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Outline
Introduction to Hadron Collider Physics
LHC and ATLAS detector

Test of Standard Model at LHC
• Parton distribution function
• QCD + jet physics
• Electroweak physics (Z/W –bosons)
• Top physics
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Higgs signal in ATLAS

30 fb-1

A
tla

s
LHC can probe entire set of ”allowed” 
Higgs mass values (100 GeV – 1 TeV)

at least 2 channels for most of range

Full mass range can be covered
After few years at low 
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MSSM Higgs
Minimal Supersymmetric Standard Model 
extention:
Two Higgs doublets: 5  Higgs particles
H, h, A
H+, H-

Theory prediction  mh < 135 GeV
•Fixed mass relations at tree level,
•Important loop corrections
(tree level relations are significantly 

modified) mainly dependent from top/stop 
•two parameters:  mA,   tan β
•For large mA the h boson is SM 
like 

upper limit for the light Higgs mass 
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MSSM parameters constrains
• Msusy,sfermion mass at EW scale
• M2, SU(2)L gaugino mass at EW scale

µ, supersymmetric Higgs boson mass parameter.
• tan β, the ratio of the two Higgs fields doublets
• A0, a universal trilinear higgs-squarks coupling at EW scale. It is 

assumed to be the same for up-type squarks and for down types 
quarks.

• mA, mass of CP-odd Higgs boson.
• Mgluino, it affects loop corrections for stop and bottom

Phenomenology 
decribed at Born 
level by tan β ,mA

ξ t b/τ W/Z
h cosα/sinβ -sinα/cosβ sin(α-β)
H sinα/sinβ cosα/cosβ cos(α-β)
A cotβ tanβ -----

couplings: gMSSM = ξ · gSM
no coupling of A to W/Z
large tanβ: large α: mixing angle between CP even Higgs bosons 

(calculable from tanβ and MA)

BR(h,H,A ττ,bb)



Simonetta Gentile
Gomel School of Physics 2005 

Decays 

Large variety of observation modes
if SUSY particles heavy

SM-like:                  h → γγ,  bb 
H → 4lept

MSSM-specific: A/H → µµ,  ττ,  tt
H → hh
A → Zh
H± → τν

if SUSY particles accessible: (not discussed)

H/A → χ2
0 χ2

0 → χ1
0 χ1

0 → 4l + missing Energy

h produced in cascade decays (e.g. χ2
0 → h χ1

0)
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Past & future
Excluded: 
mh0 < 92.9 GeV2/c    mA< 93.4 GeV2/c
tanβ 0.9 – 1.5

LHWG-Note 2004
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Past & future
Excluded (max mh) 
mh0 < 92.9 GeV2/c    mA< 93.4 GeV2/c
tanβ 0.9 – 1.5

LHWG-Note 2004

Excluded (no mixing) 
mh0 < 93.3 GeV2/c    mA< 93.3 GeV2/c
tanβ 0.4 – 5.6
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Benchmark Scenarios

Name MSUSY
(GeV)

µ 
(GeV)

M2
(GeV)

Xt
(GeV)

Mgluino
(GeV)

mh-max 1000 200 200 2000 800

no mixing 2000 200 200 0 800

suggested by Carena et al.,
EPJ C26, 601(2003)

• 2 CP conserving     scenarios considered

(other two gluopphobic and small α not discusses)

• to examplify the discovery potential 

• mainly influence on phenomenology of h

1) MHMAX scenario maximal Mh < 133 GeV

2) Nomixing scenario small Mh < 116 GeV

1) MHMAX scenario maximal Mh < 133 GeV

2) Nomixing scenario small Mh < 116 GeV
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1) MHMAX scenario maximal Mh < 133 GeV

2) Nomixing scenario small Mh < 116 GeV

3) Gluophobic scenario Mh < 119 GeV
• coupling of h to gluons suppressed 
• designed to affect discovery via 

gg h, h γγ and h ZZ 4l
4) Small α scenario Mh < 123 GeV

• coupling of h to b (τ) suppressed 
(for large tanβ and MA 150 500GeV)

