Lawrence Berkeley National Laboratory
Recent Work

Title

CROSS SECTIONS FOR THE DESTRUCTION OF 1- TO 25-keV-PER-NUCLEON X1 ug+ AND c3lI
HYDROGEN MOLECULES IN COLLISIONS WITH Hp GAS

Permalink

https://escholarship.org/uc/item/9sn1h58f

Authors

Morgan, Thomas J.
Berkner, Klaus H.
Pyle, Robert V.

Publication Date
1971

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9sn1h58f
https://escholarship.org
http://www.cdlib.org/

Y S

' = e -l 1E5
Submitted to Physical .- EAPFEA o

e

G UCRL-20257
Review Letters . N ’1:“4!]‘) t ’ ‘:’O_’IY Preprint ’
. | ¢ .2
v.'f‘li\ . It_,!
LiBRs, RY AnD
DOCU V]F NTS :’EC'IO"\I'
N -} M . n
(jjr - CROSS SECTIONS FOR THE DESTRUCTION OF 1-
-4 - TO 25-keV-PER-NUCLEON X zg AND c3H
g HYDROGEN MOLECULES IN COLLISIONS WITH H GAS

2

Thomas J. Mor ga’q, Klaus H. Berkner,
and Rebert V. Pyle

January 1971

AEC Contract No. W-7405-eng-48

TWO-WEEK LOAN COPY-

This is-a Library Circulating Copy |
which-may be borrowed for two weeks.
For a- personal retention copy, call

Tech. lnfo Division, Ext. 5545

- LAWRENCE RADIATION LABORATORY
0f) UNIVERSITY of CALIFORNIA BERKELEY {

LG207-TdON



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
"United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
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. '




“.“)

-

Mo be submitted to

Phys. Rev. Letters . . - = - UCRL-20257 -

1

CROSS SECTIONS FOR THE DESTRUCTION OF 1- TO 25fkeV-PER-NUCLEON,X»Zg+,‘

. ' *
3Hu HYDROGEN MOLECULES IN COLLISIONS WITH H2 GAS

Thomas J. Morgan, Klaus H. Berkner, and Robert V. Pyle

- Lawrence Radiation Laboratory
Berkeley, California 94720

~January 1971

‘Measurements of the"crdssvseétions for the total loss and

)

T,

molecules [3 < E'(keV/nﬁcleon)”S 20] in collisons with H, gas are

the ionization of X12é+ Hé [1'5 E (kéV/nucléon)'S.QSJ and c

reported. The cjﬁu'molecules were formed by electron capture by
Hé+;ioné in:Mg vapor. The total-loss cross section of the c5Hu
state is about 5 timés larger than the total-loss cross section

of fhe'XlZg+ state.

As.?aff‘bf a étudy'of'methods'df forming fast neutral hydrogén>beéms

A for injectibﬁ in éontrolled thermonuclear experiments, Hiskes¥ showed that

beams of hydrogen molecules in the (1so2prr) cBHu-electronicvStété_wquld’

be desireable for injection into plasmae targets with densities in the lOll’

to 101% cn™> range. Charge transfer collisions of'__'Hz+ with alkali or
valkaline-eafth_targets are expected to lead to relatively large popula-

tions of this state}’a The calculated radiative lifetimes of all_vibré-

" tiomal levels of this state are long (2,10'u sec), at least for hd@b;

nuclear molecules, compared with transit times in experiments of interest,

 énd the tfansitioﬁ rates are not appreciably quénéhed*by electric fiélds

. less than about lOLF V/cm°§

Experimentally, we find that'a_lgrge fraction of the molecules formed -



bvlelectron capture in a thin magnesium vapor targetvareiindeed.in,an
excited:state, e.g., about 10Y% for incident EO;keV H2+_ions. (The
fraction of the incident ion beam that can be converted to excited mole-
cules hasinot yét been determined.)':These‘largeﬂfractional'yields make
it possible to measure collisional loss cross sections of two classes of

Hy

state. No significant fraction (< 5%) of excited molecules was observed

for electron capture in H2 or N2 gas, in agreement with predlctions.ef

'The measurements reported here are loss cross sections in Hg-gas. We have

made measurements with incident H2

cross sections are compared at the same projectile velocity, the results

R D2+, and HD' ion beams. When the

are the same within the experimental uncertainties; hence, in the remain- -

der oflthe payper we treat all projectiles‘as if they were Héf ionszor H2
molecules; | | _ | |

The experimental method used for the analysiS‘of excited H2 molecules
is similar to that introduced by Gilbody et al.uvfor'metastable He atoms.
The energetic Hé molecules were produced by electron capture when a |

Hmomentum-analyzed beam of H2 ions traversed a neutralizlng cell of Mg

vapor, or H2 or N2 gas. The emerging charged partlcles_were swept_out of

'the'beamiwith an electric field, and- the Hé+ component,-detected with a

Faraday cup, provided a monitor of the H2 beam intensity. ' The neutral

beam, consisting of ground-state and excited H and Hé, was analyzed by

'measuring the attenuation of H2 in a target cell containing H2 gas. -To

insure that the exiting H2 beam reflected only attenuation, without the

Acontribution of two-step processes, a transverse electric field of about

-8 kV/cm in the target cell was used to deflect charged particles,-produced

molecules, which we presume ‘are in the 03H state and the X Z (ground)i



A

- to strip the fast molecules of an electron; and measured the resulting H

_5;

by collisions in the cell, immediately after formation.

