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1. BepodaTHOCTH naplHalbHHIX NMEepexoaos

PaccyuTanbt Napuualbieie NepeXolnl MpH 3aXBaTe MIO~ME3OHOB sApaMH
9Be, 198 , 13C , 4N , 1*N u !?F . liccnepoBaHa 3aBUCUMOCTE CKOPOCTH
nepexoaoe OT NEPHOR CTPYKTYphl. O6CYXAAeTCS BOSMOXKHOCTb H3BICYEHHA
uHbOpMALKH O KOHCTaHTAX MIOOH-HYK/IOHHOrO B3aUMOAEHCTBUS H3 paccMoTpei-
HbIX TEepexoloB.
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Partial Transitions in Muon. Capture by Complex Nuclei
l. The Capture Rate

The partial capture rates in muon capture by some light nuc-
lei (%Be, B ,15C, N, N and '’F ) are calculated, The de-

pendence of capture rates on nuclear structure is investigated. The
possibility of deriving muon-nucleon coupling constants from data
on light nuclei is discussed,
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I.Introduction

At the present time one cannot obtain complete information
on muon-nucleon coupling constants from the experimental data on
hydrogen. Therefore one is forced to extract the necessary infor-
mation from the experiments on complex nuclei. For this purpose
the partial transitions (transitions to the definite state of the ﬁnal
nuclei) in light nuclei seems to be of principal interest to date. The
other processes are connected with the nuclear problems to a gre-
ater extent and their interpretation depends essentially on the as-
sumptions on nuclear structure. However, even in the case of the
partial transitions one fails to solve thenuclear part of the problem
reliably. This can well be seen on the example of the transitions
in *He and '?C. The structure of these nuclei is known sufficiently
well. Nevertheless one cannot, as yet, determine all components
of their wave functions sufficiently accurately so that to extract
reliably an additional information on muon-nucleon coupling con-
stants. As to the other nucleithe accuracy of calculation of the cap-

ture rate is hardly comparable with the appropriate one in He and



"% . Therefore it is of great importante to find such characteris-
tics of the transitions which are not so sensitive to the details of
the nuclear structure. It is clear that such properties will be in-
herent most likely in the characteristics depending on the ratio of
the nuclear matrix elements rather than on their absolute value.
These are the ratio of the capture rates from two states of the hy-
perfine doublet of mesoatoms ¢ A,/A) , asymmetry of the recoil nuc-
lei relative to the muonpolarization vector, y -+ correlation, etc,
In the present paper we discuss the capture rates from two
states of the hyperfine doublet of mesoatoms only and investigate
their dependence on nuclear structure. We deal essentially with the
allowed transitions, where the present theoryprovides the caléulat-
ion of the nuclear matrix elements rather reliably, We confine our-
selves to Ip-shell nuclei from °Be to *N and consider only one
(25~ 1d)_ghell nucleus, namely ’°F. The first forbidden transitions
are discussed on the example of '*N - For heavier nuclei the density
of the excited states of the daughter nuclei essentially increases and
the separation of the partial transitions becomes verycomplicated.
It should be noted that among the other transitions only the corre-
lation measurements in the transition Ve (0°)-2°*F(1*) geem to

be of interest.

II. The General Expression for Capture Rates from
the Hyperfine State of the Mesoatom
The general expression for the capturé rate from the definite

state of the hyperfine doublet has the following form
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In (1) Z_, is the effective charge of the nucleus. Their values
are given in Table 1. We shall take into account also the strong
matrix elements of the next (second) order of forbiddenness because

their contribution is sufficiently important:
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In (2) and (3) /, and /, are spins of the initial and final

nuclei, £=/,2* 1/2, u,(k) are the combinations of the nuclear mat-

rix elements and coupling constants/ /
OI. Calculation of Nuclear Matrix Elements

The shell model wave functions with an intermediate coup-

ling scheme were used to calculate the nuclear matrix elements.



The parameters are chosen to deséribe the low-lying states of
light nuclei. The wave functions for nuclei 4= 9,10,13 and 14 are
taken from/ 2'/, for 4=15- from/a/, and for 4=19 - from/4/. The
results are mostly sensitive to the parameter “#” of an interme-
diate coupling scheme. At present one cannot determine this pa-
rameter uniquely. Therefore we shall vary it within the range of
its optimal values. Such a variation enables one to investigate the
dependence of the capture rate on this parameter.

The ratio [12z1/[ 1211 for some transitions is given in Table 2.
From the calculation it follows that we must take into account all
[12.] matrix elements from both allowed [/2/]and second forbidden

/5,8/

investigating the transitions in g and 4 nuclei. The obtained

a -~ [7221and {123]cases. This fact wasindicatedinpapers when
results enable one to generalize such a conclusion to all transiti-
ons in light nuclei. Therefore in all calculations we take into ac-
count the strong matrix elements of higher degree of forbidden -

ness,

IV. Partial Transitions in Light Nuclei

1. Transitions “Be (3/27) - °Li. The ground state Spin‘Of

Be is 3/2 . Allowed are the transitionsto J = 1/27, 3/2" and

5/2 levels of °Li . The theory predicts such bound states of
°Li (Fig. la). The experimental information on °L: is very poor.

