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1. INTRODUCTION

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

}l_'i" A(N,Z)—r y + v

p + AN+ 1L, Z - 1)

have mainly been limited to the observation of the photon spec-
tra’1*® | 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 sug;ect to very large errors due to the technical
difficulties’? .

If the RMC experiments are performed 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 on the asymmetry coefficient
[} (k) which is known’¥ to be strongly sensitive to the value
of induced pseudoscalar weak coupling constant 8p . Also, it has
been shown /3:4/ that I'y(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 I3, (k) at least for RMC on % (Ca.

It has recently’® been shown that the standard impulse—ap-
proximation (IA) calculations of RMC 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 ‘appropria-
te modification of the impulse approximation (MIA) scheme has
been derived in ref.’/®/ . It provides realistic results for the
RMC photon spectra; in particular, the numerical results obtai-
ned in ref./8/ for the RMC rate on 0 and 4Ca show that this
microscopic approach and the phenomenological calculations’/7:8/
are in mutual agreement.

In view of the above-mentioned experimental efforts to measu-
re with precision the correlational RMC characteristics, we ha-—
ve extended the MIA calculations of ref.”’® to the cases of pho-
ton Rolarizagion and muon spip photon aswmestry,

2

it

2. CALCULATIONS

According to the general invariance.principle§, one(ﬁ?n wri-
te all the RMC observables in terms of two functioms P (k)
and Rg?)(k). They enter the matrix element squared of the RMC
transition from the state |i > to the state |f> in the form

2

: (9 M > 5 (M,
Mg |7 > [aQpP (k) + £-kRy (K), ()

where E = k- k is the photon momentum, A = +I is the circular
polarization of the photon, and ¢ is the muon spin vector,
Y
cosfyy = K- E - .
The inclusive photon spectrum 1S

\)
N(k) = 2 X Ng (k), . )
f A
where
A) )

NS (K) « faQpPy (K.

(3)

The asymmetry coefficient Iy (k) controls the angular distri-
bution W(k, 6,, ) of the photons with respect to & ,

W(k, 6,,) « 1 + T, (k) cost,, . ' (4)
In our notation I'y is given by

2o o’RY (0
L, () = — A oy , (5)

% §(kfi - k) Pyt (K)

where kzax is the maximum photon energy. ' )
The circular polarization Py(k) of the photons is obtained

in the form
2 (NP - N )

P, (k) . %)

2 NG () o+ NG (k)

. (A) ) ,

The calculatioi. che functions Pg (k) and R(i.(k) though
cumbersome, can indeed be domne straightforvardly using the for-
mulae of ref.”® In the present calculation, we follow all ap-
proximations which were introduced in that paper. ]

Our numerical results for P, (k) and [} (k) are shown in the
table and the figure. i, —
o BBl . o B CTETYR A 3
PREES ST WE R

et o 3T 4 A




3. DISCUSSION

The most obvious observation is indeed that the results sup-
port the expected strong dependence of both Py (k) and 'y (k) on
the pseudoscalar coupling constant &p . The full (dash-dotted)
curves are all calculated in the MIA with the Eisenberg and
Greiner /?/ (Rose 19/ ) decomposition of the electromagnetic ‘
vector potential, for details see ref.’6’ The comparisan of
the two cases shows that the theoretical result is rather stab-
le with respect to the details of imposing the continuity-equa-
tion constraint in the RMC calculations. ‘
The dashed curves in the figure were calculated using the :
standard IA approach and gp = 7.5. Comparing them with the full
curves (corresponding to the MIA) calculated for gp = 7.5, one
can see the important effect on the calculated I} (k) due to the
continuity—equation constra1nt As for our TA results, they in-
deed agree with those of ref. 4/ . Several 1nterference terms
of the ‘order mu/mNnJ/IO were left out in ref. but included
here. They change, however, only negligibly the inclusive RMC
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on 80 agnd PCa. Full and dash—dotted lines were calcula-—
ted using MIA (see the text); for the dashed lines we ha-—
ve applied the standard IA.

characteristics. Actually, it has been shown (see eq.(3.9) in
ref./3/ ) that such terms provide a zero contribution if the nu-
clear closure approximation is applied.

To elucidate the question of the sensitivity of our results
to the nuclear structure model used, we have repeated the cal-
culation of P (k) and I, (k) for the lhew model of the nuclear
final states of the r{ nucleus (no correlations in the 160
ground state) and compared them with the result presented in the
table, which corresponds to the lhw +3hw model space of the 8N
final states (Ohw +2he correlated ground state of 0). The re-
sults are numerically almost identical, the difference being

far less than one per cent in agreement with the results of

refs.”34 mentioned in the introduction.

