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California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



N
\uh

i

UCRL-20817

‘ +
DISSOCIATION CROSS SECTIONS FOR O.5- TO 1-MeV HeH IONS
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(IN Hy, Fe, N,, AND Ne GASES
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University of California, Lawrence Radiation Laboratory
Berkeley, Calif. 94720

and
Bruce P. Briegleb_and.M. L;ird Warren
California Stéte College at Hayward, Hayﬁard, Calif. 9u5k2
- ‘ 25 May 1971 '
ATSTRACT
The cross sections for the d155001at10n modes

uHelH"' + 50 + B0, me® + EY, Bt + B0, et + H', Ee*T + B,
or He++ +H afe reported for'the HeH' energy rangevof 9.5'
to 1 MeV -in the target gases H2, He, N, and Ne. COmparisons_

2

are'made with available previous measurementsﬂ_

I. INTRODUCTION
. The HeH+ ion has been the subject of numerous investigations.

Calculations of potential energy curves for electronic states™ and

energy. levels of vibrational states have been reported, as well as
N : . . . . . A 3
.measurements of cross sections for the formation of the ion, ~elec-

. _ - o
‘tric-field dissociation of the high vibrational states, and the

angular distribution of dissociation fragmgnts. B Howgver, only a
few resﬁlts heve been reported for the collisional dissociation cross
sectlons for the BeH ion: From rﬁdial attenuation of the ihternal
beam of a cyclotron Fremlin and Spiers deduced a destructlon cross

sectiOn in-air in the MeV energy range.7

tion cross sections in Hy, He, and N at 50, 100, and. 560 keV and

Wilson: has reported destrucj

2

cross sections for the formation of He+, Heo, and He® + HO at 560
keV.2 The only other work on coliisional disscciation of which we
are awvare was by Barnett et al , who did not report cross sections

but noted that at 100 keV the prin01pal reaction was electron: capture

_tovform the unstable HeH molecule.8

We have measured thg cross. sections for the various dissociation
modes of 0.5- to l:MeV HeH™ colliding With_He, He, Né, and Ne:
ﬁeH+ - Hel + Ho, Heo +H, Bt HO, Bt + ®, BTV 4 Hp, or
Hé++ +*H+. The lower energy limit waé determined by the pefforménce
of our detecior system and thg'upper limit by our accelerator, a i MeV
van de Graaff. ‘

1I. EXPERTMERTAL ARRANGEMENT AD PROCEDURE

The HeH' tons were formed in a rf ion source which was operated
on & mixture of equal amounts (by pressure) of He and H, gas. The
ions were aécelerated electrostatically and momentium-analyzed mag-
netically before reaching the experimental assemﬁlj shown in Fig! 1.
Collimators A and B defined the beaﬁ before ifbentered the differenti-

ally pumped, 10-cm-long gas cell. The emerging beam and its collision

products passed through apertures C and D into the analysis chamber,

-where & magnet (11.5-cm diam with 2.5-cm gap) serarated the products

and directed them to an array of Si surface barrier detectors. The
diameter of the H+ detector was 2.5 cm; the other cetectors wéfe l-cm
diam. The séparation between fhe He+.gnd HeH+ components was so small
(approximately 1 mm)‘that they were both recorded on one detector.
Apérturesbc and D, which were required to accom;&iéh the differ-
ential pumping, were of sufficient diameters to assure that the limit

ing apérture of the detection system was determined by the detectors.
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To make sure that all feaction products were detected, the detector
size was varied for the more highly scattered hydrogen b}oducts. This
was done by using the large detector in the H and HO positions, and
by partially masking the large detector. The l-cm diam detector was
found fo be large enough to detect all neutral products, but the 2.5
cm diam detector was required in the " position.9

The position of the detectors was checked by simultaneously
sweeping all beams across their detectors with the analysis magnet.
As a check for negatively charged reaction products, the analysis
magnet was reversed; no negatively charged particles were observed.

