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I.1. LHC 2010 Run
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Integrated Luminosity

εDAQ = 93.6%

%11=∆
L

L∫= dtL L

Counting rate
from the L detectors

1−εDAQ = 2.0% + 4.4%

Turning on HV:
• Inner Tracker
• Muon Spectro

• Dead time
•Sub-detectors pbs
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Multiple pp Collisions

Based upon: mbinel

pp 5.71=σ
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Event Display w/ 4 p+p Collisions



17/12/2010 S. Muanza, "BSM and the Early LHC", IPN Lyon 8

I.2. ATLAS 2010 Data Taking
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II. Early Searches for W’ and Z’

II. Detailed Outilne
II.1.  W’�eν Search in Collider Data
II.2.   Z’�ee MC Sensitivity Study

I’ll present the so-called « sequential » W’ and Z’ searches:

• V’ have the same couplings to fermions than the SM EW V boson

• this is choice is completely aribtrary

• but it make it easy to compare sensitivities of different experiments wrt m(V’) 

• ref: G. Altarelli, B. Mele, M. Ruiz-Altaba, Z. Phys. C45 (1989) 109
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II.1. Searches for W’
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W’����eν (1)ν (1)ν (1)ν (1)

Trigger:

• LVL1:

single EM cluster w/ pT >10 GeV

• HLT: no further requirements

• Perf: ε=99.5% for pT > 10 GeV
(in agreement wrt trigger simulation)

Offline Preselection:

• 1 good PV (>2 trks w/ pT > 150 MeV)

• Electron ID:

• 1 medium e (e=94%, R~1000)
• pT > 20 GeV

•|η|<1.37 or 1.52<|η|<2.47
• shower shape

• matching track (close to PV)

• had-leakage,…

• reject evts w/ > 1 e candidate

L=317 nb-1

)cos1()(2 φ∆−/= TTT Eepm

Data Quality:

• Remove bad L blocks
(sub-detectors malfunctions)

• Remove evts w/ bad jets
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W’����eν (2)ν (2)ν (2)ν (2)

A « Usual Suspect »
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Interlude #1: #1: #1: #1: MC Settings (1)

Generators:

• Pythia v6.421 

• LO ME

• Parton Shower:

• partial LL

• pT-ordered showers interleaved w/ MPI

• Tuning to Tevatron Run I/II data

• PDF: MRST LO*

• Herwig+Jimmy, MC@NLO+Herwig+Jimmy

• Alpgen+Pythia, Alpgen+Herwig+Jimmy

• Powheg+Herwig+Jimmy

• AcerMC+(Herwig+Jimmy/Pythia)

• Sherpa, Herwig++, Pythia8

Detector Simulation: (NB: None of those are public!)

• Full: Geant 4 (default)

• Semi-Fast: Atlfast II (full tracking/muon + calo. shower param.)

• Fast: Atlfast (smearing of MC truth)

I. MC Shapes/Acceptance/Efficiencies
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Interlude #1: #1: #1: #1: MC Settings (2)

Cross Section Integrators:

• Default: NLO-QCD

• Tools:

• MCFM: NLO-QCD (SM & Higgs)

• FEWZ: NNLO-QCD (W,Z)

• FONLL: NLO-QCD & full NLL (QQ)

• Prospino: NLO-QCD (SUSY, LQ)

•…

II. MC Normalization
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W’����eν (3)ν (3)ν (3)ν (3)

Bakground modeling:

MC based:

• Normalized to L and to σ
• Processes: Pythia for all (except ttbar)

Signal

Normalization: σLO

W

W

W
W M

M
Γ







=Γ ′

′
3

4

Sequential W’: 

• same couplings as the SM W

• BR(W’�WZ)=0
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W’����eν (4)ν (4)ν (4)ν (4)

Background

FEWZ:

• σNNLO-QCD

• PDF: MSTW2008

Not corrected for NLO EW

MC@NLO 3.41: NLO ME

Herwig 6.50: matched PS, partial NLL

Jimmy 4.31: MPI

mt=172.5 GeV, PDF: CTEQ6.6

Normalization: ~σNNLO

Normalized to data in the low mT region

SF: 0.455
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W’����eν (5)ν (5)ν (5)ν (5)

Main Bakground Sources:

• W high-mT tail:

