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Abstract

Project Code: MGR4980095
Project Title: Characterization of Transition Radiation from Short Electron Pulses
Investigator: Dr. Chitrlada Thongbai (Settakorn)

E-mail Address: chlada@chiangmai.ac.th

Project Period: 2 years

Abstract

Transition Radiation (TR) can be produced when short electron pulses traverse a vacuum-metal
interface. Properties of TR emitted from a single electron can be evaluated from available equations with
proper modifications to match the experimental conditions. The properties of TR emitted from an electron
pulse, however, composed of several radiation emissions and thus can be complicated. At a wavelength
longer than or comparable to the pulse length, the TR is emitted coherently. The coherent radiation
intensity scales with the square of the number of electron per pulse and its radiation spectrum is
determined by the Fourier transform of the electron pulse distribution squared. The coherent TR from
some picosecond electron pulses is of great interest as a potential high intensity THz or far-infrared
radiation source. Moreover, coherence information of the radiation can be characterized to determine
electron pulse lengths. In this study, angular and spectral distributions of the radiation emitted from
electron pulses with various parameters have been investigated. The theoritical and experimental efforts
reported here are directed toward developing ways to analyze coherent transition radiation properties to
be used for beam diagnostics (pulse length and beam emittance) or used as a radiation source. The
measurement results have agreed very well with the prediction, thus demonstrating the feasibility of these
theoretical analyses. Development of theoretical analysis combining beam dynamics simulation and
radiation emission simulation should be carried on in order to obtain the best prediction of the TR

properties at the experimental station.

Keywords: coherent, transition radiation, electron pulse, THz radiation, FIR radiation



Executive Summary

Project Code: MGR4980095
Project Title: Characterization of Transition Radiation from Short Electron Pulses
Investigator: Dr. Chitrlada Thongbai (Settakorn)

E-mail Address: chlada@chiangmai.ac.th

Project Period: 2 years

Background/Problems:

Transition radiation (TR) is produced whenever charged particles cross the boundary between
two media with different dielectric constants. The spectrum of TR can range from microwave to X-rays
depending on the energy of the producing particles. Transition radiation has a number of distinctive
features which makes it attractive for diagnostic applications: it has a broad spectrum, polarized with the
electric vector liying in the plane of incident, and it has a prompt production time relative to beam time
scale. At a wavelength longer than or comparable to the electron pulse length, the TR is emitted
coherently. The coherent radiation intensity scales with the square of the number of electron per pulse
and its radiation spectrum is determined by the Fourier Transform of the electron distribution squared.
The radiation is of great interest as a potential high intensity THz or far-infrared radiation source and for
electron beam diagnostics. Coherence information of the radiation can be characterized to determine
electron pulse lengths as short as sub-picosecond. Still, the available amounts of theoretical detail of the
TR properties mostly concentrate on radiation emitted from a point source. Many aspects of the theory
have not yet been verified by measurement from a real beam since it is oftenly difficult to extract the

characteristic features of the TR which are most important from experimental works using a finite beam.

Objectives:

To investigate characteristics of coherent transition radiation from short electron pulses theoretically and

experimentally.

Methodology:

1. Investigate properties of transition radiation from single electron (interpretation and calculation).
2. Investigate properties of transition radiation from electron pulses (calculation and simulation).
3. Characterize the transition radiation generated from short electron pulses experimentally.

4. Analyze coherent transition radiation properties.



Results:

Properties of TR emitted from a single electron can be evaluated from available equations with
proper modifications to match the experimental conditions. The properties of TR emitted from an electron
pulses, however, composed of several radiation emission and thus can be complicated.

At a wavelength longer than or comparable to the pulse length, TR is emitted coherently. The
coherent radiation intensity scales with the square of the number of electron per pulse and its radiation
spectrum is determined by the Fourier transform of the electron distribution squared. Investigation of
beam size effects on the coherent TR spectrum found that when the beam size increases, the high
frequency components of the raidtaion are more suppressed. To obtain the full coherent TR spectrum
which is pulse length limited, the electron beam size should be as small as possible. Coherence
information from the spectrum can be characterized to determine electron pulse lengths via
autocorrelation technique. Perturbations to the coherent TR spectrum from the transverse beamsize,
therefore, disturb the pulse length measurement and must be taken into account for data analysis.

Angular distribution of TR from a beam with large beam size and/or large divergence appears
with reduction of maximum intensity, increasing of radiation intensity at O rad angle, and peak shift further
from the center. The theoretical analysis also suggested a way to modify coherent TR angular distribution
by using a beam with proper transverse profile or focusing.