Two methods were used for particle detection: For method I we em-.

ployed ;articlg—countihg'techniques; The particies were detected with a

2

¢sT (T1) crystal mounted on & photomultiplier tube. Energetic H, uole-

cules were distinguished from twbbseparate H atoms; which gaVe thé same
pulsé'height;vby‘placing a low-transparency (=~ 1%) mesh in fiont bf the
scintillatbr.'.Thé'mesh disériminated againsp 2H events because the atoms
are spatially separated when they.arfive at the mesh; ‘Method'I ié |
limited fo energies"greaﬁer than about 20 keV; below this energy it is
difficult to resolve.the sihgle pulse heighté owing to thefatomic portion
of the beém from the double pqlse’heights'of the molécular pdrtion.J
For method II we uSed a third gas cell held at a constant pressure
' +
2

current with a Faraday cup. This method yields less information than

method I'buﬁ is‘appliCable to cross secction measurements below 20 keV.

A semilogarithmic'plot of the fraction of the‘H2 beam transmitted

through the target éell vs target thickness is shown in Fig. 1. °TheISOlid

~ ¢urve shows the attenuation of the total K, beam. If we assumé that there:

are two beam components of interest (background is negligible), this curve
can be unfblded‘into two exponentiél curves (A‘and-B)‘by‘éxtrapblating the
straight-line- portion (A) to zero target thickness and taking the differ-

ence (B) between this extrapolation and the total attenuvation. .The slope

of A yields the total-loss cross section for the xlzg+ sﬁate;-the slope of

B yields the total-loss cross section for the long-lived (> lO~6 sec)

>

excitéd State, which_ﬁe assume is the CBHubstate. With method I the inter-

3

cept of B gives the fraction of the team in'the c Hu state; this will be

- discussed- - in.a future paper.



I

One of the cross sections contributlng to the total loss cross sec-
tion, that for 1onization (H - H *y, was also determined in the present
experiment. For this measurement the transverse electric field in the
target cell was turned off, and the H “component Vas measured as a func-
tion of sarget thickness, I, up to T = 2 x 10llL molecules/ch. When the

incoming H2 beam contained no observable fraction of c3H ‘states (e’g 5

when an H or N2 neutralizer was used) the linear relation between H2

_and T yielded o the cross'section for ionizationvof the ground state,

i’ .
When the incident ngbeam did contain an observable fraction of c3Hu mole-

cules (thin Mg neutralizer), the same technique jielded a composite cross

L % . . ,
sectim (1l - f)ci + fo, (approximately twice ai), where f is the fraction
5 ,

of the beam in the ¢ Hﬁ state, obtained from Fig. 1 for the same neutral-

izer condition. Since o, and f were determined independently, the cross

3

- % e o
_Hu state, o; » can be determined.

i

section for ionization of the c
Preliminary results for the energy variation of the total-loss and
ionization cross sections for excited and ground stete H2 molecules col-

liding with H, gas are shown in Fig. 2.

To check the possibility of a systematic error, we measured the well-

v known ..lwtotml-loss crbss section for atomic hydrogen passing.thrdughﬁﬂé
‘gas. ,Our'measurements agreed with_those of.stier and Barnett6ltd‘ﬁithin
15%. The present attenuation technidue for measuring excited-state_cdl-
lisienal cress sections has yielded results that we believe are accurate

to about *25%. The major portion of this uncertainty, estimated from the



¢

‘reproducibility of data points, is due to fluctuations in the beam p031-:

':tion in the apparatus that affect the monitoring of the primary beam

Uncertainties in target thickness and other quantltles are negllglk&e in

comparison. ‘The uncertainty»associated w1th the ground state measure-

‘ments is estimated to be about *+10%.

éombarison_of the dsta for the XlZg+ Hé ionization cross section in

" H, ges shows excellent agreement with the results of McClure (see Fig 2).

2

»McClurerhes also used a very different technique to measure the total-

loss cross-section of X12g+ moleculesvat an energy of 10 ker‘ again;
good agreement uith the,present measurements is found in Fig. 2. ‘We have .
not found anyvdeta on‘collisionallcross sections for thecBIIu state_to
compare.with present results. |

‘To investigate the 05H state for heteronuclear'molecules weiused _

.HD as a fast projectlle. Within experimental uncertainties the results

for HD are identical with the results for H, and D, indicating that the

- lifetimes in the case of HD (c3nu) are larger than the time of flight of

the projectile (> 10-6 sec) .in the present experiment.
We are indebted to Dr. J. R. Hiskes for: bringing this problem to our

attention and for many useful discussions
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 FIGURE LEGENDS
Fig. 1. AtténUatiqn of & beam of D, moleéulés, préduced;in a'Mg:

_ heﬁtz_-alizer (thin target) by electron capture by 50-keV D%,
in an'ﬁz'tafget. The Solid line connects thé ekperimenfal;J
daté{‘_Curve A is aﬁ extrapolation of thé thiék.target »
asymptote;vcurve B is the difference between the data and .

v curvé:A;‘ .z experiﬁental points; 0, derived points.

Fig. 2. Téﬁai-ldss and ibﬁization cross sections for colliéions:of

‘ * *
energetic Hé X;Zg+, g, and 045 and H2 cjnﬁ, o, and o with

) * ' ,
Hé gas. Present results: A, o, ;9 oi_; A, o5 0, 0, ‘The

results of McClure (Ref. 7) are indicated by []. The lines
have no significance other than to guide the reéder's'eye 3
between date points. They shoﬁld not be interpreted to portray

any functional dependence. (Clearly 0% < o.¥ .)
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
" Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to ‘the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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