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Two separation methods of *He*™ and H; ion beams have been tested on ”Sokol” IBA facility of NSC KIPT: use
of existing beam-bending magnet and electrostatic analyzer, dissociation of H, ions when the beam passes through

the carbon film. Tt is shown that these methods allow to decrease essentially the Hj ion content in the * He*™ beam.

PACS: 41.75.Ak, 41.85.Ct, 07.77.4+p

1. INTRODUCTION

Two types of injectors are used on ”Sokol” elec-
trostatic accelerator[l]:  RFion source for the
production of single charged ions of gases and
Penning type ion source with cold cathode and axial
ion extraction system [2] for the production of multi-
charged ions of gases. The multi-charged ion produc-
tion on ”Sokol” IBA facility expands analytical pos-
sibilities of developed ion beam analysis (IBA) tech-
niques due to the depth analysis: Rutherford back
scattering ions (RBS), elastic recoil detection (ERD)
and nuclear reaction analysis (NRA); and expends
the ion energy range for the irradiation beam line of
the ”Sokol” IBA facility. Protons, single and double-
charged # He ions are mainly used for IBA techniques.
Since residual gas in the facility has hydrogen and
hydrogenous gases, then Hs ions are generated in the
Penning ion source together with 4He?*. The cross
section of Hj production is in ~ 103 times bigger
than cross section of * He?T [3]. Thereby, the H;™ and
4He?T ion beams currents could be equal by value
and there is a problem of separation these beams.

2. METHODS OF BEAM SEPARATION
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Fig.1. FEzxperiment of H; and *He*t beam sep-
aration scheme on the beam line. 1 — slit 5mm;
2 — mass analyzer; 3 — energy stabilization slit;
4 — experimental chamber; &5 — electrostatic ana-
lyzer; 6 — slit 0.9 x 9mm?2; 7 — Faraday cup or
Ta target; 8 — surface-barrier detector; 9 — beam
monitor; 10 — carbon foils device

The results of calculations are distances (A) between
these trajectories of ions Hy and *He?t after beam
bending magnet. The values of these distances are
shown in the Table.

The calculation results of distances between H2+
and *He?" trajectories

BY MASSES

Only two methods of beams separation by masses Components
are possible in our case: using magnetic mass spec- | of beam line (F'ig.2) L, m A, m
trometer and H. 2+ ions dissociation in thin carbon foils
with mass analyzer. As equipment beam line [4] has o ) 4
o ) . . e Energy stabilization slit (3) | 0.47 | 0.96189-10
limits to use additional magnetic mass spectrometer, . _3

. n 477 2+ . Electrostatic analyzer (5) 0.635 | 1.25265-10

than possibility of H5” and *He“" beams separation Input slit of targets
using beam-banding magnet was chosen and exam- chamber (6) 954 | 4.95084.10~3
ined. Faraday cup (FC) or

The beam separation calculation [5] of two Ta target (7) 28 | 4.66394-1073
ion trajectories (Hy and *He?T) after beam-
bending magnet on specified distances (L) was
made, according to the scheme presented in Fig.1.
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Thus, on the basis of the calculation one could say
that the expected value of the distance between the
peaks of Hy and *He?" ion beams in the chamber
will be close to 4.6 mm.

3. EXPERIMENTAL CONFIRMATION OF
Hi AND “He?t IONS SEPARATION

Study of H, and *He?T separation was done by
scheme shown in Fig. 1. Ion beam drifts to electro-
static analyzer (5) after beam-bending magnet (2).

Two methods of ion beam current measurements
were used: direct measurement of beam current that
drifts through slit by F'C' and back scattering He and
H ions registration by surface-barrier detector from
Ta target.