• Irreducible

• ttbar

• QCD

QCD Reduction:

• e isolation:

• mET:

• cut:

• Perf:

• e measurement >> UE >> …

05.0
)(

)(
3.0 <=

∑
=∆

ep

Tracksp

R
T

R

T

isol

GeVET 25>/
TT HE ×=/ 41.0)(σ



17/12/2010 S. Muanza, "BSM and the Early LHC", IPN Lyon 20

W’����eν (6)ν (6)ν (6)ν (6)

TE/TE/

Selection LVL:

• Preselection + e isolation

• Above + mET

Tm)(epT
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W’����eν (7)ν (7)ν (7)ν (7)

Systematic Uncertainties

Vary EM-scale by %3±
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W’����eν (8)ν (8)ν (8)ν (8)

Result:

• mW’ > 465 GeV, @ 95% CL

•Current best:

•mW’ > 1 TeV, @ 95% CL

• ref: D0, Phys Rev Lett 100 (2008) 031804

Limit Setting:

• Counting evts w/

•1 bin LLR (including systematics) 

WT mm ′×> 7.0
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W’����eν (9)ν (9)ν (9)ν (9)

Prospects:

• The above limit should be competitive with the Tevatron one (1 TeV)

w/ L~5 pb-1

• mW’ > 1.5 TeV, 50 pb-1

• mW’ > 2.3 TeV, 2 fb-1

• 20% signal uncert => -50 GeV

on the limit
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II.2. Searches for Z’

SSM Z’ � e+e- or µ+µ−
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Z’ ����l+l- (1)
• No public results based on collider data so far => MC-based study

• MC Samples:

• Generated at 10 TeV

• rescaled to 7 TeV through PDF RW

• MC@NLO for ttbar, Pythia for Z’ and other Bkgd

• Normalization: LO norm. (ttbar NLO)

• MZ’ = 1 and 1.5 TeV

Trigger:

• single EM cluster w/ pT > 10 GeV

• single muon w/ pT > 10 GeV
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Z’ ����l+l- (2)

Offline Preselection:

• Electron ID:

• 2 medium e

• Muon ID:

• 2 « Combined » µ

• Common requirements:

• pT > 20 GeV

•|η| < 2.5

• Isolation:

• No explicit sign imposed
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Typical resolution for electrons (resp. muons) in signal region: ~1% (~8%)

Z’ ����l+l- (3)

m(ll) after all cuts
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Z’ ����l+l- (4)

Systematic Uncertainties

3%Lepton Energy scale

100% (all e)

100% (fwd µ)

200% (central µ)

Lepton Energy
Resolution

10%Luminosity

ValueSource
• Estimated for L=10 pb-1

• Signal: 

• ee: 14%

• µµ:  21%

MCFM
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Z’ ����l+l- (5)

Limit Setting:

• Counting evts w/:

• mll > 0.8 TeV (mZ’ =1.0 TeV)

• mll > 1.2 TeV (mZ’ =1.5 TeV)  

•LLR (including systematics):

• Low stat. approximation: 

• Expected σ(fb) after all cuts
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Discovery potential (5σ)

Ref: ATLAS-PHYS-PUB-2010-077

Exclusion limits (95% CL)

Z’ ����l+l- (6)
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III. Early Searches for SUSY

III. Detailed Outilne
III.1. Search in jets+mET+0l inclusive topologies
III.2. Search in b-jets+leptons+mET inclusive topologies
III.3. Search in leptons+mET inclusive topologies

Restricted to:

• Gravity Mediated SUSY

• R-Parity Conservation 
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III.1. SUSY ���� Jets+mET wo/ Leptons
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SUSY ���� Jets+mET (1)

Trigger:

• LVL1: calo. jets w/ pT > 15 GeV

• HLT: no filtering

• Perf:

• ε plateaus for pT > 50 GeV

• ε > 99% for pT > 70 GeV

• agreement data vs trigger 

simulation ~1%

Object ID:

• Jets:

• anti-kT, ∆R=0.4
• pT > 20 GeV

•|η|<2.5

• e: medium, pT > 10 GeV, |η|<2.47

• µ: matched, pT > 10 GeV, |η|<2.5

• lepton isolation: Econe (∆R=0.2)<10GeV
• mET:

• from topo-clusters (EM)