More realistic estimation of expected TR properties can be obtained using electron beam
paramemeters derived from beam dynamics study and simulations. By tracking electron trajectories
through each element in the accelerator system, electron phase-space at various locations including an

experimental station can be obtained.

Conclusions and Suggestion:

The theoritical and experiment efforts reported here are directed toward developing ways to
analyze coherent TR properties to be used for beam diagnostics (pulse length and beam emittance), as
well as, ways to predict properties of coherent TR for being THz/FIR radiation source. Angular and
spectral distributions of the TR generated by short electron pulses at a vacuum-metal interface have been
investigated. The measurement results have agreed very well with the prediction, thus demonstrating the
feasibility of these theoretical analyses. Development of theoretical analysis combining beam dynamics
simulation and radiation emission simulation should be carried on in order to obtain the best prediction of

the TR properties at the experimental station.
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Waia (MasndwzuvefygIm) usaslugun 2.17 (@) lugudildusasdygraanniiauuniaTain

AU uazlladuninvasiniadeounueglifouuns 1Naas199 background Bt

lavinmInasaua N dnaInusuaITIRlauaINNEale lagnIIannNduYeITIRNINoNEATIFAIE
A& ' { A & o o [ { [ [ )
nizuaBianasaudn 9 wammeseuuaadluzli 2.18 Sranduldhanuduvesiiinanaialdulriuess

AUMAIRIVBIINWINBLEANATOULFEAIDIN T U WU TUBITIRAIANURFNAUS IUFNNNT (8)

Detector signal (mV)

HDPE window

54
. 0.0
Light cone

0 1 2 3 4

Cover the detector with Al-foil

,_
L

Detector

Time (ms)

m @

3UT 217 () WHWMWMINALAZATIATATIENTIUETY (1) FyaadlWihusaaTiamTuGTuINGald

3.0

Detector Signal (mV)

0.0 : : ‘ ‘ ‘ ‘
0.0 4.0e+19 8.0e+19 1.2e+20 1.6e+20

2
SN,

U7 2.18 nWuaaInamMINasrauMTIUIWUS (Coherence) 93397 lduastulnanude be

19



2.3 52U interferometer Lazn150dlAATH

myiasdaasurasSIanuRTUald Michelson interferometer msﬁw%’aﬁmwu’%ﬁuﬁwﬁﬂﬁlﬂg&
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—o0
W FT{f} DudysnuoiwainsudasmGoiveslaitu £
a 6 [ v A A A a o & A . A9 o
MU AATEARIAATNBITIENIURTUNNR R |6 mu’[u"gﬂ interferometer lF91% N3ZANUUL

LaRauA lauazMIswAIRNUTUUITIR B FURIES 9 tmmmuqmﬁﬁﬂamﬁal,@]ai‘muiﬂmﬂmﬂ'mqw a3

mesl,ugﬂ‘ﬁ' 2.21

=
— 26373700

Mot o 4 mlllml |ABC|§L| I&I ﬁl.fl |4-| b_‘llﬁflglgl

3D G_allety

000104

Current  Move to (mm)

Amplitude {Real)

00005
Run + SetZero
Stop 1
Run - |
|
l—llllll_ 00000 ! ! ! ! H ! ! ! ! |
z -5 -4 -3 -2 -1 0 1 2 3 3 5
Device Messages
[Metor Positioned 5613864  0.001651 Position (mm) l CH1 CHZ 0.0002363

B [10.0000  J200 | 50000 [ESH 5 el

Abort Lower Range(mm) Step(um) Upper Amp Gain Averages  FUWHM (mm) Playback

gﬂﬁ 2.21 IﬂSLmiumuqumiﬁN’mmad interferometer L1Wa3@ autocorrelation pattern

21



1ldvn139ianzi autocorrelation pattern Nnaaaslugryyinie tNemailaninvasRIFnkaald uaz
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U7 2.24 muaasuvasisEnnuitunddidnasenniisalinian o, 6199

a '3 a [ o P2 Y A&
24 fl']i".)Lﬂi’lz‘lﬂﬁlﬁﬂﬂ@li&l“ﬂ'ﬂ\‘li\‘iﬁ‘ﬂi’l%a'ﬁ% NaRIAMNETNIVBIKRIIaLaNAIDW

