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PW-laser-driven directional ultra-bright gamma-rays with pho-
ton energy ranging to GeV

Author: Wei-Min Wang*

! Institute of Physics, CAS, Beijing 100190, China

Corresponding Author: hbwwm1@iphy.ac.cn

The next-generation ultrahigh intensity laser pulse with the power up to 100PW will be available
in the near future. To study such laser interactions with matter, We develop a QED-PIC simulation
code based on our KLAPS. With the help of 2D QED-PIC simulaitons, we first investigate that next-
generation laser pulses at 10-200 PW interact with a solid target in the presence of

a relativistically underdense, small-scale preplasma produced by amplified spontaneous emission
(ASE). We show that QED effects can cause nearly complete energy depletion of such a pulse in
the preplasma. This contrasts to the prediction by the classical laser plasma physics that the pre-
plasma is rendered more transparent with increasing laser intensity because of laser hole boring
and relativistic self-induced transparency. The QED-induced opacity therefore sets much higher
contrast requirements for such a pulse in solid-target experiments than expected by classical plasma
physics.

Then, we show by 3D QED-PIC simulation that as a currently-available 2.5 PW laser pulse propa-
gates along a sub-wavelength-wide solid wire, directional synchrotron gamma-rays along the wire
surface can be efficiently generated. With 8% energy conversion from the pulse, the gamma-rays
contains 1012 photons between 5 and 500 MeV within 10-femtosecond duration, corresponding to
peak brilliance of 1027 photons s-1 mrad-2 mm-2 per 0.1% bandwidth. Both the brilliance and photon
energy are respectively 3 orders of magnitude higher than those for a typical synchrotron radiation
facility. The radiation is attributed to the generation of nC, GeV electron beams well guided along
the wire surface and their wiggling motion in the strong electrostatic and magnetostatic fields in-
duced at the high-density-wire surface, where QED effects become significant. This scheme works
well with the laser power ranging from 0.5 PW to 5 PW available currently.

Si-PIN £ Z5 Y ASIC B B ARBESE

Author: Tao Luo’

! IHEP

Corresponding Author: tluo@ihep.ac.cn
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Authors: Chunlei zhang'; Ke WANG?; Xuelei Cao® Yuanyuan Du®
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Co-authors: Liang Sun *; Wanchang Zhang *; Yudong Gu *

! Associate Research Fellow
? Institute of high energy physics, CAS
* [HEP

Corresponding Author: duyuanyuan@ihep.ac.cn
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Summary:
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3

Dense pair plasma generation and nonlinear QED physics with
10PW scale lasers

Author: Wen Luo?

Co-author: Min Chen ?

1 Usc
2 SJTU

With the development of ultraintense laser facilities, laser plasma interaction enters a completely
new regime, where new phenomena related to nonlinear QED processes are expected to occur, such
as copious y-photon generation, electron-positron (e-e+) pair production and QED cascade, etc.
Several 10PW scale laser facilities currently under construction, such as ELI and Apollo in Europe
and SULF in China, will provide the possibility for experimental test of these predicted phenomena
in the near future. Moreover, these ultra-high power laser facilities may allow one to study some
extreme astrophysical phenomena in lab, such as relativistic e~e+ jets formation. They are ubiqui-
tously found in black holes (BHs), pulsars and quasars, and are associated with violent emission of
short-duration (milliseconds up to a few minutes) gamma-ray bursts.

We investigate the QED cascade and consequent relativistic e-e+ formation from counter-propagating
laser-irradiated ultrathin foils. We present a scaling law of QED cascade growth with laser intensity,
which shows that QED cascade saturation occurs at laser intensities just exceeding 10"{24} W/cm"2.
QED cascade saturation results in highly efficient conversion from laser photons to e-e+ pairs with
a conversion efficiency of the order of 10%. A high-yield (> 107{13}) ultradense (10°{24} cm"{-3})
e—e+ bunch is produced, causing the plasma to become opaque to incident lasers. This finally leads
to the emergence of a new high-field phenomenon, which is different from early discovered radia-
tive trapping and we call it QED pair-plasma squeezing. Consequent relativistic e-e+ jet formation
along the transverse direction and high-harmonic generation (HHG) along the longitudinal direction
have been observed as the plasma squeezing effects become significant. The laser-driven relativistic
jets formation opens up the opportunity to study energetic astrophysical phenomena in laboratory,
and the HHG discovered here provides a promising way to experimentally identify these phenom-
ena.
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Applications of Synchrotron Radiation X-ray Scattering on Inter-
facial Structure and Physics

Author: Huan-hua Wang®

! Institute of High Energy Physics
Corresponding Author: wanghh@ihep.ac.cn

In this report, I will discuss the sciences accessible by synchrotron radiation x-ray scattering using
typical science cases. Then the demands for x-ray scattering techniques from the interfacial structure
and physics studies and the corresponding design of such a low-dimensional structure probe at HEPS
mainly based on surface x-ray scattering technique will be presented. And the features, progress and
future applications of the low-dimension structure probe will also be introduced.

