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chirped optical pulses, Opt. Commun. 56, 219 (1985)
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The early part of the research was carried out under the
auspices of the National Science Foundation Grant No.
PHY76-12P56 at the University of California at Irvine in the

id 1970’s, and h_inspired by Professor N. Ros-
Accfl[n"ln“ ﬁi:er. Lat:r ’?Illle w“;i ﬂ:: sul;;orted by thre Office of Naval
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Collective ion acceleration by a reflexing electra

F. Mako
Naval Research Laboratory, Washington, D. C. 20375

T. Tajima i -
W
(Received 21 June 1983; accepted 2 April 1984)

Analytical and numerical calculations are presented for a reflexing electron beam type of
collective ion accelerator. These results are then compared to those obtained through experiment.
By constraining one free parameter to experimental conditions, the self-similar solution of the ion
energy distribution agrees closely with the experimental distribution. Hence the reflexing beam
model appears to be a valid model for explaining the experimental data. Simulation shows in
addition to the agreement with the experimental ion distribution that synchronization between
accelerated ions and electric field is phase unstable. This instability seems to further restrict the
maximum ion energy to several times the electron energy.



“%7  Tajima and Dawsong5EiZHLPA

19754, Tajimaf#tEEdpEIDawsoniliEtE

John M Dawson (1930-2001) Toshiki Tajima
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VoLUME 43, NUMBER 4 PHYSICAL REVIEW LETTERS 23 Jury 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. Electrons 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.
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}QE‘S_) Top Ten Physics News

phvsicsl Stories in 2014

Tabletop Accelerator

In December, scientists at Lawrence Berkeley
National Lab announced a new world record
for a compact particle accelerator. The team
used a tabletop-sized laser-plasma accelerator
to energize electrons up to 4.25 GeV. Though
not nearly as powerful as the massive LHC, the
tiny BELLA accelerator can do in about one
meter what would take CERN 1,000 meters.
Physicists hope that this emerging compact
accelerator technology will pave the way to

new generations of particle colliders.

By Prot.R.X.LI
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Nobel prize report:
At Lawrence Berkeley National Laborf;}/r% California, a petawatt-class laser at the Berkeley

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].




Collective ion acceleration by a reflexing electron beam: Model and scaling

F. Mako
Naval Research Laboratory, Washington, D. C. 20375

T. Tajima
Institute for Fusion Studies, University of Texas, Austin, Texas 78712

(Received 21 June 1983; accepted 2 April 1984)

Analytical and numerical calculations are presented for a reflexing electron beam type of
collective ion accelerator. These results are then compared to those obtained through experiment.
By constraining one free parameter to experimental conditions, the self-similar solution of the ion
energy distribution agrees closely with the experimental distribution. Hence the reflexing beam
model appears to be a valid model for explaining the experimental data. Simulation shows in
addition to the agreement with the experimental ion distribution that synchronization between
accelerated ions and electric field is phase unstable. This instability seems to further restrict the
maximum ion energy to several times the electron energy.

The early part of the research was carried out under the
auspices of the National Science Foundation Grant No.
PHY76-12P56 at the University of California at Irvine in the

mid 1970’s, and was much inspired by Professor N. Ros-
toker. Later the work was supported by the Office of Nava

(a) t=0. The beam is injected into dense plasma.

L

(b) The baam is space charge limited.
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Target Normal Sheath Acceleration
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Phys. Rev. Lett. 85, 2945 (2000); Nature 439, 441 (2006); 439, 445 (2006).
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Phys. Rev. Lett. 85, 2945 (2000).

Phys. Plasmas 18, 056710 (2011)
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22 RPA-CAIL for ion acceleration

Sailboat

Electron--- Sail

Laser ---Wind

Proton--- Boat

o
Target
X.Q.Yan et al, PRL 100, 135003 (2008) 28

T. Taj | Ma, D. HabS, XQ ,Yan, RAST, (2009) 1-26 Fig.4. Schematic picture of Coherent Acceleration of Ions by

Laser (CAIL), in particular that of Radiation Pressure Accel-
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‘%>Phase Stable Acceleration when PN
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X.Q.Yan et al, PRL 100, 135003 (2008)
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(b) Proton beam on RCF stacks
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ocusing of the mono-energetic proton beany
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Proton parameter control

Central Energy 3-9MeV, AE=1%

Charge stability 11%, spot stability 8% ‘
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: SOBP at CLAPA Beam line

SOBP ,a key technology of proton radiotherapy, is realized with
laser accelerator for the first time at PKU.
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Nanotubes energize laser-accelerated
ions
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Shot no : 764

AU 1GeV Shot no : 796

Ag31+:
400MeV

New
record!!
Shot no : 767
Al
Shot no : 805 200MeV

Cu?l*: 400Me

Note: Al lines can be
overlapped with
carbon/oxygen lines
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Simulation of the space radiation effects
by irradiating the AICHI magnetic field
sensor installed on FY 3 satellite
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55-nm-thin, 15-pm-long Ni nanowires

I,3=5x 1018 cm™2
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48



N
\@Ug/ o
E Fapy  /

el
| — |

=

i

=EMDFEHFE~ESMNA

Med. radioisotopes

« 195mpt [abeled chemo

« 17mSnp Auger electrons

«  2BRa2BAc o chains

»  WTi/Sc generator
v-PET

+ Matched pairs
diagnostics + therapy

Radioactive waste manag.