• designed to affect discovery via 
VBF, h ττ and tth, h bb

1) MHMAX scenario maximal Mh < 133 GeV

2) Nomixing scenario small Mh < 116 GeV

3) Gluophobic scenario Mh < 119 GeV
• coupling of h to gluons suppressed 
• designed to affect discovery via 

gg h, h γγ and h ZZ 4l
4) Small α scenario Mh < 123 GeV

• coupling of h to b (τ) suppressed 
(for large tanβ and MA 150 500GeV)

• designed to affect discovery via 
VBF, h ττ and tth, h bb
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h →γγ, tth →bb, H →ZZ(*)→4l as in Standard Model

HWW, HZZ strongly suppressed with tanβ,

A/Hbb, A/Hττ, A/Hµµ enhanced with  tanβ

typical  of  MSSM: A/H →ττ, µµ;  H+ →τν, τb

MSSM Higgs Accesible channels at LHC

if SUSY accessible Higgs → SUSY particles or SUSY cascade  →
Higgs (not discussed)
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Light Higgs Boson (30 fb-1)
h observable in entire parameter space and for all benchmark scenarios?h observable in entire parameter space and for all benchmark scenarios?

most important channels: VBF

differences mainly due to Mh

almost entire (tanb, MA)-
plane covered

most important channels: VBF

differences mainly due to Mh

almost entire (tanb, MA)-
plane covered

ATLAS (prel.)

ATLAS (prel.) ATLAS (prel.)

Value of
Mh and Ma close 
at high tan β
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mh < 135 GeV
mA ≈ mH ≈mH± at  large  mA

MSSM  Higgs bosons
h, H, A, H ±

A, H, H± cross-section ~ tg2β
Best sensitivity from A/H → ττ,H± → τν

A/H → µµ :
-- covers good part of region not excl.  LEP
-- experimentally easier than A/H → ττ
-- crucial detector : Muon Spectrometer 

(high-pT muons from narrow resonance)

5σ discovery curves

A/H → µµ,  tg β = 38

σm~11 GeV

2002
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Overall discovery potential for MSSM Higgs 
bosons

5 σ contours

• Plane fully 
covered  (no holes) 
at low  L  (30 fb-1)

• Two or more 
Higgs can be 
observed over 
most  of  the 
parameter space  →
disentangle SM / 
MSSM

SUSY particles heavy

2001
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Tau’s as final state signature in MSSM scenario

• bbH, bbA     with H/A →ττ (lep-had and had-had)
• tt→H+bWb   with H→ τν (lep, had)
• gb→H+t        with H→ τν (had)

In MSSM at large tanβ couplings
Hττ, Aττ, Hbb, Abb, H+τb

strongly enhanced.

•Extential a good τ identification
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rec. mass for ττ had.had.

Neutral Heavy Higgs Bosons 
(H/A)

σprod ~ (tanβ)2; important at large 
tanβ
new analysis: ττ had. had. 
BR(H/A ττ) ~ 10 % , rest is bb

σprod ~ (tanβ)2; important at large 
tanβ
new analysis: ττ had. had. 
BR(H/A ττ) ~ 10 % , rest is bb

example: bbH/A, H/A tt

bb H/A bb ττ covers 
large tanβ region

other scenarios similar
intermediate tanβ 
region not covered

bb H/A bb ττ covers 
large tanβ region

other scenarios similar
intermediate tanβ 
region not covered

New: take running b-
quark mass for σ prod

30fb-1

discovery reach for H/A:

ATLAS
(prel.)

