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INTRODUCTION

Recently, study of phenomena involving muon po-
larization has been widespread in the fields of particle,
nuclear, and solid-state physics. In these investigations,
1t is essential to determine the muon polarization in the
15,2 orbit of the muonic atom experimentally since this
polarization differs from that of the original muon beam
due to the depolarization effect in the cascade-down pro-
cess. The experiment can take the form of measuring the
asymmetric angular distribution of the emitted electrons
with respect to the direction of the muon spin polarization.
This is because parity is not conserved in muon decay,
and the asymmetry of the emitted electrons is the product
of the degree of muon polarization and the asymmetry
parameter. Since the latter is derived from theory, our
work is therefore to produce reliable values for this quan-
tity.

The asymmetry parameters can be obtained easily
if we know the energy spectrum and the angular distri-
bution of the emitted electrons in the bound-muon decay.
In the early 1950s, Porter and Primakoff! first pointed
out that the decay rate and the electron energy spectrum
in bound-muon decay are quite different from those in
free-muon decay. Later, the energy spectrum was correctly
calculated by Huff> and Hiinggi et al.? by taking into ac-
count the effect of the finite nuclear size; the decay rate
of a muon in the bound state was shown* to depend upon
the atomic number Z. There are two publications of lim-
ited accuracy on the angular distributions of the emitted

166

electrons in low- and medium-Z regions.>® However, there
is now a need for asymmetry parameters of higher ac-
curacy to determine the degree of the initial muon po-
larization, for example, the initial muon polarization in
C in the study of the average polarization of the recoil
nucleus in muon capture’ or the polarizability for the
bound-muon spin in Pb and Bi due to their internal mag-
netic fields,®*

In order to improve the accuracy of the theoretical
values for these physical quantities, we have constructed
a general formalism for the angular distribution of emitted
electrons in bound-muon decay in terms of the multipole
series of the relativistic electron wave functions.'® The
effect of finite nuclear size on the wave functions was
properly taken into account for both the bound muon
and the emitted electron. The electron energy spectrum
and several kinds of asymmetry parameters of the angular
distribution of electrons were investigated numerically in
four typical cases of muonic atoms: '®Q, *°Ca, *°Zr, and
208ph_ In the present work, we extend our numerical stud-
ies to various additional muonic atoms. We briefly sum-
marize here the formulas required in the numerical cal-
culation of the angular distributions of emitted electrons
in bound-muon decay. For details of the derivation, the
readers should refer to Ref. 10.

The interaction Hamiltonian density of the charge-
exchange type for the muon decay, u — ¢ + », + 7,, is
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expressed in vector-axial vector (V-A) theory as

H = (G/V20va1 + ¥, % (01 + v s, (%)
+ h.c. (1)

Here G is the universal weak coupling constant, ,(x)
denotes the field operator of a particle « (a = p, €, »,., v,),
and we use the natural units A = ¢ = | hereafter. We
assume that the neutrino and antineutrino are massless
and neglect the nuclear recoil energy in bound-muon
decay.

The decay probability of the bound muon in the
Ls,,; state for emission of an electron with energy £, where
E includes the electron mass m,. into a solid angle d(,,
15 expressed as
WE, O)dEJdQ. /4T

= [MF) + A(E)P cos 8)dEdQ /47,  (2)

N(£y and A(F) in this equation are the energy spectrum
and asymmetry coefficient, respectively. P is the muon
polarization in the 1s,,; state, and # is the angle between
the muon polarization axis and the electron momentum.
Here, we simply omit the effect of the higher order ori-
entation for odd nuclei. The M(E) and A(E) normalized
by the free-muon decay rate, Age. = G°m, /(1927 with
i, being the muon mass, are expressed in the forms

H-r
ME) = (16/anm)EVE? — m} 3 (2), + 1)f k3dk
I (§]

XA = EY = KN S9 U + 1]

+ S5 + 12T + DY+ S22 + D]
+ KIST P+ 1(Sh + SID1RT + 1))

+ (W — B[S + S35, + ce /(2 + D (3)

and

AEY = (16/7m)EVE? — m;

X > it hexpli(s, — 8,)])(—) et

T’

X V1722, + 2+ DA 3 45 10)
X (o d g = 1101 = (=)+~]

H-F
X f Kk (W = EY — K2 ST*S9. /10 + 1]

0
+ SESL/U + DRI+ DY+ 8585/ + D))
+ACSTESL, + (S + SUNSYL + SIhT + 1))
+ (MW — EYK(S)Y + $.S0.

