
Research Article

High energy and high brightness laser compton backscattering gamma-ray
source at IHEP

Guang-Peng An a,b, Yun-Long Chi a, Yong-Le Dang c,e, Guang-Yong Fu c,e, Bing Guo c,
Yong-Sheng Huang a,b,*, Chuang-Ye He c, Xiang-Cheng Kong a, Xiao-Fei Lan f, Jia-Cai Li a,b,**,

Fu-Long Liu c,e, Jin-Shui Shi d, Xian-Jing Sun a, Yi Wang d, Jian-Li Wang a, Lin Wang a,
Yuan-Yuan Wei a, Gang Wu a, Guang-Lei Xu a, Xiao-Feng Xi c, Guo-Jun Yang d, Chun-Lei Zhang a,

Zhuo Zhang a, Zhi-Peng Zheng a, Xiao-Ding Zhang d, Shao-Ping Zhang a,b

a Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China
b State Key Laboratory of Particle Detection and Electronics, Institute of High Energy Physics, CAS, Beijing 100049, China

c China Institute of Atomic Energy, Beijing 102413, China
d Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, China

e College of Nuclear Science and Technology, Beijing Normal University, Beijing 100875, China
f Physics and Space Science College, China West Normal University, Nanchong 637009, China

Received 17 November 2017; revised 6 January 2018; accepted 28 January 2018

Available online 22 May 2018

Abstract

Based on the LINAC of BEPCII, a high-polarized, high bightness, energy-tunable, monoenergetic laser compton backscattering (LCS)
gamma-ray source is under construction at IHEP. The gamma-ray energy range is from 1 MeV to 111 MeV. It is a powerful and hopeful research
platform to reveal the underlying physics of the nuclear, the basic particles and the vacuum or to check the exist basic physical models, quantum
electrodynamic (QED) theories. In the platform, a 1.064 mm Nd:YAG laser system and a 10.6 mm CO2 laser system are employed. All the trigger
signals to the laser system and the electron control system are from the only reference clock at the very beginning of the LINAC to make sure the
temporal synchronization. Two optical transition radiation (OTR) targets and two charged-couple devices (CCD) are used to monitor and to align
the electron beam and the laser beam. With the LCS gamma-ray source, it is proposed to experimentally check the gamma-ray calibrations, the
photon-nuclear physics, nuclear astrophysics and some basic QED phenomena.
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open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

PACS codes: 29.40.-n; 07.85.-m; 29.30.kv

Keywords: laser compton scattering; Calibration; Photon-nuclear physics; Gamma-gamma collider; Nuclear astrophysics; QED; Gamma-gamma scattering;

Detection

* Corresponding author. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China.

** Corresponding author. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China.

E-mail addresses: huangys82@ihep.ac.cn (Y.-S. Huang), lijc@ihep.ac.cn (J.-C. Li).

Peer review under responsibility of Science and Technology Information Center, China Academy of Engineering Physics.

Available online at www.sciencedirect.com

ScienceDirect

Matter and Radiation at Extremes 3 (2018) 219e226

MATTER AND RADIATION
AT EXTREMES

www.journals.elsevier.com/matter-and-radiation-at-extremes

https://doi.org/10.1016/j.mre.2018.01.005

2468-080X/© 2018 Science and Technology Information Center, China Academy of Engineering Physics. Publishing services by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



