
Prospects for SUSY discoveryProspects for SUSY discoveryProspects for SUSY discovery Prospects for SUSY discovery 
based on inclusive searches based on inclusive searches 

with the ATLAS detector with the ATLAS detector 

A d V tA d V tAndrea VenturaAndrea Ventura
INFN Lecce INFN Lecce & & Physics Department,Physics Department, University of Salento University of Salento -- ItalyItaly

on behalf of theon behalf of the
ATLAS CollaborationATLAS Collaboration

DISCRETE '08DISCRETE '08

12/10/2008 A. Ventura – Prospects for SUSY discovery based on inclusive searches with the ATLAS detector 1

DISCRETE 08DISCRETE 08
Symposium on Prospects in the Physics of Discrete SymmetriesSymposium on Prospects in the Physics of Discrete Symmetries

12 December 2008, IFIC, Valencia, Spain12 December 2008, IFIC, Valencia, Spain



IntroductionIntroduction

• SUSY is expected to be one of the main topics of• SUSY is expected to be one of the main topics of 
New Physics at the ATLAS experiment at the LHC
– It is a promising extension of the Standard Model (SM)It is a promising extension of the Standard Model (SM)
– Solves the Higgs mass hierarchy problem
– If at TeV scale, it is to be discovered at the LHC,
– Can provide clear experimental evidence

Topics discussed here:• Topics discussed here:
– SUSY inclusive signatures with jets, leptons (e/μ) and 

missing energy in R-parity conserving (RPC) scenariosmissing energy in R-parity conserving (RPC) scenarios 
– Background estimations and control samples
– SUSY discovery potential with early data (∼1 fb-1)
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SUSY discovery potential with early data ( 1 fb )



The ATLAS experimentThe ATLAS experimentpp
• One of the two general purpose experiments at 

CERN’s Large Hadron Collider (LHC)

Length      : ~45 m 
Diameter  : ~25 m 
Weight      : ~ 7000 tons

# of scientists  : ~2000
# f# of institutes  : ~170 
# of countries  : ~40

First collisions 
in 2009
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SUSY production at the LHCSUSY production at the LHCpp
• At the LHC the MSSM cross sections are dominated by 

prod ction of sq ark and gl ino starting chains of SUSY statesproduction of squark and gluino starting chains of SUSY states
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Typical SUSY event topologyTypical SUSY event topologyyp p gyyp p gy
• High-pT jetsjets from squark/gluino decaysg pT jj q g y
• Large missing transverse energy METMET

from lightest SUSY particle (LSP)
• High-pT leptonsleptons (e/μ) from gaugino/sleptonHigh pT leptonsleptons (e/μ) from gaugino/slepton
• High-pT b-jets/ττ--jetsjets

(depending on model)

p

The least model-dependent 
SUSY signature is the 
search for events with
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the Left squark cascade decay qq
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ZeroZero--lepton mode searches lepton mode searches (1)(1)pp ( )( )
• Basic selection criteria [BSC]:

At l t 4 j t ith 50G V– At least 4 jets with pT>50GeV
– At least 1 jet with pT>100GeV
– Missing ET : MET > 100 GeV,       

MET > 0 2 M ffMET > 0.2 Meff
– Transverse sphericity ST > 0.2
– Δφ(jeti – MET) > 0.2 , i=1,2,3
– Effective mass: Meff > 800 GeVEffective mass: Meff  800 GeV

Meff = MET + Σ pT(jet)

• Additional requirements:• Additional requirements:
– No isolated e or μ with 

pT>20GeV
• SM background sources vsSM background sources vs. 

mSUGRA SUnSUn benchmark points
:

– Multi-jet QCD, W+jets, Z(→νν)+jets, 
ttb ith l t t id tifi d
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ttbar with lepton not identified or τ



ZeroZero--lepton mode searches lepton mode searches (2)(2)pp ( )( )
• Inclusive 2-jet and 3-jet final states:

Selection criteria:
– At least 2 (or 3) jets with pT>100GeV
– At least one jet with pT>150GeV

