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Abstract

The angular distributions of electrons frome/Q’
meson decay ‘in mesic atoms of C, 0, Mg, Sy, Zn, 'Cd and Pb
were measured ‘by means of the scintillation counters. ’
—/W’ﬂ4imeson*polarization was determined on thevpasis
of measurements. ‘In mesic. atoms of Mg, Zn, Cd - and Pb po-”'
larization equals to (19 + 7)% for C, O and S mesic
atoms polarization equals-(l4 + 4)%5_/4* —'meson depola—
rization in matters with zero nuclear spins, are explained
mainly by spin—orbital interaction in process of mesic
atom production; depolarization is partially connected -
also with interaction of the magnetic field of the elec-
'tron ’ atom shell on /ﬁV ~meson during its life—time on
K-orbit. '
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I. Introduction

| As ikanown, under moderation in maﬁter the‘ﬁegatife
/ﬂ7f+mesons_ere subjected to nuclear ebserption'ehd'this
process takes place through,;ntermediate sﬁage'p;oqucing
mesic atoms. It is considered, that«this_Ebsorption process
‘1s due to.theereaefion: /fofyoja’/7+zf{: The investigation
of neutron angular distribution due to_captﬁre ef polariz-
“ed Jﬂvq - mesons in 11qu1d_hydrogeh is one. of the.methods
of determination of weak /M/ — meson interectienvwith_nucf
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leons . However, as the experimentai_results on deter—

mination of Jﬁy“— meson polarization in the liquid hydrogenv
show, this method is unsu;fable because of the full‘/ﬁV_'—
mesbn’depolarization,,The theoretical coneideratien of the .
-polarized./af—— meson capture by light nuclel showslz]

that fhe measurement of angular distribution of neutrons
,ﬁith energy 1n'upper~epectrum ﬁart, may allow to determine
.the type ofbinteraction. Neutron angular distribution 1s'

described by the formula:

Wi)= 7+ appeesd @

“Wye:e'/ﬁf - 1s assymetry coeffieient in neutron angular
{distributien, the value and sign of whien depend upon the
_type of interaction, IAV‘— angle between theneutron emer—

gence direction'and'/ﬁV'-— meson spin, a - coefficient,
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taking into account degree Jéyﬂ- mesonxpolaiization;in
‘mesic atomsend'27el— eoefficient,@depending?en.the neu-—
tron depolarization‘1nside‘the,nucleus.,

“Formula (1) runs: as follows: the measurement of
)/V*'- meson:depolarizatioh"in:mesic‘atdmeﬁas5wellﬁas
the«investigationzofineutron‘depolarizatibnlinvnuclearf
matter: should precede the experiment on neutron angular
distribution. This work deals with J/? -meson. polarization

in- different: matters.:



II. The Bééic theoretical Tdeas

VWe have proceeded from ,,the’ following ideas,of _/'7"—
meson_depolarization process at~heir~modgrat'i‘bfﬁ"féfifd”‘s’_{:65:
ping in the matter. From the worksld"5l follows that the |
depolarization does not take place till their capture on
.mes:Lc atom orbits under ﬂ,ﬂ —mes'on;moderatj‘.on. Due to the
fine interaction and under the effect of magneiic ni’iélds_
on electron shell and nucleus' of atoms depolarizatlon at
meslc atom productlon 1is further possible. Depolarization
due to spin-orbital 1ntera¢tion will take place 1f the ti-
| me Zve of /’/"— meson stay at given level Z:,-to y 1s
greater as the time Z‘é of meson splin reorientation in
magnetic field to be produced by its orbital motion. The _
time 2} can be calculated from the f‘orm‘ulas, given in
work16|. The time Z2 can be estimated.from relation
A4 F-Cy~4 where 4/ the level spacing of fine mesic -
atom structurer”; It turns out that Zz 1is in some or—
ders greater than Zg . Depolarization due to the effect
of the mggnetic fields vof electron shell and nucleus :Ln
the process of mesoh capture on K-orbit will be neglible.
‘In fact for the case Ce< 2z’ , with 2 = _%'1

i 4 . .
(Here A4 - nyperfine structure level spacing).
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Thus, we may Sa& yhat,megon depolarization in meéic
atom producfion will be mainly due to fine and hyperfine
interéqtions. After )ﬁV-' —~ meson was. placed on k-or-
bit,_Where it stays until its decay or capture by'nubleus,
depolarizatidnAGan,proceed in magnetic fileld of electron
shell*, o v ‘