Scanning of ion beam on the slit (6) was achieved
by changing the electric field intensity in electrostatic
analyzer. In the first case the ion beam after electro-
static analyzer is drifted through collimator slit (6)
and then to Faraday cup (7). Slit (6) has the fol-
lowing dimensions: 0.55 x 9mm?2. Ion current on FC
was measured by device for measuring beam current
[6] with scale up to 10nA. In the second case, after
electrostatic analyzer the ion beam is drifted through
collimator slit (6) with dimensions 0.9 x 9 mm and
then to the Ta target in the experimental chamber.

He and H back scattering particles were detected
by surface-barrier detector (8). Detecting angle was
equal to 170°. Total ion current on Ta target was
monitored by ion beam monitor system (9). This
system consists of beam chopper target of W and
surface-barrier detector for back scattering ion regis-
tration from this target.

Tungsten is used as a target material for ion beam
monitor because it is a refractory element with high
atomic number and with the high ion back scatter-
ing cross sections respectively. W target rotates with
frequency of 1 Hz and relative time of ion beam over-
lapping is equal to 7%.

H and *He?* ion beam current measurements
show (Fig.2,a) that FWHM of H, and *He?*t ion
beams is close to 4mm, and distance between two
peaks is ~ 4.5mm. It means that beams have been
separated.

RBS' technique was used for more sensitive de-
termination method of H, ion content in * He?* ion
beam. Ortec-DE-100 surface-barrier detector was
used in these experiments with the following param-
eters: energy resolution is 13 keV for energy alpha-
particles 5.5 MeV; square is 50mm? and depth of
sensitive layer — 100 pum.

After RBS-spectra processing *He and H
back scattering particles flow ratios were calcu-
lated. These flow ratios were recalculated to
HY and *He?t ion current ratios on Ta tar-
get. In the central part of “He?t ion beam
the H) ions were detected and *He?T and
HY ion current ratio is close to 27 (Fig.2,b).
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Fig.2a. *He*t and H2+ ion beam profiles
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Fig.2b. *He?T and HJ ion current ratio according
to RBS

Thus, the measurements show that the using of beam-
bending magnet and electrostatic analyzer allows to
separate the 4 He?t and H;r ion beams and H2Jr ions
content in *He?* beam is very low.

4. “He>* AND Hj ION BEAM
SEPARATION WITH CARBON FOILS
APPLICATION

Electron losses, electron captures (recharge, strip-
ping, neutralization) and molecular ion dissociation
processes are possible when ion passes through thin
foils. Therefore, a thin carbon foil was installed in
front of the beam-bending magnet. The main reason
is H, dissociation to H+ and H°. But these particles
will not be injected to beam line through mass ana-
lyzer and He ion beam will be purged from hydrogen
ions wherein part of 4 He?t ions could be lost.

Thin carbon foils of NSC KIPT production were
used in ‘He?*t and H2+ ion beam separation exper-
iments. These foils were produced by vacuum arc
deposition. Thickness and their composition were
analyzed by RBS technique. On Fig.3 *He* RBS
spectrum from thin carbon foil is shown. The foil
consists of C' (98%at.), O (1.9%at.), K (0.1%at.).
Thickness equal 79 nm.

As it is known from literature references [7],
an ion charge state distribution occurs when
helium ion passes through thin carbon foils.
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Fig.3. 1.8 MeV *He™ RBS spectrum from thin car-
bon foil, thickness — 79 nm, registration angle is 170°

According to this data (Fig.4a), use of car-
bon foil with 79nm (18 ug/cm?) width in
experiments with ‘He?t beams energy from
2 to up 3.5MeV the *He?" beams losses
by electron capture will be less then 5%.
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Fig.4a. Charge spaces distribution of He after pass-
ing carbon foil with thickness T9nm (18 ug/em?)
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Fig.4b. Ratio Hjoutput/H;input depends of car-
bon foils thickness, initial Hy ions energy - 1.6 MeV

When H2+ ions pass through carbon foils, as like
shown in reference [8], H molecular ion dissocia-
tion will be the main process at increasing of foil
thickness. Dependence of H output/H input rel-
ative yield from carbon foils thickness for 1.6 MeV
HJ ions is shown on Fig.4b.