MET > 0 3 (0 25) M– MET > 0.3 (0.25) Meff
– Δφ(jeti – MET) > 0.2 , i=1,2,3
– Meff > 800 GeV
– No isolated e or μ with pT>20GeV

• PYTHIA generated W+jets and 
Z+jets background samples
SM b k d• SM background

– QCD, W+jets, Z(→νν)+jets and ttbar 
backgrounds all give comparable 
contributions

• Number of events from both 
signal and background are 
doubled compared to 4-jet 
analysis (except low mass SU4)
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analysis (except low-mass SU4)



OneOne--lepton mode searcheslepton mode searchespp
• 1-lepton rate similar to 0-lepton 

(l t l f
No requirements on Meff(leptons can also come from τ

decays of gauginos)
• Additional cuts to [BSC]:

q eff

– Exactly one isolated e or μ
with pT>20GeV

– No other leptons 
with p >10GeVwith pT>10GeV

– Transverse mass:
MT>100 GeV

Main backgro nd• Main background:
– W+jets
– ttbar semileptonic (or  

dil i i h ldileptonic with lepton   
missed or τ)

• Significance with 1 fb-1 is Zn > 5 for all mSUGRA SUn points 
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g n p
(except SU2)



DiDi--lepton mode search lepton mode search (1)(1)pp ( )( )
• Opposite sign leptons epp g p

– In SUSY can arise from 
neutralino decays, e.g.:

00 m± gn
ifi

ca
nc

e
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• Same cuts of [BSC] (except 

S
ig

those on ST and Meff) plus:
– Exactly two isolated e or μ

having opposite sign with

• Clean event signature
C i l f l i t di ( i SUSY t )

having opposite sign, with
pT>10GeV and |η|<2.5 , MET (GeV)

• Crucial for exclusive studies (or measuring SUSY parameters)
• Smaller yield than 0, 1 lepton modes
• Largest background: ννllbbtt →
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but also SUSY chains with leptonic decays of W or top.



DiDi--lepton mode search lepton mode search (2)(2)pp ( )( )
• Same sign leptonsg

– Common in SUSY as 
gluino is a self-conjugate 
M j f iMajorana sfermion

– Expected small rate in SM 

• Same cuts of [BSC] (except 
those on ST and Meff) plus:

Exactly two isolated e or μ– Exactly two isolated e or μ
having same sign, with
pT>10GeV and |η|<2.5

MET (GeV)

• Very clean event signature
• Small rates expected (10÷100 events/fb-1) but high S/B ratio
• Cuts strongly suppress SM background
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Cuts strongly suppress SM background
• Main background: ttbar. A possible control sample: XbXttt ++ →→ μ,, l



ThreeThree--lepton mode searchlepton mode searchpp
• 3 leptons + jet

(1) ≥ 3 isolated leptons pT>10GeV
(2) ≥ 1 jet with pT>200GeV

• 3 leptons + MET
(1) ≥ 3 isolated leptons with pT>10GeV
(2) ≥ 1 dilepton pair with M>20GeV(2) ≥ 1 dilepton pair with M>20GeV
(3) Lepton isolation: pT < 1 (2) GeV  for 

μ (e) in a cone R=0.2 around
(4) MET 30 G V

• Main background: WZ, Wγ*

(4) MET > 30 GeV
(5) Any dilepton pair with M<MZ – 10GeV

Main background: WZ, Wγ  
(suppressed requiring jet), γ*,J/ψ, 
conversion, b/c and Z decays 
(reduced by cuts on M and MET)

12/10/2008 A. Ventura – Prospects for SUSY discovery based on inclusive searches with the ATLAS detector 11

(reduced by cuts on M and MET)
• S/√B with 1 fb-1 from ∼3 to ∼100



Tau mode searchTau mode search

• Signatures with τ’sSignatures with τ s
– τ decays may be dominating 

in SUSY at tanβ>>1 
(e/μ/τ universality violated)

