P PR . e AN A T RN

LA-UR-87-1535

Los Alamos National Laboratory is operated by the University of Califorma for the United States Department of Energy under contract W-7405-ENG-36

g

TiTLe: CHERENKOV AND TRANSITION RADIATION DIAGNOSTICS FOR HIGH ENERGY
FREE~ELECTRON LASERS

LA-UR--87-1535

DE87 010106
AUTHOR(S):: Alex H. Lumpkin, P-15

SUBMITTED TO0. Proceedings for AIAA 19th Fluid Dynamics, Plasma Dynamics
and Laser Conference, Honolulu, Hawaii, June 7-10, 1987

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States

Government. Nelther the United States Government nor any agency thereof, nor any of their

employces, makes any warranty, oxpreas or implied, or ussumes any legal liability or responsi-

bility for the accuracy, comploteness, or usofulness of any information, apparatus, product, or

proceas disclosed, or represents that its use would not infringe privately owned rights. Refer-

, ence herein to any specific commercial product, pro.ess, or service by trade name, trademark,

= manufacturer, or otherwise doen not necesaarlly constitute or imply its endorsement, recom-

mendation, or favoring hy the United States Cloverninent or any agency thereof. The viewa

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Govornment o+ any agency thereof.

By acceptance of thig article the publisher recognizes that the U S Government retains a noneaciusive royaity.lree icense 1o publish or repror uce
ihe published torm of this cuninhution or 1o allow others (o do so, for U3 QGovernmeni purposes

The Los Alamos Natonal Laboralory requests that the publisher idantily this ariicle as work performed uhde! the auspices of the U S Department of E nergy

LOS ABRNO'S LozAamos National Laboratory

FORM NO 836 A4 DISTRIBUTION OF THIS DOCUMENT I8 UML.IMITED

B NO MPe &Y


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


CHERENKOV AND TRANSITION RADIATION DIAGNOST 'CS FOR HIGH
ENERGY FREE-ELECTRON LASERS"

Alex H. Lumpkin
Los Alamos National Laboratory
Physics Division
P. O. Box 1663
Los Alamos, NM 87545 USA

Abstract

Electron Beam diag nostics based on imaging techniques
using Cherenkov conversion screens and intensified video
cameras should be adaptable to the developing high-energy
free-electron lasers (FEL) driven by radio frequency powered
linear accelerators. The high beam energies (60-150 MeV)
and the peak currents (100s of amps) anticipated should also
make optical transition radiation intensities sufficient for
these techniques. The distinctive features of the two light
generation mechanisms will be summarized and a few diag-
nostic examples will be cited.

Introduction

The developing high-2nergy free-electron lasers (FEL)
based on radio frequency (RF) powered linear accelerators
involve electron beam energies of 60-150 MeV, micropuise
durations of 10-20 ps, and micropulse separations of 10-50
ns. These micropulses are typically in a pulse train of at least
100 us in length.“) The importance of understanding any
structure vi'hin a micropulse has been graphically demon-
strated in studies on the Los Alamos FEL as reported
previously!*) Lasing regimes within the micropulse, par-
ameter optimizaticn via phasing of the RF components, and
beamline wakefield effects (at high peak currents) have been
observed. These studies were all performed using the
Cherenkov mechanism to convert the electron distribution into
a visible image during the electrons’ transit through fused
silica screens. With the higher beam energies and peak cur-
rents it appears that transition radmion.( which is produced
when s charged particle beam crosses a boundary between two
media with different dislectric constants, can also play a role.
A3 an example, using vacuum to metal foil transitions and
electron energies as mentioned, the emitted broadband radia-
tinn includes the visible region, and therefore imaging
techniques developed for Cherenkov light are applicable. The
distinctive features of the 'wo mechanisms will be
tummarized and s few diagnostic examples wili be cited.

Plsosscond: Regime Light Geperation Mechanisma

In order to addsess phenomena on the 10-ps time scale of
an eiectron benm micropuise, we have used both sn RF
deflector and a sireak camera, In the first case, the time-
depandent deflection of the electron beam is observed on the
radiation converter screen itself and so picosecond formetion
processes are not necassary. However, there are faw, if any,
flucrescent screens that can withstand the high energy deposi-
tion from cur beans and provide sven nanasecond response
times 10 that individuai micropulses can be selected. Fused
silica screens mre damoge resistant and provide sufficient light
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via the Cherenkov effect. In the second case, the time de-
pendent deflection is within a streak tube itself so the

)conversion process at the screen must be less than the pulse

duration in order to evaluate it.

