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SRF guns worldwide

HL#I R MR | RERTE | Avg KEARARE | JE—RHE
(MeV) (pC) current (nA) (mm-mrad)
(hA)

1t AKZ/DC-SRF-II* 1.6-2.3 20 -100 3000 <0.001 CsK,Sb 0.58 @ 100 pC E{TH
(Z%EHEBAR) 0.43 @ 50 pC

EEZBEZERM T REX 4 50 - 250 62.5 100 Mg, Cs,Te 2@ 100 pC E{TH

#fzzh(HZDR) /SRF Gun-II (25N AEBBHR)

EEZWEZAAF(HZB) 25-3 77 - 4.5 CsK,Sb 0.5@ 77 pC &

/eERLinPro SRF gun (FEHEBRIRET)  (ZREEBATR)

EEEEMRBT(NPS) 1.2 78 < 0.001 <20000 Nb 49 @ 43 pC -
(ELINSEBER)

ZEBHETRERZFE(UW) 1.1 100 <0.1 <0.001 Cu 1 @ 200 pC -
(ELINSEBAR)

EXEHERENERIWE 1.25 (CeC)- 100 - 20000 140 <1 CsK,Sb 0.3 @ 100 pC BITH

/CeC SRF gun 1.7 (CeC) (ZRANFAR)  (REHKIE400 ps)

EE B FRSMRFM R >4 20 -100 - - Pbal 4H2K 4544 - & A

(DESY) &

E[E SLACERMEFLINE 1.8 100 100 <10 (100 MeV  ZFHBAR - &

/LCLS-Il HE SRF gun SR L% AR i )

HARSBEMIiRZ LA 2 80 - - CsK,Sb = &

/SRF gun #2 (Z%EHEBAR)

*The first electron gun that meets the CW X-ray FEL requirements



RF accelerator
E=<100MV/m

laser plasma accelerator j W
E > 1OOGV/m - | Laser beam

Laser beam

1000 times smaller!

proton beam

lectron beam



LPA was proposed in 1979 by Tajima and Dawson

John M Dawson (1930-2001) Toshiki Tajima
e l'_-_l--. e

VoLuME 43, NUMBER 4 PHYSICAL REVIEW LETTERS 23 JuLy 1979

Laser Electron Accelerator

T. Tajima and J. M. Dawson
Department of Physics, University of California, Los Angeles, California 90024
(Received 9 March 1979)

An intense electromagnetic pulse can create a weak of plasma oscillations through the
action of the nonlinear ponderomotive force. Eleectrons trapped in the wake can be ac-
celerated to high energy. Existing glass lasers of power density 10*W/em® shone on plas-
mas of densities 10'® em™? can yield gigaelectronvolts of electron energy per centimeter
of acceleration distance. This acceleration mechanism is demonstrated through computer
simulation. Applications to accelerators and pulsers are examined.




Energy (GeV)

T T T L] L] T I T T 7/
2000 2002 2004 2006 2003 2010 2012 2014 2016 2021

Year

UCLA: Tajima+Dawson 1979



Challenges of laser accelerators

Inventor of Laser Wake

Accslerator
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Nobel prize report:

Lab Laser Accelerator (BELLA) facility is uSed to accelerate electrons to 4.2 GeV over a distance
of 9 cm [78]. This is an acceleration gradient of at least two orders of magnitude higher than what
can be obtained with RF technology. That there are many remaining challenges before laser
accelerators can be used for medical applications is well understood [79].

At Lawrence Berkeley National Laburs:;'}?/x{ California, a petawatt-class laser at the Berkeley
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Schematic diagram of laser ion accelerator

ey

S In TNSA regime:

* micron thick target
-« * low efficiency<1%
P * duration(ps~ns)
&= + high current

Electron cloud
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from TNSA to Radiation pressure acceleration

from um foil to~5nm foil
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A. Einstein, Annalen der Physik 17, 891 (1905)
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Wang, Phys. Rev. X 11, 021049 (2021);