It is known only that this nucleus has bound states. Their quantum

numbers are undetermined.
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The results of calculation of the capture rate to the ground

and three excited states are given in Table 3. Together with the

/2/ //

level scheme and transitions in nuclei 4 =9 were investigated in

wave function of we used the functions of paper’ *, where the
details. Both sets of functions are close to each other when the pa-
rameter % has its optimal value ( ¥ = -1.2 MeV).

The capture rate to all bound levels is very small. This is
due to the supression of the principal matrix element [ 101] resul-
ting from the Yang scheme selection fule. As was mentioned in/ 8/ s
the same holds for the inverse process of beta decay of °L: . Since
the principal matrix elemgnt is small the effect of all others in-
creases. This is easily seen from the comparison of the results of
Table 3. It should be noted that in the last three rows (the so-cal-
led [101] approximation) the results are obtained by taking into ac-
count only the principal matrix element (1011 , the latter being cal-
culated for the optimum value of parameter * .

Taking into account the strong dependence of the capture
rates and their ratio on the parameter “*#” one concludes that the
muon capture transitions in ®Beare not favourable for studying

the muon-nucleon coupling constants.

2. Transitions °B(3* ) - 1°Be¢ #) Transitions to the bound
excited states of '°Be (Fig. 1b) with / = 2* ,E=3.37 MeV and
E = 5,96 MeV are allowed. The calculated values for the capture

rates are given in Table 4. Since the principal matrix elemenf{ 101]



for the transition to the level at £ { 3.37 MeV is supressed, the
capture rate is small and sensitive to the parameter * .

The transition to the £ = 5.96 MeV level is of significant
interest. The capture rate is large and within the region -1.0 MeV
<k < -1,4 MeV it changes a little (about 10%). This means that
A, and A_ are not so sensitive to parameter * |, Finallythe ratio
A, / A_is practically independent of ¥ (Fig. 2a).Indeed, the curve
1 of Fig. 2a represents this ratiopracticallyfor all the values of ¥ .
Although the ratio itself is slightly dependenton % it is very es-
sential, that all the matrix elements, including the second forbid-
den ones, are taken into account. In[10l] approximation (curve 2)
the ratio is almost twice as smaller. ’

The weak dependence of A, /A_on % enables one to hope toget
some new information on muon-nucleon coupling constants provi-

ded that the experimental data are available.

3. Transitions ?3c(1/27) » ?*B . Allowed are transitions to
- the levels at about £ =3.7'MeV andtothe ground state of **8 . The
calculated values for the capture rate are given in Table 5. Both
the capture rates and the ratio A-/ A. to the ground state of

3B are very sensitive to g,/ 8, and at the same time to the pa-
rameter k , The latter would make the interpretation of the expe-
rimental data difficult. Therefore the transition to the ground state

of °B is less favourable in comparison with transition in’°B ,



4. Transition "N (17) -+ '“C(2”). Transition to 2* level at
E=17.01 MeV is of interest. The peculiarity of this level is the
large admixture of 24w excitation. From the experimental data it
follows that the wave function of £ = 7.01 MeV state has the fol-

lowing structure:
Y(2%) =a, ¥ (1p%) +a,¥ (1p® (25 -1d 17 ), (4)

where ¥ (1p?9)is the wave function with configuration 1s*;1p'°.This

/2/

function is taken from’ . The optimal value is ¢ =-1.05 MeV,
¥ (1p®[2s-1d)* ) is the wave function with 2hw excitation. Its explicit
form is unimportant because it does not contribute to the matrix
elements. This is due to the smallness of such an admixture to the
ground state of ‘N , According/ 9/ to the experimental data,
7a/a /<1.04 £0.02. The capture rate, calculated with this value of
a is given in Table 6. At % =-1.05 MeV the theoretical value of
A 4o iS equal to 11.3'103sec-1 and is in good agreement with the
experimental one: A .., = (10t 3).103 sec™). The ratio A—/ A+ is
given in Fig. 2b, where curve 1 is [101l approximation, curve 2
includes all matrix elements calculated in intermediate coupling
scheme, and curve 3 in j_; coupling.

As follows from Table 6 and Fig. 2b, the capture rate depends
weakly on parameter k , so does the ratio A_/ A, . At the same
time they both are very sensitive to g, / g,- Therefore one ca~1n hope
that this transition is favourable for the analysis of muon-nucleon

coupling constants.



