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OBSERVED ISOTROPY . IN PIONIC ARGON X-RAY ANGULAR DISTRIBUTTON*

Gary' K. Lum and Clyde E. Wiegand
‘Lawrence'Bérkeley‘Laborétoryb.
University of California
Berkeley, California 94720
.and
Gary L. Godfrey
Stanford Linear A¢celerator Center

- Stanford, California 94305

August 1976

“ ABSTRACT

A measurement of the‘angular distribution of 'x rayé‘

from pionic‘Af'indicated that the emission was isotropic.

_;Our,results show a ='0.007 i 0,089'where:q is defined by

S p(e) =1 + (a/2) sin?e6 and 6 is the polar angle with respcct_'

to'thevinéident pion bean.



According-;QvG.‘Yé.'Korenman(l) the angulér distiibﬁtidn Qf_*—rqy emission
froﬁ mesonic éfémé ¢én'haveAa'sigﬁifiéant ahisot}opy: reiated'té the difcgrLon
of ‘the meson beamuiﬁéidént:on the faréet; Anisotropy would imply that the
mesons were captured intévatomic states before theif homeﬁta becamé §0 low
that, by scattering, the original direction waé lost. If the momentum were
sufficiéntiy}large étbthé instaﬁt»éf capture, the axis of rotation of fhc'
.mesonic atém would tend to bé in a pléﬁe.perpendicﬁlar to fhe‘meson beam.
‘Kdréﬁmdh cIaiméd that the original7ori¢nfatibn éf the orbital angular'momcntum
of the syStem.Could bé preserved dufing deexcitation. Auger and electfjcudipolc
transitigns:would nof ﬁecgéSarily randomize the:mesoﬁic dfom_spinfaxés. :Tﬁe':
angulérvdistributionAof the radiatidn'would béAgiven.by o
P(6) = 14+ (a/2) sin26 : S S
whéré 0 isfthe poiéfvangle'and o ié'fhb coefficient of anjsotrohyﬂ‘ |
| Korenman suggestéd that fhe térget elemenf shbuld.have_a.higﬁ.ioﬁiiutibn.
poténtiul So tﬁat atomic ééptufe would compete_with'ibnizqfion proccésCs>ut 
the ﬁighesf meson energy. He expected that fhe 1afgcsf aﬁisotrbpy would- come
from héﬁvy incrt‘gases. .Gaseous targéig cduée-experjmentulicompliéatibns hocd@se‘
of?thei§ ineffiéiency to stbp ‘mesohs;"Theféforé,,we compfbmiscd und:dsed a
targét of‘iiquid Ar. |
| quuy:anisotropy wouid_give.valuable‘informétion»on the mechanism of-mCSQniC
atbm-fdfmation. The meson énergy at the instant ofﬂétomic‘cupfurc.influcnceé»
the distribution in angular mdmentﬁm states R.and_the populatjon of energy levels
n. .Any udditionai,dctuils Qf'mcébﬁjt dtom procgsseé could help in undéfstaﬁdingL
how thévutoﬁs' electrohic‘configuration cén_influenée.thé.capture or.qustédcvﬁnd lcud’

(2)

to the observed Z-dependence of x-ray intensities.
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‘In the experiment to look for the anisotropy, we used the low momentum
beam at’ the Bevatron tuned for negative pions of 170 MeV/c.’ This beam has

two stages of electrostatic separation that effectively suppressed clectron

and muon contamination. - The apparatus consisted of conventional scintillation

counters for. determining the stopped pions, two semiconductor detectors of -

Ge 3 cm - in-diam by 1 cm thick, and a target of liquid Ar. Ar has intense

- pionic x-ray lines at energies near to those of maximum cfficiency of our x-ray

spectrometer. A diagram of the arrangement is shown in Fig. 1. The target was

~a c¢ylinder with its axis perpendicular to the plane in which the angular distri-

bution was measured, a geometry that minimized changes in sclf absorption at

various measurement angles. Distance from the center of the target to the
detectors was R = 20 cm.

