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ATLAS and CMS outreach pages

Important Lecture Note
In this lecture I use many exemples from CMS , only because of 

my better knowledge of this experience. This must not be taken 
as a ranking between ATLAS and CMS. 
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.   Snapshots on Physics Requirements at LHC
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SM Higgs Boson

Natural Width     0.01          1        10            100   GeV­  

At the LHC the SM Higgs provides a good benchmark to test the performance of a detector

Fully hadronic final 
states dominate but 
cannot be used due 
to large QCD bkg.
alook for final states 
with isolated leptons 
and photons despite 
smaller BR



 JLF Septembre   JLF Septembre 55

SM Higgs g 

H
t*,W*



t*,W*

t*,W*

Most promising channel for mH < 150 GeV

(.B ~ 50.10-3 pb  @ mH ~ 150 GeV) a Signal: ~ 1000’s of events/yr
Backgrounds are large (2pb/GeV), H natural width is small (~MeV)  
a excellent mass resolution required 

m/m = 0.5 [E1/E1 O E2/E2  O cot(/2)]
a energy resolution and precise vertex localisation

Typical Cuts
2 isolated photons: pT > 25, 40 GeV with || < 2.5

No track or em cluster with pT > 2.5 GeV in a cone size R = 0.3 around 
s Good energy resolution, measurement of photon direction, 0 

rejection, efficient photon isolation 

x x
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SM HgZZ* or ZZ g 4l

130 < MH < 800 GeVZZ* ZZ

H (MH=150 GeV) ~ 15 MeV
Observed width is dominated 
by instrumental mass resolution

H (MH=500 GeV) ~ 65 GeV
For MH>350 GeV observed width 
is dominated by natural width

• Di-muon or di-electron mass 
resolution should be better than 
Z
• Good momentum resolution for 
low momenta leptons
• Large geometric acceptance
• Efficient lepton isolation at hi-L
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SUSY Higgs Boson

H, h½ , bb̅ (H bb ̅  in WH, t t ̅H)

h in WH, t t ̅h   l 
h, H  ZZ*, ZZ  4   l 

h, H, A   e/)+ + h + ETmiss 

                    e+ +  + ETmiss           inclusively and in bb̅HSUSY

                                       h+ + h + ETmiss

H+ + from t t ̅

H+ +  and H+  t b ̅   for MH>Mtop

A  Zh with h bb  ̅; A  

H, A ̃ ̃̃ ̃i ̃j̃i ̃j

H+ ̃̃
qq qqH with H   
H , in WH, t t ̅H           

Abundance of b,  
and significant 
Etmiss 

Physics with Jets, ( Vertex (pixel 
detector), Detector Hermiticity
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Experimental Challenges
Machine Parameters
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Energy Frontier

New Energy Domain
Search for the unexpected
Cover domain ~ 1 TeV in which SM 
without the Higgs (or equivalent) 
gives nonsense

Exploratory machine required 
a hadron-hadron collider with:
Largest possible primary energy
Size of the tunnel x Max B field
Largest possible luminosity: 
interesting and easily detectable 
final states involve leptons and 
photons with low .BR

Hadron Colliders can provide 
these 
BUT

At the expense of ‘clean’ 
experimental conditions
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LHC Layout and Parameters

Magnetic Field
p (TeV) = 0.3 B(T) R(km)
For p= 7 TeV, R= 4.3 km
a B = 8.4 T        

Energy at collision E 7 TeV

Dipole field at 7 TeV B 8.33 T

Luminosity L 1034 cm­
²s­¹

Beam beam parameter  3.6 10-3

DC beam current Ibeam 0.56 
A

Bunch separation 24.95 ns

No. of bunches kb 2835

No. particles per bunch Np 1.1 1011

Normalized transverse n 3.75 µm

  emittance (r.m.s.)

