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ATOMA.C CA”TUR;.‘ OF B MESONS IN GEL”MICAL COMPOUNDS

Jc.gmsn Baijal Justo &. Dlaz, Selig N. Kaplan. ' R |
: and Robere V. Pyle v '

Lawrence Radiation Lsaboratory
University of California
Berkeley, Califoraia

Mazch 15, 1963

Summazy. ~Experimental studies of the relative p~ meson atomic-capture
probabilities in the compounds CuO, Sb,0,, PbO, CuS, 8b,5,, FbS, and in :

the metallic soiuﬁionsﬂ AgSSLi; CuAuw have been made to teat the predictions
'of the "Fermi-Teller Z-law." In our experiment the capturing atom was

1demzhed by decomposmﬂ a cornacm d lif@ume curve obﬁ:amed by datactmn k

' neutrons from W° capture. ""he mcc.sured atomnc -capture ratios are:

. cu/o=6. 14&0 35, . SB/S = 1.6440.10,
Sh/O = 1.86=0.096, .. Pbysiav 2.8720.35,
Pb/O = 4.56£0.53, - Ag/Lil= 116653.39,

i

Cu/S = 1.89%0.18, = Au/Cu

Rii

0.34%0.032.
Agsuming the Z dependence of the atomic-caoiure probability éan be
=‘*ressed as 6rapo*ticnal to Zn {n being any >oaiﬁ.we or ncr‘duvc number)}, |
we find that: our experimental results fan wmromma;ely in the ;angev
a= 1/2ton= .:/2,- where nsl corr esnond& {0 th@ theoretxcd predachozx of

- Fesrmi and 'E‘eller.
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I. -fatroduction : R

A thea etx al ¢ t\m*y* of t:he e:lc:wm& m)wa p POCESsS of b mesons in

Loeond erm@*‘ Wzat er was made by I‘ermi anti "f‘eiicr.{, ) 'Iaey howed that the
time reqaired‘ for the muon to slow dow_n, b scorme bound to an atum, arci inll
into the ground state of t 18 mebouic atom ,»ysiem is t-mall Lo 'ms:ed to the

&
muan lifetime.

T 13y alzm &8s unwtcﬁ the relaiawa aiomw capture rates of mesons by mm

i . . ’

'clemm«ta of a caemxc«.l cempouua.‘ ’ "‘hey c\ssumed that thc:, pwbamhiy "f
: cap;urcs by a pas:ti-c_ular at_cm ,m'ju ot t‘.he proba bxixﬁy that a slow meson will {all

into a negative energy otata in the ncikbh c«*‘haad of the atom dﬂd tha«. this aroof' -

bility is gropurﬁionml to tha rate off energy ioss Of the meson HEAI ZETO CRCIEY.

They ca ulatcd that this rate of energy lo*" is proporﬁion«al to the atomic

number, 22. und the refore coqcluded that ‘lhez relative capture px‘obnm‘ ity should

be proporticunal to the atomic-nunber fratio weighted by atomic concentraﬁiun.
This c.onclumorx iz referred to as the "Formi- -Teller Z-law. "
The inves tibaﬁom of the relative caplure ~>whabﬁi§:ies In atomic mixtures

f itself an interesting topic ia atomic physice' moreover, auch'inf@rmatiau

e
o

Gften reqm:ed in the mterpreﬁ:atmﬂ of omer types of meson inﬂ.erm.ii L eHPET -~
xmeats where it is desirable or necessary that the target be ina compmma form.
Over th@ paez sevex‘al years a numﬂar of e 'pe‘ zmeatﬁ ‘havo been rcz?ar;ca

in the uterauu;c. coxuernhg the relative atomxc~capmre proaabxlitzcs mf |

(2-7)

M- masons in cnemzc‘al componnas.
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.

The first »éxpe:'ri'm@xvz‘; afmc :.uliy ccat;zgzwci f:o test the "Z-law" was
carried out by Stearns and Stearns, 'vnc camﬁa.red the relative yields ofm.ea;lc.
werays in CaS and £1,0,, using cémpou&ds and macroscopic mixtures of me |
same comgio‘siéidz;.‘{z) They assumed that the stopping power per atom is pro-

portional to the atomic number and waz‘e then able to deduce that the atomic

N

capture of mesons in Cas and MZG.-") was a'iso pzmporf:m nzl to Z. '
Sens et al. questioned the co:lnclum@ns of Stearns and Stearns on thebasis

that the atomic stopping power, which had been assumed proportional to Z, ie in

3) ¢

fact not accurately known at low z_neéon energies.'”’ Sens ot al. experizaentally

