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Ai3STRAGT 

Mcucul"cm.cr!tG of c!ectron-captul"C eros a sections of i2. 9 and 2i.O lb:;)Y 

cl.cutc:ronG in E·!a, N2 , · u.nd Ar..~: arc reported aod co~pared -.Yith puhlio:1.cd thco

:t:ctical csti.mates ru:1d e~cperimcn.tal reoulto for pr6tonC~ with cz1er,sico c; 1 \>f.c·v·. 
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r. INTRODUCTION 

M;;;,.:ny c<J.lculationo of erose sections £or electron c<1ph.n:e by i'ac~ p::ot:ono 

energies > :1 l' . .ZcV. 

11Ve have m.cn.ourec1 the captul"e croBs r:;cctiono £or 1.2.9- and 21.0-!,.CcV 

ccutc!'Oli.S ::n 1-1e. N2~ und .!U. 6 .t\lthouc;~l thcoc f.c·w mcilCU:rGrnents l'·~p:r:CGG11t 

cula.tionc, a!ld fl·om a. com?arison with the C)~pcrhne;;.~tal reoults of Barnett un1 

.?..cyL:oi.dG at p::oton energico ~ ~ MeV, 7 inferences c:u:r. be cb:avm G>cou.f: ti1e 

.:.vE·ra.~;:;c energy dcpc::clcncc: !or pl·otcnG in. th.e energy range i to iO ,\!f.cV. 

H. APPARATUS AND PROCEDURE 

Deuterons £rol~n. the Berkeley !-lilac were deflected i5 des. collir.:la~ccl to 

a diamcte!' of 5 m~n. and paoscd throuch a differentially pumped g2.s cell 2(-c::n 

!one. The ncu.t:-al partic;les produced in the gas were detected ;:vith a 20-r<.'lr~-..-

di:;.mctc:r solid-ctate detector, pulse height analyzed. and counted. Charged 

pa!'ticles emerging from the gas cell were deflected into a wide-aperture Fa:t.•aday 

cup pl~ced i11 the analyzing r..'i.~gnctic field to eliminate sccol'ldary-elcctron losses. 

The currents were zecordcd ,_, .. .,.ith a calibrated iuteg::rating electrometer. 

P..t Z'l.lil Hilac beam cur::rcnt i-;; was pooeible for us to locate the cha;;.·gc-e:.;-
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an2.lyois \VH:h <:\ Li-d:l.'ifted cou.nter and Alfoil dcgTacl~rs. Tho dcteC'co:r wao cnJ.i-

241 
An'l c, source. The uncertainty i:i1. the energies ie :::1..5%. 

The pres cures in the target we::e :n~~aou:::-cd \"'lith a Schu.l:z.-Phelps -type 

. . . . R . . 
gclt:'.[(e. · Vic U.l:>€:~d ·~he rcsulto ofi Mch:.kc and Reich 0 to correct for the pttmrn;,_~~ 

i2c;'~. for the caoo o! the 12. 9-2v1cV mcasuren:.cn'i: in Ar. The amount o:Z cor-

rcction ..... ~·as l.:2tolr' vcri:Zi..cd by cooling the r.ncrcury to 0 o C. The tot::ll UY.!Ce::.-t<:.inty r 

. .. 9. 
Vlo used previoucl:l mcaourccl ionization cross ecctions to cot"rect f.o;: 

the loos of weu.trals within the gas cell; these corrections did not c::cccc1 20o/o. 

lli. RESULTS AND DISCUSSION 

The l"esu.lts o£ the present experiment arc given in the tc.ble, the errc;;.·s 

being co=-n.poUL"'lclcd ox those previously mentioned plus internal con~i:::;tcncy·. 

c . (, . . "',7,10-14 d' .,.. li-4 ·.,. . 
.::.ID.1.4n'lar:~.cs OJ: varlou.s expc<:trnen .. a... an t.neore"tca :rcou.:..:s az-c 5;.vcn 

in Figc. 1 to 3. Fo-r diecussion purpo:::JcG,· the values from the precent measure-

m.ents are plotted at thcb equivalent proton energies. 

E:.::pc:rh'nental Electron-Capture Cross Sections for Deuterorns 
' -26 2; (iO em molecule) 

G.::.'l.O 12.9 MeV 21~0 MeV ' 

r-!e 20 ~.4: i.2 :; 0.4 

N 2 (4Q::::3)X10
2 

(39:J:8~X10 

Ar (fd::;2)X103 ? 
{ 1 7::::3 )>vW ... 
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p<.:'..:t:i!::.•on V"l~t.h c::~pc:riment, .tvli~tlc!r..an h.ao pc:odu.ccd a sir ... '"l?lc app:rm;:ii-~1.2-tc e:~
.• 5 

pz-ezsio::l 
4 

italicl ia. the !'C3tl·ictcd energy interval 

.~ .. 
iO < --- < 42 • 

z~ 

w~"le:--e a in the .Bo!:u: radius. F. is measured in unH:s o£ 25 kcV, and .nA{C} io 

t;.2c d.cc-;;:·on dc:"lGity at the origin in atom.ic units . [n A {0) = 3.60 foz Be J . {The 

