Summer Students Program 2007 Valentina Ferrara

lrigger efficiency for

MK J110 0= WA | {

AVILTAS

NIVERSITA DEGLI STUDM

=Js
s

E



SM extremely successful at low energies but:

X no explanation for the gauge hierarchy stability
X no unification of the gauge symmetries couplings at high energy (Planck scale)

X no explanation for the existence of the dark matter

i

Need of a new physics at TeV scale!

TeV-Scale SUSY is an attractive extension of the SM and this has motivated
many searches for supersymmetric particles
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More about SUSY

SUSY is a symmetry between bosons and fermions, but it is :

> Not exact: particles and their superpartners not degenerate in mass

> Broken: superpartners not been observed...yet!

SUSY Models

MSSM : SUSY does not break spontaneously , 105 parameters!!

(m)SUGRA : SUSY broken in a hidden sector, breaking communicated via gravity,
S parameters:

mO m1/2 A0 tan3 sgnu = 1

GMSB : SUSY broken in a hidden sector but at much lower scale, breaking
communicated via gauge interaction
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R-Parity

* B and L violation possible in SUSY theories : weak-scale proton decay allowed!

R:(_ 1 )3(B—L)-I—ZS

Starting from an initial state involving ordinary particles, SUSY particles are
produced in pairs

i

unstable SUSY particles decay into lighter states to the stable LSP

Cosmological constraints: LSP must be weakly interacting and escapes detection

.

Thus, canonical signature for R-Parity conserving interactions is Missing Et
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SUSY searches at hadron machines

First step in searching SUSY is to look for deviations from the SM

SUSY cross section at LHC energies dominated by pairs of gluinos and squarks.

They decay directly or via cascades to at least two LSP.

Squarks, sleptons,
neutralinos
produced

down the cascade

missing E_

In most models:

=0 leptons
X, =LSP =stable P

Summer Students Program 2007 Valentina Ferrara



Typical SUSY signatures

multi leptons

Missing Et and High Pt jets are

Missing Et + High Pt Jets + b-jets > key for discovery of SUSY

T-jets

The contribution of the SM is considered to be relatively small : main background for
SUSY is typically SUSY itself

Once SUSY is discovered, one might want to reconstruct sparticles masses...
but no mass peak can be recostructed directly!

Strategy : pick out particular multi-body decay modes and detemine
combinations of masses by measuring the endpoints of the visible mass
distribution
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Exclusive measurements

The starting point of exclusive analyses is generally to reconstruct a specific
mode at the bottom of a decay chain

Many analyses involve decays of the second neutralino:

In the decays:

P
(o)

i
> 1

— X3 XI'T

X1 =XT

the endpoint of the dilepton mass distribution

measures . ~0 ~0
M(Xz)_M(X1>
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SU3 : Di-lepton Invariant Mass

@ Signal Sample ntuples made from fullsim AOD's used :

user.JelenaKrstic.SU3_jimmy_susy.merge.v12000605.SV_HPTV_12071

@ SU3 point is a benchmark scenario for SUSY for full simulation studies :

mO0 =100 GeV m1/2=300GeV A0=-300GeV tan(B)=6 sgn(u)=+ x-sec=18.59 pb

| Di-lepton Invariant Mass |

Events were selected to have : 807

s Missing Et > 100 GeV "t

60 -

Entries 2488

@ 2 opposite-sign leptons with 50
Pt > 20 GeV aw
snl<25 :
20
max iy ]‘42(E ) 2<~0) "
M"=M (X3)|1- > NIE) I- —=10131GeV I e e = e T
M*(X;) M*(1,) oo
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SU3 : Jets + leptons

The X,—1"I"=>X)I"I" decays come primarily from: g—X)ggq

Additional requirement :

g 803— Mean 8.311e+05
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eoi—
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djet distributions with selected events

® Trigger decision is based on different algorithms (uses only fragments of the
detector information

If (PassedL2_2j120 != 0 && PassedEF_2j120 !=0) {
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} = Good agreement with previous ones
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Trigger efficiency vs jet multiplicity
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Efficiency decreases with increasing multiplicity and trigger level
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L1 Trigger
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L2 Trigger
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eff

eff
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SU3 : Missing Et Recostruction

@ Comparing Missing Et from reconstruction and MC Truth : shift observed
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% From Di-Lepton mass distribution : Tools used (data Ntuples + Sframe) are
consistent and can be used for further studies toward SUSY understanding

% From Di-Jet-Lepton mass distribution : jet algorithms and trigger recostruction
OK!

*From 4-jets channels : need of a narrower study to find more precise cuts to be
implemented as a trigger for selection of SUSY events in future

*From Reconstructed Missing Et : need of further investigation and correction!

Thanks {1}
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