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ABSTRACT

Cross-section measurements of the dissociation modes

+
3

. and 3H+_ are reported for H

I +
o H+2H', H' + H,',

energies between 400- and 1800-keV in

— (3H and H + H,), H+H2+, HY+2H H + H

+
3

targets of HZ’ N2, and Li. For the H2 target, comparisons are iﬁade‘

~ with é_vailable previous measurements of H, H+, HZ,' and H2+ produc-

H

tion cross sections at lower energies. Cross-section measurements

_for 270- to 1200-keV H, - H2+, H+H' and 2H' are also reported.



" I. INTRODUCTION

Elementary interactions of fast H2+ ions with gases have been

|
studied in cé;nsiderab'le deta;l_l, but similar studies of the next molec- '
ular hydr‘og'en ion, H +, either experimental of theoretical, appar-
ently have not been reported. A number of expe‘r'iment‘s are listed
i:I)elow in' which crosé sections for producing a gifren interactidn proc’l-‘
lict, e.g., H+ or H, have beenvdeduced. _.Son‘1e m_easureménts of H
yiéld as a fp.nction- of gas targeﬁ thickness have also been 'réported,

because of the interest to the controlled nuclear fusion program in:

ways to make intense neutral beams.

+
3

can be destroyed as a result of

An ehergetic 'H ion colliding with a targef-atorﬁ or molecule

 (a) electron capture o H3 -~ 'H3_ o . (1)
| | HiH, (@
B O €)
‘(b)A disso.ci-ative e}gcitavtion , '-H3+ - H+ H2+ '(4)
| uHY +2H (5)
H' +H, (6).
() ionization . H - H+om' | @
| U (8)
or (d) double ionization | : H3+ - 3H+._ v - (9) -

Although potential energy surfaces calculated for the __I-I3 mol-

ecule indicate that there is no stable configuration for the electronic

ground st'é,te‘v, feaction (1) has been included because highly excited vH3.




molecules have been observed expe'r»irnei'll:ally‘.1 ~ We have not included
reactions which might lead to H™ formation, but we nate that Williams
and Dunbar2 have reported cross sections for the production of H~

from H3+ in the energy range 2-50 keV. The process of H~ formation -

. is not k.nown.-

We have investigated these d1ssoclat10n modes by pulse- helght
analyzmg the collision fragments and comparmg them in comcldence
We have obtained the cross _sectlon for electron capture (we could notv
distinguish the three modes)'and cross sections for each of the modes
ions colhd1ng with H_, Li, arxd NZ'

3 2’
Of prev1ous measurements reported in the 11terature2_19 on the

(4) (6) for 400- to 1800-keV. '

dlssoclatlon of H3 , those pertinent to this paper are summarized in

2-12

' Table I. Most of these cross sections are for the formation of -

H, HZ’ H or H2+'and are, therefore, a combination of cross sec-

' tions for the various .modes ’(1)-(9) To our knowledge there are not

previously pubhshed measurements for the individual dissociation

. modes. Sweetman performed such measurements for 1- to 3-MeV

H3+ in the early 1960's, but these haye not been published.2

"1'he analysis of the data required a knowledge of cross sections

+

for the reaction H.— H+ H+, 2H', and H2+.'_ These cross sections

2

were measured with less precisiori than those for H3+; the results

are reported in the Appendix.



II. APPARATUS AND PROCEDURE

The apparatus was similar to that used for r'nle-aas.urrin'g dissoci-
ation of HeH+ ions, and the reader is referred to Ref.' 21 for details.
Enefgetic -H; iohs were ‘produced in a Van de Graaff accelerator‘
equipped with an rf ion source. The ions w‘er'e: momentum analyzed
and passéd'throﬁg‘h a gas cell (or oven for the Li tvarget)' .an'd'the é;;_
ivtix;gv beam and collisibn fragments were magvnétivcally separated and
directed toward an ja.'rray of four S1 surface -barrier defectors. The
diameter of the H' detector was 2.5 cm; the ofher detectors,. 1 cm.
The pfocédure described in Ref. 21 \xlras used to establish that allvr,veb-r
action products were detécted; it waé found that the 3H+ resulting .
from double ionization had sufficient transverse energy to reqt.xivre"'th.e
‘larger detector in this positi§n. | |

| The pulées from ‘each detector were amplified, _._shapedb, and

sorted by p’u’lse'height withls.ingle—_channel analyzers. The products

from each of the dissociation modes were identified by comparing the’

corresponding single-channel analyzer outpu"ts in coincidence. The

c_ount:ingvlog'ic is outlined schematically in Fig. 1.

