Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata
PASJ2024 WEP094

RCNP [ZHITAE/INILAT7AIN—L—F—AF VR FEDEST
STUDY ON SHORT PULSE FIBER LASER ION SOURCE DEVELOPMENT IN RCNP

FRFFRF-REIHA, R Y, KHEEEZ A, FHHEES A, EERE Y, BACE S, ZHEBT Y, KR,
25k ~, ZHAO HANG®, Shali Ahsani Hafizhu?), #Hﬁﬁ n, /ﬁiﬂ% N, AN, BORSRE N, s ER Y,
A FIFAD, SRIER D, NS ©,

Shotaro Matsui *#), Mitsuhiro Fukuda®), Tetsuhiko Yorita®, Hiroki Kanda®, Takane Saito®), Hitoshi Tamura®),
Yusuke Yasuda®), Dai Tomono®), Tsun Him Chong®), Zhao Hang®), Shali Ahsani Hafizhu®, Tomoki Imura®,
Kaoru Watanabe®, Sho Ishihata®, Nami Itakura®, Masaki Kittaka ), Y oshihisa Iwashita®, Yasutoshi Kuriyama®,
Yasuhiro Fuwa©,

A) Research Center for Nuclear Physics (RCNP), Osaka University
B Institute for Integrated Radiation and Nuclear Science (KURNS), Kyoto University
© Japan Proton Accelerator Research Complex / Japan Atomic Energy Agency (J-PARC/JAEA)

Abstract

High-intensity beams are increasingly in demand across a wide range of fields, including medicine, materials science.
For example, MW-class cyclotrons are required for accelerator-driven nuclear transmutation systems (ADS),
necessitating fundamental studies of space-charge effects due to high bunch density for their realization. To address this
issue, our goal is to analyze the behavior of high-density single bunches inside cyclotrons in detail using a laser ion source
generating an ultra-short beam pulse. A laser ion source is an ion source in which a solid or gas is irradiated with a laser,
and ions are extracted directly from the generated plasma using an electric field. In this study, a fiber laser was used
generate ultra-short femtosecond pulses with low power but high energy density. The ion source consists of a mode-
locked fiber laser oscillated at 40 MHz, which is synchronized by an acousto-optic element a fiber amplifier, and a Ti
target. Furthermore, the feasibility of axial beam injection into the RCNP K140 AVF cyclotron was studied by beam
transport calculations using OPAL, which includes space-charge effects. A laser irradiation test is in progress and increase
of laser power will be indispensable to observe an ion beam extracted from the Ti target. Reduction of the transversal
spread of an axially injected 1 micro-A ion beam was confirmed by the beam transport calculations. However, it was
found that the beam size in the longitudinal direction was elongated due to the space charge effect and didn't satisfy the
requirement of phase acceptance of the cyclotron.

AL ROV TOR~S, Znicky, A rube
YD ANFHT LB A BN LT,

HMINLVAL—Y—AF ViR

1. [EC®HIZ

KL — A R, MR, TR —
z:@fpmmv\%rf@ S5 NE & o TG, KT bn 2.

REREN G S s AT IN(ADS) I T i%%%@
@ﬁé:%b"(ﬁﬁiﬁ?ﬁ&'@%éo B M D712 1%,
1GeVT10 mAD £ —A HAWL, HEH MeVTEH
1A OEBFE—2RRELEIN, A 7abar D
HIZIE AT — D — AR E TR U R X0
E'ET&)& ZDlh, A ratar N O E A T B E

D72 E R D RO B N LETHY, A IE
E&’ CHARUSIET A EN KIEE L — LD R EMGIC
IR RTHD, T, £7 i*ffwmm/ﬂ\i*fﬁ@‘/
NS TN A AT DT, oL AL
— W — A RO BTSN E&%E/ufu\éo %ﬂ/\ﬂ/zv~
P A PUT, mREE SRR RIS AR THY, T
I =LA ARELL TOFRALE LN TV, A
FETIE, L—F = AT AR OBURE | f/ME O
TIRX2EREL YT T8 HL Y I=b —a &Iz,
HAST T A2 E TR HLEF E ATV, B — AR

# smatsui@rcnp.osaka-u.ac.jp

AT DOAF P UL, V—PF —5ENSEHILET,
KB A& B AKFBALEITH LT, -+ pm OFEIR
'C? TN BT I, ZERERIRICEDFE

WAz, mEN CEREIAMA 25 X3 (Fig. 1)

Solld

Femto second
pulse laser /
Laser Plasma
or

Gas I
|
A
I Electrode

High Voltage

Figure 1: Conceptual diagram of the laser ion source.
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Table 1: Laser Parameters During Irradiation

Parameters
Repetition Rate 39.097 MHz
Laser Wavelength 1030 nm
Pulse Energy 3.7 1]
Pulse Duration 427 fs
Spot Size 240 pm

Laser Intensity 1.92 x 107 W/cm?
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Figure 2: Current Configuration of the Laser System.
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Figure 3: Configuration of the Synchronization Signal
Generation System.
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Figure 4: The state of synchronization between the laser,
RF, and pulse generator signals.
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Figure 5: Laser Irradiation of Ti Target and Circuit
Diagram.
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Figure 6: Electrode Model for Extraction Simulation.
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Table 2: The Characteristics of the Bunch After Extraction

Initial Emittance  Energy dispersionBeam length
Temperature €30, AE/E 30,
Ti == Te
leV 0.15 mmm mrad 0.4 % 0.28 mm
10 eV 0.85 mmm mrad 0.7 % 0.88 mm
100eV 18 mmm mrad 32% 2.82 mm
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Figure 7: Axial-Injected Beam Envelope at Current Values
of 1 pA.
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Figure 8: Transverse phase space of the initial beam.
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Figure 9: Real space beam shape before the inflector.
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