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Abstract

The compact non-neutral plasma trap systems named “S-POD” have been developed at Hiroshima University as
an experimental simulator for beam dynamics study. S-POD can approximately reproduce some space-charge effect of
a relativistic charged-particle beam observed in the center-of-mass frame. The phase-space density of an ion plasma
trapped in S-PODs is higher than that of beams in circular accelerators, but it is lower than that of beams in high
intensity linear accelerators. To study the dynamics of these intense beams, a more high phase-space density ion plasma
is required. Ion cooling is absolutely essential to densify an ion plasma. Buffer-gas cooling is a major method to cool
ions confined in ion traps. The achieved ion temperature is roughly equal to temperature of the buffer-gas. Therefore,
it is desirable to use the low temperature buffer-gas to produce a more high phase-space density ion plasma. We are
now developing a cryogenic buffer-gas cooling system for S-POD experiments. We report on preliminary results of ion

cooling experiments.
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Figure 1: An exterior of new S-POD with the cryogenic
buffer-gas cooler.

Figure 2: A photo of the LPT system adapted for cooling
experiments.
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Figure 3: Schematic view of the LPT system with the cryo-
genic buffer-gas cooler.
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Figure 4: Time evolutions of ion numbers. The initial ion
number is 1 x 107 and the pressure of Ar gas is 1 x 10~ Pa
in all the cases.

FAXDEMIEL L5,

Figure 4 (21 4 A Y BORREZ L OH % RT, EHA
LTW3 Ar HADIENE Par = 1 x 107° Pa T, K
At=01CBIFBALFEIE Ny =1x10"EHTH 3,
Z AU S-POD EFRICBLWTIER D EW Par & Nip TdH
%, BIRD X 51T 7 A<PEET 20134 4 VAL
D 2 e DEETH S, EoT. ok dbHEMMED
BETHD, MIMR 22513, 4 FVEDBZL M
Lo TWS 7=DEZE X 2 INBGIERAKEL, 72
L He Y RZZERED Ar FADEDTLES DT,
oL HEHHPNEIIL WIERTDH D 3,

FRPUAIZ He T RAEEALTEL T, »OoBXHRY
LPT OEEIZVWITNDER (Tg = Tipr = 298 K) O
BETH B, M=AF Tipr = 208 K T, Thx = 298K
DR EBE L, HIHEED He ¥ 2% Py =
8x10 P PaBALZBETH S, HAE Trpr = 100K
T, Tpx = 10K OB ZE L /2. BIBEGHI L He
HA% Phae =8 x 107 PaBALRGETH S, He
ZEEALTOWRWEEDA T VORI —FHL, =B
WD He ¥ AZEA LGS, GHILINYy 77 TR %
BALLBEEGLELRoTWS, 2O ht, BHIL
72He HAZRHWBR LAY IR I WGHITE 3
Z L DED D BT,

WITNDHE DRADEEA & > OFDIHL, Z
DEIFW - & DT %, S-POD Tid LPT O Wi /5@ 2
LEFE—LZATHLTAF U E2ER - BIELTWVWAS,
FDI=D., FIEIRETIXA & > 75 X< I ZWE 7T AN B
BROIEDR > THOMLTWS, BB, /i
BoMmo B i IhZEBE L TVA 4 > DIEADE
KTH 3,

JEEWCHML L EFATIE. 4 4 B HEE%
BT %, ZOHEE. ZORERED > TA L
75 X2 DF (77 X< H TR LADRR) %E
FEHTZEDS, L LEBRICEITRD & 5124 4 > oELE
BIIEHD 2720, ZORERDERD S, £ T5MH
FEANCA A CBDHED S /e T TR T 2 D1I2h
oK EHMmE LTERT %, 2L, ZORMD
T=EPE DB LIERLRVOT, HIET—&2%

- 490 -



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

40 S S o b e b L
E with coolded buffer-gas |-
2 30 ¢ =
S : 3
[} B =
£ 20 . 3
R ’ 3
3 e =
= 10 . A a & & * 2
= . e & * with buffer-gas =
» F

0 T T T | T T T | T T T ‘ T T ‘ T T
0 2 4 6 8 10

-5
P, (x10” Pa)

Figure 5: Dependence of lifetimes on the pressure of He
gas.
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