
Accelerator Location Process CM Energy Dates Some Expts. Major results
SPEAR SLAC e−e+ 3-6 GeV 72-90 Mark I, Crystal Ball Charm, τ , jets
Petra DESY e−e+ 14-46 GeV 78-86 JADE, Tasso, Argus ... gluon jets, b mixing
PEP SLAC e−e+ 29 GeV 80-90 Mark II, TPC, MAC, ASP b-lifetime
SppS CERN pp 540 GeV 81-90 UA1, UA2, UA5 W/Z

Tristan KEK e−e+ 50-64 GeV 87-95 Amy, Topaz, Venus top has very high mass
SLC SLAC e−e+ 91 GeV 90’s SLC polarized Z prod. (ALR)
LEP CERN e−e+ 91 GeV 89-96 Aleph, Opal, L3, Delphi high statistics EW
Hera DESY ep 30GeV on 900 GeV 92-now H1, Zeus, Hermes, HeraB Proton structure, diffraction

Tevatron I Fermilab pp 900 GeV 87-96 CDF, D0 top and W mass
LEP II CERN e−e+ 91-210 GeV 96-00 Aleph, Opal, L3, Delphi WW production, W mass

Tevatron II Fermilab pp 980 GeV 01 - 09? CDF, D0 Higgs? Supersymmetry?
LHC CERN pp 14 TeV late 00’s Atlas, CMS, LHCb Higgs? Supersymmetry?
ILC ?? e−e+ 500 GeV late 10’s ?? Higgs ? Supersymmetry?

Table 1: Collider experiments at the energy frontier (DORIS, CESR, BES, Belle, Pep II not included
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6.0.1 Basics of electromagnetic calorimetery

High energy photons and electrons interact two ways
in high Z materials.

• Electrons can scatter from atomic electrons and ion-
ize the material - we can detect this ionization but
the electron energy does not change much. This
is an incoherent process and scales as Z/atom or
Z/A/gram of material.

• Both Electrons and photons can scatter off of the
atomic nucleus. This a coherent scatter and scales
as Z2/atom or Z2/A atom. The electron scatter is
bremsstrahlung and the photon is pair-production
of an e−e+ pair. The cross section for these interac-
tion is approximately approximately independent of
energy once the energy of the particles is � mec

2.

The mean free path for both processes is

X0 ∼ 1
4αr2

eZ
2NA

A

(21)

What happens when a high energy photon or electron
hits some high Z material is illustrated in Figure
After the first interaction 1 particle becomes 2, after
the next, 2 particles become 4 etc. asymptotically
there are slightly more electrons than photons.
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Figure 19: A photon showers in material. One can expect a hard interaction (bremsstrahlung or
pair production) every X0.
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The number of particles/layer grows as 2i where i is
the number of X0 you have traversed and the en-
ergy/particle drops by a factor of 2 each layer. At
some point the energy/particle (E0/2i) becomes close
to mec

2 and the hard scatters stop. The critical energy
is called Ec and is actually more like 10 MeV. You can
use this to solve for the maximum number of radiation
lengths N .

2N = E0/Ec (22)

What we detect is the ionization caused by the parti-
cles, which is proportional to the total path length.

L =
N∑

i=1
(2ifeX0) = feX0(2N −1) ∼ feX0E0/Ec (23)

where fe is the electron fraction in the shower ∼ 5/8.
So the ionization observed is proportional to the inci-
dent energy. This is a nice linear detector.

6.0.2 Hadron Energy Calibration

Nature does not provide very many jet calibration lines.
For example, the W and Z bosons decay to jets most
of the time but the dijet cross section shows no appre-
ciable enhancement around the mass peaks both due

29
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 Lepton + jets channel with b-tag      
using 'SVT' secondary vertex tagger

 similar selection
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 ≥ 4 jets with pT>15 GeV
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Lepton+jets: CDF Template Method
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