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The Study of Energy Loss Mechanism of a Gold Ion

Beam on a Tandem Acceleration System
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A heavy ion beam probe (HIBP) is used as a reliable method to measure a
plasma potential and its fluctuation in a magnetically confined fusion plasma. A
singly charged positive ion beam of mass about 200 amu with energy of 6 MeV
is required in order to apply the HIBP to a large and strong magnetic field
device such as the Large Helical Device (LHD) which is under construction at
National Institute for Fusion Science, Japan. A primary beam with small energy
spread and current larger than 10 pA is required to measure the plasma potential
as small as a few keV.

Among possible origins of the energy spread on a tandem acceleration
system, the problems of the energy spread of negative ions produced in an ion
source and the energy broadening caused in a charge stripping gas cell are
studied experimentally and theoretically in the present work.

In order to study energy loss mechanism on a tandem acceleration system, a
tandem acceleration test stand has been constructed, and the charge state fraction,
the beam profiles and the beam energy spectrum of an Au™ beam have been
measured. The test stand consists of a negative gold ion source, a tandem
acceleration system, a movable Faraday cup and an energy analyzer.

The energy spectrum of an Au™ beam extracted from the ion source has been
measured. The energy width is less than 6 eV when Cs vapor is introduced to
reduce the surface work function of the gold target. The dependence of the
energy width on the work function is well explained by the theory of the surface
production of a negative ion.

The energy shift between the primary negative ion beam and a positive ion
beam converted in a gas cell at small gas thickness has been measured and found
to be about 12 eV. The shift is caused by the two-electron loss process, and
amounts to the sum of the electron affinity and the first ionization energy of the
projectile.

Energy loss spectra of Au™ ions produced from Au” ions by electron
stripping in He, Ar, Kr and Xe have been measured in the impact energy range
from 24 to 44 keV, under the condition that the charge stripping gas thickness is
thin enough so that the two-electron stripping process (Au~ — Au") is dominant
and the multiple collision processes are negligible. The full width at half
maximum (FWHM) is typically 20 to 80 eV, and it increases with the impact
energy. In general, a broader width is observed at the target of a lower mass
number.

The energy broadening of the Au* beam is caused by elastic and/or inelastic
loss processes. The amount of energy loss due to the elastic and the inelastic
processes depends upon the impact parameter. The range of the impact
parameter, which contributes to the energy loss spectrum is determined by the
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apparatus geometry (b_. ) and by the necessary energy for charge stripping
(b.x)- The sum of elastic and inelastic energy losses causes the energy
broadening of an Au™ beam. There is no significant contribution of the elastic
energy loss to the energy broadening in the energy range in the present
experiment (24 keV ~ 44 keV).

A simple model is proposed using the semi-classical internal energy transfer
function of Firsov's and the scattering by the unified potential of Ziegler's. The
theoretical prediction of the present model reproduces the energy and mass
dependences of the broadening. However, the absolute values of the theoretically
predicted width are much smaller than the measured widths. The present model
predicts that the energy spectrum in the higher energy region saturates with a
FWHM of less than 10 eV, and the target mass dependence disappears.

In the target density region that the multiple collision is not negligible, the
energy straggling of a beam is generally explained by the L.S.S. (J. Lindhard, M.
Scharff and H. E. Schigtt) theory. In this theory, the squared energy straggling
is given by an integral of the squared energy loss function over the impact
parameter from zero to infinity. However, when an energy loss spectrum of a
singly-charged component of a beam is measured at forward angle, the energy
loss function in a small impact parameter region does not contribute to the
straggling. Therefore, the lower limit of integral region is taken into account.
It is determined by the minimum impact parameter, b_. , or the impact
parameter which corresponds to the inelastic energy transfer to produce an
Au*t. Energy straggling of the present calculation is closer to the measured
value than that calculated by the original L.S.S. theory.