‘Since the pulse amplitude produced in a Si surface-barrier de- '.

tector is proportional to the enefgy depositéd in the detector, the two
H atoms resulting from r‘eac_tion (5) registered the same pulse'heigh§
as the HZ molecule resulting vfro_m reaction (6). It was'pdssiblé to
distingqish between these two prdcesseé by installing a retr.a'ctable‘
screen (séveral layers: of 800-1ine/cm. mesh) with a net transn’iissibﬁ

of about 1% in front of the neutral detector: The two H atoms

SR Y
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p_roduced".by reaction (5) are spatially éepérated .(becau'se»of their dis-
,,-so.ciatién enefgy) and the probability of both atorﬁs' penétrating the |
screen is ~ 10—4. ‘Thus'by recording the collision frag‘ments.bothv’
with and withou‘t the scre.ze'n in place, it was possible to distinguish'bé"' y
: t\vx./veen reactions (5) and (6). Armore detailed desc-ripfio'nléf thls m.eth:-.‘i‘
od and a description of the screven‘. can be found in Ref. 22. R ' ’,

In principle, this method shoﬁld also allow u>s to differentiate -
between reactions (1), (_2), and (3); however, the cdﬁntihg rates for thé
' elecvtfon-capture fragments weréso low that it was impractical to ob;
téin quantitative data at any but the lowest energy. |

Two targeﬁ cells were used: .HZ and ‘N2 gases weré metered into
the cell described in Ref. 21. We assign a sténdard uncertainty of = 7%
to the gas target thickness (molecules/cmz). Litlﬁum vapor was '_p_ro-
duced in a stainlé}ss steel oven with multiple heét :shields. The effec-
tive length of the target was 4.79 cm; the entrance and exit ape'rturés
- were 0.254 a.nd 1.09 mm respectively."Resistive heaters wére embea_
ded in the stainless steel strﬁcture,’ and chromel-alumel th‘ermocou-.
ples 'im:n_ediately above and below_ the vapor. chamber were used to de-
termiﬁe the temperature. T_hé thermocou_.ple sys’tex'n'was calibrated
"at 0° and 100°C, and at the melting point of lithium, 23 180._'5'&"0,'5"0.
The melting (or solidification) point was identifi'éd by a? change in a .
curve of témpérafufe vs timé at constant heater power. Tiaé data in
the compilation by Hultgren é: 3;1.23 wéfe uéed to convert temi)ératur»_é

“to vapor pressure. We assign a standa.rd,uncert'ainty of iiZ% to the

Li¥vapor target thickness.
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At each ehergy the analyzer magnet was set to center the beams .

on the detectors, and the upper - and lower-level discriminators on
the single-channel analyzers v.v.ere set with the aid o.f Aa..400-:channe1
pulse-height analyzer. Data were accumulated by counting the pulsés
from the beam énd from all the coIlision frégmehts while the gas cell
. (or 'Li oven) was maintai"nedv ‘aft. a c‘onstént pr.essure. Measuremgnts

were made at 10 to 20 different pressures, from background (approx-

imately 5X10—6 Torf) to a pressure which was s'uffi_cientvt'o attenuate ‘

+:

the inc ident H3

beam by 10 to 15%.

III. ANALYSIS

The basic method of analysis was the same as that used ‘for
HeHJr (Ref. Zi).With four detectbrs positio'ne-d to collect neutrals, H +,
HZ' , 3+ could be determined

+

by summing the reaction produc‘ts and adding this sum to the H3

+ and ut. " The total number of incident H
counts, which represented the part of the beam that had suffered no
collisions. The sum of the reaction products was independently de-

termined from the coincidence counts and from the individual counts.

Any discrepancy alerted us to a loss _ofvparticles. (due to mis-steering |

or scattvel"ing') or a failure in the coincidence circuits. This was par-
ticularly important, since the 3H+—produ_cing collisions scattered the
" products sufficiently to require special care to assure collecting them

‘all.

Once the number of incidént' H3+ was known, the_f'ravctions of the '
beam emerging as H + H2++ H+, -H2+ + H, HZ +H or 2H+H"_~,. 3H or

3
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: -

i

H2 +H, ’arid"3H+ were determined at each -ta:get pressure. By use of
the low-transmission screen the H2.+ 'H+'a.nd 2H + H+ fractions were
separated.

