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1 Introduction

Cherenkov radiation is the electromagnetic emission
(typically of visible to ultraviolet wavelength) produced
when a charged particle travels faster than the speed of
light in a medium with refractive index > 1. Imaging of
Cherenkov radiation can be used to diagnose the charge
of high energy electron bunches, such as those produced
in laser-plasma interactions [1–3]. In a recent experi-
ment using the Astra-Gemini laser target area 3 (hence
referred to as ‘Gemini TA3’), a fused silica block with a
ground surface acting as a scatter screen was used to im-
age the forward beam of Cherenkov radiation produced
by such high energy electrons, using cooled Andor NEO
scientific CMOS cameras [4]. An expected light yield in
photons can be derived from Cherenkov theory, which
can be used to verify experimental results, if an abso-
lute calibration of the scatter screen is carried out using
the same linear CMOS camera [5, 6]. The results and
methods of such a calibration are reported here, for the
benefit of past and future work done using this method.

2 Scatter screen calibration

To obtain the number of Cherenkov photons incident to
the scatter screen for measurements at different angles, a
laser of known power is directed to the scatter screen. A
1 mW, 532 nm laser was directed through the fused silica
as shown in Fig. 2, and 0.1 sec exposures of the scattered
light were imaged using the CMOS camera. The number
of photons incident to the scatter screen is given by the
laser power, P , wavelength, λ, and exposure time, t,

Nγ =
Ptλ

hc
, (1)

where h is Planck’s constant, and c is the speed of light.
In practice, the laser was passed through ND filters with
optical density, d, and a plastic window coupled to the
fused silica using optical coupling gel. As a result, the

Figure 1: PearsonVII fit of scatter screen calibration
data. Values of m = 1.88 and w = 9.32 are obtained
(see Eq (3)).

real number of photons incident to the scatter screen is

Nγ =
Ptλ

hc
× 10−d × T, (2)

where T is the transmission of the plastic window – fused
silica boundary. We assume that T = 0.8 here. Taking
exposures at various angles to normal, and obtaining the
integrated counts of the imaged laser spot produces an
angular distribution of the scattered flux, as shown in
Fig. 1. Fitting to this data gives the number of counts
expected to be measured at the Gemini TA3 cameras’
angular position to the scatter screen. The expression
found to achieve the best fit is the Pearson VII, which
is essentially a Lorentzian raised to a power, m, which
adds a degree of freedom to the shape of the fit. The
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Figure 2: Top-view schematic of scatter screen calibration set up. Inset (bottom-left) is side-view illustration of
fused silica block and scatter surface.

Figure 3: Number of Cherenkov photons, NCh, with
laser energy at three scatter angles. Dotted line is a
power law fit of the data averaged over the three scatter
angles.

distribution is described by

I(θ) = Imax
w2m

[w2 + (21/m − 1)(θ − θ0)]m
, (3)

where Imax is the peak number of counts, w is the half
width at half maximum, and θ and θ0 are the scattering
angle and scattering angle at maximum counts, respec-
tively. Notably, Eq (3) tends towards a Lorentzian as
m −→ 1, and a Gaussian when m � 1, i.e. m & 10.
The obtained value, m = 1.88 (2 s. f.) indicates that
the angular flux distribution of the scatter screen used is
more closely described as Lorentzian than as a Gaussian,
with more significant contributions from its ‘tails’.

Approximating the change in counts at different dis-
tances to the scatter screen using the inverse-square law,
we obtain the number of counts at the distances used in
the Gemini TA3 experiment. The ratio of the number
of photons, Nγ , to the number of counts calculated from
the calibration measurements, Ncounts, is then applied
to the integrated counts of the images of the Cherenkov
photons on the scatter screen to obtain an approximate
number of Cherenkov photons, NCh;

NCh = Nγ/Ncounts. (4)

The number of Cherenkov photons obtained at the
scatter imaging angles, 14.0°, 34.1° and 49.6°, (corre-
sponding to Gemini TA3 ‘viewing angles’ 10°, 25° and
40°, respectively), and four Gemini laser energies are
plotted in Fig. 3. The calculated number of photons at
the three imaging angles agree relatively well, indicating
the validity of the calibration technique for obtaining an
approximate number of photons.
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3 Comments

A method for calibrating a Cherenkov radiator and scat-
ter screen has been demonstrated to produce consis-
tent results for measurements obtained at three different
angular positions. The number of Cherenkov photons
which were produced in the Gemini TA3 experiment
at various laser energies appear to agree with prelimi-
nary theoretical estimates (∼ 1012 photons), though a
rigorous calculation is not presented here. To further
develop this calibration technique, measurements of the
surface roughness of the scatter screens are required, and
a more considered evaluation of the scattering behaviour
of Cherenkov light compared with the green (532 nm)
laser should be undertaken, accounting for the impact of
the spectral difference on the calibration method. With
development, there is promise for a Cherenkov based
electron beam diagnostic, especially in high repetition
rate laser-plasma interaction environments.
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Appendix

Figure 4: Sample calibration images: (a) at 10° scaled
for high contrast, showing the edge of the fused silica
radiator (green line) and illustrating how the region of
interest (ROI) was selected for sampling; (b) at 10°, mag-
nified to ROI and in linear scaling across entire camera
dynamic range; (c) at 25°; and (d) at 40°. (c) and (d)
are presented with similar magnification and the same
scaling as (b).
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