1. Introduction

Based on the 2.5 GeV high-energy electron accelerator,
BEPCII at IHEP, a laser compton backscattering (LCS) is
under construction to generate high-polarized, high-brightness
and monoenergetic gamma rays within a wide energy range,
which is a milestone of the experimental study of photon-
nuclear physics [1e3] and quantum electrondynamics (QED)
phenomena. The LCS gamma-ray source has especially
important applications for gamma-ray calibrations, photon-
nuclear physics, gamma-gamma collider and so on. For the
flash X-ray radiography, the response functions of the image
system require series of high-brightness and monoenergetic
gamma-ray sources. In a wide energy range, the key data of
photon-nuclear physics, such as those of nuclear resonance
fluorescence (g;g0), (g;n) reactions [1] and (g;p) reactions can
be acquired and checked experimentally with the LCS
gamma-ray sources [4]. In the nuclear astrophysics, the LCS
gamma-ray source can help to open the mystery veil of some
heavy-elements formations [5]. Also importantly, with two
LCS gamma-ray sources, we can establish a gamma-gamma
collider, by which one can validate some QED effects exper-
imentally, such as gamma-gamma scattering, electron-positron
generation, Delbrüeck scattering [6] and vacuum polarization
and so on. In addition, in the near future, with 100 MeV or
100 GeV gamma-gamma collider, one can obtain mð0Þ, Higgs
particles and can study the related new physics [7].

Based on the important applications, the LCS gamma-ray
sources have been appreciated extensively and have been built
or planned to build around theworld, such as the LADON in Italy
[8], the SPARC_LAB Thomson source [9], the LEGS in the
NSLS [10], the OK-4 and the HIgS in Duke University [11], the
VEPP-4M in Russia, the ELI-NP [12,13], the AIST-LCS and the
NewSUBARU [14] in Japan, the SLEGS in Shanghai [2,15] and
the LCS-gamma ray source in IHEP. In 1980, Federici and co-
workers [8] obtained gamma rays of energy continuously
adjustable from 5 MeV to 78MeV with LCS. The LEGS facility
[10] also proposed 300e700 MeV gamma ray beams with
2.5 GeVelectron beams or a free electron laser (FEL). At HIgS,
the gamma-ray energy reached 225 MeV and the flux exceeded
107 photon/s. Several photon-nuclear reactions, such as
28Si ð g!; pÞ 27Al [16], D (g!,p)n [17,18] were performed by the
LCS gamma-ray sources. The SPARC_LABThomson source [9]
could provide an X-ray energy tunability in the range of
20e500 keV, with measured photon flux of about 104. In the
proposals of the ELI-NP-GBS (gamma beam system) [12,13],
high intensity X-/g- ray beams in the energy range of 1e20MeV
will be obtained with an electron beam energy tunable from
75 MeV to 750 MeV. The proposed flux can reach 109 /s.
Recently, a 51.7 keV LCS X-ray with flux of 106�7 /pulse was
achieved in Tsinghua University, named Tsinghua Thomson
scattering X-ray source (TTX). Xi'an Gamma-ray Light Source
(XGLS) has been proposed to obtain a 3 MeV gamma ray beam
with a 400 MeV electron beam. SLEGS is planned to generate
gamma-ray in the energy range of 2e20MeVand 300e500MeV,
with the flux of 105�7 photon/s (low energy) and 6� 106

photon/s (high energy) at SSRF. Besides of conventional

accelerators, the laser-plasma acceleration can also be used to
generate Compton gamma-ray [19,20]. For the Thomson scat-
tering of a high intensity laser pulse from electrons, it is valuable
to improve the scattering gamma-ray yield with proper laser
chirping [21]. To make the duration of the laser pulse roughly
equal to 2ZR=cwith ZR, i.e., the Rayleigh length, it is the optimal
case for the diffracting laser pulse. Another interesting way to
increase the photon yield of the source is to use plasma channel
[19].

From 2012, based on the high energy electron beam at
BEPCII, the LCS gamma-ray source in the energy range of
1e100 MeV, with the flux of 104�5 was proposed. Different
from the collision between the laser pulse with the cyclotron-
electron beam, there is no need to worry about the quality of
the electron beam after LCS. Therefore, we planned to employ
10 ps ultra-intense laser pulse to increase the gamma-ray flux
to 108=pulse.

Although three big LCS facilities have been proposed in
China, they still cannot satisfy the large demand for high-
brightness polarized gamma-ray sources. It is absolutely
necessary to push the progress of the LCS gamma-ray source.

