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Abstract 

A compact low energy and high current accelera­
tor is designed for a study of fusion reaction in a nuclear 
astrophysics. The accelerator can produce an intense 
beam of several ion species such as proton, deuteron 
and helium isotopes more than lmA. To provide ex­
tremely fine cross sectional measurement for fusion re­
actions ion beam production, extraction, transport to 
a windowless gas target is made using the GIOS and 
FUGUN computer codes. Multielectrodes for the ion 
extraction applied to the NANOGUN ion source can 
be expected to improve the beam quality and to raise 
a luminosity for beam to gas target interaction. To 
study the electron screening effects, an experimental 
apparatus is proposed and constructed. A combina­
tion of EBIS type plasma source as a target with a high 
current ECR ion source is also proposed. The present 
state of these design consideration and its development 
are described. 

1 Introduction 

A high brightness ion source and a precise low 
energy beam accelerator are indispensable tools in 
the study of fusion reaction in nuclear astrophysics. 
When a gas target is combined with a powerful ion 
source, such as a proton, deuteron or helium isotopes 
ion source, the result is a nessesal condition appro­
priate for the measurement of extreme low cross sec­
tion events in this region. Although fusion reaction, 
p+ p -+ d+ e+ + v, is the operative reaction in the solar 
combustion of hydrogen, as well as the initial reaction 
in the chain for producing photons and neutrinos, the 
rate of p + p -+ d + e+ + v is too slow( 10-52cm2 ) to 
be measured experimentally at 6ke V, the energy range 
of the actual solar reaction. Of the reactions that fol­
low after the basic reactions such as d + p -+3 He + 1, · 
3 He+3 He-+ 2p+a, 3 He+4 He -+7 Be+!, we have 
focus on cross-sectional measurment of the 3 He + 3 He 
reaction at the effective energy Ecm = 17- 27keV. 
This reaction manifests the so called neutrino problem 
in the sun and can be used to verify the standard so­
lar model[l]. We are planning to construct a compact 
ion accelerator facility in the underground laboratory 
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Figure 1: Total system of a compact accelerator, beam 
transport and a gas target for nuclear astrophysics. 

at OTO cosmo observatory(l270mw.e.)[2]. The facility 
will consist of ( 1 )ion source with intense current of 3 He 
1+ or 2+ (more than lmA at energies of 30-50keV) 
(2)low energy beam transport (3)windowless gas tar­
get and evacuating system ( 4 )reliable beam calorime­
ter (5)detectors with the reaction identification (6)elec­
tronics and data acquisition system (7)preliminary test 
stand of a plasma target.The total system of a com­
pact accelerator, beam transport and a gas target for 
nuclear astrophysics is shown in Fig.l. In this report 
we describe. the current status of the development and 
design of this facility. 

2 Ion source and extraction electrodes 

Because of the proposed facility will be used to 
made extremely fine cross-sectional measurements of 
fusion reaction, a compact accelerator with a highly 
efficient, low-power ion sources having long-term sta­
bility is required.The numerous possible ion sources 
such as duoplasmatron, duopigatron and electron cy­
clotron resonance(ECR) ion sources, we chose an ECR 
ion source composed of a NANOGUN body and modi­
fied extraction electrodes that can be applied for 50kV 
potential[3]. This type of source is desirable because 
it has a simple structure without filament, it has fewer 
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contaminant's and it remains for as long as three weeks 
or so. The required energy range of 3 He ions should 
be between 30 to 50 ke V, in which the astrophysical 
S-factor data for 3 He +3 He fusion reaction can be de­
duced inside the gamow peak, although currently only 
the LUNA group has presented data in this peak[4]. 
The higher extraction voltage than that used for a 
usual ion source results in crucial problems on not only 
the source itself- i.e., the discharge and isolation ofthe 
rf feeding section - but also on the beam optics degra­
dation caused by the space charge current. To obtain 
data on every hundred eV for the incident He-'3 beam, 
it is desirable that condition at the target site be kept 
optically constant throughout the whole energy change. 
For this purpose we employ the multi-electrodes ex­
traction system proposed by GANIL group[5] as well as 
calculated optimum electrode structures at each poten­
tial. The multi-electrodes extraction system is advan­
tageous for two reasons: first it improve the beam emit­
tance even under condition of a strong space charge 
force, and secondly, it moderates the electric field gra­
dient ascribed from the higher extraction potential. 
Actually, we need add only one electrode to the original 
NANOGUN design in order to have two independently 
moving electrodes(a beam-forming electrode and the 
previous electrode). As will be discussed later, the size 
and divergence of the beam at the target should be lim­
ited so as to keep the aperture slit too less than a 7mm 
diameter. Accordingly, we used the computer code FU­
GUN[6] and optimize the potential, structures and po­
sitions of the electrodes as they affect the beam form 
so as to achieve a constant beam emittance and bright­
ness within the expected range of energy changes. 

As described in the following section, these goals 
are combined with a beam optics study for low en­
ergy beam transport between the source exit and tar­
get aperture slit. At energies 40keV and 50keV a sub­
stantial brightness could be achieved by simply apply­
ing the different potentials and positioning the beam­
forming electrode as shown in Fig.2 and Fig. 3. 