The energy broadening of an Au* beam produced by a tandem system can
be estimated by the present theoretical prediction. The gas cell of the 3 MV
tandem accelerator of LHD will have the same geometry as that of the present
test stand. The energy broadening due to the electron stripping can be calculated
to be 7 eV, and it does not depend upon the target mass. The calculation of the
charge fraction predicts that the optimum gas thickness for Au™ beam production
is about 6x1014 cm2. Together with the energy broadening due to the multiple
collision at this target thickness, the total energy width of the Au™ beam
produced by a tandem system might be less than several tens eV. The voltage
ripple of the tandem power supply is also about several tens eV. Therefore, the
total energy spread of an Au* beam is about a hundred eV. It will be small
enough for a HIBP diagnostics on LHD where the plasma potential is a few keV.
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B ERAWTCEHEERO 79X EMALIADHEECTIE. 79 AT PTOZMEMD 24 57
SATDEHLHLADEEIZE hbo T, TORELEBHEORSVWIZEIEBD T
EECHD. BUAMELEBUELBLFELLTESA AV E-LTR—-TEFAVLN
TWhY., BEGMAHEMAR CTERFED LN TV AREANY HIVERE(LED)D LY
. ABMTHRWVHLADESBEHVAIERBICHEHATALOIE. HEH 200 BEU ED
BEWE—L% 6 MeVEWIBWLAUVF—IINMELTCHERACLESE DS, COEHF
WMETE—LERELLTUL, AT VEZERECENTLEN VI L, BEELD 2
DIMESRBENLILREDERED DYV TLMELZH VA LDPRRLET S, —F.
BUAFERERCHMETSROIE., —RE-LBHFOLFIVF LKA DE+BD I W
ZEHRDELRL, LML, CZOFYTLMBIBT AL LT AVF-DOIEH D OEE
WKWoWwTk, FEALRHAINTVRRVWOFRRTHA.

AMREIE. EROANYy F—~BALFVETIE, SIHLE LD AV F IR
100 eVEREL . BELTLAIWVF—EAVOUBXEAMETH AHD. TAIVFE —1F
2% 10 eV W TWHEL TIATANy Z-HOHLWIAL TOLDEA F ViF % &k
L7z, /- BEOLTHEERETILOTELY VTFLAMERREEEZRIELLZ, &
S5, MUK AHEAEGFATAILINE> T, MELE-LOEERN ET> L ETT A
WE—ERHTHILDTELHBBHE I FIAIaHEEZERL, HELLZ. Inb
DEEBEHAWCT., HALIVHTEA A VDPEAL VITEBRINLBEIBT LT AV F -
BRIZDOWT, E—ATRVF I TEHEEE. &7 v M7 ABKERESE. RHO2
EREITW. HEORWHERRZ R,

FEE, ChoOEBRERITEROER CUHFHHEM I LWI L E2RL . HMOBE €
FICEDSSCHMEDETIVETEL T, Tibs, Y TLNMEEE TERINS A F
VE—LDTRVF R, BRBTROL I VT %L, EA 4 VIZEBRINTL
BOSHEREHLICEITAIVF~BRLTRY, MEBKEORENZRAZOBRIZL ST
HESNANREAOG ST, BWEEHRIZLIL T AVF —EBR LD O IFHEEIRIIHE D
THRVF-BANIEHTHLIL. TORBRELIE-LTRANVF-DELDIE. T A
EWDOHAE (HAEXEME—-LNA) PENGE, B0 VERINALONSI L.
BT ANWF L LDIWTRIVF LN IZHMT 55, TRV F-OFWEE TN
L. =7y PHAOKEBRERDHEIAAEmME DI ERLE, LA >T. ¥
VFLMEFRDEA A VLT —THEEARANIAIVEE~NEHRT HHEIT. T4
WFEEHD I 100 eV LREBOLN, BEOBVWEMNAFIMASTRTDH 5L HE
ShaZiht., HLOFHLREREEBR. DEOZ RS, KEXIZEUBFOHR L
LTHanAEeFEosTwabd eHE L.

Rl BEECBEOHEOD LT, HEZIIH L. RXAFRVCERERZTCHNT HH
BISEDOHR TIT-> 2. MEFTEMIN L CHRICEL. EFo7rHEZ0E#E. 8N
M. EREHNZE2F2E8L B, HROBEELPMAAF IOV TORCERLT
WAZLAHER SN, £, AAOHEZICHT S0, EFTEMNREHGEDY
5., +aThHHLEHELL.
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