
Cherenkov Detectors



Aside: Particle Identification
• So far we have concentrated on various ionisation 

tracking detectors that relied on photographs and 
hand scanning.
–Identify particles based on curvature and amount of 

ionisation
• More generally how do we identify particles (i.e. tell 

the difference between a proton and electron or pion 
and muon)
–Charge   
–Type of interactions (hadron vs lepton)
–Mass

• To determine mass we need to measure (or 
determine) any two of
–Energy, momentum, velocity
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Cherenkov Radiation
• A charged particle radiates if its velocity is greater 

than the local phase velocity of light
• The radiation is coherent at a particular angle relative 

to the direction of the particle

• Discovered in 1934 by Cherenkov and Vavilov, 
described in 1937 by Frank and Tamm
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31.5. Cherenkov detectors

Revised September 2009 by B.N. Ratcliff (SLAC).

Although devices using Cherenkov radiation are often thought of as only particle
identification (PID) detectors, in practice they are used over a broader range of
applications including; (1) fast particle counters; (2) hadronic PID; and (3) tracking
detectors performing complete event reconstruction. Examples of applications from each
category include; (1) the BaBar luminosity detector [49]; (2) the hadronic PID detectors
at the B factory detectors—DIRC in BaBar [50] and the aerogel threshold Cherenkov
in Belle [51]; and (3) large water Cherenkov counters such as Super-Kamiokande [53].
Cherenkov counters contain two main elements; (1) a radiator through which the charged
particle passes, and (2) a photodetector. As Cherenkov radiation is a weak source of
photons, light collection and detection must be as efficient as possible. The refractive
index n and the particle’s path length through the radiator L appear in the Cherenkov
relations allowing the tuning of these quantities for particular applications.

Cherenkov detectors utilize one or more of the properties of Cherenkov radiation
discussed in the Passages of Particles through Matter section (Sec. 30 of this Review): the
prompt emission of a light pulse; the existence of a velocity threshold for radiation; and
the dependence of the Cherenkov cone half-angle θc and the number of emitted photons
on the velocity of the particle and the refractive index of the medium.

The number of photoelectrons (Np.e.) detected in a given device is

Np.e. = L
α2z2

re mec2

∫

ε(E) sin2 θc(E)dE , (31.5)

where ε(E) is the efficiency for collecting the Cherenkov light and transducing it into
photoelectrons, and α2/(re mec2) = 370 cm−1eV−1.

The quantities ε and θc are functions of the photon energy E. As the typical energy
dependent variation of the index of refraction is modest, a quantity called the Cherenkov
detector quality factor N0 can be defined as

N0 =
α2z2

re mec2

∫

ε dE , (31.6)

so that, taking z = 1 (the usual case in high-energy physics),

Np.e. ≈ LN0〈sin2 θc〉 . (31.7)

This definition of the quality factor N0 is not universal, nor, indeed, very useful
for those common situations where ε factorizes as ε = εcollεdet with the geometrical
photon collection efficiency (εcoll) varying substantially for different tracks while the
photon detector efficiency (εdet) remains nearly track independent. In this case, it can
be useful to explicitly remove (εcoll) from the definition of N0. A typical value of N0
for a photomultiplier (PMT) detection system working in the visible and near UV, and
collecting most of the Cherenkov light, is about 100 cm−1. Practical counters, utilizing
a variety of different photodetectors, have values ranging between about 30 and 180
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whose opening half-angle η is given by

cot η =

[

d

dω
(ω tan θc)

]

ω0

=

[

tan θc + β2ω n(ω)
dn

dω
cot θc

]

ω0

, (30.42)

where ω0 is the central value of the small frequency range under consideration.
(See Fig. 30.26.) This cone has a opening half-angle η, and, unless the medium
is non-dispersive (dn/dω = 0), θc + η != 900. The Cherenkov wavefront ‘sideslips’
along with the particle [79]. This effect may have timing implications for ring
imaging Cherenkov counters [80], but it is probably unimportant for most
applications.

The number of photons produced per unit path length of a particle with charge
ze and per unit energy interval of the photons is

d2N

dEdx
=

αz2

!c
sin2 θc =

α2z2

re mec2

(

1 −
1

β2n2(E)

)

≈ 370 sin2 θc(E) eV−1cm−1 (z = 1) , (30.43)

or, equivalently,

d2N

dxdλ
=

2παz2

λ2

(

1 −
1

β2n2(λ)

)

. (30.44)

The index of refraction n is a function of photon energy E = !ω, as is the
sensitivity of the transducer used to detect the light. For practical use, Eq. (30.43)
must be multiplied by the the transducer response function and integrated over
the region for which β n(ω) > 1. Further details are given in the discussion of
Cherenkov detectors in the Particle Detectors section (Sec. 31 of this Review).