«  Nuclear resonance
fluorescence

+ Radioactive waste
management

« Better use of reactor fuel
elements

y-beams

Wakefield
electrons

N

Laser (Gas jet

Tantalum

126SniE 4R

Brilliant positron beam

+  Positron-induced Auger
spectroscopy (PAES)

+  Scanning microbeams

»  Fast coincident Doppler
broadened spectroscopy
(DDBS)

Thermal neutron beams

» Neutron scattering:
structure + dynamics

» Small samples,
extreme conditions

*  Neutron reflectrometry
»  Small angle scattering

Tin

b . Imaging
B detector

Nuclear resonance
fluorescence

SRR

N

"B (212 MeV)

life
2ar medicine

procedures per day

Te

- l 7 transition, 77/, = 6.01 h

Tc

3 decay, \\ %
71/ = 211100 y N _Ru



i

il

E NS5 RRAK

Courtesy of P. Favier: Review of Compton sources

- =1
Nom Type Flux (ph/s) Energie (keV') Divergence (mrad) AEx . [E. . (%) Statut \
ATST [62] T-CP I ) I 12-40 25 El Opération
MEGa-ray [37] L-CP 1.6 x 108 ATS 61 12 Crpération /Développement
TTX [63] L-CF I L0 I 52 4.8-6.7 1 Opération
STAR [64] L-Ccp I L® I 40-140 10 1-10 Financé / Développement
\_  CXLS [35] L-CP 5 x 101! 12.4 4.3 5 Non financé / Développement /
( SXFEL [39] [L-CP I 4.5 x 107 I 3.7-39 x 10 0.8 <05 Non fnancé / T}E':\'t']nlr;n'hli-ln\
ELI-NP-GRES [25] -CO I 5 x 10% 0.2-19.5 x 102 0.025-0.2 <05 Financsé / Développement
\ ELSA [ag] LCO 2.9 x 104 I 11 10 ! Opération
(Smart Light [65] L-CO I = 109 I G0 1 1 Financé / Développoment )
cERL [66] L-FP 2 x 107 T 0.14 0.4 Opération
LUCX |67, 68] L-FP I 3 x 10° I 10 / 5 Opération
\_ BRIXS [69] I-FP I 10l I 20-90 / / Non financé / Développement )
(FF_FI.MII.AR [7o] I-FFP &3 107 1.1 x 10 J 0.25% Mon financé / Dé\fnlnppcmr—nt\
MNewSUBARU [71, 18] | A-CP I 5k 108 I 1.7-4 x 107 / ! Opération
LEPs2 [72] A-CP I 7 x 100 0-2.4 x 109 / / Opération
\_ GRAAL [73) A-CP 3 x 108 I 0.4-1.5 x 10° / 1.1 Opération )
[ SLEGS [T4] A-CP m 22 x 10% / ! Non financé / Développement |
L HIgs [75] A-FEL I A x 107" 1-100 x 107 J ! Opération )
( vvsor [7g] A-FEL L6 x 1o® I 1525 x 109 / 3 Opération h
MuCLS /CLS [46, 47) A-FP I 3 x 1010 I 15-35 4 3 Opération / Commercialisé
KI‘nr‘liE;ht._‘.r']_.:nsc:l" |48] A-FP 4 x 108 24 x 102 / / Démonts [2014) y
ThemX [26] A-FP iptt—14 I A5-90 Finance / Développement
| |
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10 PW
Br at 0.5 MeV 4.8 x10%
Br at 100 MeV 1.5 x 10%

N, (> 100 keV)| 9.3 x 10" 6.33 x 104
0, ~ 3° ~D°
e e’ p_;ﬁ e et
f. = 180° 3.4 x 10°/160.5|2.8 x 10"
b = 150° 3.0 x 10%/137.7(2.5 x 101
f. = 120° 2.2 x 10° 85.1 |1.8 x 10"
0. = 90° 1.2 x 10%] 34.2 | 9.4 x 10°

Jinging Yu, PRL, under review 2018 . = 60° 3.5x107%|3.9 x 107 6.7 |3.1x10°
Jinging Yu, et al. APL 2018

In one pulse, more than 1 X 10'# y-ray photons with a divergence of 3
degrees are generated. At 0.5 MeV, the brilliance of the y-ray pulse Is

about 10%° photons s mm-2 mrad-2 0.1%BW.
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o LR = AE 1074 5 6 F

O —IRAELH E P MEMAE L L FE5 TR
F2Z KX EMEBES ( yy > vy light-by-light
scattering)  (BWid#2)

oF —IRELREPMEMNMESS A FE LK
72 [A BT =4 Breit-Wheeler 1E 47 7%t
Cyy—> ete- EENERERYRPIFEL)

10 PW 40 PW
Br at 0.5 MeV 48 x 10% 4.5 x 10%
Br at 100 MeV 1.5 x 10% 1.4 x 10%
N, (> 100 keV) 0.3 x 102 6.33 x 104
0, ~ 3 ~ 2
ppt | eet jupt| et
f. = 180° 1.3 |3.4x10%|160.5 (2.8 x 10
0. = 150° 1.1 |3.0x10%|137.7(2.5 x 10
f. = 120° 0.64 |2.2x10°| 85.1 [1.8 x 10
6. = 90° 0.23 [1.2x10%] 34.2 | 9.4 x 10°
6.=60° [35%x1072(3.9x 107 6.7 |3.1x 10°
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The s process, Rev. Mod. Phys. 83, 157 (2011).
The r process, Phys. Rep. 450, 97 (2007). 55
The p process, Phys. Rep. 384, 1 (2003).
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Radiation pressure Acceleration similar  Electromagnet lattice ~ Laser Proton therapy
to wind sail (PRL 100, 135003,2008)

3-10 MeV‘/PEoeam Wlth 1% energy spread
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