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The Large Hadron Collider
is a 27 km long collider ring
housed in a tunnel about 100 m 
underground near Geneva



LHC • √s = 14 TeV (7 times higher than Tevatron/Fermilab) 
→ search for new massive particles up to  m ~ 5 TeV

• Ldesign = 1034 cm-2 s-1                        (>102 higher than Tevatron/Fermilab) 
→ search for rare processes with small σ (N = Lσ )

LHCb : 
pp, B-physics

ALICE : 
heavy ions

ATLAS and  CMS :
pp, general purpose

ATLAS and  CMS :
pp, general purpose

27 km ring used for
e+e- LEP machine 
in 1989-2000

Start : November 2007

pp



25 ns

Event rate in ATLAS : 

N = L x σ (pp) ≈ 109 interactions/s 

Mostly soft ( low pT ) events

Interesting hard (high-pT ) events are rare

very powerful detectors needed



Cross Sections and Production Rates

• Inelastic proton-proton 
reactions:                               109 / s

• bb pairs                               5  106 / s 
• tt pairs                               8        / s

• W  → e ν                                 150   / s
• Z  → e e                                15   / s

• Higgs (150 GeV)                  0.2    / s
• Gluino, Squarks (1 TeV)    0.03   / s

Rates for L = 1034 cm-2 s-1:  (LHC)

LHC is a factory for: 
top-quarks, b-quarks, W, Z, ……. Higgs, ……

(The challenge: you have to detect them !)



The ATLAS physics goals

Search for the Standard Model Higgs boson over  ~ 115 < mH < 1000 GeV

Search for physics beyond the SM (Supersymmetry, q/l compositeness,             
leptoquarks, W’/Z’, heavy q/l, Extra-dimensions, ….)  up to the  TeV-range

Precise measurements : 
-- W mass
-- top mass, couplings and decay properties
-- Higgs mass, spin, couplings (if Higgs found)
-- B-physics (complementing LHCb): CP violation, rare decays, B0 oscillations 
-- QCD jet cross-section and αs
-- etc. …. 

Study of phase transition at high density from hadronic matter to plasma of deconfined
quarks and gluons (complementing ALICE). 
Transition plasma → hadronic matter happened in universe ~ 10-5 s after Big Bang

Etc. etc. …..



ATLAS Collaboration
(As of the October 2005 RRB)

34 Countries
153 Institutions

1650 Scientific Authors total
(1330 with a PhD, for M&O share)

New applications for CB decision:
UN La Plata,  U Buenos Aires (Argentina)
TU Dresden, U Giessen (Germany)
U Oregon, U Oklahoma (US)

New application for CB announcement:
DESY, Humboldt U Berlin (Germany)
SLAC, New York U (US) 

Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPP Annecy, Argonne NL, Arizona, UT Arlington, Athens, NTU Athens, Baku, 
IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, Bern, Birmingham, Bologna, Bonn, Boston, Brandeis, Bratislava/SAS Kosice, Brookhaven NL, Bucharest, Cambridge, Carleton, Casablanca/Rabat, CERN, Chinese 

Cluster, Chicago, Clermont-Ferrand, Columbia, NBI Copenhagen, Cosenza, INP Cracow, FPNT Cracow, Dortmund, JINR Dubna, Duke, Frascati, Freiburg, Geneva, Genoa, Glasgow, LPSC Grenoble, Technion Haifa, Hampton, 
Harvard, Heidelberg, Hiroshima, Hiroshima IT, Indiana, Innsbruck, Iowa SU, Irvine UC, Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE, Lancaster, Lecce, Lisbon LIP, Liverpool, Ljubljana, 

QMW London, RHBNC London, UC London, Lund, UA Madrid, Mainz, Manchester, Mannheim, CPPM Marseille, Massachusetts, MIT, Melbourne, Michigan, Michigan SU, Milano, Minsk NAS, Minsk NCPHEP, Montreal, McGill 
Montreal, FIAN Moscow, 

ITEP Moscow, MEPhI Moscow, MSU Moscow, Munich LMU, MPI Munich, Nagasaki IAS, Naples, Naruto UE, New Mexico, Nijmegen,  BINP Novosibirsk, Ohio SU, Okayama, Oklahoma, LAL Orsay, Osaka, Oslo, Oxford, Paris VI 
and VII, Pavia, Pennsylvania, Pisa, Pittsburgh, CAS Prague, CU Prague, TU Prague, IHEP Protvino, Ritsumeikan, UFRJ Rio de Janeiro, Rochester, Rome I, Rome II, Rome III, Rutherford Appleton Laboratory, DAPNIA Saclay, 

Santa Cruz UC, Sheffield, Shinshu, Siegen, 
Simon Fraser Burnaby, Southern Methodist Dallas, NPI Petersburg, Stockholm, KTH Stockholm, Stony Brook, Sydney, AS Taipei, Tbilisi, Tel Aviv, Thessaloniki, Tokyo ICEPP, Tokyo MU, Toronto, TRIUMF, Tsukuba, Tufts, 

Udine, Uppsala, Urbana UI, Valencia, 
UBC Vancouver, Victoria, Washington, Weizmann Rehovot, Wisconsin, Wuppertal, Yale, Yerevan



ATLAS

Length  : ~ 46 m 
Radius  : ~ 12 m 
Weight : ~ 7000 tons
~ 108 electronic channels
~ 3000 km of cables

•• Tracking (|η|<2.5, B=2T) :
-- Si pixels and strips
-- Transition Radiation Detector (e/π separation)

• Calorimetry (|η|<5) :
-- EM : Pb-LAr
-- HAD: Fe/scintillator (central), Cu/W-LAr (fwd)

• Muon Spectrometer (|η|<2.7) :
air-core toroids with muon chambers
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“Gold-plated” channel for Higgs 
discovery at LHC 

Simulation of a   H → μμ ee event in ATLAS 

Signal expected in ATLAS
after 1 year of LHC operation

Physics example

















ALFA = Absolute Luminosity For ATLAS

The Roman Pot mechanics. 

