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First step to large-scale user facility

= - r - - LI v
' - Ty
-q‘*
—
e g
-

> NS TR

_ Zhu Kun Zhu Qing Liao, Mlnjlan Wu, Y1X1ng Geng,

Dongyu Li, C.C. Li, A. L. Zhang, Xiaohan Xu, Y.R.Shou, J.Q.Yu,
R1 . N R.H.Hu, Z. Gong, Jiaer Chen

237 i\:;;SiateKey Laboratory of Nuclear Physics.and Technology,

CAPT, Peking University, Beijing, China, 1 00871
2018F9H20H



Outline

1. Introduction

2. Compact laser plasma accelerator at Peking
University

3. LAser Driven multi-beAm FAcility (LADAA)—
large-scale user facility planned 1n future

16-21 /9/2018, Beijing



Laser acceleration and innovation

From eV-=>MeV->GeV - TeV..., RF accelerator !
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演示者
演示文稿备注
常规加速器加速能量接近饱和！而加速梯度高千倍的激光等离子体加速器发展迅猛！2006 年美国（LBL）实验室的 Leemans 用几公分长的激光等离子体加速电子到 1 GeV！
实验表明，的激光加速器可以加速并得到高能单能电子束，而LBL实验室正计划建造一台可以产生10GeV单能电子的激光加速器，这台激光加速器将用于XFEL的验证项目。
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LPA is proposed by Tajima & Dawson since 1979, however there is
no laser accelerator due to the limitation by the energy spread and
stabilities.
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Characteristics of Laser Driven Ion Beam ”35‘

— Large energy spread~100%
— Large diverge angle~10°

— Small emittance ~0.1 T mm.mrad new features for

— Small 1nitial size, spot source ~5Sum beam optics

— Short pulse duration ~a few ps
— High peak current ~ 10°-10?ppp, KA

The laser driven ion beams can not be used directly for
many applications. Special designed beam line need to be
employed.
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常规加速器总是可以产生单能离子。想实现持续的加速、获得低的能散，一定要将强场物理和加速器物理结合起来。

我借鉴常规加速器的知识，发现采用圆偏振激光＋纳米厚度的薄膜就可以实现稳相加速！于是我发表了第一篇PRL文章！ 解决了
能散大、能量低的关键问题！

工作完全在国内完成！


>
3
=
)
© puy(
=
=
£3
=
S
© puy
N
%
)
>
=
=
®

ra

\/

A. Einstein, Annalen der Physik 17, 891 (1905)

10



Lo CLAPA at Peking University
ﬁﬁ (Compact LAser Plasma Accelerator)

FEL beam line
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@’ Proton beam with 1% energy spread/30pC/10MeV
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With the development of high-rep rate PW laser technology ,now we can envision a table-top proton cancer therapy machine  very soon.
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Plastic targets produced proton beams with good stability and the beam cutoff
energy stability better than 3%

Stable protons were generated based on 20nm plastic target without PM.
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Emittance measurement

» Emittance of protons from tradiation accelerators: ~ mm-mrad
» Emittance of protons from laser accelerators :
Pepperpot method (2.8MeV,+50mrad): 7 mm-mrad
Magnetic scan method (4-5MeV,=50mrad) :
5 mm-mrad @ metal target 2 mm-mrad@ plastic target
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I
1.8um Al 2.93 1
2.5um Al 1.37 Target l RCF
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Beam focusing and energy selection
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=i Proton energy and charge control

1E11 Proton energy spectrum
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With the development of high-rep rate PW laser technology ,now we can envision a table-top proton cancer therapy machine  very soon.



Quadruple doublet lens to refocus the beam (2)
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v'Biological irradiation

v'Plasma diagnosis

v Simulation of the space
environment

v'High energy physics

16-21/9/2018, Beijing




N Some Applications at PKU
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Figure 6. The 2D reconstruction result of the SOBP for an ideal situation with a
specific tumor region.
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SOBP at CLAPA Beam line
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SOBP ,a key technology of proton radiotherapy, is realized with
laser accelerator for the first time at PKU.
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vt A table-top proton cancer therapy machine
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3. LAser Driven multi-beAm FAcility (LADAA)—Ilarge-
scale user facility planned in future
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宽带超快光源在介观物理中应用满足介观物理未来的发展发展不同波段超快相干光源，波长THz, 红外，可见以及X射线波段，开展超快光源在介观物理中的应用本项目围绕提高带电粒子加速梯度、宽带超快光源和γ光子的产额与亮度等关键科学问题，解决高能加速器、超快光源、光核物理、核医学、国土安全和核能持续等国家重大需求，建设世界上首个飞秒激光驱动多束流综合设施，为科学前沿领域及新兴交叉学科的迅猛发展带来新的机遇。
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Ultrafast light sources driven by laser
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~6> Gamma beam driven by 10-PW laser pulses

Jinging Yu, et al. APL 2018 Featured Article
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In one pulse, more than 1 X 10'* y-ray photons with a divergence of 3
degrees. At 0.5 MeV, the brilliance of the y-ray pulse is about 10

photons-s!-mm~-mrad->-0.1%BW.
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Here, we propose a g-g collider basing on 10 PW laser pules. This is the layout of the collider.  The g-ray pulses are generated from the interaction between 10 PW laser and narrow tube targets. The spectrometers are placed along the directions of the laser pulses. 

In the previous work, we demonstrated the generation of high flux γ-ray pulse. 

This is the angular distribution of the gamma-ray pulse. More than 1×1014 γ-ray photons with a divergence of 3 degrees are generated in one pulse. At 0.5 MeV, the brilliance of the γ-ray pulse is about 1025 photons·s-1·mm-2·mrad-2·0.1%BW. 


B> Beijing Laser Acceleration Platform

2017.12, LADAA was proposed to MOE

2018.3, LADAA was launched!

2018.8 BLAIC (CDR 0) was approved by Beijing government
100MeV Laser proton accelerator as the first ion beam

2021.9, TDR......
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Huairou National Science and Technology Innovation Center




Summary

v" A laser proton accelerator (CLAPA) with 1%
energy spread and RAMI has been built at Peking
University for the first time.

v'3-15 MeV proton beams have been generated with
stability better than 3% by using plastic targets,
proton beams with 1% energy spread and 1-20 pC
has been achieved.

v'LAser Driven multi-beAm FAcility (LADAA)—
large-scale user facility 1s planned 1n future

16-21 /9/2018, Beijing
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CLAPA

Irradiation platform

1% energy spread beam line
16-21 /9/2018, Beijing
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