When two particles are close together (lateral separation <∼ 1 wavelength),
the electromagnetic fields from the particles may add coherently, affecting the
Cherenkov radiation. Because of their opposite charges, the radiation from
an e+e− pair at close separation is suppressed compared to two independent
leptons [81].

30.7.2. Coherent radio Cherenkov radiation :
Coherent Cherenkov radiation is produced by many charged particles with

a non-zero net charge moving through matter on an approximately common
“wavefront”—for example, the electrons and positrons in a high-energy elec-
tromagnetic cascade. The signals can be visible above backgrounds for shower
energies as low as 1017 eV; see Sec. 32.3.2 for more details. The phenomenon is
called the Askaryan effect [82]. Near the end of a shower, when typical particle
energies are below Ec (but still relativistic), a charge imbalance develops. The
photons can Compton-scatter atomic electrons, and positrons can annihilate
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Cherenkov Counter
• Cherenkov counters 

were used for
–“The efficient 

detection and fast 
counting of single 
charged particles at 
energies in excess of 
the Cherenkov 
threshold (Cherenkov 
counters have an 
extremely rapid rate of 
response and at the 
same time suffer no 
paralysis effects).”
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Threshold Cherenkov
• Cherenkov light is only 

produced by particles 
above a velocity 
threshold

• Can use Cherenkov 
detectors to identify 
different particles with 
same momentum

• CO2 is commonly used 
in threshold Cherenkov 
detectors, changing 
pressure changes the 
threshold velocity
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PS East Hall Cerenkov Detector

the dynamic range of any ADC.

2 Experimental Aspects

Following the common definition of the Cerenkov angle cosθc = 1
β n with β being the velocity

of the particle and n the refractive index of the gas penetrated, the number of photons produced
in a particle’s transition through the BCC is equal to

Nγ = N · LBCC · sin2θc .

The normalisation factor N depends mainly on the spectral sensitivity of the PM (see [2]) and
has been estimated to be N=490. LBCC is the length of the passage (i.e. BCC tube), which will
be typically 1 to 4m (depending on the space in the experimental zone and the user).

Figure 1: Empirical dependence of the Lorentz Factor γ and Cerenkov angle θc on the gas pressure [3].
Note that the pressure is given in absolute units.

Fig.1 shows the relation between the absolute pressure P and the Lorentz Factor γ (left side)
or Cerenkov angle (right). The curve for the commonly used Cerenkov gas CO2 has been
parameterized as follows:

γ(P ) = 10−0.525·log(P )+ 1.503

with a χ2 = 0.2 · 10−4. Pressures should be set below a sufficient safety margin from the calcu-
lated thresholds.

For a provisional efficiency evaluation, two BCCs have been mutually tested in a 1GeV pion
beam, using a CnS screen as proton target. Both detectors are put at maximum pressure (3 atm

2



The Auger Observatory
• Water Cherenkov 

counters are still at the 
forefront of the 
investigation of ultra-high 
energy cosmic rays with 
the Auger experiment
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Ring-Imaging Cherenkov
• Used in modern 

experiments (such as 
LHCb) to identify 
particles by imaging the 
Cherenkov ring
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Water Cherenkov
• Super Kamiokande is 

an example of a 
water cherenkov 
neutrino detector

• Responsible for the 
discovery of the only 
physics beyond the 
standard model... 
neutrino mass and 
oscillations
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Super Kamiokande
• Can separate electron 

and muon events by 
looking for the ‘fuzzy’ 
electron ring
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Imaging Atmospheric Cherenkov

• Imaging atmospheric 
Cherenkov telescopes, such 
as Veritas, HESS, Magic, 
CTA image gamma ray 
induced showers in the 
atmosphere
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• In 1962 Gurgen Askaryan hypothesised coherent 
radio transmission from EM cascades in a dielectric:

–20% Negative charge excess:
• Compton Scattering: " !  + e-(rest) ⇒ 𝞬 + e-

• Positron Annihilation: e+ + e-(rest) ⇒ 𝞬

–Excess travelling with,  v > c/n
• Cherenkov Radiation:  dP ∝ ν d ν

–For λ > R emission is coherent, so P ∝ E2shower
11

e± or ϒ Typical Dimensions:
L ≈ 10 m
RMoliere ≈ 10 cm

Radio Cherenkov -- The Askaryan Effect



• The ANtarctic Impulsive Transient Antenna 
–A balloon borne experiment

• 32 dual polarization antennas
• Altitude of 37km (120,000 ft)
• Horizon at 700km
• Over 1 million km3 of ice visible 
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ANITA 

Only top of Cherenkov cone escapes ==> vertically polarised E-field at payload
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