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I. INTRODUCTION 

Until recently the experimental attempts to investigate the 
radiative muon capture (RMC) reaction 

".- +' A(N. Z) -- y + vIL + A(N + 1. Z - 1), 

have mainly been limited to th~ observation of the photon spec­
t r a " 1.21 • The importance of the muon spin photon angular corre­
lations in RMC has indeed been recognized already in the early 
papers; nevertheless, the experimental information remained 
scarce and su~ect to very large errors due to the technical 
difficulties l • . 

If the RMC experiments are performe~ with polarized muons, 
one can observe a correlation between the~direction of the emit­
ted photon ~ 'and the polarization vector ~ • The directional 
distribution of photons depends 00 the asymmetry coefficient 
ry (k) which is known / 3/ to be strongly sensitive to the value 
of induced pseudoscalar weak coupling constant gp • Also, it has 
been shown 13.41 that ry(k) is almost insensitive to the details 
of the nuclear"structure model used in the calculations. Appa­
rently, with this two-fold motivation a new generation of the 
RMC experiments, which are planned and partly performed / 2 • 5/by 

now, includes a programme of the high precision measurement of 
the coefficient ry (k) at least for RMC on 40 Ca, ' 

·It has recently/6/ been shown that the standard impulse-ap­
proximation (IA) calculations of RMe overestimate °the photon 
yield by a factor of two or more. Actually, an extension of IA 
is needed, which takes into account the constraints dictated by 
the electromagnetic-current continuity equation. The -appropr.ia­
te modification of the impulse approximation (MIA) scheme has 
been derived in ref. 161 • It provides realistic results for the 
.RMC photon spectra; in particular, the numerical results obtai­
ned in ref .161 for the RMC rate on 16 O and 40 Ca show that this 
microscopic approach and the phenomenological calculations / 7 •S1 

are in mutual agreementw 
In view of the above-mentioned experimental efforts to measu­

re with precision the correlational miC characteristics~ we ha­
ve extended the lirA calculations of ref. 1 61 to the cases of pho­

:on ;~~~rizn~~on nnd ~o~ ~~~~ho~~~a~rY. 

2. CALCULAT IONS 

According to the general invariance, principles, one can wri­
te all the RMC observables in terms of two functions p(~) (k) 
and R~~) (k). They enter the matrix eIernent squared of the RMC 
transition from the state li> to the state Ir> in the form 

2 . (À).......... ~ ( À) .....
IM f' I cc I (dO ..... (k) -+ ç o kR fik(P C· (k»),

1 À 1 . O) 

where k = k o k is the photon rnornenturn, À = + 1 is the circular ..... ­
polarization of the photon, and ç is the muon spin vector, 

.") ..... 
cos0ll-Y = k· ç '. 

The inclusive photon spectrurn is 

(À) 
N(k) = !. !. Nfi (k), (2) 

f À 

where 

(À) ..... 
N ~~) (k) fdOkPfi (k). (3) 

The asymmetry coefficient r y (k) controls the a~ular distri­
bution W(k, Op..y) of the photons with respect to ç , 

W(k'0ll-Y) cc 1 + ryCk)cos0Il- Y• 
(4) 

In our notation r Y is gi.ven by 

ry (k) 

max 2 (À)
I 1: (kfi - k ) Rfi (k) 
f À 

max2 (À)? ~ (k fi - k ) P fi ( k ) 

(5) 

k
m ax . h .where fi 1S t e maX1IDurn ~hoton energy. 

The circular polarization Py (k) bf the photons is obtained 
in the forro 

'I (N (r: )( k) - N (c:- )( k» 
f 1 1 

P (k) (6 )
y I (N( ~ ) (k) + N ( -: ) ( k)

f • fI fI 

~~}.L. . ........ :,}.. C,1\'Y" 

fttl ...~':r.,;;.F. ~~il,,·;\')~:J.''l.:3 
cJ.~r~ lI!." ~"r.-·,{A 
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J.	 DISCUSSION characteristics. Actually, it has been shown (see eq. (3.9) Ín 
ref./ 3/ ) that such terms provide a zero contribution if the nu­

The most obvious observation is Lnde ed that the results sUP'­ clear closure approximation is applied. 
port the expected strong dependence of both Py (k) and r y (k) on To elucidate the question of the sensitivity of our results 
the pseudoscalar coupling constant gp. The full (dash-dotted) to the nuclear structure model used, we have repeated the cal­
curves are alI calculated in the MIA with the Eisenberg and culation of P (k) and r. (k) for the 1 hú) model of the nuclear 
Greiner /9/ (Rose 110/ ) decomposition of the electromagnetic final states 

y
of the 16 J nucleus (no correlations in the 16 0 

vector potential, for details see ref./6/ • The comparisan of ground state) and compared them with the result presented in the 
the two cases shows that the theoretical result is rather stab­ table, which corresponds to the'lhú) + 3hú) model space of the 16 N 
le with respect to the details of imposing the continuity-equa­ jl final states (Ohú) -+ 2hú) correlated ground state of 16 O). The re­
tion constraint in the RMC calculations. sults are numerically almost identical, the difference being 

The dashed curves in the figure were calculated using the .far less than one per cent in agreement with the results of 
standard IA approach and gp = 7.5. Comparing them with the full refs.l 3 ,4/ mentioned in the introduction. 
curves (corresponding to the MIA) calculated for g p = 7.5, one 
can see the important effect on the calculated -ry.(k) due to the Tahle 
continuity-equation constraint. As for our IA results, they in­ Fredictions of photon circular polarization Py~k)and muondeed agree with those of ref./ 4/ • Several interference terms spin ,;ghoton asymmetry coefficient r y (k) for RMC on 16 O
of the 'order	 mil /m N "" 1/ 10 were left out in ref. /4/ but included and Ca as	 a function of photon energy. here. They change, however, only negligibly the inclusive RMC 