2. LCS gamma-ray source based on BEPCII at IHEP

2.1. Parameters of the electron beam and the laser
systems

At IHEP of CAS, the linac accelerator can supply electron
beams of 10 ps and 2 nC in the energy range of 0.2e2.5 GeV.
In the first stage, the conventional thermionic cathode gun is
still used. A nanosecond Nd:YAG laser system is employed.
The parameters of the electron beam and the laser system are
shown in Table 1. l and u0 stand for the wavelength of the
laser, the diameter of the saddle of the laser pulse in the
interaction region, respectively. sx;y is the size of the electron
beam in the interaction region, εx;y is the normalized emittance
of the electron beam.

It is known that there is an excellent approximation of the
gamma-ray energy from the LCS [8]:

Eg ¼ x

1þ xþ z
Ee; ð1Þ

where x ¼ 4EeEl

ðmec2Þ2, z ¼ q2g2, g ¼ Ee

mec2
, El ¼ 2Zpc=l is the

energy of a single photon, q is the angle between the emitted
gamma and the electron. To avoid the pair production, the
optimum value of x is about 4.8. With Eq. (1) and Table 1, the

Table 1

Parameters of electron beams and laser pulses.

Electron beams at E2 line Nd:YAG laser system

Energy (GeV) 0.2e2.5 l (nm) 1064

Duration (ps) 10 Duration (ns) 8e10

Charge (nC) 1e2 El (J) 2

sx;y (mm) 1.2 u0 (mm) 2.4

εx;y (mm,mrad) 338 (370)

Frequency (Hz) 12.5 Frequency (Hz) 12.5
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gamma-ray energy range is about 0.7e111 MeV. However,
because of the quality of the electron beam and the long pulse
duration of the laser pulse, the quality of the gamma ray is not
good and the flux is limited.

In the second stage, to improve the quality of the electron
beam, a photocathode RF gun will be used to replace the
conventional thermionic cathode gun. The parameters of the
photocathode rf gun is shown in Table 2.

Besides the photocathode injector, lots of ferromagnets will
be renewed to improve the quality of the electron beam. At the
same time, the laser system will also be updated to match the
electron beam. One YAG laser system and one CO2 laser
system have been designed, as shown by Table 3.

With the ultra-short laser-pulse, the maximum scattered
gamma energy is affected by the intensity and is calculated by
[22]:

E0
g;max ¼ 4g2n

1þ nxþ zþ a20=2
El; ð2Þ

for x≪1, where n is the harmonic number, a0 ¼ eE
meu0c

is the
normalized laser field. n> 1 corresponds to the nonlinear
Compton scattering. As shown by Seipt and coworkers [22], in
order to obtain narrowband X- and gamma ray sources, one
should explore the compensation which depends on the energy
spread and emittance of the electron beam and also the laser
focusing.

With the above formulation, the gamma ray energy range is
obtained and is shown in Fig. 1.

2.2. The photon flux and energy spectrum

With the parameters of electron beams and laser pulses, the
photon flux and energy spectrum have been calculated by the
simulation code CAIN [23]. Fig. 2 shows that the gamma-ray
energy spectrum of the LCS source employing the 10 ps YAG
laser system. It is found that the total photon flux is about
3:68� 108=pulse. If we count them from 90 MeV to the
maximum energy, the flux is larger than 5� 107=pulse, i.e.,
6� 108=s.

For the CO2 laser system, we also did simulations. As an
example, Fig. 3 shows the gamma-ray energy spectrum of the
LCS source using the CO2 laser system shown in Table 3. The
total photon flux is about 5:45� 108=pulse. The photon flux in
the energy range [9, 11.5] MeV is also above 1� 108=pulse,
i.e., 1� 109/s. In the first stage, the simulations also were done
and proved the photon flux is about 103=pulse, i.e., 104�5/s.
However, in the second stage, since the short-pulse laser
system are employed, the photon number density increases
significantly. Therefore, with simulation results, the gamma
flux can reach 108�9/s as designed.