+ 8PS+ SIHRI+ D)L (4)
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where the matrix elements S7., in Egs. (3) and (4) are
defined as

S9. = % f ridr jykn{[l + ()10 + @G = LF)

+ il = (5 = LG+ g F)). (5a)
Sha = % f ridr jp(kn)tll + ()]
X[+« + 2)gF+ (xk — DG+ [l — (=]
X[(J—«+2)LF+(J+xgGl, (5b)
sut =3 [ i ikotn + -y
X[+ &k =DNgF+(+«+ )G+ [l — (=]
X[t =« =NLF=(J—x+ DgGl. (5¢0)
and
Si.= % f ridr j; (ki1 + (586G + 1)
+i[t = ()G = g ). (5d)

Here W' is the total energy of the bound muon including
its rest mass and X is the momentum transfer to the two
unobserved neutrinos. The quantum number of the elec-
tron, «. is a nonzero integer which uniquely specifies the
orbital angular momentum /, and the total angular mo-
mentum j, as
K

[x]
The functions W (abedef) and (jmj'm’|JA) in Eq. (4)
stand for the Racah and Clebsch-Gordan coeflicients, re-
spectively. The g, and f, are. respectively, the large and
small components of the radial wave function of the elec-
tron, and 6, is the Coulomb phase shift. They are obtained
by solving the following Dirac equation numerically.

E+ m,— V(N\/e.
m (;))(gv) e
(« — L)/r A

Je= Akl = L=j+ (6)

S
o] —

dg./dr\ —(x + 1)/r
(d/;/dr) (—E + m, + 1)

where 1(r) is the Coulomb potential given by the nuclear
charge distribution. The normalization of the electron ra-
dial wave function is explicitly given in Ref. 11 in con-
nection with the phase shift. Similarly the G and F are,
respectively, the large and small components of the radial
wave function of the muon in the 1y;,» state and are also
obtained by solving an analogous Dirac equation (7) after
substituting m, = m,. £ - W, g — G, /. = F, and «
— —1; the relevant normalization condition is

f (F? + GHidr = 1. (8)
0
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We define the asymmetry by

A(E)

Ey=—— 9

BE) = 55 ©)

at a given energy of the emitied electron. In experiments

the asymmetry is, however, measured for the integrated

energy region between a lower and an upper boundary.

Therefore, it is useful to define the asymmetry parameter
by

L’;’m‘ AEYdE

A E, Emay) = (10)

[im N(EYE
Here E and FE,,,, are the lower cutoff energy and the max-
imum electron energy from the bound-muon decay, re-
spectively. Because of the normalization adopted in Eqgs.
(3) and (4), the following two relations hold for the free-
muon decay,

f/\“'(b')db' =1 and f/i(E)dE = — % . (1n

where the integrals should be performed over the whole
range of E. If we assume the observed integrated energy
spectra as

Emax
f WE, 0)dE « [1 + &E, Eme)cos 0], (12)
r

then we obtain the muon polarization P as
P = ok, Ena)/alE, Ena). (13)

Note that the resultant P should be independent of the
choice of the lower cutoff energy F.