5. Transition '°F (1/2*) - %0 . The level scheme of °0 for-
med in muon capture by ‘*f is given on Fig. lc. In *0 there is
a large number of bound states. However only some of them are
identified. Therefore we consider only the transitions to two low-
lying levels: 3/2" at E- 0.097 MeV and 1/2%at £ - 1.46 MeV, The

calculated value for the capture rate is given in Table 7,

6 . Transitions *N (1/27 ) » *5C.In **C there are two bound
states: the ground (1/2 *) and excited (5/2" ) ones. The calculated
capture rate is given in Table 8, The capture rate is sensitive to
the parameter of intermediate coupling (in this case such a para-
meter is the amplitude Vv, of the residual interactionbetweennuc-
leons in nuclei). The ratio A_ /A, is less sensitive to ¥, for the
transition to 5/ 2" level, as is seen from Fig. 2¢, wherecurve l is
the result in j-j coupling scheme (¥, =0 ), and curve 2 in inter-
mediate coupling with v -.50 MeV. However, bearing in mind the
situation/ V in partial transitionsin ?°0, we shouldnot overestimate
the capability of the model, Some additional calculations are thus

needed.

V.Conclusion

The transitions discussed in the present paper together with
transitions in ?ge, ©Li, **Be, 3% and 0 ( which have exten-
sively been discussed by many authors) exhauste practically all the
transition in the region of light nuclei which appear to be of inte-

rest . Unfortunately almost in all cases one cannot avoid the model

10



description of the nuclear structure when analysing the characteris-
tics of the partial transitions. Some new possibilities arise when
one investigates the ratio of the capture rates from two states of

the hyperfine doublet of mesoatoms., In some cases, in transitions

to the level E = 5.96 MeV in Be and to E=17.01 MeV in ‘¢C the
ratio is practically independent of the parameter % of the shell
model. One can hope, that such cases are favourable for obtaining

some new information on the muon-nucleon coupling constants.
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Table 1’

The Numerical Values of (Zeff/z)‘+

Rucleus 9Be 1OB 3¢ 4y and 15}{ 19
(zet£/2)*  0.927 0.889 0.885 0.829 0.730
Table 2
The Ratio of Matrix Elements [12U]/ [121] in Some Transitions,
Rttt S i S e S sTm=EsSss == = TS SgSS==IR|/= SpE=SzsgssT=x E=====
3& — .9& IDB — /oge 3 Mec L‘C" 08 “,y-,"c ’;.’f_. IJO
- - - - - - ¥
T % w e e m w2 4
[123] 7 [121] f 9.45 0.012 ~4.41 - | -15.72 15.11 - - | 0.4 -
[122] 7 [121] J‘ -2.57 0,68 9.55 11| - 0.33 - 1.64 "'3'6‘*J 3'66J 2-27“‘ —0.53
E RS E R P B P I P R P R T S S R P e S==SCI=S==8=T=SI=
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Table 3
The Capture ﬁate in /4 +9%Be »7Li +vV  (in sec.™ M)

{104
! K==1.0 MeV K==1.2 MeV E=-1.4 MeV Barcex/ 7/ Approxim]ation

Wl Ae L Nae [ At Y e T4/ [0l A | Afrs TAsut] As | Aofp. (att] A, | Asfr- T Asae
Ground state (3/27) of “Li ;

4 62 0.306 114 40 0.283 78 27 0.257 [ 56 |40 | 0.289 | 77 :34 1 0.372 55
7 | 60 0. 317 109 39 0.29% 74 27 0.269 | 54 | 39 | 0,297 | 74 | 32 0. 387 52
: 40 0.329 71 28 0.305 [ 52 | 39 | 0.326 | 70 || 32 0.431 47

}
‘ Level (1/27) at E = 2.1 MeV
4 8 | 0.046 72 | 9 | 0.052 | &7 9 | 0,059 |61 k 7 | 0.075|41] 2 | 0.011 | 62
7 ¢ 12 0.075% 68 j 12 0.083 63 12 0,091 57 10 0.110 | 39 4 0.025 58
12 0 21 0.158 63 | 21 0.170 58 20 0.184 53 15 0.206 | 36 8 0.066 53

Level (3/27) at T = 13,6 MeV

{ 0.426 60 33 0.43 |50 |48 | 0.426 |73 | 28 0.371 46
7 51 0.435 76 40 0.440 60 34 Q.447 150 |49 | 0.441 | 73 ) 27 0. 385 43
> : 0.464 60 25 0.468 | 50 |51 | 0.470 [ 731 26 0.425 40

: Level (5/27) at § ="2.6 MeV

4! 88 f1.752 ] 74 " 55 | 1.282 | 49 | 33 | 0.937 | 54 $87 |1.888 |72 hos | 55.75 | 66
‘ L1 TS 1 0,920 | 49 28 | 0.670 |33 176 | 1.238 {68 |96 | 24.60 | 62
12 | 60 | 0.7%39 | 68 J% 0.5%2 | 45 || 20 | 0.378 |32 §59 | 0.771 |65 |85 9.44 | 56