investigated the meson capture in several compounds by detecting the decay

electrons from mesons bon{md in atomlic orbits. ‘Kn.ov'iing the mean lifetime of
'§.». nesons in eaca elemcm:, anc. hc bz a.nchiné 'r tio hetween decay and cépi:urc,v '
they were able to uniold ﬁhe curves a.ﬁid obtain 'a‘.he rc.ia’civa atom c~capture prob-
abilities. They reported that their results are more nearly independent of the
atomic number than proportional té z.‘ o | |
More recémly‘séveral a-thes: gi'cﬁpa of experimeﬁtérs have repoéied"
z*neasumg;:aa'xzts’ obtained through tech; igues similar to those of Sens et al. (;’iT e,

through the detection of electrone from the decay of bound muons)., On the basis

of these results, which are sumamarized in Table I, it seemns safc to say that no

N

general rule regarding the capture dependence on the atomic number can be
uced from the experimental e‘vic’}ence w date.
We have investigated this phenomenon u:szng aiifereat ?:echmque;

namaely, the detection of neutrons from peinteractions with nuclei. .éf 5 in pre-

vious experiments the approach is to decompose a composite lietime curve

obtained from a compound into two couxstmaents. each of w }ncn corraapomda to
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-a  pértigular'eiczﬁ@nt. The z.nterc:.a s at zevo %xrr;e for each curve can i:hen be
used to find ﬁhe'ralai:iva nurmbers of p-messns a:riving at the mesic K ahc.ﬁs
of év’f@mm ata.n‘vc species. E‘qx dw 2 ta rgets in which the neutron yield from :
the i.ig;h‘cer element is very smali the- c&p&uxa vate is ab‘&mmcc. by comparing
neutron yields frem fd._'v.-@ campoumi target with an elemanm& target of the heavier
constituent. In heg.vier eiéxhenw {z >20), where it is inofegfcbabie_ﬁm% a
mason wiﬁ be captured .by the .nucmuu than it will dacay into an eiec’trqn, we
_ _bchcve mﬁ. thcrc-_ are fewer gorrections associnted with the detection of noutrons |
from nuclear cuptu\ e than ffom the detection of decay ciectrcnfx.‘ it can aleo be |
' showa that it is better to limit the detection to neutrons because of a&diﬁionai N
Bbackgrooend prcsbl-éma sssociated with \nuc}.em v ':ayﬁ,gs)

The chmce of targ,et ™ a?:eriaié was gaverﬁ'w oth b ¥ z}:e demands cf the
esxperimental cechmquc. and by the bope of max dmizing the h‘ce’lmoo Qf cabpzsr»?'irﬁgz' '
any clear-cut systematics in cap{:ure rdﬁme in the availabla ezzperimcmté; time,
The ‘primé qusrc.ment vas that there be great ensugh differencev in 'afémic
'fmuzuer of the coastituent eleme: d..a 0 ﬁhat-nuclear'-capmre rates could be clearly
uished and so that the sensitivig y of the rewults to auy Z. dependence would |
. be maxin'zizedf o

In the hope of ré'dx}cix;g confuslon resulting from effects of different kinds .
of chemical biading, we chose as targets the ;xidas and sui:fideé of threoe meiéds
with v’zidely diﬁeze};ﬁ atomic nuz"nbez-aa. 'Aii:haugh the particular choice of the
“meta is was arbﬁ:rary, the aulfa; and oxygen were chosen becaum they Eoth
belong ed to the same periodic g,roup (Cz'ou:s V1), their compowmw were ;eaml
available, unu becausa of the rzzther rem&g.mbl@» reodts P evmu&*ly obaerved mv. |

(2) o

xides by Sens et al. Unfortunately, the pre sent techmquc did not enie xdy
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-

lend 'taelf to a repetl’éaon of uny oi the mmwurememe on the .*. ighter compounds .

mc:;.aurﬁd by &ens.:

- Two metallic solutions, Agli and Cuhuy, were also chosen because of -

{9}

shomd most cloesely a.'pp:*mumate the conditions of the Ferrai-Teller theory.

-

2. ~T:exr>“fm1enta- aArrenrernen R R

A

”féf‘ue 1\/{::- net 4 y%cm :md the bamu. «:4@{1 ative man’s were moclucc& L»,' bambaz‘a-

mn a 2. -in. ~thick Be taraet in the Zﬁﬁqnch tyciotro*& with 730 Mn‘f g"oaana

.

