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Study on the characteristics of linac
based THz light source
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Abstract There are many methods based on linac for THz radiation production. As one of the options for
the Beijing Advanced Light, an ERL test facility is proposed for THz radiation. In this test facility, there are
4 kinds of methods to produce THz radiation: coherent synchrotron radiation (CSR), synchrotron radiation
(SR), low gain FEL oscillator, and high gain SASE FEL. In this paper, we study the characteristics of the 4

kinds of THz light sources.
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1 Introduction

Photon science is now one of the hottest topics in
physics world!. THz radiation is very important and
useful due to its special position in the electromag-
netic spectrum!®. It can be used in communication,
condensed matters, etc. The linac based THz radia-
tion has the advantage of high power in comparison
with solid and quantum devices

Energy recovery linac® (ERL) is one of the com-
pact candidates for the 4th generation light source.
The main advantage of ERL is that it can recover
the energy at the efficiency of 99.9%. ERL meets the

requirement of modern society which uses the earth
source economically, and it will be a big revolution
in the world’s light source research. As one of the
options for the Beijing Advanced Light, an ERL test
facility is proposed for THz radiation, as shown in
Fig. 1.

In this test facility, there are 4 kinds of methods
to produce THz radiation: coherent synchrotron ra-
diation (CSR), synchrotron radiation (SR), low gain
FEL oscillator, and high gain SASE FEL. In this pa-
per, we study the characteristics of the 4 kinds of THz
light sources in the test facility.
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The schematic setup of Beijing ERL test facility.
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condition for FEL.
2 Characteristics of THz light source Table 1. The main parameters of test facility.
parameters ERL SASE-FEL
The test facility mainly consists of one L-band energy/MeV 100 110
photocathode RF injector, one L-band photocathode average current/mA 10 1.3%107°
DC injector, merger, L-band supercondcting main injector enefg_y /MeV 5 20
linac, return loop, separator, and undulators. The bundCh repizlz/lon rate/(MHz/Hz) 1;30 ;g
. . ient
ERL return loop consists of three TBAs, the loop will g;a lor(ld/ ( )/ m) s 5
ase egree -
include two straight sections. As for the SASE FEL, E N hg /(pC/nC) .- X
. uncn charge/(p n
after the separator, the bunch goes through a chicane normalized emittance/
to be compressed to enter the long undulator section. (mm-mrad) 3 3
The main parameters of the test facility are from the energy spread (%) 0.3

preliminary start-to-end simulation of the test facility
and are summaried in Table 1. We use the parame-
ters of the 9-cell superconducting cavity from TESLA
for the main linac. Our simulation takes into account
the wakefield effect. Specially, the bunch compressor
before the undulator needs the beam energy spread
to compress the beam, the energy spread is about
1%. While the pierce parameter for SASE-FEL (THz
band) is a few percent which is bigger than the beam
energy spread, the beam still satisfies the coherent |

In the test facility, there will be three kinds of
THz radiation sources from the ERL loop: CSR from
the bend in the middle TBA, SR from the wiggler in
one straight section of the loop, low gain FEL oscilla-
tor in another straight section of the loop. The fourth
THz light source is the high gain SASE FEL from the
long undulator added to the main linac. The main
parameters of the electron bunch for the light sources
are summarized in Table 2.

Table 2. The main parameters of the electron bunch for light sources.
CSR SR FEL oscillator SASE FEL

energy/MeV 100 100 100 110
normalized emittance/

(mm-mrad) 3 3 3 3
energy spread (%) 0.3 0.3 0.3
bunch length/ps 0.5 0.5 0.5 2
Rep. rate/Hz 1.3x108 1.3x108 1.3x108 13
average current/mA 10 10 10 1.3x 1072

The power emitted by an electron bunch as a func-
tion of frequency and solid angle, is derived by ex-
tending the classical electrodynamics theory® for a
single electron, to a system of N electrons, thus

d2I ) e’w?
L N (1) f(w)]

I

where e is the charge of the electron, 3 is the ratio
of the velocity of the particle bunch to the velocity

. e .