ATLAS
(prel.)

only very few events remain after cuts 
(acceptance ~10-3)
LVL1 trigger performance crucial
detailed study: >90% LVL1 efficiency for 
MA>450GeV  via “jet+ET,miss” and “t+ 
ET,miss” triggers with a rate of ~1.4 kHz 
(within rate limit)

only very few events remain after cuts 
(acceptance ~10-3)
LVL1 trigger performance crucial
detailed study: >90% LVL1 efficiency for 
MA>450GeV  via “jet+ET,miss” and “t+ 
ET,miss” triggers with a rate of ~1.4 kHz 
(within rate limit)
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Example:  bb h0 →bb µµ
• Signal

Pythia 6.226

Z/γ*→ µ+ µ- and bb
σ*br( Z → µ+ µ- and bb) (Pythia 6.226)
AcerMC (v.2.3) interfaced with    Pythia 6.2  (hep/ph0405247).
ZZ  →µ+ µ- and bb :
σ*br( Z → µ+ µ-) σ*br( Z→ bb)
Same order of magnitude of signal.
Reduced by kinematical cuts.
tt → W+ W- bb → bb µν µν

 σ(tt) *br(t→ bW)*br(W → µν)*br(t → bW)* br(W → µν)

 Missing energy in the event

h0 → µ+ µ- and bb
A0 → µ+ µ- and bb σ ~ 0.2 - 0.01 pb

σ ~ 22.8 pb

σ ~ 0.15 pb

σ ~ 5.84 pb

Mh0 95 -130,  GeV tan β~ 20 -50 



Simonetta Gentile
Gomel School of Physics 2005 

Signal & background

• h0 bb→ µ- µ+bb
• Zbb → µ-µ+ bb
• tt  missing energy

Final state
2 b-jets and   
2 µ ( or 3-4)
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Background Subtraction Method

• Experimental method
Proposed based on
Z→ µ+ µ− and Z→ e+ e-

• Relying on experimental data
• Br( h0→ e+ e-) neglegible

• Different Inner 
Bremhstrahlung

Precise Knowledge of 
background  crucial

2
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Selection

Basic cuts:
A pair of opposite muons with pt > 10 GeV |η| < 2.5
A pair of jets with Et > 10 GeV and |η| < 2.5
Selection

At least 1 b-jets (pT > 15 GeV & b-tag weight>1)
25  GeV < PT

µ1 < 100 GeV
25  GeV < PT

µ2 < 60 GeV
for tt background
ATLAS-PHYS-2003-015

Minv( µ+µ-)        +/- ∆M (ΓA0, Γh0, ∆Resexp)
PT

b1 < 60 GeV
PT

b2 < 55 GeV
PT missing < 80 GeV

for tt background
N.B. all value of cuts for tt are
Indicative not at all tuned!
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Light Higgs Boson (300 fb-1)

VBF: 
only 
30 fb-1

ATLAS (prel.)

• also h γγ, h ZZ 4 leptons, tth bb contribute
• large area covered by several channels

stable discovery and parameter determination 
possible 

• small area uncovered (Mh = 90 to 100 GeV)

• also h γγ, h ZZ 4 leptons, tth bb contribute
• large area covered by several channels

stable discovery and parameter determination 
possible 

• small area uncovered (Mh = 90 to 100 GeV)



Simonetta Gentile
Gomel School of Physics 2005 

Charged Higgs at LEP

MH+ > 78.6 GeV

@95% C.L.
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Charged Higgs

•below top-quark mass: gg,qq → tt→WbH+b
•above top-quark mass: gb→tH+→t τν

Production mechanisms:

LEP2 excluded

BR (H+ → τν)
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Charged Higgs  below top-quark mass

below top-quark mass: 
gg,qq → tt → WbH+b large Nexp(tt pairs)   

Production mechanism:

BR(t→H+b)
signal: 
large  BR (H → τν)   → 100%

bgd. :  BR(W → τν)  → 10%
BR( τ → had ν)  → 65%
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Charged Higgs at large masses
Bgds: almost bgd free
W+jets, tt, Wbt