Figure | shows an example of the variation of the
electron charge distribution in energy and time as a function
of the relative phase of accelerators B and A. This loss of
energy within the micropulse is attributed to beamline
wakefield effects that occur at high peak currents at beamline
discontinuities, Figure 2 shows an example of the
measurement of the micropulse time width using a streak
camera. In this case the measurement was performed after
the nonisochronous 60° bend, and we used magnetic bunching
to compress the pulse in time (<)5 ps.). Having illustrated the
use of such imaging techniques, it would be instructive to
briefly review the two mechanisms under considc.ation:
Cherenkov and Optical Transition Radiation (OTR).
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Fig. 1. A comparison of energy-time plots for calculated

and erperimental charge distributions.
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Fig. 2. Streak camera measurement of the electron beam
micropulse time width, At = 15 ps full width half
maxiinum (FWHM).

(herepkor Radiatlon

Cherenkov light is produced when a highly relativistic
charged particle with vsiocity # = v/¢ ~ | traniits a medium
with index of refraction, o, such that An > 1. The light is
emitted in a cone around the direction of ‘lectron motion at
anangle f = co:"l/ﬂn. As an example for electrons with
2= 099 in fused silica with n = 1.5, 0 ~ 47°. The number of
photons (N) emitied between two wavelengths Ay and )y aan
be calculated by the following equation from Ref. 4:

. 1 ] 1
Kevrar(3 - 5) (- ) v

where a = ez/ the fine structure constant, £ is the thickness
of the medium ffuud silica in this caze), and Aand nare a3
above. This relation indicates that the number of photons
emitted in the visible is about ten per electron per mm of
silica  Also, the spectra) distribution goes as 1/27. That \v,
one sees & bluish light although there ls even more energy in
the ultraviolet. Since the intensity and angular distribution
are A-related, and 2 approaches one arymptotically, they
might be approximated as energy independent for electron
energies of v»/0 (where = Is the Lorantz factor),

In Fig. 3 an experimental Cherenkov angular distribution
from a 16-MeV electron beam incident on a 1 -mm-thick
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Fig. 3. Cherenkov light angular distribution measurement
for a 16-MeV electron beam incident on a |-mm-
thick fusad silica screen whose normal is oriented at
-50* 10 the beam direction. The peak in the pattern
is At about 46" .
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Fig. £ Schamatic presentation of several setups for
Cherenko+« Leamline dingnostics and the observed
vignal relative to case |,

fused silica screen (oriented with its nermal 50° to the beam
direction) is shown. These datn were ob.utined at the FG&G
(Santa Parbara) Livac facility, Finite beam diameter and
divergence effects contilbute to the angular spread of the
emission cone. Flgure 4 achematically shows seveial setups
for using Cherernkoy light as ¢ beamline diugnontic and the
effect ou signal intensity. At aur FEL racility we have used
a frosted back surfaoce to break-up the Cherenkoy cone and
ohtain sufficient signal At 30° to the beam direction.
Geometry 1l (normal incidence) is important because the light



does not scatter within the silica screen as much as it does in
the downstream directior. for the 45° orientation.

Transition Radiation

Transition radiation is produced by a moving charged
particle at the interface of two madia with different dielectric
constants. It is broadband (microwave to x-ray), but I wili
deal only with the optical transition radiation (OTR).(3'5 Its
distinctive features illustrated in Figs. 5-7 include an intensity
and angular distribution which are strong functions of the
energy of the producing particle (in contrast to Cherenkov
radiation), 8 broad spectrum which shows a !/ A’ depandence
with an upper limit proportional to < (conversion efficiency is
only ! photon pe: 100 electrons per interface at v ~ 40),
strong polarization of the electric vector, and of course, a
prompt (few ps) production time. When an electron crosses a
finite foil thickness, there are two interfaces and both
forward and backward radiation result. For normal incidence
of relativistic electrons these radiation patterns are peaked
within a degree, op ~ 1/, from the surface normals. One of
the more interesting features is that for a foil at 45° to the
beam direction the forward radiation is the same, but the
backward radiation is emitted in a thin cone around the
direction of specular reflection, i.e.,, at 90° = é_ to the beam
direction.(3' (see Figs. 5 and 6). This latter features makes
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Fig. 7.

it very practical for beamline imaging diagnostics. As noted
above, the low conversion efficiency (0.0] photons pe: elec-
tron, per interface) is a disadvantage relative to Cherenkov
radiation. However, its angular distribution is so much more
coicentrated than the Cherenkov cone from fused silica that
at 50° to the beam the photon intensity should be adequate.