Collisions

-value at IP * 0.5 m

r.m.s. beam radius at IP * 16 m

Total crossing angle  300 µrad

Luminosity lifetime L 10 h

Number of evts/crossing nc 17

Energy loss per turn 7 keV

Total radiated power/beam 3.8 
kW

Stored energy per beam 350 MJ

F
Nkf

L
n

pb

*

2

4 βπ ε
γ

=

f revolution frequency
kb no. of bunches
Np  no. of protons/bunch
n norm transverse emittance
* betatron function
F reduction factor xing angle
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Experimental Challenges
Requirements for Detectors 



 JLF Septembre   JLF Septembre 12

Energy and Luminosity

Hadron colliders are broad-band exploratory machines
May need to study WL-WL scattering at a cm energy of ~ 1 TeV

a   EW ~ 500 GeV
a Equark ~ 1 TeV
a    Eproton ~ 6 TeV

a LHC: pp collisions at 7 + 7 TeV

Event Rate = L..BR
e.g. H(1 TeV) g ZZ g 2e+2 or 4e or 4
For L ~1034 ,  Evts/yr = 1034 10-37.10-3.107 ~ 10 /yr !!

p pq
q

q
q

Z
0

Z
0

H
WW
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2. Detector Challenges I
Multipurpose : 

Good Performances for

leptons, jets, muons,….. 
Fast decaying particles (vertex)

Hermitic
ET_miss

High Interaction Rate

pp interaction rate 109 interactions/s

Level-1 trigger decision will take ~2-3 s

 a electronics need to store data locally (pipelining) 

data for only ~100 out of the 40 million crossings can be recorded per sec

 a fast and accurate high-level trigger  and data acquisition (DAQ) 

Large Particle Multiplicity

~ <20> superposed events in each crossing

~ 1000 tracks stream into the detector every 25 ns

need highly granular detectors with good time resolution for low occupancy

  a large number of channels

High Radiation Levels

 a radiation hard (tolerant) detectors and electronics

     activation of elements in forward direction g maintenance issues
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2. Detector Challenges II

Very good muon identification and momentum measurement
trigger efficiently and measure sign of a few TeV muons

High energy resolution electromagnetic calorimertry
With good isolation performance

    
Powerful inner tracking systems

factor 10 better momentum resolution than at LEP
With a factor 100 in sensitive surface
High granularity 

Hermetic calorimetry
good missing ET resolution
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Production Cross-sections

At sqrt(s)=14 TeV
tot ~ 105 mb
elastic ~ 28 mb
single diffractive ~ 12 mb
double diffractive ~ few mb
inel ~ 65 mb

Evt rate = L. = 1034 x 65 10-27 /s
= 6.5x108 /s

Not all bunches are full (2835/3564)
a events/crossing ~ 20

Operating Conditions
For every ‘good’ event containing a Higgs decay
there are ~ 20 extra ‘unwanted’ minimum bias 
interactions superposed
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Radiation Levels: Dose

Dose (Gy) in CMS for an integrated luminosity of 5.105 pb-1 (~ 10 years) 
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Radiation Levels: Neutron Fluence

n fluence (E>100 keV)  in CMS for an integrated luminosity of 5.105 pb-1 (~ 10 yr) 
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Challenges: Event Selection
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Challenges Data Acquisition

104 105 106
102

103

104

105

Level-1 
Rate (Hz)

Event Size (byte)

LHCb
ATLAS
CMS

ALICE

CDF

HERA-B

KLOE

H1
ZEUS

High Level-1 Trigger 
(1 MHz)

High No. Channels
High Bandwidth
 ( 500 Gbit/s)

High Data Archives
(PetaByte)

NA49UA1

LEP

CDF II
D0 II
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ATLAS and CMS Detector Design
General Layout
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‘Cylindrical_Onion-like ’ Structure 
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The ATLAS Detector

Diameter 25 m
Barrel toroid length 26 m
End-cap end-wall chamber span 46 m
Overall weight               7000 Tons
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The CMS Detector
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A Slice through CMS
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ATLAS and CMS Detector Design
Tracker
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Tracking at LHC
Factors that determine performance