- Bon of ‘dwbe pzon zmxnedaatcly cca/eﬂ into AUOLS neai‘ the paz.‘g;e_. These

't.:mus uﬂ(i nuons were msmez}tum ..malyaﬁd by the fz:ingmg field and passed out

of the Lyclcu'on vacuum tank ‘Tchrcuﬂh a mz‘.z alummum wmdow. The bmam men
exaﬁered the meson cave through an Swﬁfa. -long i,ron dollimaﬁori Farther momen-~

tum analys is wae provzded by a 50- deg bend through an H magnat. The beam

thea ;masea'ﬁzrquwh a4 X é-m. aperturs in a Pb collunatar into a lovwback;,rouad

roorn made {rom --ft. -&mck conerete b}.omw.

The beam was monitored by a coiancidencs telebco*)e conaisting of two’

4xXaX 1/4-ia. \::i:satac scintillators, & wl aml .;2, pmced as shown in Fﬁg-. i The

signal fa-am another coizzcidehce. ani:icc’:im:idence.' telescope, 53.‘3“%1%{3, ‘signified

the stopping of a meson in the i:mrg@t. Thea ph.stic ucmtxilato 53« an d were

kS

'the same gize aa S1 and SZ‘ 'I'he water Cerea&ov counter C was 5X SX‘

| M)
s
g
°

and served to veto comcxdence p;..Lq@s *:»rm.ucad by ekectrm g in '.;h@ beam. The

7-in. diam acmamauon counter A vetced uartxclea tbat pas' ed through the

-Zand because ‘electrically conducting compounds
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'lwo thmg,s were done to minimize the neutron back; rrounﬂ causea by

amt;pmg, pioz.a. .’Firzt. CHZ was usec‘a as the absorbing matefrial to minimize

|

neutron pru&action from %~ stoo‘)mya and to act as a moe.er.c.tor for neutrons

' prc»dui:ed along the beam path. Second, an effm:t was made to maximize the

p./.? ratio with a minimum loes of m:.e*z.m.y

‘sha latter was accomphsnea by nmt varymg f.hr; vmsv’amn of the r.uternal
Be ta rget to optimize the tota 1 fhux th*oagh the teleacone. Then the bending~
magnét currant was increased about; m% Whﬂe reducing somewhaé the y.v -

intansity it also iucreases the g}./ﬁ ratio from 1/5 £ ’som@what better than B/i.

This is because the ¥source was essentially the size o{ the tar&@t. %hewa& :

muons being produced in w decay.,had & mom dzf‘u..o source. By aemning the

magnet we shifted the apparent-source po:-m:mn away {rom ﬁhe ceatezr of the
target, thus reducing both the # and @ iniensities, but the effect on the «'s.
5 (30

was much greater than on the p's

in Fig. 2 we show a differential renge curve taken after we detunsd the

. magnet. The ¥~ peak is at 8.5 in. of CL, and the B~ peak at 12.5 in. The

. » o~ 2 N + . 3 b - .
stopping rate in a 5 g/cm” target over the area defined by the 4X4-in. cou wnter

was about 17,000/min.

Electronics. —4 schematic diagram af the electromcs ie shown in Fig. 1. The

'signal. SSS.A.AC, indicating a p- stop in the &arget, triggered a pate generator,

G, which procucea a ga*e pz.l‘*e 3 wsec wide. - This pulse a.m;'t a signal NA&

deswnatm; uz cnarsrcd :ar?;zcles that m’m cted m N) were fcd into a camcmiauce
o2A 2

circuit (K) whose output pfovidg a'”at*zr:t" pulze for the ﬁmeewuheight converter

(THC). The signal, NE was delayed about 1.25 psec, ae showa in Fig. 3. The

WA pulses.that appeared Withi:i_ the firat 1.25 psec were there£¢>;';:e uncorrelated

with muons and hence gave & measurement of the background.
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Mze atop' pu‘lse f@z: the THC came from the output of the coincidence,

5 & & qs,layeﬁ by @aout 2.5 pzee. The delay was introduced because the

. THC was stopped by the p~ stop signal, whaich appeared carliex than the "start"

signal. Sin@@ the coincidence output of K (start eignal) anticipated the presence

of a stop signal, the THC worked only when there was a useful cvent, thereby

minimming dead time. The THC produced a puLue whose hczghﬁ WEE PTOPOL-
tional to a constant minus the time delay between radiation emicsion and muon v.
stopping in the mrget. This pulse wae anslyzed in @..Nuclearvﬁa&a 101 éulse—
beight araly.,ear {PHA) which was gated with a igml genorated by a pulse-shape
discriminator w:\.mn mfmrenmaﬁe& betwean neutron and gamma pulses in tizé N
couu?.er.' This mscnminaﬁ:oa. iy described in more detail below.