2.3. The temporal synchronizing system

In our scheme of LCS gamma-ray source, the head-on
collision between the electron beam and the laser pulse is

Table 2

Parameters of the electron injector using the photocathode rf gun.

Initial charge (nC) 1

Charge of the prebuncher (nC) 1

Pulse duration (ps) 10

εx;y (mm,mrad) 2.5

Energy (MeV) 59.23

Energy spread (RMS) ð%Þ 0.22

Table 3

Parameters of two laser systems in the second stage.

Nd:YAG

laser system

CO2

laser system

Energy (J) 0.5 1

Duration (ps) 5e12 180

l (mm) 1.0 10.8

Frequency (Hz) 12.5 12.5

Fig. 1. The gamma-ray energy of the LCS source ranges from 1.6 MeV to

112 MeV corresponding to the Nd:YAG laser, and ranges from 0.16 MeV to

11 MeV corresponding to the CO2 laser.

Fig. 2. The gamma-ray energy spectrum of the LCS source with the YAG laser

system: 0.5 J and 10 ps. The total photon flux can reach about 3:68�
108=pulse.

221G.-P. An et al. / Matter and Radiation at Extremes 3 (2018) 219e226



placed in a 100 cm vacuum channel whose inside and outside
diameters are 36 mm and 41.5 mm, respectively.

Here, we take the first stage of our LCS system to describe
the design of the temporal synchronizing system, which is
shown by Fig. 4. The frequency of the trigger signal from the
clock is 12.5 Hz. Therefore, the time interval between two
pulses is 80 ms. All the trigger signals are delayed a fixed
time, t0. Since the flashlamp needs to be triggered by the
previous trigger pulse to ensure the quality of output laser
pulse, tFL ¼ 80 ms� 385 msþ t0 � 40 nsþ 1960 ns, where
385 ms is the time interval between the two trigger signals of
the flashlamp and the Q-Switch of the laser system. tFL is
obtained by a DG535 between the fanout and the flashlamp of
the laser system. 40 ns is the time interval between the trigger
signal of the Q-Switch and the output laser pulse. The trigger
signals of the flashlamp and the Q-Switch are shown in Fig. 5.

After the trigger signal of the electron gun, the electron
beam reaches the vacuum chamber of the head-on collision at

about 1960 ns. The Q-Switch of the laser system is triggered
by the second pulse from the clock. Therefore, to ensure the
temporal synchronizing of the laser pulse and the electron
beam, tQ ¼ t0 þ 1920 ns.

In this synchronizing system, the time jitter between the
electron beam and the laser pulse comes from four items. First,
the time jitter of the delayed signal from the fanout to trigger
the electron gun, is defined as Dtpþt0 . The second one is the
time jitter from the input signal of the electron gun to the
colliding vacuum chamber, Dtes. The third is the time jitter of
the delayed signal from the fanout to trigger the Q-Switch of
the laser system, Dtpþt0þ1920 ns. The last one is the time jitter
from the trigger signal of the Q-Switch to the output laser
pulse, DtQ. The time jitter between the input signals of the
flashlamp and the Q-Switch is smaller than 1 ms and just af-
fects the quality of the output laser system tightly. Therefore,
in order to guarantee the head-on collision between the elec-
tron beam and the laser pulse in the vacuum chamber, it is
required that

Dt ¼ Dtpþt0 þDtes þDtpþt0þ1920 ns þDtQ<0:5 ns; ð3Þ
The measurement result is Dt< 100 ps in the first stage.