7 x (B i) exp(iw(t — 7 -r(t) /o) dt

of light, m is a unit vector, r(¢t) is the position of
the center of the electron bunch, IV is the number of
particles in the bunch, and f(w) is the longitudinal
particle distribution within the bunch. The second
term in RHS is due to the coherence in time, the total
emitted power is just a simple sum of single electron

| radiation power without the second term. When the
bunch length is in the level of the wavelength, the
contribution from the second term is very big. So
the emitted power can be enhanced very much. This
phenomenon is the so-called CSR effect.

The bend radius for CSR is 1 m. We use SPEC-
TRA to calculate the photon flux through a pinhole
(2 mm x 1 mm ) located at the position of 30 m from
the source. The flux spectrum is shown in Fig. 2. The
wavelength range is from 8 pm to 10000 pm. We can
observe the coherent enhancement over SR obviously
(6—7 orders). The total emitted power is roughly es-
timated to be 100 kW which is far higher than the
solid and quantum devices.

The parameters of the wiggler for SR are the gap
of 1 cm, the period of 6 cm and the period numbers of
40. We also calculate the photon flux through a pin-
hole (2 mm x 1 mm) located at the position of 30 m



924 Chinese Physics C (HEP & NP)

Vol. 33

away from the source. The flux spectrum is shown
in Fig. 3. The wavelength range is from 30 pm to
500 nm. The SR spectrum is weak.
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Fig. 2. The CSR flux spectrum of 0.5 ps,
77 pC ERL bunch through a rectangular area
(2mm x 1 mm) located at the position of
30 m away from the source.
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Fig. 3. The SR flux spectrum of 0.5 ps,

77 pC ERL bunch through a rectangular area
(2 mm x 1 mm) located at the postion of 30 m
away from the source.

The dispersion relation of photon is w = ke (the
rest mass of photon is just zero), while the disper-
sion relation (De Broglie wave) of the electron is
E? =mic* +p*c®, E = hw/2rw, p= hk/2m, where my
is the rest mass of the electron, c is the light velocity,
and h is the Planck constant. In the plane of w—k,
there is no intersection between the two dispersion
relations. We should change the dispersion relation
for the interaction. This is the basic principle for fast
wave devices such as FEL, Gyrotron, etc. In FEL, we
can use wiggler or undulator to complete this task.

The parameters of the wiggler for FEL oscillator
are the gap of 1—2 cm, the period of 6 cm, the length
of 2.4 m, and the span distance of mirrors of 4.615 m.
The radius of the mirrors is adjusted to change the
reflectivity in our calculation. We have simulated the
low gain FEL oscillator, the stable output power is
less than 20 MW (as shown in Fig. 4). The optical

cavity detuning length is in the level of 20 pm, and
the beam time jitter is in the level of 10 fs. Table 3
shows the main parameters of the FEL oscillator.

Table 3. The parameters of low gain FEL oscillator.

photon output

wavelength range/pum 7—30
peak power/MW <20
pulse length/ps 0.5
Rep. frequency/Hz 1.3x108
wiggler parameter
period/cm 6
Gap/cm 1—2
length/m 2.4
focusing natural
optical cavity parameter
cavity length/m 4.615
mirror radius/mm 50—90
rayleigh length/m 0.5—1.2
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Fig. 4. The output power of the FEL oscillator.

The parameters of the linac SASE FEL is sum-
maried in Table 4. We use Xie Ming’s formula” to
calculate the SASE FEL parameters which is in good
agreement with the simulation result taking into ac-
count the lattice details (including the external focu-
sing quadrupoles).

Table 4. The parameters of SASE FEL.

photon output

wavelength range/pum 24—70
peak power/MW 80
pulse length/ps 2
Rep. frequency/Hz 13
pierce parameter(%) 2.6

2x1023 (photons/s)-
(mm? mrad? - 0.1%B.W.)

wiggler parameter

peak brilliance

period/cm 15
gap/cm 5.5—7.7
length/m 18
focusing natural
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3 Discussion

In this paper, we have studied the characteristics
of the four kinds of radiation sources (THz band)
based on the ERL test facility. The result shows that
the peak power of SASE is the highest (FEL oscillator
is the next), while the band of SR and CSR is broader
than that of FEL. In general, the output power of the
THz radiation sources based on linac is much higher
in comparison with the solid and quantum devices,
and can be used in the case of high power. The ad-
vantage of solid and quantum devices is their minia-
turization.

The radiation of moving free electron is of diver-
sity. The spontaneous radiation in the bend is the
basic form. CSR is the enhanced form over SR. While
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