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Abstract

We have conducted the scraper irradiation test with the 3MeV linac. The test piece of the scraper was irradiated by
the H- beam up to particle number of 1.2E20. We measured the surface temperature of more than 3000 deg C using a
high-speed radiation thermometer and observed the irradiation damage on the scraper by using the laser microscope.
When the surface temperature exceeded 2900 deg C, the ionic current of carbon and the irradiation damage on the

surface of the test piece rapidly increased. This paper describes beam irradiation test results of the scraper.
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Figure 1: Layout of the MEBT line of the 3MeV linac.
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Figure 2: The photograph of the scraper head.
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Table 1: Main Beam Parameters

Beam energy (MeV) 3.0
Maximum number of particles (/h) 4.00E+18
Peak beam current of RFQ I (mA) 10-35.6
Beam pulse width (us) 50-1000
Repetition rate (Hz) 5
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Figure 3: Setting of emissivity of the high-speed
pyrometer.
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Figure 4: The photograph of horizontal and vertical
beam profile monitor.
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Figure 5: Beam size vs. 2MHz amplifier output power
of the RF ion source.
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Table 2: Results of Irradiation Tests

Beam pulse width (us) 600 700 900

Irradiation time (h) 60 52 41

Surface peak temperature (deg C)  2440- 2740- 3222
2670 2950

Current density of 1 0 (A/m”"2) 2.9 33 4.2

Power density of 1 0 (MW/m"2) 8.6 9.9 12.5

Damaged part (mm*3) 0.2 1.1 12

3.2 b —AREEEOEE T AOR|E

E— LUV ANE 900 us DOEFEIZDOWT, MG
F@DEFIZ, B —2 VL REEZZESERN L E—
JIREBIOERETADA G ERZTE LT,
v — ARG ORI RN X T 2 RE T A DA F
EIROEAL % Figure 13 12”77, Testl TlX, E—
LoV ANER 200 s 205 900 s FT 20 SR T
100 s EICHMEET-, £O%., 20 7/, E—24
ZEIE &%, Test2 TlE, E— AL XA
900 us 726 200 s £T 20 HFEIFET 100 1 s IS
W EFETz, Testl ITBWT, BEH 2 OKENE—
LV AR IS 22 A4 2 7 TmLz, —
J7. Test2 Tlit. ZOHERR LN N-T-Z &
O, IRBEOMITIR SN KENRE ERICE-
THtEshizeéEZExonhnsd, ©—7REICHT25E
B 12 DIRFEOA A EROEAL%E Figure 14 |
R, [FREIC. BEE 28 O—lik#E A Figure 15
2, BEH 16 DA X % Figure 16 177, WT
NoOBEL., 29000CLLET, A AV ERIEM L
D, REOFHIEL EHITRFBEAMNICE £
NI T ARSI Sz, SRR I RE & D1k
PRSI L O T ANRELZEEZBND, =
DX D 7eA A BB BIZIENINT 5 2900°CLL LD
WEETIX, HENRAMICEDREE X N5,
FRECIE, RFQ B — AFENT 54mA, MV L 25Hz |
7V ANE 500 u s TOEIENFTESILTEY, 500
S DHL AM4%DE—LNBAY L— N ICRM SN A,
E— AL AR 900 us OHFA OB EEIZH Y 5
He—2A (54mA, 500 s, BHz) A7 L— R2A
iS5 L, 30000CEMEA D EHNEIND =D, &
HTlX, BRBE 4.20/n 2 [ZH4YTHIE—L% R
JL—NICAMIEDZ EIFBTAERETH D,
54mA, 500 1 s, BHz D E—ASAED 44%1% . FREER
BROE— LUV ATE 400 s OBPHRITHY TS, =
DD B — 7 181 1800°CTh » 773, B e
EREIREN LN D20, RiEEE & BEOBR,
Fo. ZOROBREOERBEZHANDLULEND D,

- 849 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan
PASJ2017 WEP020

3500
o

3000 o
) &
2 2500 a
£ a
£ 2000 ‘
g Q 0#6_600us / :
g 1500 8
= A#8 700us

1000 @ PR '

046_900us (D 150 um depth
500 ; ; ; [
200 400 600 800 1000
Pulse width (us)

TNAERT3S

Figure 9: Observation of the test piece surface after

Figure 6: Beam pulse width vs. the peak temperature beam irradiation using the laser microscope. The

of test pieces. beam pulse width is 600 us. Total particle number
3400 2.0E+20 is 1.2E20.
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Figure 7: Trend of the peak temperature of test pieces

4000 Figure 10: Observation of the test piece surface after
beam irradiation using the laser microscope. The
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Figure 8: Waveforms of the surface temperature

measured by the high-speed pyrometer. The beam Figure 11: Observation of the test piece surface after

pulse width is 900 u s. beam irradiation using the laser microscope. The
beam pulse width is 900 u's. Total particle number
is 1.2E20.

-850 -



Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan

Figure 12: The surface peak temperature distribution

of the damaged part.
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Figure 13: Trend of ion current of residual gas when

the beam pulse width was changed.
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Figure 14: The peak temperature of test piece vs. ion

current of carbon (C).
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Figure 15: The peak temperature of test piece vs. ion
current of carbon monoxide (CO).
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Figure 16: The peak temperature of test piece vs. ion
current of methane (CH.).
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