,) or Matter Parity (P,,): symmetries

added in MSSM, that restricts the allowed values of
the leptonic (L) and baryonic (B) number.

PM s~ (_1)3(B—L) PR $" (_1>3(B—L)—|—25

(where s is the spin) equivalent in any interaction.

(PR =1 SM particles+higgs bosons

He= -1 MSSM partzcles+hzggsznos |
y || - L ol N / <l
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If P, is conserved in every MSSM interaction:

® The lightest sparticle (P = —1) or LSP, is stable
(cannot decay into SM particles, since it would

violate P,). If it's electrically neutral, it can be a

candidate for non-baryonic Dark Matter!
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Introduction: SUper SYmmetry (SUSY)

If P, is conserved in every MSSM interaction:

® The lightest sparticle (P = —1) or LSP, is stable

(cannot decay into SM particles, since it would

violate P,). If it's electrically neutral, it can be a

candidate for non-baryonic Dark Matter!

® Fach non-LSP MSSM particle must eventually
decay into a final state with an odd number of
LSP (usually one).

® In collider experiments (i.e. LHC), sparticles are

always produced in even numbers (usually in

airs).
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2 To solve the hierarchy problem, each superpartner
must have the same mass. MSSM must be a broken

symmetry, otherwise MSSM would have been

already discovered. There are different models of

SUSY breaking (i.e. GMSB, MSUGRA, etc...)




Introduction: SUper SYmmetry (SUSY)

2 To solve the hierarchy problem, each superpartner
must have the same mass. MSSM must be a broken
symmetry, otherwise MSSM would have been

already discovered. There are different models of

SUSY breaking (i.e. GMSB, MSUGRA, etc...)

2 There are some restrictions on the sparticles masses
and mixing parameters. However, there is still a
large number of free parameters in the theory.
Assumptions on MSSM particle mass-spectrum are

needed.
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Introduction: SUSY mass-spectra
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