In order to take into account the effect of finite
nuclear size on the lepton wave functions, we adopt a
nuclear charge distribution of the Fermi type with two

Bound-Muon Decay

parameters,

r—c\1"!
p(ry = Pu[l + CXD(T) (14)

Xg = exp(— 2) . (15)

Parameters ¢ and ¢ are determined from electron scat-
tering experiments, The Coulomb potential is defined (in
natural units) as

1" , *
r) = —aZ[; f p(rri~dr' + f p(r’)r'dr’]
0 ¥
) (.2 rZ ﬂ,'.’a?. R o, (_1)/\ \
= — _ — _+_ —_— < VA
"l”"[z 676 X
2 3o VK
- > el l\) (x5~ x’")} forr < ¢
roo Kk
[ ntdie s =0
= alp[][r {3 + 3 2a l\gl k3 (_\() X )]
2 < (- —A ,
+a D —5x forr>c¢ (16)
i1 K

with « being the fine-structure constant and

X = exp(r - Ll) . (17)

a

The Dirac equations (7) are solved numerically for the
muon in its 1s,,> state and for the electron in each quan-

TABLE A

Adopted Charge Parameters, a and ¢, and Calculated Values of the Muon Binding Energy BE, the rms Radius (r*>"?, and the
Decay Rate A,,,,,, Normalized to the Frece-Muon Decay, for the 1s,,; State

Nucleus
Nucleus 10 Al #si “Ca *Fe N07r Mo 118Sn 208ph 09B;
a (fm) — 0.569 0.569 0.563 0.5935 0.532 0.573 0.584 0.549 0.468
¢ (fm) —_ 2.845 2.935 3.517 3.971 4.66 4.875 5.303 6.624 6.75
BE (MeV) 0.179 0.463 0.535 1.06 3.68 3.95 5.19 10.5 10.7
2 (fm) 558 34.9 325 234 13.3 3.0 11.7 9.20 9.15
Az, 0.994 0.992 0.991 0.981 0.971 0.936 0.932 0.914 0.847 0.845

Note. A point nucleus is assumed for '*O.
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tum state «. The contribution of the higher quantum states
« to the decay probability [Eq. (2)] is taken into account
until we have convergent results for the numerical values.

In Table A. we summarize the adopted numerical
values of the charge distribution parameters, ¢ and ¢,'?
and the calculated values for the muon binding energy.
the root-mean-square (rms) radius, and the decay rate,
normalized to the free-muon decay, for the 1s,,, state.
We adopted a point nucleus for '°O. The decay rates were
calculated with a precision better than 10", which may
be useful for possible future experiments with high ac-
curacy.

Finally. the numerical values for the energy spec-
trum ME) (MeV™"), asymmetry coefficient A(E) (MeV "),
asymmetry 8(F), and asymmetry parameter o«(E, Emal)
are obtained as functions of the energy E (MeV) of the
emitted electron in the bound-muon decay for each
muonic atom. They are given in Table I for the muonic
%0, YAl 88i, °Ca, *Fe, *'Zr. **Mo, '"*Sn, **Pb, and
209B; atoms.

For purposes of comparison with free-muon decay,
the energy spectra N(E), asymmetry coefficients A(E), and
asymmetry parameters «(E., Epn,,) are also given in Figs.
1, I, and II1, respectively.
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EXPLANATION OF TABLES AND FIGURES

TABLE 1. Energy Spectrum, Asymmetry Coefficient, Asymmetry, and Asymmetry
Parameter

In Table I, the energy spectrum, asymmetry coefficient, asymmetry,
and asymmetry parameter are given as functions of energy of the emitted
electron in bound-muon decay of '°0, ?’Al, 28Si, “°Ca, **Fe, *°Zr, **Mo, ''*Sn,
208pb, and **Bi. A Fermi-type nuclear charge distribution with two parameters
a and ¢ is assumed except for %0, for which a point nucleus is assumed. The
numerical values for ¢ and ¢ are summarized in Table A, together with the
calculated values of the muon binding energy, rms radius, and decay rate
normalized to that for free-muon decay, for the ls,,» state.

