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Figure 1 The layout of CLAPA-II. There are five main systems: 1 Hz high power femtosecond laser system, high power femtosecond laser beam
transport system, acceleration and diagnostic system, proton beam transport system and control system (not labeled in this figure)
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Figure 2 Schematic diagram of the radiation effect at different time scales and the beam pulse duration
F1 FRAMEEXEFROEENBESHY
Table 1 Main dosimetry parameters of particle beams in different acceleration modes
TR E(MeV) D (Gyls) D,(mGy) Jrep(HZ) D(Gyls)
10 IS TNSA(ph) <100 10° 800" <l 0.03"
JHLWFA(e) 10~10° 10" 13087 <10’ 0.13"7
mIZXLWFA(e) 10° 107 0.78"" 10° 0.78""
r
. 70~250
. p .
fegeioT] - 6~20 <01

a) LWFA: Laser wakefield acceleration, G R I INE; E: HIFLAER; D

IR, N hRp Srep IR IE S IApulse Hrepetition

¢ SRR, Dy SRR SR £ WORTNR; D: P4
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Figure 4 Prophylactic antitumor effect of laser proton irradiation. (a)
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Proton radiotherapy is one of the most important modalities to treat cancers, which attracts a lot of attention for that it can
precisely target the tumor with reduced side effects. However, due to the financial pressures of constructing and
maintaining a proton radiotherapy center, nowadays this treatment method is not wildly available worldwide. In this
context, the novel proton acceleration techniques based on high-power laser facilities are believed to become a competitive
acceleration method, mainly for the advantages of compact size and low complexity. Meanwhile, the laser accelerated
protons own some special features like broad energy spectrum, ultra-short pulse duration and ultra-high peak current,
which would favor the research about radiobiological effects under ultra-high dose rate radiotherapy.

As for laser-accelerator-based proton radiotherapy, the fundamental challenge nowadays lies on the proton energy that
can be achieved (<100 MeV), which is not enough to completely meet the needs of human treatments, while we have seen
the potential of the advanced target structure and cascaded acceleration to enhance the beam energy. Besides, quantities of
in vitro and in vivo biological experiments have been carried out, benefiting from the adjunct development of beam
transportation elements that are suitable for laser-accelerated protons, and biological phenomena that differ from the case of
using conventional proton beams have been observed. Furthermore, compared with the standard dose rate radiotherapy,
there are evidences showing the significant advantages of ultra-high dose rate radiotherapy in regulating immunity, which
paves the way to a multidisciplinary field of radiobiology, immunology, and advanced acceleration technology, where there
should be a place for laser accelerators. Additionally, the past two decades have witnessed the worldwide booming
developments of petawatt class laser facilities, accompanied by the increasing peak power and declining cost per petawatt.
This progress might promote the clinical use of laser accelerators in the future.

In the past few years, we have carried out theoretical and experimental research concerned with laser proton acceleration,
beam transportation, radiobiology and immunology based on the platforms of the Compact Laser Plasma Accelerator of
Peking University and Beijing Laser Acceleration Innovation Center, in order to investigate the availability and probable
advantages of tumor therapy by using laser-accelerated proton beams. In this review, the research status from these aspects
at home and abroad is introduced, and the progress as well as problems is discussed especially in the dose delivery and
biological effects. Finally, the future development of laser-accelerator-based proton therapy is discussed and prospected.

laser accelerator, proton radiotherapy, dose delivery, biological effect
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