P y (k) r y(k) 
k(MeV)

160 g =4.5 7.5 12.0 4.5 7.5 12.0I lOtot r t P 

160(/L~; yv) 16 N 

0.9 l ____ I 0,9
9p=4.5 57 0.963 0.918 0.815 0.961 0.909 0.793 

65 0.957 0.901 0.782 0.952 0.888 0.762 
73 . 0.949 0.881 0.745 0.942 0.865 0.721 
81 0.943 0.868 0.722 0.933 0.841 0.6710.80.8 
89	 0.935 0.846 0.681 0.923 0.816 0.630 

40Ca (- )40 Kf.L , yv 

0.70.7 57 0.967 0.929 0.838 0.966 0.924 0.830
I	 / 65 0.961 0.914 0.808 0.959 0.907 0.801 

9p=12.0 73 0.954 0.894 0.771 0..950 0.887 0.768 
-'tJ ._.­ 0.6 -	 81 0.945 0.872 0.731 0.939 0.862 0.724

0.61 89 0.938 0.856 0.701 0.928 0.831 0.659 
T	 i f, ,i,,	 I I 

I	 I 

60 70 80 90 60 70 80 90 
Before concluding, we wis.h to conrrnent that the .st r ong energy 

k(MeV) k(MeV) dependence of ry(k)for gp~ 10 (see the figure) together with the]
"	 very low statistics of the measurements in the high k region canAsymmetry coefficients ry(k) of photons from RMC probably tead to a substantial inaccuracy in extracting tpe va­on 16 o and 40Ca. Ful.L and dash-dotted I.inee iaere calcula­
lue of gp from the comparison of the measured energy-averagedted using MIA (see the textJ; for the dashed lines we ha­
r with the calculated r y (k) . ve applied the standard IA.	 y 
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The available experimental data for the ene:I?y-averaged cor­
"re l at Lon parameter r y are sunnnarised in ref / . The mos t re­
cent result r y = O.80~0.17 is due to Doebeli et al./

2
/ • Toge­

ther with our calculation it leads to the value gp = 1I +8 not 
accurate enough to draw any conclusion at this momento 
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rMHTpO M., KaManOB C.C., OB4HHHHKOBa A.A. E4-86-760 
PaAHa~~OHH~H 3aXBaT nonRpHaOBaHH~X M~OHOB RApaMH 
18-,0 H. 40 Ca 

PaCC4HTaH~ K03~H~HeHT aCHMMeTpHH yrnoBoro pacnpeAeneHHR $OTOHOB H ~Hp­
KynRpHaR nonRpHaa4HR $OTOHOB AnR npo~ecca paAHa~HOHHoro aaXBaTa nonRpHaOBaH­
H~X MIOE>HOB RApaMH 16 O H 40Ca. npH noc rpoeuaa oneparopa npouecca 6~no Io1cnonb­
aOBaHO ypaBHeHlo1e HenpepWBHOcTH RAepHoro 3neKTpoMarHlo1THoro TOKa. XapaKTeplo1c~ 

THKH npo~ecca paAHa~HOHHoro aaXBaTa M~HOB RApaMH nonY4eH~ nYTeM CYMMHpoBa~ 

HHR OTAenbH~X nap4HanbHWx nepexoAoB. ~AepH~e COCTORHHR onHC~Ba~TCR B MHKPO­
cKO~4ecKOH 060no4e4HoH MQAenH. nOKaaaHa CHnbHaR 4YBcTBHTenbHoCTb K03$$H~H­

eHTa aCHMMeTpHH H 4HpKynRpHoH nonRpHaa~HIo1 K Benlo14lo1He KOHcTaHT~ HHAY~HpOBaH­

Horo nceBAoCKanRpHoro B3aHMOAeHcTBHR gp H cna6aR aaBHCHMOCTb 3THX xapaKTeplo1­
CTMK K AeTanRM CTpYKTYPW RAepH~x COCTORHHH. npOBeAeHO cpaBHeHHe c 3Kcneplo1­
Meti'TOM, xo ropoe naer AnR gp BenH4HHY gp = 11+8. Bonsuiaa nor-peun-octe B 3KC­
nepHMeHTanbH~X H3MepeHHRX He noaBonReT AenaTb-KoHKPeTH~x B~BÓAoB. 

Pa60Ta sunonaeaa B Jlaõoparopaa reoperauecxoã $HaH.KH OHSH1. 

IlpenpHHT OfnCAHHCHHoro HHCTHIYU anepasrx accneaoaaaaâ. ,Uy6Ha 1986 

Gmitro H., Kamalov 5.5., Ovchinnikova A.A. E4-86-760 
Radiative Capture of Polarised Huons on 
16 O and 40Ca 

lhe coefficient of asymmetry ry(k) ~f the photon angular distribution 
(with respect to the muon spin) and photon circular polarization Py(k) ha­
ve been calculated for the radiative muon capture (RHC) on 16 0 and 40Ca 
and compared with the data. Nuclear states are treated in a microscopic mo­
deI; the RHC characteristics are obtained by summing the contributions of 
individual partia1 transiti~ns rather than by using the closure approxima­
tion. 

The investigatlon has been performed at the Laboratory of Theoretical 
Pfiysics, JINR. 
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