MIAATTAANVLIVINARDLENATOUITINATA autocorrelation of coherent radiation G9tTun3
"T;Lﬂi’]:ﬁ‘ﬁagaﬁmmmﬁﬁ%amﬂﬂ@%‘maa%’a%mmﬁfmmu coherent NNAA bor Iﬂﬁﬁ]:’il,mﬁzﬁﬁa;gaﬁvlﬁa'm

32UU Michelson interferometer

[ a o A v o . g
PNANNFNNUTVES autocorrelation pattern NU power spectrum F9ldnsduwate Fourier Transform @4
{UNIN (25) ez (26) f1315ald autocorrelation pattern ]d(ﬁ) luauns (25) UNUBNANNLITBIRI
Blanasanla

' v
ad o Lo '

AaINN ba¥ing optimize WNAaasang 9 Lﬁ'awaméﬁaﬁﬂmauwummu mq@%msw:ﬁmmma
289R9BLANATOU VaIMAATIAENT an1InenapFoslng swmsunsdlveswasuuuimaFould o, =180 fs
swauﬁmmmmﬁLmﬂ:ﬁa%mﬂﬁé’maVLiJ‘f'I (excerpt from Nuclear Instruments and Methods in Physics
Research A 587(2008)130-135, “Femtosecond Electron Bunches, Source and Characterization”, C. S.

Thongbai, et. al.)

The width of the interferogram in terms of optical path difference is the autocorrelation width of
radiation and thereby of the electron pulse distribution.

For a bunch with Gaussian longitudinal distribution,

f(z)= S : @7)

2ra,
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the interferogram becomes

1,8) =Ty [ f(2)f"(z+8)de
1 f@ 1z 120 1 -5 /46

* B 2\/;0'2 ¢

and the FWHM of this Gaussian interferogram is 4/In20, .

(28)

- 2
2ro,

In order to obtain an accurate result for a bunch length measurement, it is necessary to analyze
some known impacts of the system on the measurement. Any perturbation to the radiation spectrum yields
inaccurate bunch length measurements and thus some corrections are required. In our interferometer setup,

the radiation spectrum is perturbed by beam splitter efficiency and mirror diffraction. Figure 2.25 shows the

efficiency |R(a))T(60)|2 of a 25.4-Llm-beam-splitter used in the interferometer estimated from the
interference of light reflected from both surface of Kapton (Polyimide) film. The efficiency increases from
zero at zero frequency to the maximum value around 0.18 at a wave number of 58.15 cm”' and then drops
again to zero at the first singularity for a wave number of 116.3 cm’ when the light reflected from both
surfaces of the beamsplitter forms destructive interference. Shown in the same figure is the energy
transportation between two 1-inch parabolic mirrors at 90-cm apart as in the interferometer setup
(considering Fraunhofer diffraction). The estimation clearly displays suppression at low frequency due to
mirror diffraction. Both low frequency suppression due to beam splitter and mirror diffraction cause negative
valleys in the interferogram main peak similar to the effects of a beam splitter only. As a consequence, the
measured FWHM appears to be narrower than the real value. The correction can be obtained by applying
both effects to the power spectrum of a known bunch distribution, e.g. Gaussian bunch. The corrected
FWHM for such bunch distribution as a function of measured FWHM can then be obtained from simulated

interferograms as shown in Fig. 2.26.

0.20 100

0.12 — / \ / 60
0.08 — / \ /] 40

0.04 — \ / — 20

beam spliteer efficiency : |RT|2
T
energy transportation (%)

0-00 T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T 0
0 20 40 60 80 100 120 140
wavenumber (cm'l)

Figure 2.25 Efficiency of a 25.4-[Am-Kapton-beam-splitter and

percentage of energy transportation between two 1-inch mirrors at 90-cm apart.
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Figure 2.26 FWHM with correction due to the beam splitter and mirror diffraction for a Gaussian bunch

as a function of measured FWHM.

The interferogram obtained from a bunch length measurement is shown in Fig. 2.27. The detector
signal was recorded as a function of optical path difference with a mirror step of 10 LLm. Each measurement
point resembles the average reading for 10 beam pulses containing 2300 microbunches each. The
measurement of 112 Um FWHM indicates a Gaussian bunch length of 0, = 54 Llm or 180 fs after

applying corrections due to beam splitter interferences and mirror diffraction. Shorter bunches are expected

with further lattice optimization.

FWHM =112 um

detector signal (mV)

0 T T T ] | |
-750 -500 -250 0 250 500 750
optical path difference (Lm)

Figure 2.27 Interferogram from a bunch length measurement.
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(a) horizontal polarization (b) vertical polarization
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