It has been detected and characterized under certain
conditions.(3:5, Also, as shown in Fig, 7, the peak intensity

increases as 7° 3o that for v > 40 there should be even more
signal.
Comments on Potential Electron Beam
Diagnostic Applicaticas

Electron Beam Position And Profile Measu/ements

.These are routinely performed at the Los Alamos facility
with 0.5-mm-thick fused silica screens normal to the beam
(frosted back surface) and & polished metal mirror at 45° to
the beam positioned behind the screen that directs the
Cherenkov light out the 90° port. This is no* the optimum
geometry for the Cherenkov cone and single micropulses (100
A peak) are just seen with an intensified cameia. If the
fused silica screens are rotated at 43° to the beam, the
Cherenkov light tends to internally reflect in the downstream
direction within the screen and significantly spread the spot.
However, a metal foil for the OTR generation should only
exhibit the X spreading of the beam spot due to the 45*
angle and this is canceled by viewing at 90° to the beam
direction. Subject to foil survivability this could be an
exceflent alternative technique. In fact, visible radiation from
a polished Molybdenum (MMolv) foil has been observed in our
laboratory in one of our standard beamiine positions. This
radiation intensity was comparable to that from the fused
silica screen plus metal mirror when viewed at 90° to the
beam direction (see Fig. 8). The detected intensity dropped
off rapidly with misalignment of the foil from 45" to the
beam and disappeared in less than one micrcsecond after the
end of the pulse train. A gated intensified camera was used
to sample about 400 ns of tl.e 50 to 100 us-long macropulse's
interaction with the coaverter screen or foil. When viewing
the scene with the gated camera, the radiation intensity from
the foil sampled at the end of the macropulse did not appeat
to vary with the length of the macropulse (as might be
expected from incandescence). These features are consistent
with OTR, but further experiments are planned,
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Fig. 8. Observed signals at 90° to the 20-MeV electrop
beam direction from a fused silica screen plus Moly
metal mirror and 8 Moly metal fo:l alone.

Electron Beam Emittance

o

At Lo* Alamos, we currently evaluate the 20-MeV
¢'ectron beam emittance by observation (Cherenkov light) of
the beam size (profile) as a function of s focusing quadrupole
field variation or by evaluating the beem diameter at two
separate locations under fixed focusing conditions. Recently,
it has been reported the emittance can be measured by using a
single OTR foil and comparing the angular distribution the
lobes) of the OTR pattern to calculated curves involving beam
emattances. This could be an interesting alternative
technique.

Electron Beam Encrgy And Epergy Spread

Standard procedures for evaluating electron beam energy
involve an electron spectrometer with its analyzing magnet
and focal planc detector. We normally use fused silics screens
in the focal plane and record the energy distribution for a
few micropulses with intensified television cameras. With our
current geometry we probably could put a foil in the focal
plane, but because the OTR intensity is energy and incident
angle dependent, there would be an involved calibration
procedure. Alternatively, single foil techniques are expected
to provide ~ 3 per cent energy resolution'”’ and two-foil
interferometric OTR technitiues have yielded ~ | percent
energy resclution at 4 = 100 3). These techniques would
allow energy measurements along the beamline (between
accelerator sections) as desired without installation of an
analyzing magnet and spectrometer chamber (8 potential
wakefisld source).

Electron Beam Temporal Profile

The temporal pulse width of a micropulse of 10-20 ps
duration can be evalused using a streak system (a streak
camera or an RF derlector)(z) if the light generauion
mechanism is only a few picoseconds. The conversion
efficient Cherenkov mechanism has the advantaye in
intensity, but OTR may be usable at the higher energies (p2ak
intensity goes as v°) and peak currents. Also, limiting the
effective spatial extent of the generated light reduces the
corresponding time spread so that OTR foils might have an
advantage in this aspect over Zherenkov screens,

Summary and Conclusion

In summary, light generation mechanisms that are on the
picosecond timescale can be used for diagnostics of electron
beam micropulses or macropulses via imaging techniques. It
appears that transition radiation diagnostics may provide an
interesting and valuable complement to Cherenkov radiation
diagnostics for emerging high energy FEL systems. In the
case of beam position (profile) and temporal profiles the
techniques may already be established. For electron beam
energy and emittance measurements further work is needed.
Also, there are indications that OTR polarization effects could
be exploited to improve diagnostic sensitivity for some of
these parameters. This issue should certainly be explored in
the future.
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