– Large fake rate expected 
from jetso jets

• Same cuts of [BSC] (except   
those on ST and Meff) plus:T eff

– No isolated e or μ with pT>10GeV 
– At least one τ with pT>40GeV and 

|η|<2 5 [“high p ” algorithm]

• Most favoured points: SU3 and SU6
• Purity of selected samples: ∼80%|η|<2.5  [“high pT” algorithm]

– MT>100GeV (using visible 
momentum of hardest τ and MET)

y p
• Main background: ttbar, W+jets, 

QCD. S/B ratio between 2 and 5.
• Systematics estimated around 20%
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• Systematics estimated around 20%



bb--jet mode searchjet mode searchjj
• Signatures with b’s

– Depending on SUSY parameters, 
signals can be rich of jets from b 
quarks (since b and t are lighter ∼ ∼q ( g
than the other squarks)

• Same cuts of [BSC] (except   
those on M ) plus:those on Meff) plus:

– At least two jets tagged as b-jets: 
pT>20GeV plus b-tagging cuts on 
vertex and impact parametervertex and impact parameter 

– Meff>600, 800 or 1000 GeV
• Background is mostly ttbar and QCD
• Light-jet rejection in b-tagging O(100)
• Some overlap wrt previous analyses
• Significance with 1 fb-1 is Zn>10 for
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Significance with 1 fb is Zn 10 for 
(syst. of 50% for QCD, 20% for W, Z, t)



Scans and optimizationsScans and optimizationspp
• The SUn points chosen for ATLAS are not representative of all 

possible RPC SUSY breaking modelspossible RPC SUSY-breaking models
• A fast parameterized simulation (ATLFAST) of the detector has 

been used to scan the allowed parameter space
– Cross sections: LO for signals, NLO for background (conservative)

• Grids under study (mt = 175 GeV):
– mSUGRA with fixed grid, tanβ=10, A0=0, μ>0: a grid of 25×25 pointsmSUGRA with fixed grid, tanβ 10, A0 0, μ 0: a grid of 25×25 points 

with m0 from 60 to 2940 GeV, m1/2 from 30 to 1470 GeV
– mSUGRA with fixed grid, tanβ=50, A0=0, μ<0: similar to above
– mSUGRA random grid with constraints: points chosen inmSUGRA random grid with constraints: points chosen in 

{0<m0<2TeV, 0.5<m1/2<1.3TeV, -0.34<A0<2.4TeV, 39<tanβ<55} ∪
{1<m0<3TeV, m1/2<0.5TeV, -2<A0<2TeV, 20<tanβ<55} , μ>0

– NUHM grid (Non-Universal Higgs Model): like mSUGRA but moreNUHM grid (Non Universal Higgs Model): like mSUGRA but more 
relaxed dark matter constraints (more gaugino/Higgsino mixing); 
(m0,m1/2) scan with adjusted values of MA and μ

– GMSB grid (Gauge Mediated Symmetry Breaking): M =500 TeV
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GMSB grid (Gauge Mediated Symmetry Breaking): Mmess 500 TeV, 
Nmess=5, Cgrav=1; Λ from 10 to 80 TeV, tanβ from 5 to 40



Simulation correctionsSimulation corrections
• ATLFAST simulation has been corrected to account for 

lepton reconstruction efficiency as a function of pT and η
• Reasonable agreement can be found between ATLFAST 

and the full simulations with Geant4

SU3
(PYTHIA)

Z→ ee
(ALPGEN)
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Geant4 Uncorrected ATLFAST Corrected ATLFAST 



Discovery reach with 1 fbDiscovery reach with 1 fb--11 (1)(1)yy ( )( )
• The 0-lepton mode has the   
best estimated 5σ reach (∼1.5TeV     
for smaller of mg and mq)
• The 1-lepton mode has worse

∼ ∼
The 1 lepton mode has worse 

reach, but better against QCD

• At very high tanβ 0- and 1-leptonAt very high tanβ, 0 and 1 lepton 
mode are still better than τ-mode
(because of lower efficiency and 

it f t ti )
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purity of τ reconstruction)