The time-to-h »i t, ccnvox'tz_ WaS 2a Elcm ado Madez«:l TE "Gi;( >maéi£.ied

to sliminate the rising ::'a'np of the 'ZB,HL ouiput 5o that all the pulse ha,ci the

same rise time {Fig. 3)

The linearity of the 'X’HC and PHA system was checked %Jy szmulvi’nw

the céinc‘ideuceg NA wa&h a pulae ‘ng a repetition rate of 10 ke/sec.  The

:lz'

output of the p.“ stop signal, 8,5 &C, was simulated by the $3 scintillation

| 24 - . o ‘
.couutar alone counting a Na source. The radicactive source provided stop.

pulses vmch cecurred randomly in timmo. Because the time intervals but‘ween o

3

the vccurrence af a start pulse and the fc:amowmrf stop pulse wer oi" ranaom'

lengths, f:he spectrum displayed on the PHA waz a random-~height spectrum

and, for linear behavior of both the THC and PHA, should give equal probabile

ity of a pulse appearing in each channel, The date frorn a typical run are
shown in Fig. 4. These data were fitted to a lifetime curve of the form

3 " » - - 4 ) . . : " - .
N=N o At where ¢ was the channel number and h was allowed to take on both



positive and negative values. Varying both Ny and h gave & best fit with

e o Uc:m»z%m

f/d\"

M= {2.244.6)X10” Vindicatin ng a high degree of linearity over the channel range.

Some noalinsarity was obsér\red at both the aigh and low ranges of the analyzer

but nmthea’ of these regions were us ad in the aua.ly w."} SETETI

*a’x'e'caha ated the xhC and accurately l@ﬁuﬂ@ﬁ zoro time by m?,ingiﬂm o

incidont rmeson. beam and .wmovz 3 me polyethylene absorber taking A and the

e

pulse Jhape discrim na%iun from the circult'and reducing the beam intensity.’

R o] d

The delay, D was then varied using length RC-63U cable with t)wecm\lyﬁ'xaa‘su

urad transmission times.- Six delay times over the analyzer range were meas-

ured. The counts for & particular delay hiad 2 distribution with a {ull width of

less than two chaanels. The centroid was icm"m by weirmiﬂ each channel in

proportion to the number of counts in it. ‘z’h@ time calibration date were {itted

to & straight line to obtain an average timo/channel (which was about 9.0 nzech.

All measured points agreed with &his-: line to within 0.2 channe L.. This Cu}i&)"”"

fciarx was periormed at frequent intervals throuy vhou& the course of the experiment.

[xa)

Neutron counter and pulse-shape discriminator.—-To detect neutrons in the

o

pr*f'em.e of y rays, we used a pulse-shape diserimi:w.wr with the neutron

(”E

scintillation counter. This discriminater was es obﬂticﬁl, s«;mc«; in its sbsence
the rate of detection of ¥y rays was com r:amcla with that of neutrons.
The noutran counter consisted of & S-in. -diam X };y-in; thick J;_iquid scin-
. ren o im (12) e L. . L
tillator, NE 212, ccntameu ina tmn—walieu glassa cyhuder. This glass

contriner was &tﬁd‘"l’iﬁd to an RCA 7046 ghatomuitmher tube ﬂwuugn 2 luc

light pipe, 'l"he ucwtzll tor wag ﬂ.ufmed rontmuoua};y with c?,ry argon g&s tao

TEMOVE o:»zygmx, since oxy;_,en in liqaic} mmtxllamrs uescreyb the pdsa» L e

3

discrimination pr ooeﬂ't es. -
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This disc rimination circud differs in detall ia f;wa espects {rom most

633?

of thuose reported in the literature Fi 1‘52; the t*wo Luuioes that sample the

shape of the scintillator light puimeﬁ were generated at the same electroda of

‘the phato‘,ube {dynode i) £0 that fast &signala_ could be exiracted irom the ancde

A%

without any mutual interforence. . Second, the two shape-information pulses

were extractod separately {rom the p ototube and the actual comparison and

discrimination was accomplished in a couuﬁ:in{ area that was about 200-it

removed from the detector. This parmitted remote mo toring of the ¢counter

operation. The basic clrcuit, as pictured in Fig. 5, is an adaptation of a

{14}

s

circuit suggested by Dr. Robert Mather.

»

3. -Experimenial nracedure and daﬁ& roduction.