L=70 nb-1

Data Quality:

• Remove bad L blocks

• Remove evts w/ bad jets

• Reject evts w/ cosmics

Current Jet Energy Scale:

• Start w/ clusters calibrated

at EM scale:

• from test-beam of a full sector

• in agreement with the full 

simulation

• MC-based hadronic factors

correct for:

• Non-compensation

• Effect of dead material
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Signal:

• SU4 mSUGRA Point:

• m0 = 200 GeV

• m1/2 = 160 GeV

• A0 = -400 GeV

• tanβ = 10

• µ > 0

• Mass spectrum:

• RGEs from Isajet 7.75

• Squarks & gluinos mass: 405-420 GeV

• chosen just above the curr. Tevatron limits:

• Event generation:

• Herwig++ (using MRST2007LO*)

• Normalization:

• Prospino: σIncl SUSY =59.9 pb





>
>

GeVm

GeVm

q

g

379

308

~

~

Ref: D0 Collab., Phys. Lett. B660 (2008) 449

SUSY ���� Jets+mET (2)
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Background Modeling:

• Gen:

• Pythia: QCD 
multijet (4Q, 5q/g) diff. between Pythia and Alpgen found to be < curr. uncert.

• Alpgen+Herwig+Jimmy: V+jets (PDF: CTEQ6L1)

• MC@NLO+Herwig+Jimmy: ttbar (PDF: CTEQ6.6)

• Normalization:

• NNLO: W(�lν) & Z(�νν)
• NLO+NLL: ttbar

• LO: QCD and Z(�ll)

• Data-driven normalization for QCD MC:

• Select events:

• mET < 40 GeV

• Njets =2

• pT(j1) > 70 GeV, pT(j2) > 30 GeV

• Scale Factor: SF=NMC /Ndata=108239/176000=0.61 

SUSY ���� Jets+mET (3)
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Event Selection:

• 1 good PV w/ 5 tracks

SUSY ���� Jets+mET (4)

Event Yield:
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Systematic Uncertainties

• JES:

• 10% for low pT jets: 20 < pT < 60 GeV

• 7% for higher pT jets

• Effect on selection ε:
• 25% for monojet and 2j+mET analyses

• 40% for 3j+mET

• 50% for 4j+mET

• Luminosity: 11%

SUSY ���� Jets+mET (5)
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After jet cuts:

SUSY ���� 2Jets+mET (1)

After jet+mET>40 GeV cuts:
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After jet+mET>40 GeV cuts:

SUSY ���� 2Jets+mET (2)

After all cuts:
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After jet + mET>40 GeV cuts:

SUSY ���� 3Jets+mET

After all cuts:



17/12/2010 S. Muanza, "BSM and the Early LHC", IPN Lyon 41

After jet + mET>40 GeV cuts:

SUSY ���� 4Jets+mET

After all cuts:
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• Njets = 4

• mET = 100 GeV

• Meff = 1.65 TeV

• mET aligned w/

a b-tagged jet
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III.2. SUSY ���� b-jets+Leptons+mET
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SUSY ���� b-jets+mET (1)

Trigger:

• Jets: same as jets+mET analyses

• e: L1_EM5 + EF_g10_loose

• Perf: for pT > 15 GeV

• εdata=(100+0
-10)%

• εMC=(96+/-3)%

• µ: L1_MU6

• Perf: ε plateaus for pT > 10 GeV

• (73+/-5)%for |η|<1.05

• (82+/-4)%for 1.05<|η|<2.4
• agreement data vs trigger 

simulation

L=305 nb-1

Data Quality:

• Remove bad L blocks

• Remove evts w/ bad jets

• Reject evts w/ cosmics
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SUSY ���� b-jets+mET (2)

Object ID:

• Same as jets+mET

• b-tagging: 2ndary vertex in jet w/ pT > 30 GeV

• Perf: ε=40-65%, Rlight=50-100

Background Modeling:

• Gen:

• same as jets+mET

• plus MC@NLO single top
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SUSY ���� b-jets+mET (3)

Data-driven normalization for QCD MC:

• 0l channel:

• 1l channel:

• Control region:

• 1l, 2 jets w/ pT > 30 GeV, mT < 40 GeV, MetSig < 2

Control region

(mET < 30 GeV)