Discovery reach with 1 fbDiscovery reach with 1 fb--11 (2)(2)yy ( )( )
• The approach of random grid g
with constraints is comparable 
with mSUGRA scans (SUSY cross 
sections are controlled by thesections are controlled by the 
gluino and squark masses)

observable with Zn>5

not observable with Zn>5

Th NUHM 0 l t d 1• The NUHM 0-lepton and 1-
lepton reach plots are virtually 
identical to mSUGRA with similar 
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de t ca to SUG t s a
assumptions



Discovery reach with 1 fbDiscovery reach with 1 fb--11 (3)(3)yy ( )( )

• Models considered here 
for the GMSB scan are 
easier to distinguish fromeasier to distinguish from 
SM backgrounds
• The 3-lepton search is 
much better than that for 2 
opposite sign leptons: 

- well beyond 2 TeV for- well beyond 2 TeV for 
gluinos for large tanβ

- close to 2 TeV for all 
values tanβ
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ConclusionsConclusions
• ATLAS is ready to probe SUSY at 1 TeV mass y p

scale with the first LHC data
– In favorable cases the mass reach could be greater

• All studies shown here were made with realistic
simulations, accounting for uncertainties in the 
various SM background sources

• SUSY discovery in RPC models (e.g. mSUGRA, y ( g
NUHM, GMSB) will be possible with little 
integrated luminosity (∼1 fb-1 of understood g y (
collected data)
– SUSY at higher mass scales could still show up          
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but would make detailed study quite difficult



Backup slidesBackup slidespp
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Supersymmetry reminderSupersymmetry reminderp y yp y y

Adds to each SM
fermion (boson) a
bosonic (fermionic) ( )
partner.

R-parity can be conserved (RPC) or violated (RPV) 
RPC implies:

sLBR 2)(3)1( +−−=

- SUSY particles produced in pairs
- stable and neutral lightest SUSY particle (LSP)
- no proton decay

LSP is a good candidate for cold Dark Matter

Par. Description

m0 Common scalar mass

m1/2 Common gaugino massLSP is a good candidate for cold Dark Matter

MSSM Lagrangian depends on 105 parameters
mSUGRAmSUGRA requires only 5 parameters

1/2 g g

A0 Common trilinear term

tanβ Ratio of Higgs vev
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q y p
- Also other SUSY models exist: GMSB, AMSB, … sign(μ) μ from Higgs sector



Benchmark points in mSUGRABenchmark points in mSUGRApp

β ( )( )S

10
10 

tanβ 

4.860+3003550Focus Point (SU2)
7.430 + 350 70 Coannihilation (SU1) 

x-sec (pb) A0 sgn(μ)m1/2m0ATLAS Point 
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6 

10 
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4.860  300 3550 Focus Point (SU2) 
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10 
10 
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0.440 + 600 130 Scan (SU5.1) 

40
40 
50 
10 

6 400360215C ihil (SU8 2)
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0 + 375 320 Funnel (SU6) 
0.310  600 500 Scan (SU5.3) 

40 
40 

6.320 + 360 225 Coannihil. (SU8.3) 
6.400 + 360 215 Coannihil. (SU8.2) 
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Significance ZSignificance Znngg nn
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Dilepton mode searchesDilepton mode searchespp

• Number of collected events in 1 fb-1

Two opposite sign leptons Two same sign leptons
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Discovery reach Discovery reach (with <4 jets)(with <4 jets)yy ( j )( j )

• 1 fb-1 5σ contours for search modes: 0 lepton and• 1 fb-1 5σ contours for search modes: 0-lepton and 
1-lepton + MET
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On mSUGRA scansOn mSUGRA scans

• For 0-lepton mode search in mSUGRAFor 0 lepton mode search in mSUGRA, 
the best choice for discovery is asking for 4 
jets while for 1 lepton mode the 2 jet 3 jetjets, while for 1-lepton mode the 2-jet, 3-jet 
and 4-jet reaches are comparable.
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