2.4. The space synchronizing system

At the interaction point, the horizontal cross-section of the
electron beam should be contained in that of the laser pulse.
Therefore, first, the central axis of the electron beam and the
laser pulse should be aligned. The synchronizing system is
shown in Fig. 6. To adjust conveniently, we align the HeeNe
laser pulse and the main laser pulse first. Then, we aim the
electron beam at the HeeNe laser pulse at two points along
the vacuum chamber by the imaging system, which contains
two optical transition radiation (OTR) targets and two
charged-couple devices (CCDs). In front of the collision

Fig. 3. The gamma-ray energy spectrum of the LCS source with the CO2 laser

system: 1 J and 180 ps. The total photon flux can reach about 5:45�
108=pulse.
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Fig. 4. The temporal synchronizing system of the LCS gamma-ray source. All
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region, beam position monitors (BPMs) are used. Besides the
alignment, one needs also to optimize the electron focusing
cross-section. The CCD after the beam splitter 2 can help to
proofread the coaxiality of the main laser pulse and the
HeeNe laser.

The space jitters of the electron beam and the laser pulse
are unavoidable. All the light paths from the laser system to
the vacuum chamber lie in a vacuum pipeline to avoid air
movement and temperature shift. Relatively, the space jitter of
the laser pulse is easy to control. Therefore, the diameter of the
waist of laser pulse in the colliding region is designed to equal
to that of the electron beam plus the jitter.

2.5. The schematic design of the LCS gamma-ray source

Considering the electron-beam line, the laser system, the
synchronizing system, the interaction region, the collimator
and the gamma-ray detector, the schematic design of the LCS
gamma-ray source is shown in Fig. 7.

After the head-on collision between the electron beam and
the laser pulse, the gamma rays are emitted in the direction of
the electron beam. For high energy (larger than 10 MeV)
gamma-ray, the vacuum pipe needs to avoid the gamma-ray
burst (GRB) in the air. The collimator is used to shield the
low-energy gamma and to decrease the energy spread of the
gamma-rays on the detectors. After collision, the electron
beam is defected by the magnetic field, E2B, and then goes to
a Faraday cup and dump.

For the range between the electron beam line and the laser
system, and that between the beam line and the detection
system, the radiation shielding and protection have been
considered and designed carefully. The shielding structure is
2.1 m thick heavy-metal concrete wall.

2.6. The gamma-ray detectors

The energy range of our LCS gamma-ray source is from
0.1 MeV to 112 MeV. Any single detector cannot cover the
large range with acceptable energy resolutions. The range is
divided into three subranges: [0.1, 10] MeV, [10, 20] MeV and
[20, 112] MeV.

HPGe detectors are designed to detect the gamma rays in
the energy range of [0.1, 10] MeV. The resolution is
1.8 keV@1332 keV. The energy efficiency is 70%e100%. To
detect the LCS gamma rays, a large range HPGe detector is
needed. To detect the gamma-rays from the decay products of
the photon-nuclear reactions, the well-type HPGe detector is
needed to obtain 100% efficiency. For low-yield transmutation
products, one can use a big-volume HPGe detector assisted by
a well-type HPGe.

If the gamma-ray energy is larger than 10 MeV, HPGe
detector is not proper. In the energy range of [10,20] MeV,
LaBr3ðCeÞ detectors are designed. The energy resolution is
about 2%e3% and is smaller than that of NaI(Tl) detector
(about 6%e7%). No matter HPGe or LaBr3ðCeÞ, the BGO
anti-Compton encloser should be used to decrease the back-
ground from Compton scattering.

In the first stage, for higher energy gamma rays, we choose
the CsI detector in the BES electromagnetic calorimeter
(BESEMC), which has been calibrated from 300 MeV to
2 GeV. The energy revolution is about 2%e3%. Another
possible solution is the Cherenkov detection [24].

For the calibration of the gamma-ray detectors, the radio-
active isotopes and (p,g) reactions are shown in Table 4.

3. The possible applications of the LCS gamma-ray
source based on BEPCII at IHEP

Since the LCS gamma-ray source is highly-polarized, high-
brightness, quasi-monoenergetic and energy-tunable, it can be
used for gamma-ray calibration, photon-nuclear physics and
basic experimental study of the QED phenomena and so on.