The pulses from each detector were amplified,shaped, and sorted
by pulsé»height with single—chanﬁél analyzers (Fig. 2). The products
from each of the dissociation modes were identified by comparing the
corresponding single-chanrel analyzer outputs in coincidence. Pulses
from the single-channel analyzers and the coincidence circuits were
recorded with scalers.

The target gas was bled into the target cell through a remotely
controlléd needle valve and the pressure was monitored with a Data-
metrics Barocel capacitance manometer.‘ From calibration checks
~ against a McLeod gauge and an oil manoﬁeter over a period of several
years we judge the uﬁcértainty in the absolute pressure measurements
to be 15%. The length of the gas cell was faken to be the distance
" between collimator B and the midpoint of the tubular exit collimator
c.

The background preséﬁre in the approximately 400-cm-long regibn
ahéad of collimator A was between 1 x i0;7 and 1 x le6 tﬁrr,vdepend_

ing upon the recent history of a Ti sublimation pump located Jjust

ahééd of the gas cell. The pressure in the analysis‘region was steady

L.

at abouf b ; 16_6 torr and in the differential region it was main
tained at less éhan l% of the tafget pressure. All of theée pressﬁres
were measured with VGIA ion gauges.

The ion energy was determined from the accelerator voltage, which

i

was measured with a generating voltmeter. This was calibrated by
observing the y rays from the nuclear resonance reaci',ions'19 F(p,a7)160
at 340.5 and 872.5 keV when a Teflon target covered with a grounded
tungsten mesh was bombarded with protons.lo The uncertainty in the
ion energy is estimated to.be 3%,

At each energy the analyzer magnet was set to center the beams
on the detectors, and the upper- and lower level discriminators on the
single-channel analyzers were set'with the aid of a pulse—héighi
analyzer. Data was accumulated bylcounting the pulses from the. beam
and all its cdmponents while the gas cell was maintained at a constant
pressure. Measurements were made at 10 to 20 different pressures,
from background (approximately 5 x lO“‘6 torr) to that which was suffi-
cient to attenuate the incident HeH' beam by 10 to 15% {~ 1 mtorr in

N, and Ne, and ~ 3 mtorr in H

a .
b and He)

2
III. ANALYSIS

The first step in the data analysis was to determine the total
number of incident HeH' ions for each set of data accumulated at a
constant pressure. Since we had established that we were detgpting
all reaction products, the total number of incident HeH' ions could
be determined by summing t£e reaction product pairs and adding this
sum to the HeH' counts, which represenfed the part of the beam that

had éuffered no collisions. The sum of the reaction products could

) ' .0 0
be determined in three independent ways: by summing He + H counts

o
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éith,thevcoincidence counts, the Ho and H+'counts, or the HeO,LHe+ and
Ee++ counts. A discrepancy in these three quantitieé alerted us to a

loss of either hydrogen or helium particles or a failure in the coin-

cidence circuits. Once the nﬁmber of incident ions was_determinéd{

the scaler readings could be expressed as fractions of the incident

beam. -

From the atfénUafion of fhe,HeH+ fraction as a function of target

thickness T (the number density of the target gas multipl;ed by thé_

target length) we obtained the total attenuation cross section Op-

This was accomplished by-é least-squares fit to-thg expression

Pregt(T) = Fegs(T = 0) explwmoy), . (1)

whefe'FHéH+(W'¥ 0). is ‘the fraction Qf the HeH' beam that survives
collisionsywith slits and/or béckground gasf This.fraction vas .
approximately 0;995.
‘The change in,the.ffactién_of the béaﬁ fegistered in coincidence
channei i-is _
.dF.