• t → jjb reconstructed
• trigger on tau+ET

miss

• tau-id crucial
•profit from 100% tau

polarisation to enhance 
rejection against W → τν

•transverse mass can be
reconstructed

• good sensitivity to mass
and tanβ measurement:

at 300fb-1:
∆m/m ~  1-2 %

∆tanβ/tanβ ~ 5-7 %

σ= 5 - 0.1 pb
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Charged H+- -> τν

5σ discovery contoursat large masses
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Overall Discovery Potential: 300 fb-1

ATLAS

• Whole plane covered 
for at least one Higgs

• Large wedge area 
(intermediate tan β)  
where only h is 
observed

• No direct evidence 
for higgs beyond SM

Can we distinguish between SM and extended Higgs 
sectors by parameter measurements?
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SM or Extended Higgs Sectors?

First look using rate 
measurements from VBF 
channels (30fb-1)

R = BR(h ττ)   
BR(h WW)

∆=|RMSSM-RSM|/σexp

only statistical errors considered

Deviation from SM expectation

potential for discrimination seems 
promising!

ATLAS

assumes Higgs mass exactly known
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SM or extended Higgs Sector ?
estimate of sensitivity from rate measurements in VBF channels (30 fb-1)
compare expected measurement of R in MSSM with prediction from SM

BR(h WW)   
BR(h ττ) ∆=|RMSSM-RSM|/σexp          R =

ATLAS 
(prel.)

ATLAS 
(prel.)

potential for discrimination 

seems promising

needs further study incl. sys. errors

only statistical errors

assume Mh exactly known
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Conclusions on MSSM Higgs sector
• Discovery potential 
well understood
with assumption of 

heavy SUSY 
particles.

•Several overlapping 
channels,  studies

extended to 
mA=1 TeV range.

4 Higgs

3 Higgs

2 Higgs

1 Higgs

only SM  like h



Simonetta Gentile
Gomel School of Physics 2005 

Conclusions

SM / MSSM Higgs could be discovered with ~ 10 – 30 fb-1

- Discovery of SM possible with 10 fb-1

- MSSM parameter space covered with 30 fb-1

Precise measurements of Higgs parameters with 300 fb-1 :
masses to 0.1 – 1%,  width to ~ 5-30%,
couplings to 10-30%
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Outline
Introduction to Hadron Collider Physics
LHC and ATLAS detector

Test of Standard Model at LHC
• Parton distribution function
• QCD + jet physics
• Electroweak physics (Z/W –bosons)
• Top physics

Search for Higgs boson
Supersymmetry
Conclusions
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Introduction to Supersymmetry

Relates fermions and bosons:
for each particle p with spin s, there exists a SUSY partner 
with spin s-1/2. 

Ex. : q (s=1/2)   → (s=0)          squarks
Z  (s=1)      → (s=1/2)       zino

Motivations:
unification of fermions and bosons is attractive
solves problems of SM, e.g. divergence of Higgs mass : 

-
f

f

H
f~

f~

Fermion and boson loops cancel, provided mSUSY ≤ TeV.
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Introduction to Supersymmetry

SUSY

SM

Measured coupling constants 
unify at GUT scale

in SUSY but not in SM. 

QED

Weak

QCD

Particle content of the Standard Model
nicely explained in GUT 

SU(5) -> SU(3) x SU(2) x U(1)

SUSY provides a good candidate for  dark matter in the Universe:
the Lightest SUSY Particle (LSP)
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Introduction to Supersymmetry

Does not contradict predictions of SM at low energy 
→ not ruled out by present experiments.

