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Abstract

Table-top size proton generator of several MeV for some detector calibrations or short lifetime RI production might be
expected instead of cyclotrons or electrostatic accelerators like Van de Graaff. For that purpose, we focused on the fusion
reaction *He+D—>P+*He. The proton that are obtained from this reaction have the energy of 14.67 MeV. Moreover, the
reaction occurs with 3He having the energy of only several dozens of keV, according to the reaction cross section [1].
Therefore, an experimental feasibility test at RCNP was carried out as a preliminary step in the process of developing a
proton generator. Protons with the energy of 14.67 MeV were successfully obtained at 0.5Hz using *He beams from SC-
ECR and deuterated polyethylene target [2, 3]. The further development also was carried out using a novel target base a
with thin aluminium window, for obtaining protons with energies in the atmosphere, by passing the protons through the
window [4, 5]. Now we are trying to increase this proton intensity and also to get mono-energetic proton in atmosphere

side via polyimide film window protected by thin metal foil.
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Figure 1: The energy dependence of fusion reaction cross
section of 3He+d shown as red dashed line with dt. This
figure is cited from [1].
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The
NANOGAN (PANTECHNIK): It has two extraction
electrodes. It is possible to apply 15 kV between these
electrodes, and it is also possible to apply 35 kV between
first extraction electrode and plasma electrode.

Figure 2: 10GHz permanent magnet ECR

T3 %, BARBIITBEFOAF PR O 5] HEE 2
15~20kV Toh-o7=:ZA % 50kV (TR LIZ, A4 R
DY — LEHRENNEEFEORIFRAY Child-Langmuir HIJIZ
WEHRDIE, ZOWEIZEY 3He DY —AFEIH &N
6 fERRFER RS NS, F72, 3He2+D I /L — )8
30~40 keV 2°5 100 keV <7257 2T, 3He+D it~ D
WA 2Y 2 HrFE S 2 % (Fig. 1), ZNHDOZRIZIY,
A ARONEEEIETRIZIY 3 HTIEE MeV BT D4
A RESNDE A END, LonnEL T, £,
RCNP [ZEEICHREIN TWAALLT VRO —D2>ThHD
I0GHz @ KA A R D ECR A1 AR THD
NEOMAFIOS Ot — A5 /L% 50kV ETIETE
LI HIEE L T-[6], RF EAH D DC 7y I
50 kV MHEDH DI AIVEE 2, ARLEE 2 HT L\ e,
TARmWEL, 51 HEMmMOEE D RLELICLD & HE
{bOSEE LS L LTz, TNHDORER ., A4 IRk %E
H—=IF NVITREDHZE/2K 50 kV DO F|HEIEIZM 251
AR ETR o7z, RF %ﬁxw%ﬂ%brt@a@g%b
T 50 kV i ERBRICIED RN & AR LT, [HL .,
B EDT=DDNEH AVEE L X F o be, 5 BRI
VIZIERE WS A R e o772 LTS RT3,
NANOGAN(Fig. 2)IZ&~> T, Lvar R rhedsE o3
BaHELE,

2.1 NANOGAN DA

I0GHz ® K Al A% ECR £ 4R TH D
NANOGUN (PANTECHNIC #-8) 235307 38 AEHT=,
ZOEASHNIAERIXATOFT A #F BT ATz E &2
3He2+,40 kV T 3 mA DHEfENHDH, RCNP (ZFWCJIE
WRE — LT ARZHED TVDB M, 4He2+, 20kV TH
400 pA DE —LAERDER TE TS, £72, 50kV 12
FIINLY B Z &b MERRH T D, NANOGAN H D7 Ak

Figure 3: Schematic view of proton generator using
NANOGAN. Only 3He2+ can be introduced into the
reaction chamber at the end of this system with using
dipole magnet.
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Figure 4: Conceptual figure of deuteron target using Ti
deposited on metal foil. The Ti can adsorb deuteron. This
figure is cited from [6]. Ti deposition can be done by
electrically heated Ti wire.

4Hel+% 20kV. 3 mA FE CHRELI-LZA, NifafE
NECHENT FROI T R BEOREE AU E 225350k
M= (Fig. 5), 4% DO KETET AN CREMH A
BAE OB ANMATHHEVIBIRES LIRS
5T,

4. RIEREERAGRH

3He+D->p+4He L DfE R AL 7B 112822 RIAE
%D FEAEFEERE [FIFFZHED D72 | Fig. 4 TRLUTZER
FHERE AR T D4R A Ni LU, Ni(p,n)Cu SOG A3
ZAHI0NTT D, 2D, F-, 3HetD Ut CTAERT S
B -0 50 %75, Ni a2 7= F AN —%7poTNA
728 KEMITC RI A RGRERZ 3550 Ni 5Bk~ fE
DSLEAD 1 ML EREND L0 KRE RS R A
FESND, 728, ek DBV EZE L KR &M CHER D
WEEEZESLCWADT, I Rl ELTAKRTHES
Z 5415 58Cu X0 60Cu 73B+AAEE L& -y 15 IR
FERHENS 0.511 MeV OH ~#aRlET 5281
IORIEDE ST EIN DR N RETH D, 5%
REREED T, F2, Z0oRBRITIEVH 2 TIT Yy
FEIN TV NI AZRTEMTHOT, &REEE Al 7
ElZL, Ti ODRIZKFEWAEEREL T NI TDHLO%EH
HLTHEW, WFHNICLThH, BE—AD AR LIS
KFZOFHIMESND DD T, RITVFERRA T D HIE
EIIMEEB Z DD,

5. F&&H

WEDOFEBRICED, Bt keV D=RNLF—DA R
ZF L7z 3Het+D K2 EkD 14.69 MeV DF5+E— A
DO, Flo, FEELY TRTIUIRKFICH IO
HZEMHOLINEI2ST-D T IROAT YT ELT, 551
Db E — LDFRE R E D RI BLENFEBL 5% H
FeLI-, EfELT-2ED—0IAF O] HEBJEDH
FRCHD, 5IHEEDE B LIZEVE —AEROHE K
ERSWTHAE OSBRSS, Tz, FEHIREIEO H

PASJ2021 WEP003

Figure 5: Ni foil and Polyimide film broken by 4He beam
of 20 kV and 3 mA.
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