‘From the attenuation of the H3-+' fraction as a function of target

thickness m (the number density of the target gas multiplied by the tar- -

get length) we obtained the total attenuation cross section GT:

Fyut (M =Fy+ (v=0) exP(-wT), ' (10)

3 3. | - _

where- FH + (w=0) is the fraction of the H3+ beam that survives colli-
3 | - |

. sions with slits and/or background gas. This fraction was approx- '
imately -0.995.
The changeé in the fraction of the beam régi;_stered in coincidence

channel 1 is

N L +Z Fj(w)oji-z Fimog (1)

where iai is the cross section for the collision that leads to the set §f _
reactioﬁ pzf.odu;ctvs-registered in channel i and Uij is an appropriéte

cross gection that would change products regi_étered in channel i to

produvc'ts 'r'ébgist_erfed in channel j. For H2 ‘axjd N2 %nosf.of the AUiJ. Were-.
.obtainabl.effrom' th.e literature;24"25 for Li the're is a dirth of cross.-
section data, and measure_inents were blimite_d i:o \v/ery: thin ta.r.ge_ts for -
whiéh the oij corrections would be negligible. - Cross sections involv-

ing ‘collisions of energétic H2 molecules were not found for any of the

targets used; we therefore decided to measure them with a slight



modification of the present apparatus. These measurements afe of
lower precision than those for H; and aire deséribéd in the Appgndix—.

' A numerical scheme was used to obtain the cross ‘sections‘ o
from a least-squares fit to Eq.‘ (11). In all but the 3H+ gé.se, the sum-
mations of Eq. (11) were small c.ompafed to thé first term, even at
the higheét pressufes uséd; and mostly served to confirm and improve
the accﬁracy of the results obtained from the ''initial growth' portion
of the curves.  In the casé of 3H+, however, the pbpulation was so
small, relative to the other products,v that small ibnization lbsées 4
from these products resulted in relatively la.rgé additions to the '3H+

population. For this reason many of the cross sections for the pro-

duction of 3H+ are quoted with larger errors than the others.

- IV, RESULTS

The cross sections obtained from this experiment are -'given‘ in

Table iI. The éolumn labeled o¢,.. lists the total cross section dérivéd

- T
+
3

tained by summing the partial cross sections. The two should, of

from the attenuation of the H

course, be equal, and the close agreerhe_nt of these two numbers gives

an internal consistency check of our results. The standard errors

are compounded from syéterhatic uncertainties in the target thickness
, :

(7% for H, and N, and +129% for‘Li), standardvdeviations of least-

2 2

squares fits of counts vs target pressure, and run-to-run reproduc-

ibility.

beam; ¥ is the total cross section ob-
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v T_he ‘results for thg hydrogen target are _repéate_d in graphica_l
form in Fig. 2 to illustrate the energ)i_dependeilée fér the ‘\'rari.ous pa‘r—v
tial cross. sections. The energy dependence is quailit_atively similar
for the other targets. The cross section for H; - 3H, H2+ H has

the steep energy dependence which is characteristic of electron-

_capture processes.

With the low-transmission screen positioned in front of the neu-
tral detector, no statistically significant counts were observed on the
scaler recording pulses produced by three H atoms. Thus, within

our detection efficiency, no 'H3 molecules were present in our beam.

' The .de_tection efficiency was such that we should have observed H3 if

more than 0.1% of the electron-capture reactions [ (1) + (2) + (3)] pi'o- '
ceeded via reaction (1).
Although we could not distinguish between the production of 3H

and H + HZ’ we present.the following evidence that most of the electron

capture results in H+-H2: Only reactions (2) and (6) produce H2 mol-

- ecules. We recorded (Fig. 1) the total number of H2 produced as well

as the number of H2 produced in coincidence with H+-[ reaction (6)].

The difference in these two signals gives the number of H, produced

'in coincidence with H [ reaction (2)]. At our lowest energy this differ-

-ence was equal to the combined 3H and H+ H2 signal; thus we conclude

that 3H production was negligible with respect to H+H2 production.'

At the higher energies the difference between HZ and H' + H2 was

. statistically insignificant and this technique could not be used.
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As mentioned in the éhalysis section, we had to measure H2
collision cross sections needed in the data reduction. We give the re-

sults of these lower-precision measurements in the Appendix.