The time &istribﬁdén of xieiﬁi:i’@ﬁ@ followling capﬁ:ure ixﬁ. esich ci the
@1émexital and cémpound tavgets waa measured. To find the r‘eiative aton v‘.c_;
capﬁuré prbbabniﬁy', we compared the z‘eiéz:ive _captuféa in the c&mﬁ‘it#ents of
the compound wzm those in the separa ?.e ‘zlements. The cvompotmd and tijw.e»

-

separate ele me*a.ts were run congecutively to minimize the cifects of possible

>?.Gng~te:e:m time drifts.. Theenergythresholdofthe PSD wasiset to give neutron. -

zeceptance with:longi.-tefm stability and ea&enually 100% v rejec’*" on. Some

<&

3000 ncutrons zbove au energy of & about 2 IfeV were coiiecied m an hour for.

é - . . .
107 p"~meson atoppmga in a target of 5 g/cm?‘». Each target was sun u#t least |
twice.

The constancy of the neutron counter sensitivity was checked at regular

intervals with a PuBe source in a fixed geometiry; during the course of the run

 the counting rate chd not vary by s more than 1%, -



wrlitten as

‘where B is the background rate, and E is the neutron detection efficiency. .

~1
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The data recorded during the various x'*uns wera the number of g~ -meson
stoppings and the time Jgstmb\xdor. of neutrons anﬂzttem {ter the stoppings. The-

rate of disapp».arance of B~ mesons {rom the meosic a:.om 2's K orbit can be

-

or '
2y NeN(Z)e M, and A=A+ A
o : ¢ ) ’ d c '

whef:é N,(Z) is the ziumber of mucns bound to the K oibit of a’:x. eié.nﬁ.cﬁ% of
aibmie: aumoer & at £ = { this is the &d"!’l@&b the tot“‘al xmzﬂbe:ﬁ s mééonﬂ .ﬁtC‘J"B-
p‘ing). 'z’L w tue total diaappearance rate and "R"d and A are tifm. mMuon- e.y and
nuclear-captufe rates, . reapecvﬁvcaly.' For a éingle element the cbserved neutron

time mstrzbut;oa V(L) can be written ag.

(3) . ¥(t) = ENGA, @*’“+n

..:mxlaxly. for a bma ry fom,‘)ouno, wa have

.

Fhat
{4) ¥{t) = £,C INOA 2z

+ 'EéCaNo"‘cé + B,

*"*;e.ﬁ
where E, and EZ are thﬂ z'eeupoctwe neutron dctecuon effiaiencze" fuz‘ i:he C;).lz—
stituent o]ementg. and Ci and CZ are the re :»ectwe atomac ~capture m‘obabu ties
that we want to ¢etermine; mmr uum zahcm be umiy

The ueut;on time-distzribution data wers leabb&ﬁ ares-fitted to EQS.*{E‘»)
and (4) with «n IBM 704 program, , FRE?\HC.“S) 3’:‘0:‘ axi elemental target the
L{13)

measured bdri«:& round aad lifetime were heid constant and tha, prawrum cal-

culated the _inte reept giving the bast fit. In the analysis of the c;qmpcund targets

we then inserted the measured background avd the measured values of the life~

times and the progz‘am calculated the intercepts at time zero.
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h terms of wh@ symbols of Equ. (3; a'ui (*1) the cc.h_ube.tea intercepts
«'1 na e, G .A Cen 8 o« T;‘gi” ,
LIS eme._a EéchO oz The E's of
Baq. (3), however, were slightly different from those of Eq. (4) becauce of
geometrical and neutron attenuation differences in the targets.  Corrections

were .naw‘ fay thu:e elfccts belore caleoulating CII and GZ“

Thcz details of these corrections, i:xcluu’ing the separate experimental

: ‘ 6y v
measurerments a.:red ale ula.tw¢ s are deccribed uluwmfarc (16) Iu 21l caees the
EUIETEN '

changes in the C, /C,) ratio i gzoc.urﬂ.i by these cor”cc*ionb were smaller than

i:he stated statiatical evrrors,

The datz from the compounds that contalned oxygen or lithium could not

‘he analyzed in guite the same manaer bacauvse the small nu ¢ capture rate
be analyzed in quite the same manacr bacavse the small nuclear capture rates

in the light cl@meu’ca }csﬁlted in v:ataéisticaﬂy im;imificant neutron yields., Ia
these cases we ob;au.ecl tne relative (.u:ptura pruea}axhzve&, 'Cl, , irom the
subsidiary coadition, C1 +C2 |

| Examples of expé ::imemmk tirne distributions for slagle r‘ﬁns are shown
in }?xg, 6 (It was not convenient to combiae ‘ugh;.caily all of the runs csi a

target because of slight variations in tim m/c amel cahbvaam over the cousse o

of the experiment. )