The number Y(8) of x rays per stopped pion counted in a given spcctfdl

“line depénds‘upon_the'number emitted I, detector efficiency n, solid angle

- subtended by the detectofiAQ, and the x-ray transmission T of the tufgct.

Y(8) = Inﬁ“ T o : ‘, o (2)

For a given line n.does not vary with the angle of measurement 0 whereas 1,

A2, and T could be a function of 6. If AQvaﬁdvT are to be independent of 0,

the distribution of stopped pions within the target must be equivalent to all
the pions stopping on the axis of. the cylinder; the centroid of the distribution

must be on the axis._.Fof example, a uniform distributjonAthroughout the.cylinj

“drical targét would be acceptable.. We tried to avoid fdlSC anlqotroplcs hy

using a tnrgot'thnr was smaller than thc extent of the hodm of stoppln; p]OHS

_ dnd thjnnor than the spread 1n plon rdnge “due to momentum unccrtulnty and strag—

gl|n5 This arrangement tended to immerse the turgct in a uniform field of

stopping pions. The vertical thickness of the beam was about 2 cm and all



mcuSuremenfs wefé confined to a plane-thaf coﬁtained the in-coming beam.

1t is essential that the livetime of the counting system be neur]yAIO(%b
when it is used to accurately compare int;nsitiés under conditions where the
ambient'background radiation changes as the detector is moved with”rcspcct to
a bcam.or other éourcc. We monitored livetime by inducingAa constant churgc"
on the detector from a pulse. generator that was triggercd by cvery onc—thbugundrh
stopped pidn; “The number of stopped pions was registered by a coﬁntcr telescope

i

and recorded for each run. Livetime was given by the ratio of the ﬁumbcr of
pulses found in the pulsé generator peak to the number éf triggers. The cquiva-
lent eneréy'éf.thé p@lse generator was set néér the upper limit of the qmp]jficf
sysfém sovfhaf jt did not interfere with the X-ray Sﬁcctfa. Avcrﬁge livetime
wés 0.94.1 Six percént of;thé events weréllost.by eiectronic rejection of:thqse:
feVCﬁts that’occﬁrred within_about 20p sec of eadh other. -

| Aﬁgles from‘40° to 90° and from 270° to 320° were dccesgihle for_meashfing
the énisotropy coefficient o defined by Eq. (1). Counters andbeCFCOl}jmatqr'
0c¢upi¢d fhe regioh,from ICO° to 220°. In.thevforward direction wc.cou]d not"
~place the detectors in the beam 6f pions tﬁat missed the target. |

ﬁour Series of measurements of Y(é) were made: three at 40°,.9Q9, 270°,

and 320° and one at 50°,v906;-270°) and 3105.  A1though'the beam wus'well
eenfcred-on the target,vasveVidenced_by the equality of_Y(§0°) nﬁd Y(270°);
iwe‘used the:ratié‘[Y(90°).+ Y(2709)]/[Y(40°) + Y(320°)]'t0 calculatc'a.f'Tdkjng
this average cancels.effects due to the centroid of stbpped pidns”being off_
cchfcr if the éehtroid lies on the 90° of 270° radial and if the turgcf fudius
s smqll compared to the distance from target center £o>dc#6ct6r (0]004 in,oﬁr
experiment) . To'establisﬁvthe écntréid in the ccﬁter’of'thc‘furgcf we

~adjusted the energy degrader and the 1ﬂst'h0rizontal—hcnding magnet to_gch_thé'
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maximum number of-stopped pions per unit of'incident beam. In addition a
Qqcbnd‘detectOr B wa$ used to measure Y(230°)/Y(310°) = l,.confjrmiﬁg that
the source was at the center. During.the run detector B wus.uscd to
‘continudﬁsly monitor Y(230°) and Y(310°) while dctcctorvA ﬁcnsurcd Y of
40°, 96°, 270°, and 320°. The distance y 6f the effective source from the
&cntef-of the target (pqsitive upstream along the beam axis) can bé
calculated by Eq. (3).

