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Demonstration of laser-driven proton acceleration above 100 MeV using hydrogen clusters
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Abstract

We have proposed a method to generate multi-MeV pure proton beam using micron size hydrogen clusters as a target
in a laser driven ion acceleration technology. A demonstration experiment of high repetition proton acceleration using
hydrogen cluster targets was carried out at the J-KAREN facility. The energy spectrum of the protons was obtained using
various detectors: CR -39, a nuclear emulsion, and a real-time Thomson parabola spectrometer. These detectors were
calibrated using ion accelerators. We have developed a method to measure the energy spectra of proton beams with a
resolution of less than a few MeV using the CR-39, which is capable of detecting proton beams of tens of MeV. The
nuclear emulsion was developed for sub-GeV proton detection. In the Thomson parabola spectrometer, the characteristics
of the detectors were measured so that the fluence of the energy spectra can be accurately evaluated. In addition, the

generation of argon clusters was carried out for future development.

Keyword: Laser-driven proton acceleration, Thomson Parabola Spectrometer, CR-39, Nuclear emulsion

1. [FL&IC

L— P —BRE A A IEE, 6D RF MEZH
BIFAMEERZIIANIEBZAMV/ um A —%—
DOIEARZIAESEDLZ ENFARETHY . a3
7 M mEgR e LCIER ST (L, 2], MY —
7y FERAWERZ Ty L—F—IZ X BB IE
TlE, R R —72% 100 MeV (238 5 B T 36 4
NRESNTWA[3,4], LoxLans, wEy —»7
v &AW IEIE R A EDE TH D KRR
ERENS DG FIRAETHY | HEEEZHERT D5 Z
A BRSNS, FO7-D, ISHWFEICET 55
a0 IR L ORI RO BBICHL B FIENRLE L X
nas,
AKFETIE, 70 YA ADKFEI TAL—%
H—Fy MIZFIH L CE# Y iR L T multi-MeV @
Wb T2 BAET D HIEERELTBY, Fx Dk
DY a2 b— 3 USRI L - T FEMZR E 2
H=XLNHBFALSoH D, Tk, EmEL—5
—%F<A 78 A= VRT—VOEREOWE I RE
L7256, EREFmICHRA L@ N R o huicm
Mo TEHE « IR T 218 Fe T2 OFREE D R S 41,
Z OHERR S LT EERR I L B A AL NV ERER] T
R K IMEHE D LD EBREEINE O F 85 % %%
RL7=ZEThoI5]L

T TCHAIZ, BENRY =Ty NEERT DT
WIZ, 7IAF Ay S THEILTZEEKET A%

PV ANV LT H R ) AV B L TCEZE
IS Z L iIckD I v a YA XOKEZ T
AH—FRAE ST DB LR LT2]6,7], D LT,
RAVE B P2 T J-KAREN Mk [8lI2 8 Tk FE 2~
FAR—m K=y N E LT EEE UG %=
AESEER 2 FEhE LTz, B T D= RV F— AT R LI,
[ AT R H %% CR-39 38 X VRl & ) 7 v #
ADLFLY U RTRT ALY b A—HF % FWTH
B L7z, 22Tk, 2020 FEIZIT- AR HHER DK
EEBRICOWTHET 5,

2. [RFIZEIR

SRR AT R D TR 2 = R TR REER
HTEMTE, FHBEI 2 —F 7 EDO &/ INERERL
T FE TRHFTRRZREWVREZGET 720, Brfric
LU THRKRKTEH 27 MeV £ TLMNEEZRE 20
CR-39 (2T, KiEIZa /7 Nt A X047
GeV #fk L —H —sips et illgs 2 KB T& 5, L
MU E, TOREEDOE I I, B X BN
RS 2 L— Y —BREhA A IE SR IS L
T25E. FNo A X & o TR 3 3#
LN TLEV, BRETER2WEWI ERH -T2,
& ZTHA DT N—T1X R R O BUGHE O pH
EBUBRER 2R U R B HAR O I O b &
1792 LT, BIROXMIZED /A Xl DK
ZikIr Tz, ZDOFEFR, MeV #D L —H — Ik 5 -H



[H30-5]

=
S

7
=

- W500 pm 1 oexXp.

* | *Geant4 } 100 MeV

g

@
=1

g

I exp. g
gad ‘(hmﬂ4}2y}mcv

Scattering angle spread: 1o (m rad)
b
\

"
-1
o

o

Number of layers

Fig. 1 Scattering angle spread of protons in ECCs
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Fig. 2 Prediction results of proton energy using
multiple Coulomb scattering in an Emulsion Cloud
Chamber
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Fig. 3 Schematic of the developed ion electron energy spectrometer.

Fig. 4 Single shot Ar ion signals detected using the developed spectrometer (a) and the conventional Thomson

parabola spectrometer.
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Fig. 5 Phase diagram of argon.
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