E Total energy (MeV) of the emitted electron including its rest
mass

ME) Energy spectrum (MeV ') [see Eq. (2)]

AE) Asymmetry coefficient (MeV™") [see Eq. (2)]

BE) Asymmetry [A(E)/ME), Eq. (9)]

oE, En)  Asymmetry parameter [see Eq. (10)]
FIGURE I. Comparison of Energy Spectra for Free- and Bound-Muon Decays
FIGURE II. Comparison of Asymmetry Coeflicients for Free- and Bound-Muon Decays
FIGURE II1. Comparison of Asymmetry Parameters for Free- and Bound-Muon Decays

The energy spectrum, asymmetry coefficient, and asymmetry parameter
are also plotted, respectively, in Figs. I, 11, and 11, for comparison with those
for the free-muon decay.

]70 Atomic Data and Nuclear Data Tabies, Vol. 54, No. 1, May 1993
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TABLE 1. Energy Spectrum. Asymmetry Coefficient, Asymmetry, and Asymmetry Parameter
See page 170 for Explanation of Table and Figures
150 2TAl

E N{E] A(E) BE] AE Eomez) E N{E) ATE) BE) A F Emaa]
0.511 - - - -0.332 0.511 - - - -0.332
1.0 0.427E-04 0.119E-04 0.279E+00  -0.332 1.0 0.485E-04 0.134E-04 0.277E+00  -0.332
2.0 0.182E-03 0.553E-04 0.304E+00  -0.332 2.0 0.203E-03 0.613E-04 0.302E+00  -0.332
3.0 0.403E-03 0.121E-03 0.301E+00  -0.333 3.0 0.447E-03  0.133E-03  0.298E+00  -0.333
4.0 O0.701E-03 0.205E-03 0.293E+00 -0.333 4.0 0.773E-03 0.224E-03 0.290E+00 -0.333
5.0 0.107E-02 0.304E-03 0.284E+00 -0.333 5.0 0.117E-02 0.330E-03 0.281E+00 -0.334
6.0 0.150E-02 0.413E-03 0.275E+00  -0.334 6.0 0.164E-02 0.445E-03 0.271E+00  -0.334
7.0 0.200E-02 0.530E-03 0.265E+00 -0.335 7.0 0.217E~-02 0.567E-03 0.261E+00 -0.336
8.0 0.256E-02 0.651E-03 0.254E+00 -0.337 8.0 0.276E~02 0.692E-03 0.250E+00 -0.337
9.0 0.317E-02 0.773E-03  0.243E+00  -0.338 9.0 0.341E-02 0.815E-03  0.239E+00  -0.339
10.0 0.384E-02 0.892E-03 0.232E+00 -0.340 10.0 0.410E~02 0.935E-03 0.228E+00 -0.341
11.0 0.456E-02 0.101E-02 0.221E+00 -0.343 11.0 0.485E-02 0.105E-02 0.216E+00 -0.344
12.0 0.532E-02 0.111E-02 0.209E+00 -0.346 12.0 0.563E~-02 0.115E-02 0.204E+00 -0.347
13.0 0.613E-02 0.121E-02 0.197E+00 -0.349 13.0 0.646E~02 0.124E-02 0.191E+00 -0.350
14.0 0.698E-02 0.129E-02 0.184E+00  -0.353 14.0 0.733E~02 0.131E-02 0.178E+00  -0.354
15.0 0.786E-02 0.135E-02 0.171E+00  -0.357 15.0 0.823E~02 0.136E-02 0.165E+00  -0.358
16.0 0.878E-02 0.139E-02 0.158E+00  -0.361 16.0 0.916E~02 0.139E-02 0.151E+00  -0.363
