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High energy neutral hydrogen atom beam is used in the Neutral atom Beam Injection
(NBI) for effective plasma heating in nuclear fusion research. There are two methods for
production of neutral hydrogen atoms; one is electron capture process of positive hydrogen
jons (protons) and the other is electron detachment process of negative hydrogen (H~)
ions. However, at high energies (more than 100 keV), the single electron detachment from
H- ions is much more efficient because the electron detachment cross sections from H™
ions are far larger than the electron capture cross sections of protons.

In the present thesis, I perform some theoretical analysis on the single electron detach-
ment processes of H™ ions in collisions with neutral atoms and also with positive ions.

There are two electrons with different ionization potentials in a H™ ion in the ground
state. I treat independently two electrons with different binding energies: one is the tightly
bound 1s electron (ionization energy ~ 13.6 eV) and the other is the loosely bound 1s’
electron (ionization energy ~ 0.75 eV) in the Hylleraas-Eckart function. Therefore, I take
into account two different detachment processes, namely i) detachment of the tightly bound
(1s) electron and ii) detachment of the loosely bound (1s’) electron. To describe more detail
of the electron detachment processes, the binding energies of each electron are taken into
account in the detached electron wave functions. By these methods, I calculate the cross
sections for production of hydrogen atoms not only in the ground state, H°(1s), but also
in the excited states, H°(2s) and H°(2p), in the exit channel.

In collisions with neutral atoms including rare gases and atomic hydrogens, I use the
first Born approximation to calculate the electron detachment cross sections from H™ ions.
I also consider the target excitation in the exit channel. However, as it is too much time-
consuming to calculate all the possible states of target in the exit channel, I use the closure
approximation for the target excitation.

First, I present the calculated results of the total and partial single-electron detachment
cross sections from H~ ions in collisions with He and H neutral atoms. Then, I compare
the calculated total cross sections of electron detachment with experimental data available
and find reasonable agreement between them.

The calculated partial cross sections for the production the ground state hydrogen
atoms, H°(1s), are found to be dominant in all the collision energy range (10 keV ~ 10
MeV) investigated in the present study. The cross sections for H°(2s) formation are found

to account for about 20 % and those for H°(2p) formation about 10 % of total electron
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detachment cross sections.

The present calculated results show that the dominant contribution to the production
of the ground state H°(1s) comes from the electron detachment of the loosely bound 1s’
electron in H™ ions. On the other hand, in the production of the excited state hydrogen
atoms H°(2s) and H°(2p), the detachment of the tightly bound 1s electron in H~ ions is
found to be dominant over the detachment of the loosely bound 1s’ electron.

In collisions with positive ions, I use the Four-Body Continuum Distorted Wave-Eikonal
Initial State (4-B CDW-EIS) method to calculate the electron detachment cross section
from a H™ ion because there are strong distortion effects to its electrons in H™ ion due to
the Coulomb field of the incident positive ions. Thus I consider the distorted wave and
distorted potentials. Though the transition amplitudes are given in two different forms,
némely the ’prior’ and the 'post’ because there are two distortion potentials, I treat the
prior transition amplitudes only here.

Then, I compare the calculated total electron detachment cross sections from H™ ions
in collisions with protons with experimental data.

I also notice that in general, in collisions with positive ions, the calculated partial cross
sections of production of H°(1s) is far larger (more than two orders of magnitude) than
those of H%(2s) in all the energies investigated.

The present calculated results also show that the total electron detachment cross sec-
tions of H™ ions in collisions with protons are roughly one order of magnitude greater than
those with neutral hydrogen atoms and a simple scaling which indicates that the electron
detachment cross sections at high energies are roughly proportional to the square of the
positive ion charge colliding with H™ ions.

These results suggest that H™ ions can be converted into neutral hydrogen atoms with
more fraction of the ground state in collisions with positive ions more efficiently than
in collisions with neutral atoms, indicating that the plasma neutralizer is indeed more
promising than the neutral gas neutralizer in producing neutral hydrogen atoms for NBI

from H~ ions.
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SHEBOHBER XX, Bxx)VXF— (100keVLL E) KkFZEABAA VDO, BFEREA1 T
YOBERICE BBETEE (Pi() WHE, BEBEOKERFOREAMICER L TH
HUICHELE DO TH D, HE. BBEAWETHAZAI AV EAALEEIRVY
— M P AR MBS BAREO DL R >TNAHH, BERNTESL NI MR TE—A
WEHRREEICH 2 LANEO 7S AR RN AW ERSEERECH 20 L TR
RO, MBESEICASRESERERIFT, o T KT ORERESfILIEE IS KT
WEHBICHDPDPDET, SETIOAEIMBIICHERIVIZOIR L EAIZR . K
XDBFDTORATHVEONERRIEETAZHIDTH 5,

AHRXCRETEEOPHER FAREECHAVS ATV I HHEFLOEEICL2E
FEHBEER STV D, KEBA TV ICHBHIANF—AERL2ODETAH BT LH
B, ChoD2HOBTFNERZHERECDH 2L T2 EF N EBBERERKREL UTH
W, BREEY LCHETFOMEREEZERANT A2 LICL D BRE~OBBHHEB 2RV VE
BB FWCEE L. SRES BB EEE L ¥ T HRREZZE LSO AR OMA
D 1DTH B, ~)OLAEFICH Lo BRI EAkEZEREFOS
2s. 20D FHEIRAEIC H DB EH2WRED 3 2 L AT h, EMOEDHEEATIET RN
¥ EHDEDTREBLNEERERLBL—BERLTWS, X, KERF L O
ETHRBEORELBT NS, KBEETFTOERT — ¥ ZBVWOTERBRE OLEBIZ X
hTWRNA, COREQHATHERTFAGET S LA LIBRTETERCEER
HERETHB. CORMEREEREVHT LT, A4A L ORFVERGREICH 2 BETFOHEED
KRENZ L BEHELTCHLPICINE, BOTHL T, 44> L OB L 5 ETHB
BEARLNE, CITEI—OVHDNEERZEEBETOCEMNEL LTOTARBEDS
EEAWC, FHETEAME. HRBOHBREERI L CEHEEZT> TS, BRTR
FERH T ERER L O— B R FOBAICHBEL TR RVA, EETAREHLL
T AA Y L OEEOBEXFRRE~DBEHERINI NI LB RINE. Thid.
ABIA AL DBV —D VBRI LD LRI D, BETHENARIRE RE I LI
Tz <. BAAF>odmME ATy (FS5X°) ZRAVWAZLOEMUENRD S 1 OF -
KO PICINERTH D, SBROERMECHBMNITICRS LEBbI,

BE. AREEFYEOBESS, S EH LV EAEREEE L. ERNRGHOHETE
EREREERLTBD., BEELHATE LTOMERET 20 LRDE. M. K%K
CREESEREIT o TV A, FMAREHEI— FEED LT EHBICOVT b EHEY
hEZREHDLAD=. '
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