Track finding efficiency – occupancy/crossing
Momentum resolution

Secondary vertex reconstruction

Dose & Fluence 
over 10 years
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Event Pileup

Overlap of 30 min 
bias events
H@ ZZ  (Z X

10 cm
slice

Answer: 
High Granularity
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Measurement of Momentum I
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Measurement of Momentum II
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ATLAS Tracker Layout

ATLAS

Hybrid Pixels: ~ 2.3 m2 of silicon sensors, 140 M pixels, 50x300 m2, r = 5, 
10, 13 cm
Si -strips : 60 m2 of silicon sensors, 6 M strips, 4 pts, r = 30 - 50 cm

Straws TRT: 36 straws/track, Xe-CO2-CF4 =4mm, r = 56 - 107 cm 
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Electron Identification using Tracker in ATLAS (I)
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Electron Identification using Tracker in ATLAS ( II )
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ATLAS Tracker Performance

(pT)/pT ~ 0.6+18pT 
(pT in TeV)
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ATLAS Tracker: Some Components

SCT barrel system test

Two of the SCT barrel 
support structures
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CMS Tracker Layout
Picture 4

double

single

320 


500 


3m

1.2m

Pixels
High resistivity, n-on-n

Hybrid Pixels: ~ 1 m2 of silicon sensors, 67 M pixels, 100x150 m2 , 3 pts, r = 
4, 7, 11 cm
Si -strips : 223 m2 of silicon sensors (15 k modules) , 10 M strips, 10 pts, r = 20 – 
120 cm
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Silicon Tracker

 JLF Septembre 37

This implies analog buffering and readout
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Challenges: Front-end Electronics
Picture 2052

USC

UXC
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CMS Tracker Performance

To minimize the leakage currents 
induced by radiation (neutron) 
The whole tracker must be kept at 
low temperature ~ -18 deg.Celsius
This requires not only a cooling but 
also a environment screen. Both 
bringing material…. 
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Material in Trackers

X
/X

0



ATLASCMS

1

0.5

-1 0-3

Also very important figures for Electromagnetic Calorimeter which is behind
Through electron bremstrallung and photon conversion

In ATLAS
 also in front the calorimeters, 
is the thin (0.66 X/X0 ) 
Solenoide
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ATLAS and CMS Detector Design
Muon System
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Identification of Muons
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ATLAS Muon Detectors

MDT
MDT

TGC

RPC

CSC

Monitored Drift Tubes (|η| < 2) 
  with a single wire resolution of 80 μm
  1194 chambers, 5500m2
Cathode Strip Chambers (2 < |η| < 2.7)
  at higher  particle fluxes
  32 chambers, 27 m2

Each detector has 3 stations.
Each station consists of 2-4 layers.

Resistive Plate Chambers (|η| < 1.05)
  with a good time resolution of 1 ns
  1136 chambers, 3650 m2 
Thin Gap Chambers (1.05 < |η| < 2.4)
   at higher particle fluxes
  1584 chambers, 2900 m2

Precision chambers Trigger chambers
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Reconstructed 
track

ATLAS Muon System: Monitored Drift Tubes

End-cap MDT chamber

wire = 50m (W-Re)
3 bar, 3270V, 
td = 500ns
Gas gain = 2.104
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ATLAS Muon System: Performance

Resolution limited by :
m.m. and Energy Loss Fluct. @ 3% 

 for 10 < pT < 250 GeV/c
Chamber Resolution and Alignment

 for pT > 250 GeV/c

Energy loss fluctuations
Multiple scattering

Chamber resol and align.

Muon spectrom.
 standalone

Inner tracker
stand alone

The muon spectrometer resolution 
dominates for pT > 100 GeV/c
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CMS Muon Detectors
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CMS Muon System: Drift Tubes

Mylar

Electrode 
Strip

Wire42mm
13 mm
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CMS Muon System: Performance

p resolution worsens at || > 1.5
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Today

Traker             Muon

Tomorrow

Ecal               Hcal
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