Table

Predictions of photon eircular polarization B,(k) and muon
spin4€h0ton asymmetry coeffictent Ty (k) for RMC on 180

and Ca as a function of photon energy
P, (k) T, (k)
k (MeV)
g,=4.5 1.5 12.0 4.5 7.5 12.0
80 (47, y) 1N
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 0.671
89 0.935 0.846 0.681 0.923 0.816 0.630
4oca(u_,yu)40K
57 0.967 0.929 0.838 " 0.966 0.924 0.830
65 0.961 0.914 0.808 0.959 0.907 0.801
73 0.954 0.894 0.771 0.950 0.887 0.768
81 0.945 0.872 0.731 0.939 0.862 0.724

89 0.938 0.856 0.701 0.928 0.831 0.659

Asymmetry coefficients Iy (k) of photons from RMC f

Before concluding, we wish to comment that the .strong energy
dependence of I, (k) for gp 210 (see the figure) together with the
very low statistics of the measurements in the high k region can
probably lead to a substantial inaccuracy in extracting the va-
lue of gp from the comparison of the measured energy-averaged

Fy with the calculated r} (k) . .



The available experimental data for the ene&gy—averaged cor-
‘relation parameter I’y are summarised in ref. . Th?‘Post re—
cent result I'y = 0.80+0.17 is due to Doebeli et al.”™ . Toge-
ther with our calculation it leads to the value gp = 1148 not
accurate enough to draw any conclusion at this moment.
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FmmTpo M., Kamanos C.C., OsuuHHukOBa A.A. EL4-86-760
Pauuauuounuu 3ax8aT MOMAPU3OBAHHBHX MIOOHOB AAPaMI
18 4, 40 Cg

PaccuuTanb KO3GOUUMEHT ACMMMETPUM YIrOBOro pacnpepeneHns GOTOHOB U uup-—
KynApHan nonapusayMa QOTOHOB ANA Npoyecca pagMayMoOHHOro 33axBaTa MNONAPU3OBAH-]
Hex MiooHoB sApamu 18 0 w 40Ca, Mpu nocTpoerun onepaTopa npouyecca GuNo ucnonb-
308aHO YPaBHEHWE HENPEPLIBHOCTHU AREPHOrO INEKTPOMArHUTHOrO Toka. XapakTepuct
TUkn Npouecca PaAUAUMOHHOIrO 3axBaTa MIKOHOB AAPaMWM NONYYEHH NYTEM CyMMUpPOBaH
HUA OTAREMbLHLIX NApPpUManbHuX HEDEXORQB. ﬂAepHue COCTORHUA ONUCHLIBAIOTCA B8 MUKPO—
CKoruuyeckor obonouyeuroit mogenu. [lokasaHa CUMbHAA YYBCTBUTEMLHOCTL KO3QOUUM-
eHTa acuUMMeTpUU U YUPKYNAPHOM MONAPU3AUMM K BENUUMHE KOHCTAHTH MHAYUMPOBaH=
HOrO NCEBAOCKANAPHOrO B3aMMOAEWUCTBUA Zp n Cnabasa 3aBUCUMOCTbL 3TUX XapakTepu-
CTUK K AeTanAM CTPYKTYpPW AOEpHHX COCTOAHWI. [lpoBegeHO CpasHEHne C 3KCnepu-
MEHTOM, KOTOopoe AaeT ANA Ep BenMuuHy 8p = 11+8. Bonbwas norpewHocTs 8 3KC-
nepumenHTanbHEX U3MEPEHMAX HE NO3BONAET AeNaTh KOHKPETHHX BHBOAOB.

PaboTa suwnonHeHa B flaBopaTopun TeopeTuueckoi duauku OUAK.

Mpenpunr O6bemimeHOro MHCTUTYTa AmepHBIX HccnemopaHuit. Jy6ua 1986
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Radlatlve Capture of Po]arlsed Muons on
180 and ¥¢ca

The coefficient of asymmetry I3, (k) of the photon angular distribution
(with respect to the muon spin) and photon circular polarization P, (k) ha-
ve bheen calculated for the radiative muon capture (RMC) on 180 and’ 40Ce
and compared with the data.Nuclear states are treated in a microscopic mo-
del; the RMC characteristics are obtained by summing the contributions of

individual partial transitions rather than by using the closure approxima=
tion.

The investigation has been performed at the Laboratory of Theoret|cal

Physncs, JINR. .
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