®== ,.._-=.._.____====::l::==:=




Table 4
The cature rate to 2* levels in 1°B (in 10° sec'1)

10
K == 1.0 MeV K == 1.2 MeV ==1.4 MeV app;oxilation

Fhl A M. At A M. Astat A Mg Ashk A M. Akt

Level at E = 3,37 MeV

0| %63 0.169 1.90 4,53 0.146 2.32 5.53 0.128 2.75 0.52 0.002 Q.22
?7 12,77 0.227 1.51 3.42 0.199 1.86 4,20 0,178 2.23 O.42 0,035 0.19
12 | 2416 0.332  1.34 2.75 0,297 1.64 3.329 0.2717  1.98 0.35 0.095 0.17

R4

4

Level at E = 5.96 MeV

0 f16.64 0.019 7.31 17.45 0.020 7.68 18.15 0.021 7.99 16.12 0.002 6.93
7 |13.42 0.065 6.25 14,04 0.066 6.55 14.58 0.066 6.80 12.96 0.035 5.81
12 [11.43 0.138 5.80 11.94 0.139 6.07 12,38 . 0.140 6.29 10.98 0.095 5.30
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The capture rate in /U~ +

Table 5

Ve Vp 4y (in 102 sec™l for the transition to the ground state and
in sec™! for E = 3,7 MeV one)

===q=-=-—;:; .0 MoV B K 1.2 MeV K =-1.4 MeV ";;;ZZEKZ;; -------
J’fyq un Ae  Astek A4 A /A4 Astal N4 AN Nslak Ns '/7-//f+ Nsalk
Ground state (3/ 27) ox 158
0 | 12.88 0,005 9.67 10.15 0,007 7.63 7.87 0.009 5.92 10.86 0.003 8.16
11.45 0,007 8.61 9.06 0,005 6.81 7.05 0,003 5.30 9.04 0.052 6.90
12 10.76 0.0%9 8.17 8.55 0.034 6.48 6.68 0,028 5.06 8,04 0.135 6.30
Level (1/27) at & = %.7 MeV .
A+/A. Av/h. A+/A. As/p.
0 50 0.193 103 69 0.20Y 136 86 0. 224 161 27 0.112 80
7 | 54 0.226 100 74 0.23%9 133 91 0,253 159 26 0.131 68
12 m57 0.254 99 78 0,265 132 . 95 0.276 158 27 0.164 62
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Table 6

The capture rate to 2% level in transition /u + 1‘!'N - 140 + Vv (in ‘IO3 sec'1)

T Ko T A T A i
oyl N Afs Ak Ne ANy AR ANe A Adld T A A Nelal
(o] 20.71 0.001 13,81 18.86 0.002 12,59 | 18.44 0,003 12.31 “ 19.87 0.003 13.27
Vi 17.82 0.054 12.09 16,33 0.038 11.10 15.95 0,039 10.84 | 16.28 0.053 11.14
12 16,30 0.096 11.39 | 14,99 0.101 10,50 l4.64 0,102 10.26 ; 14,26 0.139 10.16
Table 7
The ocapture rate in l« +1% 19 .y ( in seo "1) at 3;'/"-7 .

A + A - A../\ + A stat
32t 1006 110 0,11 782
1/2* 140 1168 8,35 397




The capture rate in/u‘+ 5 N - Ve v v (in 103 sec'q)
===F===================::::=" 3t 343t 4+ I+ttt -t St T 4 4 Pt R
i V, = = 50 ¥eV qr Vo = - 40 MeV | Vo = 0O
‘4 A A ! “
o Afhe Ml 0 M Afe Ak | s M ATA
Ground state (1/2%) of 1SC
; 7 T
0 ? %.82 0.100 2.96 | 4,11 0.122 3,21 ﬁ 5.53% 0.316 4.59
7 3.32 0.046 2.93 2,59 0.061 2.75 ; 4.90 0.220 3,94

12 .06 0.0%7 2.29  3.28 0.027 2.49 ¢ 4,54 0.153 %.58

Level at (5/2%) E = 0.75 MeV

T T
0! 5.76  w.u12 4,32 7.38 0,002 5.54 h 15.82 0.005 11.89
7 4,60  0.051 3,50  5.88 0,056 4,49 ﬁ 12.57 0.075 9.66
121 3,96  0.150  3.42 . 5.07  0.160 4,00 F

I 10.81 0.195 8.64
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Fig. 1. Partial transitions scheme in muon capture by °Be , ‘B
and !*F .,
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Fig. 2. The ratio of the capture rates from two states of the
hyperfine doublet as a function of g /8, -
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