3 Low energy beam transport 

Despite of the variance in total potential of the 
beam a nearly invariant beam form could be realized 
at the source exit using the beam-forming electrode. 
A low energy beam transport between the ECR ion 
source and a gas target should be designed to maintain 
a high beam intensity and other desirable beam qual­
ities and by there allow precision measurement of the 
rare nuclear reaction, 3He+3 He--> 2p+a. Generally, 
there is known to be a strong space charge effect in the 
beam transport at ion currents more than lmA. It is 
essential that this effect be accounted for when calcu­
lating the beam optics. Wollnick et al. have developed 
a GIOS code that incorporates such effect, which we 
used for the present calculation of our beam transport. 
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Figure 2: Theoretical simulation of a beam-forming 
electrode extraction system.Total voltage is 40kV 
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Figure 3: Theoretical simulation of a beam-forming 
electrode extraction system. Total voltage is 50k V 
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Figure 4: Brightness and emittance variation to a po­
tential of a beam-forming electrode. It is calculated for 
3 He beam energy at 40keV. 
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Figure 5: Brightness and emittance variation to a po­
tential of a beam-forming electrode. It is calculated for 
3 He beam energy at 50ke V. 

There are many candidates of beam transport seheme 
combining various focusing elements, such as (i) QQ­
D-QQ (ii) solenoid+D+QQ (iii) electric lenses+D+QQ 
and (iv) 90 degree double focusing D, etc. Because it 
is easier to operate and has fewer elements we adopted 
the D( dipole 90 degree deflection angle )+Q+Q trans­
port scheme for our system. To maintain the minimum 
silt aperture, we calculated the dimension of the beam 
at the target position by varying the various parame­
ters of elements and drift lengths so as to create smaller 
dx and dy. In addition, we consider better and con­
stant beam transmission efficiency from the ion source 
through the target. It is noted that strong focusing 
waist during the beam transport should be avoided for 
the sake of the divergence due to the space charge force. 
Simultaneously we consider dx' and dy' to be almost 
zero since at the gas target a strong divergence of the 
beam is not suitable for the measurement of an inten­
sity via the calorimetric method. Our detailed analysis 
gave very attractive results such as a constant dx and 
dy and a nearly parallel beam form. This means we can 
expect minimal position drift for the Q-doublet at each 
beam energy between 50keV and 40keV. For this calcu­
lation we assume a beam source as l001r mm mrad and 
5mm diameter source exit. The distance from dipole 
to an ion source exit is 27 em. This is close distance 
allowed to install an insulator for applying 50k V po­
tential. For the dipole magnet (r=22cm, inlet and exit 
angles of the pole edge are each 22 degrees) the gap 
height and width are 70mm and 160mm, respectively. 
The system appeared to abandon sufficient resolution 
to discriminate DH+ with 3 H el+. As stated at ear­
lier, if improving the beam quality at the exit of the ion 
source using a multi-electrode system, we can greatly 
improve the beam form and divergence at the exact 
position of an aperture. 

4 Project status 

The dipole magnet and quadruple doublet with 
vacuum chamber are constructed and ready for opera­
tion in the under ground testing area beneath the east 
experimental hall of RCNP Osaka. September we will 
receive the NANOGUN ion source body and a 10GHz 
rf power amplifier. We are currently modifying the ex­
traction electrodes and insulator for a 50kV potential. 
The evacuation system is ordered. By the end of the 
current fiscal year we should have all the equipment as­
sembled and be ready to transmit the first beam into 
the gas target section. 

Acknowledgement 

The authors gratefully acknowledge Mr.Hideki 
Tojo for fabricating the monocusp ECR source at a 
preliminary test stand. We also thank Dr .A.Kitagawa 
for provision of the FUGUN program, and the IDX 
company, Sano, Japan for their kind loan of a 2.45GHz 
rf power source. This work was supported by a Grant­
in-Aid for Scientific Research, from the Ministry of Ed­
ucation, Science, Culture, and Sports of Japan. 

References 

[1]J.N.Bahcall,W.F.Huebner,S.H.Lubow, 
P.D.Parker, and R.K.Ulrich, Rev.Mod.phys. 54 
(1982)767. 

[2] H.Ohsumi, H.Ejiri, M~Fujiwara, K.Fushimi, 
K.Hayashi, R.Hazama., T.Kishimoto, M.Komori, 
N.Kudomi, K.Kume, K.Matsuoka, H.Miyazaki, 
T.Nitta, N.Suzuki and S.Tasaka, "RCNP annual 
Report", (1995) 175-176 

[3]Brief technical note about NANOGUN ,(1996) 

[4]U .Greife,F .Gorris,M.J unker ,C.Rolfs, 
D.Zahnow, Z.Phys. A351, 107-112(1995) 

[5]G.Fiorentini, R.W.Kavanagh, C.Rolfs, Z.Phys. 
A 350 289-301(1995) 

[6]S.Fu, A.Kitagawa, S.Yamada,"SIMULATION 
STUDY ON ION EXTRACTION FROM ECR 
ION SOURCE" ,NIRS Report 

-153-