3.1. Gamma-ray calibration

Gamma-ray calibration is basic and significant, especially
for the flash X-ray radiography of high-energy density physics
process and the applications of high-energy cyclotron
electron-positron collider (CEPC) synchrotron radiations.

Electron beam

Reflector

Laser dump

HeNe laser Splitter 1

CCD

OTR

CCD

CCD

Focus Lens
OTR

CCD

Reflector

Electron beam

Reflector

Splitter 2

Fig. 6. The space synchronizing system of the electron beam and the laser

pulse.

Fig. 7. The schematic design of the LCS gamma-ray source.

Table 4

The gamma-ray sources for calibration.

Source Gamma-ray energy (MeV)

99Tc 0.141
137Cs 0.662
60Co 1.13/1.33
214Bi 1.76
208Th 2.62
11B (d,n-g)12C 4.4/15.1
13C (p,g)14N 9.17
7Li (p,g)8Be 17.6
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In the flash X-ray radiography of high-energy-density
physics process, the projection imaging with the transmitted
X-ray can be used to deduce the geometry and the density
of the rapidly moving condensed matter. The gamma-ray
absorption coefficient, radiation flux and the transforming
factor of the exposure of matter depend on gamma energy.
Therefore, in the inversion calculations, the response function
of the monoenergetic gamma-ray changes with gamma en-
ergy and affects the deduction precision directly. With the
monoenergetic LCS gamma-ray, the response function of the
X-ray radiography system can be achieved easily and
precisely.

The energy of the X-ray/gamma-ray from the CEPC syn-
chrotron radiation is from eV to hundreds of MeV. The highest
central intensity point is Egz326 keV. Therefore, for the wide
application of the synchrotron radiation, the detections must
be calibrated precisely by the LCS gamma-ray source.

3.2. Photon-nuclear physics

Because of LCS gamma-ray sources, the photon-nuclear
experimental study attracts more and more attentions, in the
fields as transmutation induced by LCS gamma-rays [25e27],
nuclear astrophysics [28], nuclear resonance fluorescence,
photofission of heavy nucleus, giant dipole resonance (GDR),
quasi-deuteron effect of nucleus, symmetry breaking and
parity measurement and so on [1e3].

3.2.1. Transmutation of long-lived radioisotopes
The reprocessing of the long-lived radioisotopes from nu-

clear reactors is still challenging, although the accelerator-
driven system (ADS) and fast reactors have obtained great
progress now. For example, 135Cs is hard to process with
neutron beams. In the fission products, lots of 134Cs and 133Cs
transform to 135Cs through neutron-capture reactions with
large cross-sections.

The ðg; nÞ reactions induced by the LCS gamma-ray
sources are accepted as an effective complementary method
to the neutron-capture way. For example, 135Cs can be trans-
muted to be 134Cs or 133Cs by g rays [26,27].

3.2.2. Transmutation of heavy-nucleus 197Au
The energy range of the gamma-ray needed in this exper-

iment is [6, 20] MeV. We can take the 197Au ðg; nÞ196Au as
the benchmark reaction. The LCS gamma-rays are collimated
and then are incident on the target through a hole of the target
chamber. An HPGe detector is behind the target and detects
the rest gamma rays.

The cross section is shown by Fig. 8 and reaches the
maximum at Egz14 MeV. The half-life of 196Au is 6.18 days.
The plastic scintillator detector and 3He tuber are used to
detect the neutrons in near all 4p solid angle. The plastic
scintillator detector can also slow down fast neutrons. The
neutron detection is affected by the background and other
reactions, such as (n,2n). However, an anti-Compton HPGe
spectrometer is used to detect the characteristic spectrum,
355.7 keV gamma-ray from the off-line 196Pt.