The calculation of He beam with initial energy

3060 keV' pass through such foil by SRIM code
[9] showed that energy loss of *He?" beam will
be equal to 14.5keV, and straggling — 5.5keV
(Fig.5a). Similar calculation was done for carbon
foil with width 300 nm that used in this experiment
too. In this case, the ion energy loss is equal to
75keV and straggling — 10keV, when initial en-
ergy of He ions was equal to 3120 keV (Fig.5b).
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Fig.5a. FEnergy distribution of 3060 keV He ions
after passing T9nm carbon foil
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Fig.5b. Energy distribution of 3120keV He ions
after passing 300mm carbon foil

Thus, use of 80 nm carbon foil in front of beam-
bending magnet guarantees low losses of * He?T ions
and theoretically total dissociation of H, molecular
ions.

For this separations experiments carbon foils de-
vice (10) was developed. This device was installed be-
tween accelerating tube and beam-bending magnet.
The foils device can operate several foils (depends
of their squares) and provides the foils movement in
vacuum.

From He and H back scattering particles (Fig.6)
yield ratio of T'a target (considering the cross-sections
and stopping powers) ion currents ratio of * He?* and
H3 were calculated. The results are for carbon foil
with width of 300 nm ion currents ratio was equal to
88 and for carbon foil with width 79 nm this ratio is
52. Therefore, thin carbon foils application allows to
obtain very low ‘He?* and Hj ion currents ratio.
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PA3JIEJIEHUE IIYYKOB MOHOB *He?t* U H HA ASI®K "COKOJI"

C.TI. Kapnycs, A. B. I'onwapos, B. M. IIucmpsax, A. B. 3au, B. B. Kyzsmenko,
B. H. Bondapenxo, B. . Cyxocmaseu, JI. C. I'nazyros

Ha anmanutuaeckom saaepHo-puznueckoMm kominrekce "Cokon" HHIL X®TU ucnonn3oBaHo aBa MeTOIA pasie-
nenust myaKos nonos *He?t u Hy : ¢ TOMOTIBIO CYIIECTBYIONIEro pa3 aTouHOro MArHATA U 3JIEKTPOCTATHHIC-
CKOT'0 aHAJIM3ATOPA; AUCCOITHAINN HOHOB H. 2+ TPU TPOXOKIEHUY Ty IKa Uepe3 YIIEPOIHYIO IIJIeHKY, YCTaHOB-
JICHHYIO IIepen Pa3aaTOYHbIM Mal'HHTOM. ]._.[OKEM?»E‘LHO7 YTO 3THU METOAbI ITO3BOJJIAIOT CYIIECTBEHHO YMEHLIINTH
conepzkatue uonos Hy b nyuxe *He? T,

PO3ALJIEHHS IIYYKIB IOHIB “He*t TA Hf HA ASI®K "COKOJI"

C.TI. Kapnycs, O. B. I'onuapos, B. M. Ilicmpsx, A. B. Bau, B. B. Kyasmenxo,
B. H. Bondapenxo, B.I. Cyrocmaseus, JI. C. I'nasynos

Ha anamitnanomy siaepro-dizuanomy kommiekci "Coxon" HHI X®TI pukoprctano aBa METOAN PO3MOIITY
myuxis ionis 4 He?* ta H : 3a 10moMOromo icHyio9oro po3moiibHOTO MariTy Ta eTeKTPOCTATHEHOTO aHaTi-
3aTopa; AUCOTaIii i0HIB H; IpY IPOXO/ZKEHH] MyYKa Yepe3 BYIJIENEBY ILIBKY, M0 Oy/ia BCTAHOBJIEHA TIepes
posmoairbaEnM MaruiToMm. ITokasamo, o i MeToau J03BOISIOTH CYTTEBO 3MEHIITHTH BMICT 10HIB H;r y Iy4KYy
1He2t,
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