Predicts a light Higgs

However: no experimental evidence for SUSY as yet

Either SUSY does not exist
OR

mSUSY large (>> 100 GeV) → not accessible to present machines

LHC should say “final word”  about SUSY if  mSUSY ≤ a few TeV

Minimal Supersymmetric Standard Model (MSSM) is the 
supersymmetric extension of Standard Model with minimal particle 
content and R-parity conservation.
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Particle spectrum in Supersymmetry

Each SM particle gets
SUSY partner

spin differ by 1/2
2 Higgs doublets for
up- and down- quarks

Equal number of bosons and fermions solve hierarchy problem 
-> corrections to Higgs mass ~ SUSY mass scale
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(S)particle reminder

SM+ MSSM Higgs SUSY

quarks (L&R)
leptons (L&R) 
neutrinos (L&?)

squarks (L&R)
sleptons (L&R)
sneutrinos (L&?)

γ
Z0

W±

gluon

B
W0

h0

H0

A0

H±

H0

H±

4 x neutralino

2 x chargino

After
Mixing

gluinoSpin-1/2

Spin-0

Bino
Wino0

Wino±

gluino

~

~

Extended higgs sector
(2 doublets)

Spin-1/2

Spin-1

Spin-0
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SUSY breaking

SUSY particles not yet observed -> SUSY broken
SUSY may be broken „by hand” or in the hidden sector
EW requires spontaneus breaking (Higgs mechanism)

short or long lived NLSP
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MSSM parameters
• Msusy,sfermion mass at EW scale
• M2, SU(2)L gaugino mass at EW scale

µ, supersymmetric Higgs boson mass parameter.
• tan β, the ratio of the two Higgs fields doublets
• A0, a universal trilinear higgs-squarks coupling at 

EW scale. It is assumed to be the same for up-type 
squarks and for down types quarks.

• mA, mass of CP-odd Higgs boson.
• Mgluino, it affects loop corrections for stop and 

bottom
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minimal SUGRA
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Present limits
)~,~,~(~ τµel

±±

21 , χχ
Mass sleptons
and charginos

>  90-100 GeV
LEP II

q~
g~Mass squarks

and gluinos
250 GeV Tevatron
Run 1

~ 45 GeV LEP II0
4,3,2,1χMass neutralino
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Present limits

LEP II on mass of lightest
supersymmetric particle

Lightest supersymmetric particle
= neutralino

LSP = χ0
1



Simonetta Gentile
Gomel School of Physics 2005 

R-parity

miss
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Hunting for SUSY

Jets
Leptons
ET

miss

•Squarks and gluinos are strongly
Produced

Sparticles decay through 
cascade
to the lightest SUSY particle (LSP)

1. Look for deviations from the Standard Model:
Signature Multijet + ET

miss signature.
2. Establish  the SUSY mass scale use inclusive 
variables, e.g. effective mass distribution.
3. Determine model parameters (difficult)
Strategy: select particular decay chains and use 
kinematics to determine mass combinations.
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Production of SUSY particles at LHC
•Squarks and gluinos produced via strong processes
 → large cross-section

q

q

αs αs

q~

q~
g

q~
q~

g~

g

q

m       ~ 1 TeV σ ∼ 1 pb → 104 events per year produced at low L

gggqqq ~~ ,~~ ,~~ are dominant SUSY processes at LHC
if kinematically accessible 

•Charginos, neutralinos, sleptons produced via
electroweak processes → much smaller rate

q~
q
q’

χ+

χ0 σ ≈ pb mχ ≈ 150 GeV
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Decays of SUSY particles
χ±

W±

χ0
1= LSP

χ0
1

Z
χ0

2

l

l~ Z

χ0
1

χ0
2

heavier → more complicated decay chainsgq ~ ,~

χ0
1

Z

q

q

χ0
2

q~
g~ Cascade decays

involving many leptons and /or jets
+ missing energy (from LSP)
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Decays of SUSY particles

Exact decay chains depend on model parameters
(particle masses, etc.)
However : whatever the model is, we know that   

g~ ,~q are  heavy ( m > 250 GeV)

decays through cascades favoured
⇒ many high-pT jets/leptons/W/Z in the final state + ET

miss

at LHC will be easy to extract SUSY signal 
from SM background
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In the coannihilation point:

m0 =70GeV,m½, ,350 GeV, A0= 0 GeV,
tan (β)= 10 sign(µ) = +

Small difference between sleptons and neutralinos
soft leptons in the final state
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Detector performances