~ r. , ~· • ,. p . . i6) Ac. ...1: • · • . . • • - r·. i 1 V2..!.U8 .:.o;;: .aeLli.U?:'£A 1.0 H"om _ cl~crls. . co:-~.ioi.ng to tnc aoovc crlltcl~l.cn ~"''"'·~t-c:.:,:-:.a:'l o 

c<:::..kula.Ho:n (givit'lG essentially the OBK result) is. appHcablc :m. I-lc f.o:: ~:wton 

orcl.c!:' cozol"ection would rai.se the calculated results slightly), we sec th2.t it tico 

a f.::J.cCo:- of two above our values. . Note that this calculated curve is 1nol·e than a 

factor of 6 b.ighel· than the Barnett and Reynolds measul'ements ::..t i :\t:.cV. The 

btz.c::: are in quite good agreement with an impulse app:roxin"lation calct"la'i:ion by 

J3;ansdcn and Chcshi:::-c 1 ('1.-:lhicb. a.cymptotically approaches an z• i 'l/2 va:.:ic.tion} 

~ .,. l e. I • l:t: r.• .._ '!:"' . • • l 1 t' i 7 b ~ • ' 2 an~~ a .Jac.;son-e>c.lu..a: type .~>U"S;; .uorn approx-J.nmtlon ca cu a lon "l ·'"'i...:1pLeton. 

10 ~i 
Lo•:Jcr energy measurements by Stedefo:rd alld ioy Stier and BarnGti:... a;re inc.l't'!.dcc 

in Fig. i. 
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Nitrogen (Fig. 2): A straight line joining our points to those of Barnett 

. ~ 1 ·• 3•8 1 I OBK and Reynolds woula. 1ave an E · average energy variation. Map eton !J ~ 

4 . iLl 
curve lies far below our experin'lental points. A value obtained by Szostak et al. "" 

with 4- MeV protons is somcwhz.t below Maplcton 1 s curve. · .Nf.ittleman 1 s energy 

criterion indicates that his cross-section formula should be good from a.pproxi-

mately 12 to 50 MeV, i.e. • slightly higher than our energies. ·.Evaluating n .. ~.(O) 

for all of the s electrons from. the calculations of Clementi et. al. * iS we obtain 

n A (0) ~ 180 and hence the line labeled WJ. in Fig. 2. 

Argon (Fig. 3}: A line joining our data to those of Barnett and Reynolds 

would have an energy variation of roughly E - 3.4. No calculations are available 

for this gas. The Mittleman formula should not be applicable below about 90 MeV 

and presumably would seriously overestimate the cross section at 10 MeV • 

. IV. RE !vf-ARKS 
':.,.,·.·· .. ·· .. · 

Published calculations of electron capture by high-energy protons are not 

in good agreement and experimental dats are almost nonexistent. In the case of 

heli~-n. the Bl·ansden-Cheshire impulse approximation (';~hich agrees '\Vith experi-

. mental results to within .a. factor of two in .. the energy range 0.1, to 1 MeV), .if extrap- •• 

elated wi'th its asymptotic slope· (E-. 11./
2

) passes through our experimental points. 

The first Born approximation, including nucleus-nucle':'ls interactions, also agrees 

with measurements, perhaps. fortuitously. i Numerical values obtain~d for He 

from Mittleman1 s approximate formula agree fairly well with our measurements 

but not with the Barnett and Reynolds' measurements at 1 MeV. Mapleton 1 s 

estimate of the first Born approximation for nitrogen lies far below the present 
' . ' ·, .. .. . .. ·.,•.·.· '· 

measurements, although it is in reasonable agreement with experiments below 

1 MeV and at 4 MeY. The Mittleman approximate result for nitrogen. on the 

other hand, is in fair agreement with our measurements •. 
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nuc!cus -nucku.s .inter.action,; .h'll, i·!.G.ttlcrr:.z.n. 

~ ? 

G- . ~. . ~ . .. . • "',. s ... ,.... . 
lA.Oocty a:.la. J.~.L<:~.steu ; -.:.:;. vttcr 

. . . 4 . 
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. .... 

\:=·itil :1ucleu£J-nt-acl~u~ intera..;tibr.t; ~"'-!li; :v1itt1e:r~~al~. ~ : (Gl·o£)D scc.tio::-:..c :Z:J:: 

r L ~ pr":scnt cxpcrime:nt; St, 
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A, . .'-urosimov ct al ~;..;.,: B- R. Barnett and Reynolds. 
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