Copious electron-positron pairs generation with PW laser pulses

Author: Tong-Pu Yu!

! National University of Defense Technology
Corresponding Author: tongpu@nudt.edu.cn

Matter can be transferred into energy and the opposite transformation is also possible by use of
high-power lasers. A laser pulse in plasma can convert its energy into ~y-rays and then e~ e™ pairs
via the multi-photon Breit-Wheeler process. Production of dense positrons at GeV energies is very
challenging since extremely high laser intensity ~ 1024 Wem ™2 is required.

Here we propose an all-optical scheme for ultra-bright y-ray emission and dense positron production
with lasers at intensity of 1022-2% Wem™2. By irradiating two colliding elliptically-polarized lasers
onto two diamondlike carbon foils, electrons in the focal region of one foil are rapidly accelerated by
the laser radiation pressure and interact with the other intense laser pulse which penetrates through
the second foil due to relativistically induced foil transparency. This symmetric configuration enables
efficient Compton back-scattering and results in ultra-bright y-photon emission with brightness of
~ 10%*photons/s/mm?/mrad?/0.1%BW at 15 MeV and intensity of 5 x 10?3 Wem ™2, Our first three-
dimensional QED-PIC simulation shows that a GeV positron beam with density of 2.5 x 10?2 cm 3
and flux of 1.6 x 10'%/shot is achieved. Collective effects of the pair plasma may be also triggered,
offering a window on investigating laboratory astrophysics at PW laser facilities. This compact
electron-positron pair source could be basis for future high luminosity e~ e™ collider.

Abnormal threshold anomaly in exotic nuclear systems and its
significances

Author: Chengjian Lin*

! China Institute of Atomic Energy

Corresponding Author: cjlin@ciae.ac.cn

Page 3



1st workshop on applications of high energy Circular Electron-Positron... / Book of Abstracts

The threshold anomaly of the phenomenological potential has been known for a long time in nuclear
reactions at energies around the Coulomb barrier, where the connection between the real and imagi-
nary potentials is well described by the dispersion relation. However, this connection is not clear yet
for some weakly bound nuclear systems, especially for reactions induced by exotic radioactive nu-
clei. In this study, precise optical potentials of the halo nuclear system 6He+209Bi were extracted via
208Pb(7Li, 6He) transfer reactions with energies measured downward to the extremely sub-barrier
region. The real potential presents a bell-like shape around the barrier as a normal threshold anomaly
in tightly bound nuclear systems. However, the imaginary potential shows an abnormal behavior:
it increases first with energy decreasing below the barrier and then falls quickly down to 0. It is the
first time the threshold of the imaginary potential has been determined in an exotic nuclear system.
Moreover, experimental results show the dispersion relation is not applicable for this system, which
may be a common phenomenon for exotic nuclear systems. We discuss possible explanations for
such a peculiar behavior, but further study is still desired for the underlying physics.

Summary:

The optical potentials of exotic nuclear systems show an abnormal threshold anomaly behavior, that
may have many implications on other areas of knowledge. Finally, the applications of the dispersion
relation by using the CEPC-r facility are discussed.

Test-Beam Facility at IHEP CAS

Author: Guangpeng An'

A6 AT

I
=

Corresponding Author: angp@ihep.ac.cn

Introduce the Test-Beam Facility at IHEP CAS

Summary:

Test-Beam Facility is very important for detectors R&D and can be used in a lot of other applications.

detector progress of synchrotron radiation at IHEP

Corresponding Author: weiw@ihep.ac.cn

CEPC introducation

Corresponding Author: yfwang@ihep.ac.cn

10

Page 4



1st workshop on applications of high energy Circular Electron-Positron... / Book of Abstracts

The generation of high collimated y-ray source for the applica-
tion of photon-photon collider

Author: Jinqging Yu'

! Peking University
Corresponding Author: jinging.yu@pku.edu.cn

A scheme to generate highly collimated y-ray pulse is proposed for enhancing the prodcution of
electron and muon pairs in y-y collider. The y-ray pulse , with high conversion efficiency, can be
generated. Numerical simulation shows that 18% energy of a 10 PW laser is transfered into the
forward y-rays in a divergence angle less than 3 degree. Such y-ray pulse can enhance the electron
and muon pairs by more than 3 orders of magnitude.

11
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Author: Bai-Song Xie'
' BNU
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Co-author: Tongpu Yu ?