Y(230°) (R + y cos 230°)-2 exp(-u y .cos 230°).
Y(310°) = (R + y cos 310°)-Z exp(-u y cos 310°)

(3)

whe%c u is the i-ray absorption coefficient for the energy of fhc line'unQQr'
conSidefétion and’y << R. ‘The first fﬁctors on the fight hand side give the
corrdctcd solid angle and the second factors give the corrected trunsmi58i6n
~of X rays out‘of'the.target. For the entire experiment the average of. y was
(-0.01 + 0.03) cnm.

'Kthing.y and haVing measuredlY(e), we can solve for a in Eq. (4).

Y(90°) + Y(270°) _’[1 + (a/2) sin? 90°](R + y cos 90°) " Zexp(-u y cos 90°) (4)'
Y(40%) + Y(320°) 1 + (o/2) sinZ 40°J(R + y cos 40°) Zexp(-p y cos 40°) e

. Table .1 presents the results of the expériment. Values for tho‘fOU}
 _§érieS Qf»measurements.aré given’in oraer to indicatc the'cbnsistcpcy of the
nunmérs. Erfors»are on counting”statistics.pnly.

‘Tthlackibf significaﬁt Anigotropy (é ='0.007 ¢'0.08§).jn»tﬁe.distrfhutjﬁn
‘of pionic x rayé from liqﬁid Ar implies that fﬁc mesohs; dirécfioﬁs With foSpect
to the beam wére randomized by the time atomic capture 6ccurrcd or,fhut the‘

alignment of the orbital angular momenta was scrambled during the mesonic cascade.



We are.giateful to R. Seki for helpful discussions, to the Nuclear -
Instrumentation Group for improvements in'semiconddgtof detector technique,

and to the Bevatron Operations Group for supplying the beam.-
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TABLE I. Results of the anisotropy measurements. Y(8) is
the numbef of observed x rays per stopped pion measured at v

The distance from the'target center. to the ap-

" parent centroid of the stopped pion distribution is given in

column 4., GColumn 6 gives oX thé{énisotropy coefficient in
P(e) = 1+ (G/2)sin29. Errors are couhting statistics only.

CRun stion X(230°)  (yiay) em  Y(900) 4 Y(270) i %A«
No. ny ng Y(310°) Y(40°) + ¥(320°) L
13 2 0.92640.079 -0.216 % 0,238  0.897 £ 0,050 -0.199 * 0.221
2 3 2 1.012%£0.106 0,032 + 0.293 0,983 + 0.067 ~0.078 + 0.296 .
3 3 2 0.933%0.080 -0.195 + 0.242  0.973 £ 0.051 0,050 + 0,260
4% 3 2 1,135+ 0,111 0.356 £ 0.273  1.118 + 0,063  0.258 % C.435
‘Average - f - - - ‘ - =0.055 + 0.139
1 4 3 0.912 £ 0.055 =0.102 + 0.066  1.050 + 0,048  0.402 + 0.258
2 4 3 0.938 + 0,067 -0.071 0,079  0.983 £ 0.054 0.073 + 0.250
3 4 3 1.043+£0.060 0.047 £ 0.063 0,975 £ 0.044 =0.162 £ 0.171
4™ 4 3 1.058 £ 0.066 . 0.062 + 0.069  1.074 + 0.052  0.229 + 0.332
Average | 10,050 % 0.116

:Final average

0.007 + 0.089

'# Run number 4 was made at 50° and‘310°:instead'of 40° and 320° (column 5).
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FIGURE CAPTION

Schematic plan view of the apparatus. Scintillation counter Sl wias
4.9 m upstrcam at the first mass separation slit. S, S, were used

in a time-of-flight circuit. S, was 0.16 cm thick and defined the

‘ , i _ : _
beam incident on the target.- C and S4 were operated in anticoincidence.
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