a & P
T A 3

where o is. the cross section for the collision that leads to the pair

of reaction products i and Uji is the cross séction for the collision

that changes pair j to paii' i. The partial cross sections o5 vere

*obtained'from a_leaét—squares.fit of the data to the second-ordef

solution of Eq. (2). The cross sections 6ij’ which were required to
correct_forAsecondapy éollisions, were obtained from Refs. 11 to 17;

in some cases it was necessary to extrapolate to the energies used in

LR e 4 ) F,(r)ayy- Fy(r) ,Z"aij, o (e),"
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this experiment. Precise values for these cross sections were not
required,'since in the oressure range used in fhis experiment the
inclusion of. the seccnd and thifd terms on the right side of Eq. (2)
changes-ci Ey less thén 10% for most of the‘crqés sectioﬁs.. For the
He++ -vH+ crosé section the correction was 15 to 20%. »
"n;RmmﬁAmnmwme

Most of thé megsurements vere -made with hHele ions; These

results are shown in Table I‘and-in Figs. 3 through 6 for Eé, He,

Né, and Ne gases. In the table the partial ¢ross sections are labeled
by the ;eaction proddcts of the dissociation mode; e.g., the column
0 ' ‘ :

headed He '+ Ho lists the cross section for the dissociation mdde

+ 0
HeH - He T

+ HO. 'The column.laﬁeled o lists fhe;tgtal cross-sectién
derived from the measured attenﬁﬁtién of fhe HeH+ beam; X is the
total—loss.crOSSvsection obtaiﬁed bj summing tﬁe partiél crogg.séc-
tiohé.. The two should, of course, be equal, and the clogé'agreeméptA
of theée‘two-nuﬁbers'giVéé én inte;nal'consisténcy.check of:our_
results. o |

Froﬁ the feproducibility Qf the results»and Fhe standard devia-

tion of the least-squares fit we estimate~thé relative standard error

in the cposs sections to be *5% except as indicated in Table T. In v

addition there is a_poséible systematic error, which we estimate as

17%,Idue té uncertaintiés in the absolute pressure measuréménts énd
the'éfféctive length of the target. Hence for most of the entries in
Table I the ébsolute uncertainty is about 210%.

Also shown»in Figs. 3 through 5 are the total-loss cros; sectionsn
reported by'Wilson.e Wilson's partial cross sections for the pfoduc-

tion of He+, Heo + H+, and-HéO + HO at 560 keV are compared with‘bur
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: I ' " help in th t- d maintenance of the e i . ‘i-f ‘
;esults in Table II: With the exception of the Heo + Ho.cross sec- he P‘ln € s gp,an 9 B nance of the: experiment TY?}? gs ‘
' (BPR and MIW) would like to thank Associated Western Universities, ~

tion, the agreement is good. } ) _ ‘ )
' : , ' S : c. for finsncial support which permitted participation in'this
The only other HeH' cross section measurement of which we are IF ) S upp ) i 3Pe B parvieipe o

: : o . ’ : S - experiment. . o C : N
aware in the total-loss cross section reported by Fremlin and Spiers xpe" P . 2 o PR

in the MeV range in air.! Their value of of = 1 x_l()‘_ll‘L

_cmenMeV/atom ' o ": ,i o - ,. » B t}':'.;:
is much iarggr.thgn‘our meaguremepf_in N2f :

_Té see Qhethér the isotbﬁic:coﬁposition affécted the crdss sec- - o . : ST o R .‘ v,‘ , . 1 }::.’
tions,‘we_also meésufed tﬁe'dissociation of JRed’ in D, and N, at7?95
kgV. For this measurenment fiye detectors were placed at positions .
appropfiate for'BHe and D fragments. This measuremént wag complicated
by tﬁe‘présénce of DéH+ impurity in.the beam which .could not be en- - _ v o S AR : T -
tirely eliminatédﬂls. A D, target was uséd_becauselan H, target made . S : T s L 7 B :'fij;' R
"the impur;ty componeﬁt inérease,-apparently by migration of minutéu

quantities of Havto the source. The D2H+ component was approximately o - L ' : o

20% of the primgry beam; we used the H3+ dissociation results-of Ref..- = . 3 o o o _“ ‘ >>m < - 4“' ’1 -
i9.to correcf fgr the contribution of this compohent té our scaler . v ‘

'counts. Bééause of these corrections the uncertainties assigned to . S o - i o ' - o —fi
the calculated cross sections are about_twicé those of ‘the uHeH+ ‘ _ ‘ ‘ _' , ’ _ . Vf

valuesjin Tgble I. Within these uncertainties the cross éections

. for breékup:ofahﬁelH+ and 5HeD+ ions are the_éame.