4. ~Resulte,

Tne e,mgcsnmemal re.'mlt.z are gwer in Table II. The subscripts 1 ‘and A

, St ey

designate ﬁw higher- and iow‘e‘r-z. compcmenta respectively. The ratio C,/C,
& b
represents the relative atn*mc capture pwaabzl‘ty Thn sum of the capture
- pro ﬁ;\-azlxtw:«.. C,*+C, .ahouid equal unity and gives, therefore, a check'on tha'

_ 'measuremems; The especlally low value of this sum for Cul coused groat
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.cnn«,arn ang led «.‘ltxmatc?y to a ﬁ’:pl ate cnemi al mw.iy'aé 5 of all target
.*na?.end:, v.h h WweTe suppos ecﬂy rc«zgem ggm.deu 'lhe re »L.l""" of this 'z.nal'yais
 showed that, w‘n.ere&s 2ll other tergets were at 133&3%‘. 99.8% pure, the Cul and
PhS werae both contaminated \r;im sulfates. By atomlc concentration their
chermical co.xw:u.:itim.., were:
MCuS'te 0.845 CuS + 0.155 (CuS0," SH,O) ,

PbSY - 0.934_ PhE 4 0.066 _.pzasc}@‘ .

Assuming the ";m raber of matons caj vi.w*r:d by h’uf’» OXyz gen ls pro;m ywsml"
to its atornic concentration and that the proportionzlity constants, which are
preswmably 2 depe:ﬁdcm, are sbmply determined from tﬁw CuG and Ful
results (Table 11}, we can estimate the fz‘acti.'cm of atomic captures by oxygen.
We {ind the values to be 0.12#0.02 and 0.03&&&005?@* the "Cud" and "Fus"
respectively. In boi:h.caséa the values are only lhé:.lf of what iz yequired tgméke
the atomic-éap‘c&re probabiﬁtieas add up to unity. W¥We zzrﬁté that the obscrvations
1.2

of Sens et a indicate enhanced capture b,r oxygen in compounds of Light

elernents with oxygen. This effect, op@r&t‘ 1 o the suliates of our targets
could account for the remaiuing captures. It m{ay &Iso alter tim C}./’C,-} ratio
from that of a pure sulfide but further congid@”auons ﬁue'gesﬁ that the change i

rather small. Kr“or e*:am.ple, in the case ok Cua we can agsume that the Cu and

S in the s lxate azzd ﬂuhxda Capture wuons in pr *opcr«.mn ao the respe tive

mblccuiar concenﬁratio«zs m wh: case the nca&ured value of?Ci/CZ
weighted average of the capture ratios for ha two comp@und For the observed

cmﬂ:aminatien the C,/C, ratio for the su.l ate can vary be*wcen 1.0 md 3.0

{n between 0 and 2in Eaq. 5) m.d 5ot t..hm e i.,u, CI/C : "at'o for CuS by &g much_

ag the stated statistical BTTOX.
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wrelore, despite the usfortunate cecurrence of the sulfate contam- _

iostion, we mhm that l.id{., i£ any, error is produced in the C /C ratis,

5, =Dix C&‘sa&ﬁn. -
RARARCERAMA IO O

sasvmeadii

To aid in the discussion of the :\'asums, let vue assume the.ﬁ the ratio of
atomic~capture probabilities in & bina vy comgomw can be described by a
relation of the fosm

’ ;‘, r‘“. 5 43
C,/C, = al/uz(ﬁéi/.{.‘z}; ,

L™
wy
W

where ¢, and e, are the atomic concantrations of the two components and a is

E . .
any real number. The Fermi-Tellex pradiction is cbtained by setting n= i,
whereas capture in prmmx‘ﬁien to the atoxnic concentration alone s given by
‘as=0, The reuul% of this cx xperiment (Table II) are ﬁzmnmm‘imd in Ta%;le I

togethey w.if:‘m the ratios corresponding to n=1 and n=0. The values of &

calculated from the experimental results sxe given in the last colunn and cover

the raage l/ 2 to a=3/2. (A similar cornpilaiion of previcusly published
measurgments is given in Table 1.}

The duata of labie“ i aud HI are presented graphic Hy in Fig. 7.
Although most of i..\ze measurements fall in the ;rc,gxon of posuzve 8 v;zluez, there
i3 cbviocusly no sumple z? d.«apcad«mca, valid for all compounds. One caz!search
for an indication that some class of compounds {for example, alloys or oxides)
n-iay ae};}a}ateiy show & systematic dopendence on the eitgmic number, but the
éxg erirnental evidence to da te is too sketchy to permié'deﬁnite conclusiona.