! National University of Defense Technology
P E b AR

Corresponding Author: yyin@nudt.edu.cn

Bl OGS AR A FEAIFH FLR O 3 BT, 7RSI BN A BRI SR AR 5 2 i ik 1022W/cm2
W IRIEOE , JEEOCY) A AT U2 m EARRIE MAR MR, B2 B T sh /)
SRV, Y X BT INTHS AR T4 R AT R . FRATTEET & QED AL H) IR PIC F2
J¥ EPOCH, XOUUHAH [l fe AR K SO 5 78 0 4 13 45 B 1R (4 DURHE ST A AL T4 T R AR
B, BRI AEE YRR RO e T R A RSO T R IR G W aa s R R
BEMN LS SRS AR BOLE AR, il Breit-Wheeler(BW) 5o A2 /1: 1o BE it (14784 1 111
ML KA T RE S RE R TS E . ORI B, SR R A B DT S i — e £ T 2
v BEST IR S IR IR, RO TR AN (E

Summary:

XPRURCRH i) (4R B0 -5 AT I S 5 58 258 1 (R A DBUE RS A R LA T ROk TR e, &
HURE YRR S 2R 0 R B TR R BRI A, O Sk Ak RO e T4 T Breit-
Wheeler(BW) fo Fi 7™ A w8 B it 1 BRI 1E 7 1% o X AT RE S S B B9 E B . O,

Page 5



1st workshop on applications of high energy Circular Electron-Positron... / Book of Abstracts

B S R R BAF B TR — b 5 T 2L v B A 5 Tl T

13

R REPN IR X S 2Dt e i il
Author: EFE# !

AR — PR

Corresponding Author: yanggj@caep.cn

14

DR HERE Y U5 ph e B 5 Mk o L~ SRCF TSI 0 ) SRR A A, LA S A T 2 0 A1 ) A Ao
=i fiE X ST BB NG I R AL TR B B SO 200, O i B AR B0 2 L B ORG JEE B AT
TR TR RUN R X SRS SRR, WAL TR BRI 2
B S o 1B RE RS A1, RS AR 3 Xk P Bl 4 s ) € 3 A e S F R RS
g, BRI RAESRARE T RERE A

Cepc 1 &

15

CEPC 1 &}

Author: Yifang WANG Yifang*

! [HEP

Corresponding Author: yfwang@ihep.ac.cn

TN RIR/ 16

CEPC 144

Corresponding Author: yfwang@ihep.ac.cn
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Author: Naiyan WangN°"®
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Introduction to CEPC-SppC: status and perspectives

Corresponding Author: gaoj@ihep.ac.cn
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Abnormal threshold anomaly in exotic nuclear systems and its
significances
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Corresponding Author: hejianjun@nao.cas.cn
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Corresponding Author: zhangcl@ihep.ac.cn
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Photodisintegration reaction measurement: a probe of p-process
for nuclear astrophysics

TN B8/ 26

Dense pair plasma generation and nonlinear QED physics with
10PW scale lasers

27

Optics design of the CEPC collider ring

Author: Yi Wei Yiwei Wang'

1 =

=2

BFT

3
o

Corresponding Author: wangyw@ihep.ac.cn

CEPC is a future Circular Electron and Positron Collider proposed by China to mainly study the
Higgs boson. This report will mainly present the optics design for the collider ring as well as the
synchrotron radiation related issues.

28

Photodisintegration reaction measurement: a probe of p-process
for nuclear astrophysics

Authors: Kang Wang’; Li-hua Zhu'; Liu-chun He'; Meng Wang?; bao-hua Sun*

! Beihang Univ.
Corresponding Author: helc0315@buaa.edu.cn

p-process is proposed to explain the mechanics of the synthesis of the stable neutron-deficient nu-
clides heavier than iron that are observed up to now in the solar system. These nuclides cannot
be produced by the slow or rapid neutron captures (s- or r-process), but can be transformed from
some seed nuclides formed in the s- or r-process through the photodisintegration reactions, capture
reactions, and so on. To establish the feasible network calculation of the p-process, more than 2000
nuclides and 20000 reactions have to be taken into consider, wherefore Hauser-Feshbach statistical
model are generally used. More experimental data of photodisintegration reactions are required for
references and restrictions of the statistical model. In the presentation, main experimental measure-
ment methods of photodisintegration reactions and also the inverse reactions are introduced. Some
experimental measurement progress by Beihang group for proton induced reactions of Dy isotopes
are presented as well.

RN HEIERE/ 29
vy Collider
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Corresponding Author: duyuanyuan@ihep.ac.cn
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Corresponding Author: tluo@ihep.ac.cn
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Applications of Synchrotron Radiation X-ray Scattering on Inter-
facial Structure and Physics

Corresponding Author: wanghh@ihep.ac.cn
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