The detectors

The electronics



ALFA - ATLAS Roman Pots

• Goal: Determine absolute luminosity at IP1 (2-3% precision)

• Measure elastic rate dN/dt in the Coulomb interference region 
(à la UA4).   |t|~0.00065 GeV2 or   Θ ~ 3.5 microrad.

RP

IP

RPRP RP

RP RP RP RP

This requires (apart from special beam optics)
• to place detectors ~1.5 mm from LHC beam axis
• to operate detectors in the secondary vacuum of a Roman Pot 
• spatial resolution sx = sy well below 100 micron (goal 30 micron)  
• no significant inactive edge (< 100 micron)



Elastic scattering







Roman Pot locations



The Roman Pot mechanics



Received recenly prototype Roman Pot Unit  ( i.e without pot)
Now being assembled by PH/DT1 team.
Will be used to set up the control system and organize cable routing
and patch panels



Overlap 
extrusions 
brazed on 
bottom

Top flange

Pumping hole

Rectangular body out of center
Brazing under 
test S.Mathot
(TS-MME)

The Pot 

First prototype being prepared
• Will soon  be vacuum tested
• Simulation of contribution to the impedance
budget ongoing



The detectors-fiber trackers

The fibres are read out by MAPMT



Design of ALFA detector

MAPMTs + PMFs + 
mu-metal shielding

PM baseplate

Connectors 
Fiber detector 
overlaps 
trigger scint.

Pot

The fixation of the detector 
is taken from Desy Set-up.

A new design is required for 
the final version

25 slots: 20 Connectors 
for the detector, 3 for 
overlaps and 1 for triggers 
+ 1 free slot for the 
support of the detector.



4 types of plates designed

Fiber detector: 
10 plates of

2x64 fibers

Trigger for detector: 
1 plastic scintillator 
3mm thick

Overlap detector: 
3 plates of

2x30 fibers

Trigger for 
overlap detector: 
2 plastic 
scintillator 3mm 
thick



Front view of detector in pot

Overlaps:



DESY test beam results
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Short review of Diffraction at HERA
at small x

HERA LHC



Hard Diffraction – the HERA surprise

Non-Diffractive Event

Diffractive Event
expected before HERA
<0.01%, seen over 10% 
at Q2=10 GeV2
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Diffraction at HERA is so large because it is a shadow of 
DIS (i.e. inelastic processes)  dipole picture
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x < 10-2

universal rate of rise 
of all hadronic cross-sections
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Diffractive Di-jets 
Q2 > 5 GeV2

Dipole Model - gluon density convoluted with dipole wave functions
simultaneous prediction/description of many reactions    

Inclusive Diffractive Cross Section
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from gluon density convoluted with dipole
wave functions we obtain
simultaneous prediction/description 
of many reactions    
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KT 

Vector Mesons

DVCS

Note: educated guesses for VM wf work very well 



Diffractive Di-jets 
Q2 > 5 GeV2

-RapGap

Satrap



Discovery of HERA

Pomeron is a fundamental QCD object 
intercept - a(Q2) = 1+ltot = 1+d/2

soft and hard Pomeron join together

universal rate of rise 
of all hadronic cross-sections

tottot xWp λλγσ )/1(~)(~ 2*

gp rp



Computation of Diffractive Processes at LHC 

Khoze – Martin - Ryskin Approach
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fg unintegrated (skewed) gluon densities 

obtained from low-x data of HERA
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Dipole form
double eikonal single eikonal

Khoze
Martin
Ryskin

t – distributions
at LHC

Effects of soft proton 
absorption  modulate the
hard t – distributions

t-measurement will allow 
to disentangle the effects
of soft absorption from
hard behavior

Survival Probability  S2

Soft Elastic Opacity
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Summary of EDS07
Halina Abramowicz

HERA results



Exclusive Double Diffractive Reactions at LHC

low x QCD reactions (KMR)
pp =>  pp + gJet gJet σ ~   1 nb for  M(jj) ~ 50 GeV

σ ~ 0.5 pb for  M(jj) ~ 200 GeV
ηJET| < 1     

xIP = Δp/p,  pT
xIP ~ 0.2-1.5%

High momentum
measurement
precision

pp  => pp +  Higgs    σ ∼   Ο(3)     fb SM          (inclusive  ~  20 pb)
∼ O(100) fb MSSM

1 event/sec 

xIP = Δp/p,  pT
xIP ~ 0.2-1.5%
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Beam Pipe
Detector

closest 
approach
12 σ ∼3mm

Transverse Deviation

acceptance at 420m
xIP ~ 0.2 – 1.5 %
t from 0 to ~10 GeV2

deflection of protons
due to main magnets

stability against 
beam tuning effects

acceptance at 
220/240m 
xIP ~ 1 – 2%



The 420m region at the LHC



FP420 Silicon Detector Stations

Brunell

Manchester / Mullard Space Sci. Lab