V. DISCUSSION

Aithough we have not fo.u'nd any published partial cross-section
aata for comparison with our results, there are a number of réported
mea.sﬂuremer_l_ts of c"rq.s.s sections for production of H, H+, H2+, etc. .
fragfnents, mostly for H3+ energies less than about 100 keV (Table I).
There are also a few measurements of yields of H atoms per _H3+ in
our energy range (these are required for cdntrolled-fusion-experirhent
design studies).

| Cross sections for particle production, obtained from appropriate
combinations of the partial cross sections in Table II, are given in
Table III. To allow eaéy comparison with other experimental results,
the cross sec'_tions for a H2 target are also given in Figs. 3-6. At
1owervenergi"eé, Qher_é there are more measurenﬁenté,’ we see a largé
spre-ad inkthe repbr.ted cross sections. This spr.ead may be due, at
least i(n part, t_o.different_ excitation distributions 'of. the H3+ ion bef
cé.usé of different ion-source conditions. Variations with ion-source
parameters hav'e. been reported in Refs, 2, 6, and 7. (All ion sources
were of the rf type, except that Kupriyanov et 341.4 used an electfon
bombardment source, and McClure, © a cold-cathode PIG source. )
We did not make a systematic search for such effects, and can only
report that in a year's éperation with two different Van de Graa.ffi ac-

celerators, no cross-section variations larger than 109, were observed.

, . .,



-

In Fi'g. 7 we show curves of n, the ratio 6 £ the number of nuclei

emerging as ‘energetic neutral H and H2 to the number of nuclei in the

-_‘*_

 incident H, beam. The solid lines have been calculated from the par-

tial crbss sections of Table II, the H2 cross sections given in the Appen-

dix, and 0'1J (Sec. III) frqrr{ Refs. 24 and 25. Direct measurements of

m ‘are 'As_}hown for comparison at 940 keV. An n curve obtained by

Middleton <_é_t al. 12 at 550 keV is shown for comparison. The consis-

tency of the .n data gives some additional confidence in these measure-

ments., -

VI. ACKNOWLEDGMENTS

V. J. Honey provided valuable assistance in the design, con- ;
struction, and maintenance of much of the electronic equipment., We
thank‘I.v Bornstein for his computevr program which greatly fa.cilita.t-ed

data acquisition,



-12-

APPENDIX

To make corrections in the growth curves for secondary reac-

tions in H, and NZ’ it is necessary to know the electroh-cépture

2

and loss cross sections for HY, H, H.', and for the dissociation

modés fo r H2+, and H2 . A_rno.ng theée, the ionization and disséCiatién
modes If.or H2 could notv be found in the literature, and it was ‘necves—
sariyb for us to measure these cross éections.

Fbr convehience, we ioroduced an: H2 beam directly from the
H3+- beam by admitting gas into the beam 1iine ahea.d of our 'ap'para.tus.
.The charged parficles that remained wereAswept out by ins>t.a.11'mg a
large i)ermanent mé,gnet just ahead of the farget cell. The resulting
beam was 10-20 % H2 molecules, with the rest Hatoms. The "Iow
\transmi'ssion screen Was.used to test for the presence of 2H counts
and these were not fouhd, indicating that the collimation at the targét
céll was .sﬁfficient to exclude at Ieasf one of all H atoms produced in
paivrs. No H, molecules were seen.

The methods of taking and redﬁcing data were t.he.. sam.e as for
the rest of the experiment, except that one of the coincidence circ;uits
was changed to measure I-ﬁ + H. The 2H yield w‘é,s- not determined.
The results are presented in Table A. : o !

Due_ to the large background of H atoms in the beam, the stand-

ard error is estimated to be £25%, .except as otherwiée indicated.

This was sufficient for our purposes.
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Although insufficient data weré available to fully correct the

Li curves, we did measure the H2 cross sections in Li as well and

' include them here.
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Table I. Sunﬁnary of published r‘esi_J.lts' on the dissociation of H . Cross sections for the -
production of H, HZ’ HT, H2+, and H ‘are denoted by a,, 0,y , ©

last three entries in the table refer to papers where yiel

reported as a function of target thickness.

