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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 singlefoil transitionra
diation and two-foil transition radiation interferometer. Prelimi-
nary experimental datafrom4.5 MeV dectron beam will be pre-
sented.

[. Introduction

Transition radiation occurs when a charged particle crosses
the boundary between two media with different dielectric con-
stants. It wasfirst predicted by Ginzburg and Frank in 1946.[1]
Thefirst experimental observation of transition radiation wasre-
ported in 1959 by Goldsmith and Jelley.[2] Since then, asignif-
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 theradiating particle, it is possible to use tran-
sition radiation for charge particle beam diagnostics.

Inthispaper, wewill first review thebasic physicsof transition
radiation from asinglefoil and a atwo-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 electronsfrom the BNL/ATF photocathodeinjector is pre-
sented.

I1. Basic theory of optical transition radiation

Transitionradiation occurswhen acharged particlecrossesthe
boundary of two medium with different diel ectric constant.

When aparticlewith charged e enters amedium from vacuum
at 45° incident angle, there will be transition radiation around
the direction of specular reflection (backward radiation). As-
sume |e — 1] > vy~ 2, where ¢ isthe index of refraction of the
medium, the angular intensity distribution in the plane of inci-
denceisgiven by,[4]
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where v isthe Lorentz factor and 6 is the angle between the the
observation direction and the direction of specular reflection.

In the two-foil transition radiation interferometer configura
tionas shownin 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 distributionis given by,[4]
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where L isthe spacing between thefoils.

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 aso be mea
sured by looking at the smearing of the spectral distributionat a
fixed observation angle. Thisis called transition radiation spec-
trometer.[3]

I11. Resolution of divergence measurement with
transition radiation

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

For angle§ < #,,, whered,, = !, the rlative intensity
varies as,
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Assume that our detection system has an intensity resol ution of
7, then the resolution in divergence due to detection system is,
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Figure. 1. An OTR two-foil interferometer
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Figure. 2. Experimental setup to measure OTR from Low en-
ergy eectron

The analysis appears to be consi stent with the experiment result
for single foil transition by Fiorito and Rule.[3] They conclude
that beam divergence of the order of 15% of 6,,, ~ 1/~ could be
mesasured.

Similar analysiscan be performed for two-foil interferometer.
We assume the divergence of the beam isalot smaller than 1/~
and the observation angleis about 1/+. We have
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If we expresstheinter-foil distance in unit of the formation zone
length aong the path of the centroid particle,
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wherek isarea number. Then,
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In principleaarbitrarily low divergence can be measured by in-
creasing the inter-foil distance. However, as L increases, the
spacing between interference maxima and minimawill decrease
and theresol ution of the measurement will be limited by angular
resolution.

Theresolutionin divergencefor transitionradiati on spectrom-
eter should be the same astransition radiation interferometer for
the same inter-foil spacing.

Cautionhasto betaken when choosing thefirst foil. Thethick-
ness hasto be chosen in such away that the changein divergence
dueto scattering of the particles whilethe beam passing through
thefoil isalot smaller than theintrinsic divergence of the beam.

When very thin foils are used, one till tends to estimate the
scattering with formulasfor multiplescattering. However, when
the average number of scatteringsfor each passing particle(2 [5]
islessthan 20, these formulas can no longer be applied. For ex-
ample, for 1 pm thick carbon fail, €2 is only about 2. The re-
gioninwhich 20 < 2 < 1 iscalled plura scattering. Very little
literature is available about thisregion. Further investigationis
needed.
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Figure. 3. OTR angular distributionswith two different RF level
of thegun

V. Experimental result for low energy electron

TheAccelerator Test Facility (ATF) at BNL isausers’ facility
for experiments in accel erator 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.

Asshown 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 tubefor detection. The angular dis-
tribution of the transition radiation is measured by rotating the
mirror.

Theangular distributionsof transitionradiationfrom electrons
produced at two different RF level of thegunisshownin Fig.3.
Due to the aperture of the glass window, only one of the two
lobesisobserved. The dataisfitted with (1) to obtain the energy
of the electron.

A CCD cameraisplaced abovethewindow to observetheim-
age of theelectron beam. The deflection mirror isrotated to such
apositionthat 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 linesare
plotted.

V. Conclusion

We have estimated the resolution of OTR used to measure the
divergence of charged particle beam interms of theresol ution of
the detection system. Results of transition radiation from elec-
tronsof afew MeV are presented.



Figure. 4. Distribution of the electron beam density along the
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Figure. 5.

An image of the electron beam obtained from OTR
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