One can,avoidudepolarization'duq‘to«hyperfine.1nte-
raction>with.applyiﬁg matters with nuclear spin equai»to
zero. In this way one cannot avoild depolarization in elec-
tréh shell field because mesic atom~productionfis:a1wajs:~,_
accompanied by changing over electron shell of the ini—'
tial atom. Hence, the baslc depolarization mechanizms -
should be in the stopping of _/ﬂV—— mesons in such mat-
ters the.spin-orbital interaction and thg interaction bet—-
ween ‘the magnetic - flelds of atom eleotron'shell_andjﬁvé-
meson for the time of their life on K-orbit. Proceeding ’
vfrom these ideas we have measured J/”f_— meson polériza-‘
tions for the numbers of matters, 85~95% of which-consiéf
.ofvatoms, with zero nuclear spins, namely for C, 0, Mg,

S, Zn, Cd and Pb.

% I.M. Shmushkevich. Private communication.



- ITT. Experiment'

_JﬁV/ - mesen polarization was investigated by mea-
surement of anisotropy in the angular distribution of
the electron decay. Figure 1 shows experimental equlip-
ment. For T - and //7' -meson moderation the alumi- .
nium- filters were used. Going through the filters;/ﬁy——-
mesons met thertarget from the'investigatigé matter, whe— “
‘Te they stopped. The target size was 15 x 15 cm; the '
‘thickness was 2 + 6‘g/cm2. The angle under Whichithe
target was installed respectively teﬂthef"axis"lof meson -
beam was equal: to 450; Copper wire coll was wound on the
tsrget Tor the magnetic fileld production necesSary for'

JﬁV - meson-precession. The detailed descriptibn“bf

the experimental~condition55 scintlllation coﬂntefs and
_electronic equipment is given in our paperI3| pumﬂished
previously in-the present experiments. The thickness of
the polyethilenic filter between the‘counters’B’and'4 was
equal to 4.+ 8 g/cmz.

For carboh, oxigen, magnesium and sulfur asymmetr&
coefficient & in the angular distrit ution  of tae
electron decay J/&/= /v‘dé‘a.rﬂ was obtained from -_ane's- :
tigation of electron number dependently upon. the value
of the magnetiq field # , in which the target was set

up. In case of zinc, cadmium and lead the value & was
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found by -the measurement of electron number with field
terms /eﬁmu- and.*/7%uw~,fcorre5ponding maximum and
minimum of the electron intensivity on'the precession

curce, calculated to the formula:

7/ /7’/ / ﬁ+ ﬁﬂﬂf/ﬂ//z/ - ﬂ,, ////f

with delay time #, , the width of "gate". zfz and
life time of /ﬁy - mesons 2“ 18,91,

In the experiments with C,0,Mg and S the width of e
:Ugate" was,equaluapproximately 27 "; in these with zn,ifgxf‘
Ca and PhdaccordinQIYZé;+(%/Zv‘ Q The value of the ratio ?ﬁ;,‘

%t
Za- ;, ’ was equal in every experiment approximately

0,3. In experiments,»for,instance, with carbon the rate o
‘of the electron count with H = 0:-was usually equal about
120 per minute; in these with lead - accordingly about
8 per minute. In these experiments the'background level
made up 3 counts per minute and did not depend upon )
field H. The background was obtained from the expression
/M?"Aié%;ngi» with Aé - counts number of
electron detector, measured ‘without target and magneti-
‘zing coil, /Vi — electron detector data registered with
coil butuwithout target.
' As the results of the experiments the value of the
.coefficients of thekasymmetry g for electrons‘with the

range greater than /)}-;%, =4+ Z ay# ks Was obtained (here 47 -



filter thickness between counters 3 and 4, : A, - -target
thickness, A, = scintillation counter thickness in the
‘electron detector).uThen,‘usihg‘the‘energeficrasymmetry
dependence in =€ 7 _decay obtained 1n;(10), we got
valués'of &, - asymmetry coefficients for'rhé allrinte—
gral specfrﬁm,rit meahs with 4=o . The values of &7