With the data of the rest gamma rays, the data of neutrons
and the data of the characteristic gamma-rays, one can deduce
the cross section of the reaction. Similar with this experiment,
a series of photon-nuclear reactions can be studied and be
rechecked.

3.2.3. Nuclear astrophysics
Before LCS-gamma source is obtained, the rates of some

(g,n) reactions related with nucleosynthesis have been
measured with the bremsstrahlung of the high energy electron
accelerators, such as BLBE and S-DALINAC. However, the
studies of the (g,a) and (g,p) reactions are few and the related
data are incomplete.

Although the energy calibration of the gamma-ray can help
to improve the experiments, the energy-tunable, quasienergetic
LCS gamma source is the best choice for photonefission re-
action study. Recently, the measurements of the (g, n), (g, a),
(g, p) reactions of D, 9Be 181Ta, 139La, 141Pr, 91,92,94,96Zr, 80Se,
105,106,108Pd, 48Ca, 116�118,120,122,124Sn and 94�98,100Mo have
proved the advantages of the LCS gamma-ray sources.

3.3. QED phenomena

The LCS gamma-ray source has high-brightness and is also
a good choice to show the vacuum polarization experimen-
tally. Until now, there is no successful experiment to validate
vacuum QED effect.

The first application on QED is to check vacuum birefrin-
gence. As we know, when a linear polarized light passes
through a strong magnetic field or an ultraintense laser pulse,
the linear polarization will become elliptic [29,30]. The
ellipticity is given by

j¼ p
LB

l
DnCMsin2qp; ð4Þ

where LB is the length of the magnetic region or the laser
field, l is the wavelength of the probe wave, DnCM ¼
n⊥ � njj ¼ kCMB

2 is the difference of the refractive index, kCM
is called Cotton-Mouton constant, and qp is the angle between
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Fig. 8. The cross section of 197Au ðg; nÞ 196Au vs the gamma-ray energy,

from the experimental data of NNDC.
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the light polarization and the magnetic field. If several T
magnetic field is used, the effect is so weak to be detected,

kCMz10�24. If X-ray or gamma-ray interacts with an ultra-
intense laser field [31], the effect will be strong enough to be
detected. If GeV gamma-ray is used as a probe wave and the

intense field of a laser can reach 1000 T, jfB2=l will be

magnified about GeV
eV �

�
1000 T

T

�2

¼ 109 � ð1000Þ2z1015

times. However, the detection of the polarization of the X-ray
or gamma-ray may be challenging.

If the gamma-ray energy is around 1 MeV, the vacuum
light-light scattering and pair production can be checked [32].
The cross section of the vacuum light-light scattering can
reach micro-bars [33]. Two gamma-rays collide with each
other, the cross section of pair production is about 200 mbar.
With the start-to-end simulations, Drebot and coworkers [32]
showed the BW process was detectable. We have also done
some simulations on the luminosity of the gamma-gamma
collision and photon flux with CAIN. Takahashi found the
luminosity of the gamma-gamma collision could reach
1027 cm�2,s�1 with electron parameters: 200 MeV;2 nC;1 ps,
the normalized emittance, 2:5 mm,mrad, the focusing radius,
2mm; laser parameters: 2 J; 50 Hz; 2 ps; l ¼ 1:064 mm, the
radius was also 2 mm. In this case, the event rates of gg/gg

and BW process were 5/h and 200/s, respectively. For
135 MeV gamma-gamma collider, high order pð0Þ resonance
dependence on polarization can be studied.

4. Conclusion

LCS gamma-ray source combines the advantages of the
classical electron accelerator and the ultra-intense laser pulse
and can open a new way to experimental study on the un-
derlying physics of the nuclear, basic particles and vacuum. At
IHEP, the 1e100 MeV LCS gamma-ray source is under con-
struction. In the near future, photon-nuclear physics, nuclear-
astrophysics and some basic QED phenomena will be stud-
ied experimentally using that platform.
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