Acceleration of 1.2GeV Aué1+

mass number

t
© profen our work
© low-Zions: 3<A<20 (He, Be, C, O, F)
@© mid-Zions: 19<A<128 (Al, Ar, Ti, Fe, Zr, Pd, Ag) *
A VHI: A~200 (Ta, Au, Pb) o
_ 10) Nishiuchi2015
Y& gold ions
Jung2013 O
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Experiment done in Corels/GIST
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Compact LAser Plasma Accelerator (CLAPA)

Comnact [.Aser Plasma Accelerator (CLAPA)
ARupll:

Irradiation Platform

Proton Beam
Transportation System

Xul:

beam parameters:
p: 1~15MeV, 10N9/s
e: 60~300MeV, 1079/s
y: 8~100MeV, 1078/s
duration: [100fs,ns ]

LPRIIL: e, X/y

: Neutrons
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CLAPA +magnetic beam line

matching relay transport ,
object imagel image3
(b) Proton beam on RCF stacks (f) Proton beam on BPD#3
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Zhu, et al., PRAB, 2019



Proton beam with 1% energy spread in CLAPA

3 MeV, 1% 4 MeV, 1%
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(a)

Proton Charge (pC)

30

20

10

CLAPA | is under stable operation

Proton energy (MeV))

proton beam with 1% energy
spread

PRAB2019
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charge stabillity 11%
spot stablity 8%



Spread Out Bragg Peak with different proton beams
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Pensil beam will be realized in CLAPA Il

after scanning

Normalized beam intensity

Beam energy bandwidth < 5%
irradiation field 0.1m x 0.1m
Dose rate on biological tissue >2 Gy/min W.K.Dong, et al., PRAB 2022
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Proton therapy facility based on a PW laser

c LA PAI I Experimental Engi:ncetering Product
prototype: prototype: prototype:
} 2019-2024 2025-2027 2028-2030
V beam line ‘ ‘ ‘

Proton £,,,, ~100-200MeV
108 ~ 1070 ppp
repetition rate> 1Hz
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Answer: Challenges of laser accelerators
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stability? OK

Nobel prize report: reliability? OK

Lab Laser Accelerator (BELLA) facility isised to accelerate electrons to 4.2 GeV over a distance
of 9 cm [78]. This is an acceleration gradient of at least two orders of magnitude higher than what
can be obtained with RF technology. That there are many remaining challenges before laser
accelerators can be used for medical applications is well understood [79].

At Lawrence Berkeley National Laborz:;?ﬁ California, a petawatt-class laser at the Berkeley
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Beijing Laser Acceleration Innovation Center

The advanced laser accelerator research and
application research platform:
1) Immuno-radiotherapy

2) Laser driven ultrafast particle beam
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Applications in the future

laser accelerator: 1) ion acceleration; 2) X/y source;3)collider

Jomod 3Aae —

—Tep rate X
Road map in ICFA+ICUIL joint workshop /



Radiotherapy is the one of most effective method for the
localized tumor treatment

X\ v
Tumor- (Malls, TU Miinchen; according to Tannock: Lancet 1998, Nature 2006)
cells
1079,
1 03 I l l l l l l 6 Chemoth. cycles
p/C
108 | &
- 1o |
104 | o | 2
102 i 102 - ..'l
° 1 o
0 | | | 1 1 | | L
o 1 2 3 4 5 6 monn According to PTCOG statistics, as of the
end of 2018, the total number of people
Macroscopic Tumor: 2 5mm (more than 107 cells) o« o . I h Id .d
Microscopic Tumor: <5mm (1 — 107 cells) receiving particle therapy worlawide
Cell kill after Chemotherapy: only about 3 logarithmic steps (ordinate) exceeded 220000'

-General treatment effectiveness rate
above 95%



Advantages of Laser Accelerator Beam: ultrahigh current

. rHE NOBEL PRIZE
* >10"9 particle/shot IN PHYSICS 2023

* duration:  as~ fs~ ps~ns
 high current: 1022-23/s

* low backgroud, high contrast

Pierre Ferenc Anne
fS beam Agostini Krausz L'Huillier

kA “for experimental methods that generate
attosecond pulses of light for the study
of electron dynamics in matter”
—_—
—_