It seerns desirable that the reliabi&lﬁt’:y of the data to date should be estab-
lished before capture in other compounds is investigated {e. g. , aote the dis-

crepancy between the two Lil measuvrements). Possible systematic effects
_ ~ ~N ' :
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ahmg from chemical bmc.x.ag_, c’smv then be exarained by iavestiga ?. say,
oz:ides of ciiffereﬁt elements zxxm-.i~ different lattice structures of the same
combpound. “& |
Tha theoretical situation ie probably no better than the experimental

state. .In deviviag the Z-law Fermi and Teller neglected detalls which had

bec en chsc.uvcaed in an earlier par 0.«{ mu' paper, o. g. the Brillouin gap in

insulator s, and were "led by crude estimates to the conclusion that the capture

Z. nf19). RNy

probability is proporticnal to the nuclear charge parentiy, more

reliance has been placed on the result of this ca vlculat tio t&luﬂ the authors had

20 ’ ‘3 . _
mtcndec,( ) a:‘u c.orzsme ably mozc work 16 mmnred efore It will, in fact,

¢

be passxm to make wu.mm%ul com; ;oal.so.m betwcwn uxcory .d ex seriment.

*
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' {8) J.8 Baijal, J. A, Diaz, S. N _Kaplan and R. V. Pyla, p” Lifetimes in

. Medium-~ and ngh-z Elements (to be “)ubhched)

| o :(’9) Max Hansen, The Constitution of Binacry Alloys, (McGraw-I—ml Booﬁc
N | Publmhing Co., Inc., New York 1958). '
- ~ {10y We beheve this particular technique was first sug gasted ina papar z:ay
| ‘N. Campbell and R. A. Swanson. Uni.versxty of Chica.fso, 1953 (unnubhmed}. __
(;15 Manufactured by Elnorado Electronics Company. _Berkelcy, Cali'f’orma
o (12) Manufactured by Nuclear Enterprwea. Ltd N Wmnipeé. Cauada (E»mce

the performance of thss oxperiment NE 212 has been superceuea by (N’"‘Zl.s )

, (}.3) See for example, F D. Brooks. Nucl Instr and Mathoda, dzL, 1)2 16.:
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{16}

{i7)

(18)

9)

[

{

{20}
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Robert Mather, U. 5, Naval Radiclogical Defense Laboratory, San
Francisco 1959, (private comn uﬂu’:.&@;«ﬁ.h{)ﬂ}
FRENICisthe program code name ior the calculation described by Xeepin,

Winelt, and Zeigler, J. Nucl. Z%Z‘,mez";.:y 6‘, 1 (i?ﬁ?).'

J. S, Baijal {Ph. D, Thesis), Unlversity of Csa}.nor"ua Lawre ence Radiation
Labogatory Report UCRL-104292, 1962 {unpublished).

It should be peinted out that the relat "I(“lif;' greater meson stoppin By POWST
of the aulfa‘tef rasulga g froma the presence of O and H may augme at the
captures by Cu and S in the sulizte relative to the suiiic‘ze. How evm‘, it
scems cven 'nozc likely to us that an enhanced oxygen capture probability
would, ;.z fact, dimini‘;l} the.CrJu and & captures,

As an example, the lattice structuré of the Cubin slicy can he changed
from disordered fuce-centered cubic {preceat ex ::e’r_imem:} o ordered

face~centered cubic to mi.rah,or.al by prograssively increasing the percent-

ape of gold. Charles 8. Barreit, Structure of Metals, {McCraw-Hill Book
& & ,

Publishing Co., Inc., Nc.w York, 1952} Ch. XII, p. 2565.
It seems to us that the method osutlined m Ref. 1 might lead to a capture

7oy
baul.‘:y that is proportional to Zz/ * rather ahax: Z.

g
E. Teller, Lawrence Radiation Laborat y, Bem{eigy. California {private

&

communication).
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8. -Cantlons.
PRI

.

Fig. 1. Counter arrangement and block diagram of electronics.
Fig. 2. Diflex ential 22 ﬂgc curve.

