
Transition Radiation Electron Beam Diagnostic Study At ATF�

X.Z. Qiu, X.J. Wang, K. Batchelor and I. Ben-Zvi National Synchrotron Light Source,Brookhaven National
Laboratory Upton, N.Y., 11973

Abstract

Recently we have started a program to develop transition ra-
diation based electron beam diagnostics at the Accelerator Test
Facility at Brookhaven National Laboratory. In this paper, we
will discuss a technique to estimate the the lower limit in elec-
tron beam divergence measurement with single foil transition ra-
diation and two-foil transition radiation interferometer. Prelimi-
nary experimental data from 4.5 MeV electron beam will be pre-
sented.

I. Introduction
Transition radiation occurs when a charged particle crosses

the boundary between two media with different dielectric con-
stants. It was first predicted by Ginzburg and Frank in 1946.[1]
The first experimental observation of transition radiation was re-
ported in 1959 by Goldsmith and Jelley.[2] Since then, a signif-
icant amount of research have been done on transition radiation
both experimentally and theoretically.[3]

Because of the strong dependence of transition radiation on
the properties of the radiating particle, it is possible to use tran-
sition radiation for charge particle beam diagnostics.

In this paper, we will first review the basic physics of transition
radiation from a single foil and a a two-foil interferometer.

We will then estimate the resolution limit when using tran-
sition radiation to measure the divergence of a charged particle
beam.

Finally, some preliminary result of transition radiation for 4.5
MeV electrons from the BNL/ATF photocathode injector is pre-
sented.

II. Basic theory of optical transition radiation
Transition radiationoccurs when a charged particle crosses the

boundary of two medium with different dielectric constant.
When a particle with charged e enters a medium from vacuum

at 45o incident angle, there will be transition radiation around
the direction of specular reflection (backward radiation). As-
sume j� � 1j � 

�2, where � is the index of refraction of the
medium, the angular intensity distribution in the plane of inci-
dence is given by,[4]
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where  is the Lorentz factor and � is the angle between the the
observation direction and the direction of specular reflection.

In the two-foil transition radiation interferometer configura-
tion as shown in Fig.1.
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The forward radiation created when the particle crosses the
first foil will interfere with the backward radiation from the sec-
ond foil, the angular intensity distribution is given by,[4]
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where L is the spacing between the foils.
If the transition radiation is created by an ensemble of parti-

cles, the angular distribution will be smeared. The divergence
of the charged particle beam can be measured by looking at the
smearing of the distribution. The divergence can also be mea-
sured by looking at the smearing of the spectral distribution at a
fixed observation angle. This is called transition radiation spec-
trometer.[3]

III. Resolution of divergence measurement with
transition radiation

The resolution for beam divergence measurement is deter-
mined by many factors, for example, the resolution of the detec-
tion system and the energy spread of the beam.

For angle � � �m, where �m = 
�1, the relative intensity

varies as,
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Assume that our detection system has an intensity resolution of
�, then the resolution in divergence due to detection system is,
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For a 8-bit detection system,

�min � 12:5%
1


(5)

Figure. 1. An OTR two-foil interferometer
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Figure. 2. Experimental setup to measure OTR from Low en-
ergy electron

The analysis appears to be consistent with the experiment result
for single foil transition by Fiorito and Rule.[3] They conclude
that beam divergence of the order of 15% of �m � 1= could be
measured.

Similar analysis can be performed for two-foil interferometer.
We assume the divergence of the beam is a lot smaller than 1=
and the observation angle is about 1=. We have
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If we express the inter-foil distance in unit of the formation zone
length along the path of the centroid particle,
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where k is a real number. Then,
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In principle,a arbitrarily low divergence can be measured by in-
creasing the inter-foil distance. However, as L increases, the
spacing between interference maxima and minima will decrease
and the resolution of the measurement will be limited by angular
resolution.

The resolution in divergence for transition radiation spectrom-
eter should be the same as transition radiation interferometer for
the same inter-foil spacing.

Cautionhas to be taken when choosing the first foil. The thick-
ness has to be chosen in such a way that the change in divergence
due to scattering of the particles while the beam passing through
the foil is a lot smaller than the intrinsic divergence of the beam.

When very thin foils are used, one still tends to estimate the
scattering with formulas for multiple scattering. However, when
the average number of scatterings for each passing particle
 [5]
is less than 20, these formulas can no longer be applied. For ex-
ample, for 1 �m thick carbon foil, 
 is only about 2. The re-
gion in which 20 � 
 � 1 is called plural scattering. Very little
literature is available about this region. Further investigation is
needed.

-0.4 -0.2 0 0.2 0.4

Theta (rad.)

0

50

100

150

200

250

300

A
n
g
u
l
a
r
 
I
n
t
e
n
s
i
t
y
 
(
a
r
b
.
 
u
n
i
t
)

Gamma=7.0

Gamma=12.0

Solid line:data
Dash line:fit curve

Figure. 3. OTR angular distributionswith two different RF level
of the gun

IV. Experimental result for low energy electron
The Accelerator Test Facility (ATF) at BNL is a users’ facility

for experiments in accelerator and beam physics. It is equipped
with a high brightness photocathode RF-gun, two SLAC linac
sections, high-power picosecond pulse lasers. Recently, a new
injector was installed to minimize the emittance growth due to
spacing charge.

As shown in Fig.2, an aluminum mirror was placed after the
electron gun in the path of the electron. A rotatable mirror is
placed above the glass window to reflect the transition radiation
light into a photo-multiplier tube for detection. The angular dis-
tribution of the transition radiation is measured by rotating the
mirror.

The angular distributionsof transitionradiation from electrons
produced at two different RF level of the gun is shown in Fig.3.
Due to the aperture of the glass window, only one of the two
lobes is observed. The data is fitted with (1) to obtain the energy
of the electron.

A CCD camera is placed above the window to observe the im-
age of the electron beam. The deflection mirror is rotated to such
a position that it would not block the view of the camera. One of
the electron beam images is shown in Fig.4. In Fig.5, the den-
sity distribution along the vertical and horizontal center lines are
plotted.

V. Conclusion
We have estimated the resolution of OTR used to measure the

divergence of charged particle beam in terms of the resolution of
the detection system. Results of transition radiation from elec-
trons of a few MeV are presented.



Figure. 4. Distribution of the electron beam density along the
center lines

Figure. 5. An image of the electron beam obtained from OTR
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