Ho+? and oy "The
ds & dissociat?on fragments were

. +
‘ . -H3 ‘ , .
Authors Ref, energy range Targets Cross sections
: (keV) '
'Feaorénko-(1954) 3 5-25 H,,N,, Ne, Ar aH+',--gH2+
Kuprlyangv et al. (1?62),‘ 4 .30-10Q (D3 )‘ D2 opts UD2+- -
Barnett etal. (.1'962) 5 40-200_ : _ H2 0H+, 0H2+
McClgre (1963) 6 5-120 H2 ; UH+_? 0H2+, Typ UHZ
Chambers (1965) 7 ,2—55 H, Opyts 0H2+ _
Bottiglioni et al. (1966) 8 20-50 Li plasma ot
Williams and Dunbar (1966) 2 2-50 _.H‘Z, He, Ne,A; 0H+, 0H2+, Oy
Solov' ev et al. (1967) 9 - 60-180 H,, Mg Opt
Yields of dissociation
fragments vs target
A _ _ thickness
Barnett et al. (1963) 10. 60-400 '~ H,, H0 'H '
D' yachkov (1968) 11 100-400 Li H, 1Y, 1t ont
Middleton etal. (1971) 12 410-550 H, H+ HZ,_H*, H2+, H3+

VAT



Table II. Cross sections for dissociation of H3+(1'0'17c_m2/rnolecu1e). The measured total at-
tenuation cross section is O the sum of the partial cross sections is X,

+ : o for indicated pfoductéa
H ,
3 . 3H ' + .t + + gt ot +
Target energy o and H+H, H +2H H +H, H+2H H +H 3H z
T 2 2 2
gas (keV) H+H2 : S = . :
H, 409 ~ 19.5 1.08 2.85°  4.90 1.22  6.20 3.04  0.214  19.5
940  10.4 0.034  1.53  2.22°  0.79  4.07 1.58  0.42°  10.3
1800 5.7 0.00269 0.77 1.7 0.1 2.35 0.74  0.037° 5.7
L. L d e ‘anf
Li 400 3414 0.48 4. 6. .9 11.0° 4.0 0.80,  28.8
| 900  18.6 0.40° 2.7 4.2° 6 .60 2.3 0.26 18.7
1800  11.2 0.045° 1.7 2.5 1.1 1.9  <0.2 11.5
N, 409 67 2.74 7.0 10.7 3.0° 269 10.2 5.8 66
940 54  0.227 4.5 6.2 2.6°  23.4 8.7 4.8 51
1800 0.031 2,73 5. 18.0 5.2 35

35

1.94

2.26

2Standard errors are +15% for Li and ‘:t' 10% for H2 and NZ' except as indicated.

+ 159,
+ 209
+ 259
+ 309,

b
c
d
e
£ 4600,

_8I-
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Table. III Cross sections (10 -17 cm /molecule) for the production
of the H3 -collision fragments H, Hp, H*, and H', obtained from
appropriate combinations of the entries in Table II. Standard errors
are :l:15% for Li and :1:10% for H; and NZ' except as indicated. '

+ :

| Hy o
Target " enefgy g g o Orr 4
.- gas (keV) H HZ H+ . . Hz :
H, 409 19.9 2.30 22.2 5.86
- 940 10.1 10.82 134 3.11
1800 © 5.46  0.61 7.33 1.51

Li 400 28.7 3.38 377 8.4

900 - 18.8 1.70% 244 5.0

1800 10.7 1.12% 14.1 3.6

N, ' 409 58.0 . 5.74 - 95.4 17.2

o 940 40.5 2.83 8.7 13.2
1800 1.97 55.0 7.93

31.0

* %209,
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Table A. Cross sections (10-17‘cm2/molecu1e) for the ionization
.and dissociation of energetic H, in H,, Li, and N,. Standard,
errors are =*=25%, except as inéicate . ‘

Cross section for indicated product

[UEEOY

+ ot +
. H H," H+H' 2H
* Target - energy '
gas . (keV)
H, 270 13 <6 <0.6
600, 6.3 2.7 0.2%
1200 3.4 1.9 0.14
Li 270 17 1.5%
600 10 <1.2
1200 7 3.5 <0.5
N, 270 38 <27 <5.8
| 600 26 18 3.8
1200 20 13 2.6
2 1409,




- Fig. 1. Counting logic: Gates from the single-channel analyzers l

vdvro,ve_ the scalers and the "and" circ'uits. Each '.fa_,nc'l" required

Fig. 6. Cross section for the prdduétion of H2 by. collisions of H3

21

FIGURE LEGENDS =

1 .
[

~ simultaneous gates from the two sources in order to drive its scaler."{

The 2H and H,

screen piaced in front of the neutral detector (see text).

counts were distinguished by use of a low-transmission

Fig. 2. Collision cross sections for H3+ in HZ' Cross sections

' shown are for the i.nte"ravctions yielding the products shown at the right

of each curve.. Standard er_rbrs are +10% unless otherwise indicated.