Fig. 4. y”oac.&i ‘I‘BC and PHA lisenrity calibration.
Fig. 5. _C;.rcuit diagram uf pncato uba base mo'w.mz B 11.»0 shape discriminator.
The:: dis:.arimizm’ﬁor ig in the dynode 14 circult as indicated.

© Typical lifetime curves, For display convenlence tha channel

-
e
o~

number labelis ag hae been arbitrarily lnverted and translated {romy

the actusl values as shown in Fig. 4. The time/chaunsl is approx-
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Table I. - Summary of "Z law' results from previous workers.
Relative numbers of p~ mesons reaching the 1S level in the
constituents of a compound.

Compound Ratio Observed Predicted, Fermi * Atomic ) t
.and Teller " ratio n

Sens et al: (Chicago)

P,0, P/O 0.371£0.041 0.75 0.4 -0.12£0.18
ALO, . Ao | 0.435£0.038 . 1.084 0.66 -0.88£0.18
sio, sifo 0.386% 0.025 ) 0.875 ’ 0.5 | 20.46%0.12
KOH K/O 0.455£0.083 - 2.38 1.0 -0.91£0.21
KHF, KF 0.588£0.138 . 1.053 0.5 ' 0.19£0.27
C H,Cl, - ¢ 1 0.435%0.0378 0.943 0.33 0.27+0.083
(Liquid) . . o

CgH,Cl, ciec 0.476+0.045 - .0.943 . 0.33 0.35£0.091
(Solid) . ' ' _ ’
cCl, _clc 4.1+0.8 113 4.0 . 0.024%0.19
Lathrop et al. (Chicago)

Lil - 1/Li 15.842.0 C17.67 1 0.96%0.044
AgZn Ag/Zn 2.2£0.7 : 1.57 ' 1 . 1.75%0.71

Astbury et al. (Liverpool)

PbF Pb/F 4.8£0.7 4.5 0.5 © 1.02£0.07

2

- Backenstoss et al. (Carnegie Tech.)

" AgCl Ag/Cl 0.8+£0.2 2.8 i 1 '_ -0.22%0.24
Lil ' i 1.3£0.5 S 17.67 R 1  0.091£0.13
UF, o 0.740.3. 2.6 0.25 ‘ 0.44%0.18
Eckhause et al. (Carnegie Tech.)

BiF, Bi/F 1.58%0.15 3.07 _ 0.33 0.70£0.043
UF, ufE 1.52£0.15 - 2.56 0.25 0.78+0.043
CuAl, Cu/al 1.75£0.18 o 111 : 0.5 | 1.56£0.13

¥ Assuming that the atomic capture probability goes as 2P (n being any positive or negative number).

v e e e s g et
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Table [I. -Results for atomic-capture probability in the

constituents of the dompounds,

Compound c, c;{3 - c}./\:':z C,+C,
‘Cudu " 0.26£0.023  0.1740.025 0.34:&0.{&32 1,030,032
AgLi 0.921£0.023 -~ 0.079%6.023  11.6643.39 -

Cus ' 0.51%0.015 0.2740.024  1.8940.18 0.7820.028" -
's.bas3 0.5940.015 0.36 0,020 1.64%0.10 0.95%0.026
PbS 0.66%0.019 0.2320.027  2.87#0.35 0.8940.633
Cud 0.860.019 0.14£0.019 -  6.1420.85 .

Sb, 0, 0.65%0.012  0.35%0.012 1.86 £0.096 -

P50 0.8220.020  0.18£0.,020 - 4.5640.53 -

N _ " ) _ -
These low values were found to be due to contaminated targets. See text:
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Table IIL. ~Summary of results. Relative number of 4~ mesons

reaching the rnesic K shell in the constituents of a chemical -

T oeonmound,
i Pl P AP U £+ ST

. Compound Ratio Observed Predicted, Atomic 7
: Fermi yatio
and Teller
Curu AufCu 6.34206.032 0.495 0.182 0.62 % 0.094
f-\,u Ag/ix 11.66 43,39 9.1 0.5 L0820.11
CuB Cu/5  1.8920.18 1.81 ) 107 0,16
Sb. S, Sb/S 1.64£0,10 2.13 0,67 0.78£0,053
Pbs Pb/5  2.8720.35 5,12 1 0.65%0.0676
Cu0 Cu/O  6.1420.85 3.62 1 1.4120.11
§5,0, Sb/0  1.8620.096  4.25 0.67  0.55£0.028
EBO PL/O 4.56%0.53  10.25 1 0.6540.050

Agli and Cubu are metallic solutions..

CuAu has 36% of Au by weight.

Agli has 165

78

of Li by weight.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, 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 information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

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

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