QCD MC Scale Factor
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SUSY ���� b-jets+mET (4)

Event Selection:

•
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SUSY ���� b-jets+mET (5)

2 b-jets+0l+mET
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SUSY ���� b-jets+mET (6)

2 b-jets+0l+mET



17/12/2010 S. Muanza, "BSM and the Early LHC", IPN Lyon 50

SUSY ���� b-jets+mET (7)

b-jets+1e+mET
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SUSY ���� b-jets+mET (8)

b-jets+1µ+mET
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SUSY ���� b-jets+mET (9)

Systematic Uncertainties

Effect on MetSig

Normalization & modeling of V+jets and top:

scale, PDF, ISR/FSR
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• Njets = 5

• mET = 41 GeV

• MetSig = 2.1

• Meff = 432 GeV

• pT(j1)= 182 GeV

• pT(j5)= 21.9 GeV

• Jets 2,3,4 b-tagged
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III.2. SUSY ���� Leptons+mET
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SUSY ���� Leptons+mET (1)

1l+mET L=70 nb-1
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SUSY ���� Leptons+mET (1)

1l+mET

• 2l

• pT(l1) > 20 GeV, pT(l2) > 10 GeV

• m(l1,l2) > 5 GeV

2l+mET

• Nobs = 2

• Nexp = 2.0 +/- 0.8 

mET > 30 GeV
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IV. Prospects
Based on MC studies at 7 TeV

L=500 pb-1



17/12/2010 S. Muanza, "BSM and the Early LHC", IPN Lyon 58

L=1 fb-1

L=2 fb-1
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Effect of the systematics
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BACK-UP
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3.28 /    2.46+12020425300Bulk (SU9)

8.70 /    6.48+1400360210Coannihilation (SU8.1)

6.07 /    4.47+1500375320Funnel (SU6)

402.19 / 294.46+110-400160200Low Mass (SU4)

27.68 /  20.85+16-300300100Bulk (SU3)

7.18 /    5.17+110 03003550Focus Point (SU2)

10.86 /   8.15+110035070Coannihilation (SU1)

σσσσNLO / σ/ σ/ σ/ σLO (pb)SIGN(µµµµ)tanββββA0 (GeV)m1/2 (GeV)m0 (GeV)Point 

Cross sections: 

• s1/2 = 14 TeV

• CTE6M/CTEQ6L1

b�sγ: favoursµ>0 (in mSUGRA)

ATLAS SUSY Benchmarks
mSUGRA
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ATLAS Detector Status

98.4% 320 k TGC Endcap Muon Chambers 

97.0% 370 k RPC Barrel Muon Chambers 

98.5% 31 k CSC Cathode Strip Chambers 

99.5% 350 k MDT Muon Drift Tubes 

100% 320 k LVL1 Muon TGC trigger 

99.5% 370 k LVL1 Muon RPC trigger 

99.9% 7160 LVL1 Calo trigger 

100% 3500 Forward LAr calorimeter 

99.9% 5600 Hadronic endcap LAr calorimeter 

96.8% 9800 Tile calorimeter 

97.9% 170 k LAr EM Calorimeter 

97.1% 350 k TRT Transition Radiation Tracker 

99.2% 6.3 M SCT Silicon Strips 

97.3% 80 M Pixels 

Approximate Operational Fraction Nber of ChannelsSubdetector
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NLO-EW Corrections
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Anti-k T Jets

• Implementation: http://www.fastjet.fr

• Definition: It’s a recombination algorithm

• Properties:

• it is IR-safe

• it can easily be implemented in theoretical or experimental analyses

• it can be defined at any order of the perturbation theory

• Description:

• Recombines successively closest pairs

222 )](),(min[ ij

p

T

p

Tij Rjkikd ⋅= 222 )()( ijijij yR ϕ∆+∆=









−−=
=
=

algorithmkanti:1p

algorithmbrigdeAachen/Cam:0p

algorithmk:1p

T

T
area fluctuates and depend on pT

area fluctuates, depends less on pT

constant area (circular jets)
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Kinematic Variables

• Effective Mass:

• sensitive to

• Stransverse mass:

• lower bound on mass of particle decaying semi-invisibly

• Cotransverse mass:

• useful for identical parent particles decay semi-invisibly

HT

ŝ

wherevisible invisible