The:cross sections reported here represent averages over an
unknown‘population distribution of the vibrational states of the
HeH' ion. | | | | |
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Fig. 3.
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'FIGURE LEGENDS

Experimental arrangement. The beam-defining apertures A,and

"B were 0.127 mm diam; aperture C was a tube 3.05 mm diem and

19 m long} aperture D was 6 mm diam.

Cdunting logic: Gates from the single-channe1 ana1yzers
drove the scéleré*and the‘"and" circuité,' Each "and" re-.
qﬁiréd.siﬁultaneOﬁs gates from two séurceé in 6rder to
drive its scaler.

Dissdciation cross séctions for HéH+ in HQ. The  cross éec-
tions shown are for interactions giving the pioducts indi-
cated at-the'rigﬁt of each curve. The lines are shown oﬁly
to connect the cérresponding data pbints. _The data of Wilson
for UT are indicgted by x and are-connécted with dashed
iiﬁes.2 .

Dissociation cross sections for HeH' in He. See_légend for

Fig. 3.

Dissociation croés sections for HeH+ in N,. :See legend for

2
Fig. 3.
Dissociation cross sections for_HeH+ in Ne.  See legend for

Fig. 3.

17 cmz/molecule) for dissociationvof.HeH+. Relative uncertainties

Cross sections (10

Table I.
4

a

o for indicated products

5% except as indicated.
Energy

I

Target

He++ + HO

et + B

Heo + H+

 He+ + ‘He++ + H

Heo + HO

(kev):

gas

1,2
10.7-

0.140°
0.158°
0.160%

0,130
o.1§ub
_0.125°

 6.3

1.91
1.38°
1.10

2.hp

b1

525
780
1045

3.33

5.6
5.0

2;71"
2.35

0.75
0.27°

10.9

9.0

9.0

12.2,

0.225°

0.225
0.175°

1.93 5.6

1.25
0.90

0.73

‘3.00
1.16

12.2

505
770
1040

-0{161;b

0.130°
0.122"

5?5.

4.8

1.56
1.30

9.3
T

He

9.3
7.6

-12-

0.48

¥5

50.3

2.70%

1.81
2.09
1.84

9.9 2.8

5.9
4.0

5:2
2,42

50.2
455

2525

k5.5

ok, 7 ¥.1
4,5

8.2
. 6.9

780
1045

k1.9

24,1

1.15° 3.45

hi.7

25.5

1.37°
1.98 .
2.15

©0:79

bk 12.0

2.77
2.33
1.78.

4.3

25.4

505

2k .0

0.87
0.87

12.9

3.77
3.22.

2.1k
'1.05

240

770

1040°

Ne

12.6

21,7

21.7

Systematic uncertaintiés of 7% not.inéluded;

8
- Pagg

C415% - 8%

d,

+15%
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Table II. A comparison of .the results of wilson2 at 560 keV with the appropriate-sume of cross sections

' our data. The Wilson.fesults.have an uncertainty of +#20% -

Co-

B

from the present ﬁork.--The values shown, in units of lO-']_'7 cm2, are from a graphical interpolation of

Target B, He R
Process v get me 4+ it 3l 4 #° get B’ 4+ mt m® + 10 | met Heo‘+>H+ ge’ + B
wilson. - 9.1 . 2.k 3.0 8.3 1.3 3.3 31 5.0 8.8
Present work | 9.7 1.8 2.0 7.k 1.2 2.5 | 35 5.6 b7
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