Lines are shown only to connect the corresponding data points. .

'Fig. 3. Cross section for the production of H atoms by collisions of |

» 3+ with H2 Present results, . ;- McClﬁre', 6 .. ]
A,F.ig. 4. Cross section for the production of H2 molecules by colli- |
‘si.dns of H3Jr with’HZ.' .Present results, ;IMCCIuVre,6 -

F1g 5. Cross section for the productioh of H+ by collisions of 'H3+

with sz. ,Prés’ent r'.esuits,A Kupriyanov et al. ,4 K; Fedorenko,3_

F; Cham'ber.s—] (two different ion source cond.ition's),-_‘Ci and C2; -

McClure, © M; Barnett, etal., B; Williams and Dunbar® (two dif-
Iferentvion source conditions), W1 -and W2; Solox}’ev, et a_l , 9 S.

4 +

with H,. See Fig. 5 for expl'anafion' of symbols.
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s

+
3

target vs target thickness. The solid lines

Fig. 7. The fraction of the power of an incident H, beam converted

to Hand HZ’ n, in an H2
have been calculated from known cross sections. The B are the re-

 sults of the present experiment; the dashed line is an experimental

curve by Middleton, etal. (Ref. 12).




Detectors Pre-  Linear Single - e
.amplifiers amplifiers channel - "Ands . Scalers -
VR . | , : ~analyzers :
S — ] 3H,H+H2
= ] H#Hpt
' — ] Ha+ .
> ] HeaHt &
%__I. ] H++H2+_ _ R
| =D, —{ ] H*+H,, HY+2H
—{} {1 H+
Ht © T - » |
- 2Ht +«{ —{] 3+
3Ht , —
Gate
XBL737-3418

Fig. 1



-24-

l1]l!|ll ]Alllll-lll 1 LA B

1

o (cm2 / molecule)

L l]lllll

lo—lg

T T

I

20 |

-

1

! N

L i1ty

I3

1 biin

R ETEr

1 Ll'ilLll

Iw
-+
.II
it

L |
105 500 1000

+ .
H; energy

- Fig. 2

1
1500

(keV)

1
2000

. XBL737-3419




(cm?2 / molecule)

10"

Oy

-4

. =25-

102

- 1 LR BRRLRA 1 11 ll-lll |> LI L
- .
- -1

— o —— —

B /_’ \\ . -
-/_ \‘\. —
e ]
- —
r .
. I B
1 1l T | L L b

(O (O

H energy (kev)

. Fig. 3

 XBL737-3421



_26-

<15 | < | -
IO - I T ] IITT[ 1 { P lTll] 1 - i |II;‘I 1]
= . -
b— ”‘~\\ -
2 \\, .
. \
- \ =
\
— .
Q =16
5 10 = |
(& L 3
__Q_) = -
o _ ]
£ B i
N
(V] - -
£
U p—
~
=7 .
210 = =
b o ]
<8 _ . . : .
IO 1 L 1'11111| 1 1[1111[ 1 11 1 3114

102

'AH;' energy (keV)

Fig. 4

103

XBL737-3420

0%




0™,

O+ (cmzA/moIvecu|e)

1o

L -27=
. 1 I LI Illl[ I 1T []‘l]l[’ L T LB LB L=
— -
6l
(o) ?’V —
. .ia_.
i 4
IO-I?
o .
o ]
18 : ‘ S S
; N 111_111[ Cooa bl S A R Y

o'

1()2,

0%

H3 energy. (kevV)

“Fig. 5

. XBL737-3422



©-28-

15

+

“f IO-|7

Oy

T TTTTT]

T

- L;I]Il—rllv AI T ’fllllll =T T T 1 TT1rT
- _-K 1
- ”_/’ ' —
-
AF_ce
- - ' -
5 6| -czzzTiWe |
- P A - 3
S 10 =7 ~~.M -
O - -—— - S
@ - ~TT—-B ]
o = ]
g f 1
NE 4 i
O [ '__
N

| Llll.l‘

i

B S IR

|O ] L Ll 41 ERET 1 ey

o)

0% 10°
H;' energy (keV). :
XBL737-3423

Fig. 6




% neutral power

) Target thickness (10°® molecules /cm?)

o O N S |»l |>_| L' 4.6 L 1 | _1_ ll - I_J_ ;1 1 1 
o ' R

| XBL737-3417
Fig. 7 ’ '

- -62-



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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