17.0 0.973E-02 0.140E-02 0.144E+00 -0.366 17.0 0.101E-01 0.139E-02 0.137E+00 -0.368
18.0 0.107E-01 0.139E-02 0.130E+00  -0.372 18.0 0.111E-01 0.136E-02 0.123E+00  -0.374
19.0 0.117E-01 0.135E-02 0.115E+00 -0.378 19.0 0.121E-01 0.130E-02 0.108E+00 ~0.380
20.0 0.127E-01 0.127E-02 0.100E+00 -0.385 20.0 0.131E-01 0.121E-02 0.920E-01 -0.387
21.0 0.138E-0t 0.116E-02 0.842E-01 -0.392 21.0 0.142E-01 0.108E-02 0.759E-01 -0.395
22.0 ©O.148E-01 0.101E~02 0.679E-01 -0.400 22.0 0.152E-01 0.902E-03 0.592E-01 -0.402
23.0 0.159E-01 0.811E-03 0.510E-01 -0.408 23.0 0.163E-01 0.682E-03 0.418E-01 -0.411
24.0 0.170E-01 0.568E-03  0.334E-01 -0.417 24.0 0.174E-~01 0.415E-03  0.239E-01 -0.420
25.0 0.181E-01 0.275E-03 0.152E-01 -0.426 25.0 0.185E-01 0.969E-04 0.525E-02 -0.429
26.0 0.192E-01 -0.698E-04 -0.364E-02  -0.436 26.0 0.195E~01 -0.275E-03 -0.141E-01  -0.439
27.0 0.202E-01 -0.471E-03 -0.233E-01  -0.446 27.0 0.206E-01 -0.705E-03 =-0.342E-01  -0.450
28 .0 0.213E-01 -0.931E-03 -0.437E-01 -0.458 28.0 0.217E-01 -0.119E-02 -0.551E-01 -0.462
29.0 0.224E-01 -0.145E-02 -0.649E-01 -0.469 29.0 0.227E~01 -0.175E-02 ~-0.769E-01 -0.474
30.0 0.234E-01 -0.204E-02 -0.870E-01  -0.482 30.0 0.238E~01 -0.237E-02 -0.995E-01  -0.486
31.0 0.245E-01 -0.270E-02 -0.110E+00  -0.495 31.0 0.248E~01 -0.305E-02 =-0.123E+00  -0.499
32.0 0.255E-01 -0.342E-02 -0.134E+00 -0.509 32.0 0.258E-01 -0.382E-02 -0.148E+00 -0.513
33.0 0.265E-01 -0.423E-02 -0.159E+00 -0.524 33.0 0.26BE~01 -0.465E-02 -0.174E+0C -0.528
34.0 0.275E-01 -0.510E-02 -0.186E+00 -0.539 34.0 0.278BE~01 -0.556E-02 -0.200E+00 -0.543
35.0 0.285E-01 -0.606E-02 -0.213E+00  -0.555 35.0 0.287E~01 -0.656E-02 =-0.229E+00  -0.560
36.0 0.294E-01 -0.711E-02 -0.242E+00  -0.572 36.0 0.296E~01 -0.764E-02 -0.258E+00  -0.576
37.0 0.303E-01 -0.824E-02 -0.272E+00  -0.590 37.0 0.305E-01 -0.880E-02 -0.289E+00  -0.594
38.0 0.312E-01 -0.946E-02 -0.304E+00 -0.608 38.0 0.313E-01 -0.101E-01 -0.321E+00 -0.612
39.0 0.320E-01 -0.108E-01 -0.337E+00 -0.628 39.0 0.321E-01 -0.114E-01 -0.355E+00 ~0.631
40.0 0.327E-01 -0.122E-01 -0.372E+00  -0.648 40.0 0.328E-01 -0.128E-01 -0.391E+00  -0.651
41.0 0.335E-01 -0.137E-01 -0.409E+00  -0.669 41.0 0.335E-01 -0.143E-01 -0.428E+00  -0.671
42.0 0.341E-01 -0.153E-01 -0.448E+00 -0.691 42.0 0.340E-0t -0.159E-01 -0.468E+00 -0.693
43 0 0.348E-01 -0.170E-01 -0.489E+00 -0.714 43.0 0.346E-01 -0.176E-01 -0.509E+00 -0.714