" are given in the second column of Table I.

o o e i o T B e e i i e e i U S S ey Eae L e e et T A AAL M e S T S ey o g e e P S S o e G e e s Y T e B e e et e e e i e S
S N N S N N SN N S e N N L R S L T S s N N N N S o N T o S o R SR s msss

Matter = Value (=&) ' Polarization P in %
c 0,040 + 0,005 10 £ P = 18
0(H2) 0,043 + 0,005 11 é‘ P = 19

Mg 0,058 + 0,008 15 = P = 26

S 0,042 + 0,006 11 = P < 19

Zn 0,056 + 0,011 13 < P = 26

cd 0,055 + 0,012 12 < P £ 26
Pb 0,054 + 0,013 12 = P = 26

AP ——
3ttt I St 1

The corrections were made in the mentioned values, tak-
ing into account delaying time, the width of "gaten, /77 -
‘meson decay and’ solid angle of electron detector. ‘The men-

. tioned errors ‘are usual statistical deviations.'



IV. Discussion of the obtained.Results

ASsumingithat CP is invariant, the polarizatidn@va—'

~~-lue /0 ~of ~/0/'-meson in mesic atoms can be determined
a—

from the equation —— = @

v 2 P
metry coefficients, accordingly forJ/ﬁV:-and‘/ﬁV7s— mesons,

- where &~ and 27 are asym—

and A?. polarigation‘degree‘of //77 - mesons before their
decay. Letrﬁs conslider that /47*‘— meson beams, obtgined

- from the internal targets of the synchroﬁyclotrons have
approximately thé nge polarizationﬂdégreé independently

of the energy of the accelerated protonsIlol

. If we aééume

that the /7" - meson beam, used by us, has the same polariza—
tion degree as the J/V .= meson beams, the polarlization

value /~ can be obtained from an inequation .7’0- = < Yt

‘given in the workllll

» Where asymmetry coefflcient #élue for '
all integral spectrum, that is with X = O. The limits of - |
the'/ﬁp value, obtained in such way, are plotted in the
third column of Table I. Only errors in the value. &%

were taken into account in the calculation. As 15 seen from‘
Table I polarization in mesic atoms of magnezium, zink, cad-
mium and lead makes up (19 + 7)%, and for these ~carbon, oxi-
gen and sulfur - (14 + 4)%. If one compares.the maximum
polarization, observed for //V - mesons and _/ﬁV - me-
sons it may be said that sharper depolarizatilon for_/ﬂy-—

mesons takes place. The strong depolarization can be explain-
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ed by spin-orbital 1nteraction‘in_proce$§ pf'mesi§ atom~
prodﬁction. Depqlarization is partlally connected also with
~the interaction. of the magnetic fiéld'ofitheaelectron,shell
on //Vf‘- meson for its.life time on K-orbit.

‘The question arises: 1s-1t not possible to reproduce
By any_way./ﬁyf - -meson pqlarization 1n mesic:atoms?- As
to avoiding the depolarization due to the spin-orbital in-—
teraction 1t is . quite evident that it Simply éannot bevdﬁne.
As for>depolarization due to the‘effect of the electron shell
1t would. be. probably possible to avoid itf PlaCingfthe:targéi
in the longitudinal magnetic field ~‘10000 ersted it-seems
“to be,possibie to observe the polarization effeot‘ofl"ﬁar-_'
tial reproduction”,  because of. the coupling betweén;g}gg:;
‘tron shell and J/fo-rmeson would be broken. .

- In conclusion the authors thank Prof. B. Pontecorvo
for his fruitfull remarks.

‘The aufhors—take;an’opportunity to express their
gratitude to S. Gerstein, V. Belyaev and B. Zakharjev for

qiscussion:or,tne~obtained~results and theirfinterest~fdr

this work.
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,.Signatures to the figures

Fig. I. Scheme of tne experiment.
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