THE ROYAL SWEDISH ACADEMY OF SCIENCES

<100mA
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Proton irradiation experiments in CLAPA |
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localized tumor damage
DNA bond breaking

Radiation causes immunogenic death (ICD)

Chemotherapy Radiation

oo mg Yoo
/ Tissue Injury

DAMPs

et LYITIPhOFVtE Breakdown of ECM Stressed, apoptotic

.. Activation Hyaluronic acid & necrotic cells
. *Heparan sulfate *ATP
* Fibronectin * Uric acid
* Fibrinogen *ROS
*Versican * HMGB1

* Biglycan * HSPs
*DNA

* N-formyl peptides

ultrahigh dose rate?
Immunity activation 31



Irradiation immunity? oy i xY

PEKING UNIVERSITY
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Vaccine: live cancer \¢ ¢
cancer cell ceH
after RT
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Radiation induced cancer prevention vaccines

|
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DAY

> prevention rate: ~100%
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Prospects for Laser Accelerator Immunotherapy

localized tumor therapy diffuse tumor

a Localized disease b Re]gni:nal disease
" w7 diffuse tumor
i g : I -
AT H pﬂrl ng % -”
od Inm’: 10 ‘iﬁg:
~10% = . I ] et I 3%
%) & O & q,\“a- \"w o Cﬁ & g > 090%
Q,,,a g <, & & cs‘ & ‘3 Jx
& .p° *QZE o 9" & Cancer site
t Patlents with distant metastasis
e i f” have a low survival rate
H H 0,
localized tumor patient <10% 2018 Nobel P rEze "."' m -
5-year survival rate of cancer patients in the *Id"h“‘i _Ir' 'rI' PY.:
United States during 2005~2015 V| PSP P ;
‘b‘ & ‘ﬁ q s‘
L‘ $ “(.um-r\iu-
Nature Reviews Cahcer 16(4): 201-8, 2016

=201 8FiE N RIPIES 12

immuno-radiotherapy

—?aser accelerator+immunity =immunoradiotherap)
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2. y Source and Heavy element synthesis

« Century puzzle r-process (fast neutron process)

@ FRIB, FAIR, HIAF,
: SPIRAL2 . RIKEN,
BISOL ’EHS‘EJEQET ez

> BoRyiE, ALTHR
184 MR RS A
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3. Next Generation Collider (Collider?)

Laser Plasma Accelerator Explored For Linear Colliders: Follow Paradigm
Of Conventional Accelerators To Increase Beam Energy And Quality

Key features:
®|njection
e Staging

Leemans & Esarey, Physics Today, March 2009; C.B. Schroeder et al.,, PRST-AB 13 (2010)




3. Next Generation Collider (muon Collider?)

200 times heavier than electrons , suitable for the next generation of
high-energy colliders. But short lifestime! Preliminary simulations

indicate that TeV protons can drive TeV muon acceleration.

proton + energy acce%eration distance injected final energy
energy time energy

0.1TeV 7.41GeV 4013ps 1.2m 19.3GeV 26.71GeV
1TeV 74.1GeV 13378ps 4.0lm 80.4GeV 154.5GeV
TTeV 519.8GeV | 37458ps 11.24m 226.3GeV 746.1GeV

by Prof. Jinging Yu, Hunan university




Summary

1) The combination of laser acceleration and magnet beam line may overcome the

issues faced by laser accelerators in future applications, such as cancer therapy.

2) It will be very interesting to build a laser accelerator for radiation vaccines,

short lived isotopes, photonuclear physics, plasma diagnostics and so on .

3) Answer to 2018 Nobel prize report is here. proton/ion ~100MeV
(GeV Aubl+)
energy spread 0.1%~1%
stability <10%

At Lawrence Berkeley National Laboratory in Cj{fﬂrnia, a petawatt-class laser at the Berkeley
Lab Laser Accelerator (BELLA) facility is used t¢g/accelerate electrons to 4.2 GeV over a distance
of 9 cm [78]. This is an acceleration gradient of at least two orders of magnitude higher than what
can be obtained with RF technology. That there are many remaining challenges before laser
accelerators can be used for medical applications is well understood [79].
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