44 0 0.353E-01 -0.188E-01 -0.532E+00 -0.738 44.0 0.350E-01 -0.193E-01 -0.552E+00 -0.737
450 0.358E-01 -0.207E-01 -0.578E+00  -0.762 45.0 0.352E~01 -0.210E-01 -0.596E+00  -0.759
46.0 0.362E-01 -0.226E-01 -0.626E+00  -0.788 46.0 0.353E-01 -0.226E-01 -0.642E+00  -0.782
47.0 0.364E-01 -0.246E-01 -0.676E+00  -0.813 47.0 0.350E-01 -0.241E-01 -0.689E+00  -0.805
48 0 0.364E-01 -0.265E-01 -0.729E+00 -0.839 48.0 0.341E-01 -0.250E-01 -0.735E+00 -0.827
49.0 0.358E-01 -0.280E-01 -0.782E+00 -0.864 49.0 0.323E-01 -0.251E-01 -0.779E+00 -0.847
50.0 0.340E-01 -0.283E-01 -0.834E+00 -0.888 50.0 0.291E-01 -0.238E-01 -0.818E+00 -0.866
51.0 0.293E-01 -0.258E-01 -0.878E+00  -0.907 51.0 0.243E~01 -0.206E-01 -0.851E+00  -0.881
62.0 0.207E-01 -0.188E-01 -0.910E+00 -0.922 52.0 0.181E-01 -0.158E-01 -0.876E+00 -0.893
63.0 0.108E-01 -0.998E-02 -0.927E+00 -0.929 53.0 0.118E-01 -0.106E-01 -0.892E+00 -0.900
54.0 0.434E-02 -0.404E-02 -0.932E+00  -0.930 54.0 0.688E-02 -0.620E-02 -0.901E+00  -0.905
§6.0 0.158E-02 -0.147E-02 -0.931E+00  -0.926 55.0 0.367E-02 -0.332E-02 -0.906E+00  -0.906
56.0 0.587E-03 -0.544E-03 -0.927E+00  -0.921 56.0 0.188E-02 -0.170E-02 -0.907E+00  -0.906
57.0 0.235E-03 -0.216E-03 -0.922E+00  -0.916 57.0 0.953E-03 -0.864E-03 ~0.907E+00  -0.904
58.0 0.102E-03 -0.933E-04 -0.917E+00  -0.911 58.0 0.491E-03 -0.445E-03 -0.905E+00  -0.903
59.0 0.476E-04 -0.434E-04 -0.912E+00 -0.907 59.0 0.259E-03 -0.234E-03 -0.903E+00 -0.901
60.0 0.238E-04 -0.216E-04 -0.908E+00 -0.904 60.0 0.141E-03 -0.127E-03 -0.902E+00 -0.900
65.0 0.144E-05 -0.129E-0S -0.898E+00 -0.901 65.0 0.997E-05 -0.896E-05 -0.899E+00 -0.901
70.0 O0.163E-06 -0.148E-06 -0.304E+00 -0.912 70.0 0.111E-05 -0.101E-05 -0.908E+00 -0.912
75.0 0.244E-07 -0.224E-07 -0.919E+00 -0.929 75.0 0.154E-06 -0.142E-06 -0.923E+00 -0.929
80.0 0.400E-08 -0.375E-08 -0.938E+00 -0.948 80.0 0.228E-07 -0.215E~07 -0.943E+00 -0.948
85.0 0.622E-09 -0.596E-09 -0.958E+00 -0.966 85.0 0.318E-08 -0.306E-08 -0.962E+00 -0.966
90.0 0.774E-10 -0.756E-10 -0.9T7E+00 ~-0.982 90.0 0.354E-09 -0.347E-09 -0.980E+00 -0.981
95.0 0.570E-11 -0.565E-11 -0.991E+00 -0.993 95.0 0.233E-10 -0.231E-10 -0.992E+00 -0.992
100.0 0.973E-13 -0.971E-13 -0.998E+00 -0.998 100.0 0.358E-12 -0.357E-12 -0.998E+00 ~0.998
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TABLE 1. Energy Spectrum, Asymmetry Coefficient, Asymmetry, and Asymmetry Parameter
See page 170 for Explanation of Table and Figures
.’&Si QOCa