Precise jets measurements, leptons, E miss 
T

Large kinematical coverage 
Required performances:
• Lepton measurement: pT ~ GeV, →5 TeV (b→l X….)
• Mass Resolution (m ~ 100 GeV)
~ 1%  (H →γγ, 4 l)
~ 10% (W →jj, H →bb)
• Calorimetric coverage |η| <5 (Emiss

T, forward jet tag)
• Particle Identification
εb ~ 50%  Rj ~ 100 (H →bb, SUSY)
ετ ~ 50%  Rj ~ 100 (A/H →ττ)
εγ ~ 80%  Rj ~ 103 (H →γγ)
εe > 50%  Rj ~ 105
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SUSY Discovery

• SUSY cascade decays 
give rise to many inclusive 
signatures:

• leptons, b-jets, t’s ...
• Final discovery limit ~ 2.5 

TeV squark or gluino

• Initially will be limited by 
detector uncertainties, not 
SUSY statistics!

• Also need to understand 
SM backgrounds

Scalar mass term

Reach from ET
miss signature

Tovey, Eur.Phys J. directC4 (2002)N4

Ga
ug

in
o

m
as

s 
te

rm
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SUSY Discovery - mSUGRA

• SUSY cascade decays give rise
• to many inclusive signatures:
• leptons, b-jets, t’s 
..
• Final discovery limit ~ 2.5 TeV squark or 

gluino

• Initially will be limited by detector 
uncertainties, not SUSY stats!

• Also need to understand SM backgrounds
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Squarks and Gluinos
Strongly produced, cross sections comparable to QCD cross sections

at same  Q2

If R-parity conserved, cascade decays produced distinctive events:
Multiple jets, leptons and ET

miss 
Analysis example:
•Njet >=4
•ET>100,50,50 50 GeV
•ET 

miss > 100 GeV

•Limits reachable at LHC for squarks an 
gluinos:
1fb -1 →                           M ~ 1500 GeV
10fb -1 →                         M ~ 1900 GeV
100fb -1 →                       M ~ 2500 GeV

SM bgd

SUSY
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Inclusive measurement
Define averaged produced
SUSY mass

Meff = ET
miss + Σ1

4 pT
jet

Good correlation with Meff
for SUGRA, not bad even 

with MSSM

Meff distribution for SUSY signal shows a peak
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Slepton, squark, neutralino masses

~~χ0
2

~χ0
1

l l
l

qL

q

~

•Apply corrections for electron 
and muon energy scale and 
efficiency
•Flavor Subtracted mass to 
remove the contribution from 
uncorrelated SUSY decays:
e+e- + µ+µ- - e+µ- - e-µ+

5 fb-1

Accurate measurement of edge
position difference for ee/µµ
gives the sleptons mass 
difference

M(χ2)-M(χ1) ≈ 105 GeV
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An example 

Coannihilation point
Signature:
•Leptons (e+,e-,µ+,µ-)
•One soft lepton

Endpoints:
M(ll), M(llq), Mhigh(lq), 
Mlow(lq)

Method: subtraction of wrong sign pairs:
(e+,e-,µ+,µ- )    -

( e+,µ-,- e-,µ+)
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M(ll)

No cuts in ET
miss, PT

jet

Expected endpoints:
M(ll)max=58.19GeV (L)
M(ll)max=100.9GeV (R)
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Neutralino
Fitted all end points : (preliminary only)
assuming 1% on lepton jet endpoint

~ 10%  error in lightest neutralino mass
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Mesurement of slepton mass difference

If  mq ≈ 900 GeV mg ≈ 700 GeV
mχ± ≈ 230 GeV mχ0≈ 120 GeV

(“point 5”)

Cuts:
• E Tmiss>300 GeV
•e+ e-(µ+ µ−) pair with pT>10 GeV
•At least 2 jets pT>150 GeV

5800 events with 30 fb-1

(880 SUSY BG and 120 SM)
Accurate measurement of edge
position difference for ee/µµ
gives the sleptons mass difference

M

ATLAS

M l l =M (χ0
2) –M(χ0

1)
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m1/2 mass determination

Gaugino mass term
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SUSY measurements - mass
• Mass measurements from exclusive 

cascade decays
• Mass differences well measured

– Typically limited by detector 
performance

• Of order 1%
• Error in overall mass scale

– Unknown missing energy
• Of order 10%

χ0
1q

qR
~

qR
~

q

χ0
1p p

Estimate of s-quark mass using the transverse momentum mass
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Squark mass

Cuts: 
ET

miss >400 GeV
2 jets with pT > 200 GeV
∆R(j1,j2) >1

M(χ1
0) known M(squark) is obtained from endponit of 

MT
2 mass
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SUSY SPIN @ LHC

• SUSY particles have 
spin differing by ½ 
from SM

• “Discovering SUSY” 
means measuring 
spins of new 
particles

• Possible at LHC?
• Investigation of 

mSUGRA “Point 5”

Spin-½, 
mostly wino Spin-0

Spin-½

Spin-0

Spin-½, 
mostly bino

},{ µel ∈

Polarise

Measure
Angle (or inv mass)

Chiral coupling

Final state = jet + l+ + l- + ET
( + decay of other sparticle)

Similar technique allows measurement of tanβ from muon/electron asymmetry
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l+

l-
parton-level

detector-level

Lepton+jet invariant mass
Ch

ar
ge

 a
sy

m
m
et

ry
,

spin-0

Ev
en

ts

−+

−+
−+

+
−

=
ll
llA

SUSY spin – observable distributions

0* =θ 1* =θ

ATLAS

ATLAS

-> Measure spin-1/2 nature of neutralino-2
-> Also can measure scalar nature of slepton
-> Success at several distinct points in parameter space
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SUSY with R-parity breaking

R-parity broken

R-parity conserved

In case of baryon number
violation -> increased number of jets

R-broken

SUSY  particles can decay in standard model particle 
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SUSY produces Higgs
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• Provided Heavy higgs are <150 GeV -> produced
• Missing energy + jet/lepton + higgs decay->bb
• Apply very simple (general) analysis
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Remarks on SUSY detection
Uncertainties on jet and lepton energy scale 

dominate over   Statistical error

LHC experiments can exploit large statistics of resonances of known 
mass (Z→ l l ,W → jj ) to achieve in-situ calibration.

Lepton scale from Z→ l l (2 ev/s at 1033) by imposing Z mass 
constraint               LHC goal: 0.1%

Dominant systematic:
•Z→ ee: knowledge of inner detector material (goal 1%)
Modelling inner detector bremsstrahlung (goal 10%)
•Z→ µµ :Dominate by Inner Detector scale. Requires precise mapping 
of magnetic field and material. 
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Remarks on SUSY detection
Jet scale from:

Z→ (l l) +jet, by requiring PT(jet) =PT(Z)
Z→ jj and in the decay tt →bWbW, by requiring m jj = 

mw
LHC goal: 0.1%

Dominant systematic:
Final-State-Radiation (FSR) and 
cone used to collect energy
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Conclusions  (of SUSY part)

• If SUSY exists at the TeV scale, ATLAS should
find it easily.
• Despite missing LSP, precision measurements of 
masses will be also possible.

Initial program: 
• search for multijet + ET

miss excess over SM.
• if  found can select SUSY sample with simple cuts
• look for events with multi-leptons, b-jets, tau-jets, photons
•look for events with special features like long-lived sleptons

Use these results to guide further analyses.
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