19 NTE) ACE) BE) alE Erar) E N{E) A(E) B(E) a(E E..)
0511 - - - <0.332 0.511 = = = =0.332
1.0 0.498E-04 0.138E-04 0.276E+00  -0.332 1.0 0.589E-04 0.160E-04 0.272E+00  -0.332
2.0 0.208E-03 0.626E-04 0.301E+00  -0.332 2.0 0.240E-03 0.712E-04 0.297E+00  -0.332
3.0 0.457E-03 0.136E-03 0.297E+00 -0.333 3.0 0.526E-03 0.153E-03 0.292E+00 -0.332
4.0 0.790E-03 0.229E-03 0.290E+00  -0.333 4.0 0.901E-03 0.256E-03  0.284E+00  -0.332
5.0 0.120E-02 0.336E-03 0.280E+00  -0.334 5.0 0.136E-02 0.373E-03  0.275E+00  -0.333
6.0 0. 167E-02 0.453E-03 0.270E+00  -0.334 6.0 0.189E-02 0.500E-03  0.264E+00  -0.334
7.0 0.221E-02 0.576E-03 0.260E+00  -0.336 7.0 0.249E-02 0.631E-03  0.254E+00  -0.33%
8.0 0.281E-02 0.701E-03  0.249E+00  -0.337 8.0 0.314E-02 0.762E-03 0.242E+00  -0.337
9.0 0.347E-02 0.826E-03 0.238E+00  -0.339 9.0 0.385E-02 0.890E-03 0.231E+00  -0.339
10.0 0.417E-02 0.945E~03  0.227E+00  -0.341 10.0 0.462E-02 0.101E-02 0.219E+00  -0.342
11.0 0.492E-02 0.106E-02 0.215E+00  -0.344 11.0 0.542E-02 0.112E-02 0.206E+00  -0.345
12.0 0.572E-02 0.116E-02  0.203E+00  -0.347 12.0 0.626E-02 0.121E-02  0.194E+00  -0.348
13.0 0.655E-02 0 124E-02  0.190E+00  -0.350 13.0 0.715E-02 0.129E-02 0.180E+00  -0.352
14.0 0.743E-02  0.131E-02 0.177E+00  -0.354 14.0 0.806E-02 0.134E-02 0.167E+00  -0.356
15.0 0.833E-02 0 136E-02 0.164E+00  -0.359 15.0 0.901E-02 0.137E-02  0.153E+00  -0.361
16.0 0.927E-02 0.139E-02 O0.150E+00  -0.364 16.0 0.998E-02 0.138E-02 0.138E+00  -0.366
17.0 0.102E-01 0.139E-02 0.136E+00 -0.369 17.0 0.110E-01 0.135E-02  (.123E+00 -0.372
18.0 0.112E-01 0 136E-02 0.121E+00  -0.375 18.0 0.120E-01 0.129E-02  0.108E+00  -0.378
19.0 0.122E-01 0 129E~02 0.106E+00  -0.381 19.0 0.130E-01 0.119E-02 ©0.918E-01  -0.385
20.0 0.133E-01 0.119E-02 0.899E-01  -0.388 20.0 0.141E-01 O0.106E-02 0.753E-01  -0.392
21.0 0.143E-01 0.105E-02 0.736E-01  -0.395 21.0 0.151E-01 0.880E-03 0.582E-01  -0.400
22.0 0.154E-01 0 .873E-03 0.568E-01  -0.403 22.0 0.162E-01 0.656E-03 0.405E-01  -0.408
23.0 0.164E-01 0.647E-03  0.394E-01  -0.412 23.0 0.173E-01 0.383E-03 0.222E-01  -0.417
24.0 0.175E-01  0.372E-03 0.213E-01  -0.421 24.0 0.183E-01 0.585E-04 0.319E-02  -0.426
25.0 0 186E-01 0.464E-04 0.250E-02  -0.430 25.0 0.194E-01 -0.320E-03 -0.165E-01  -0.436
26.0 0.197E-01 -0 334E-03 -0.170E-01  ~0.440 26.0 0.205E-01 -0.756E-03 -0.370E-01  -0.447
27.0 0.207E-01 =-0.772E-03 -0.372E-01  -0.451 27.0 0.215E-01 -0.125E-02 -0.582E-01  -0.458
28.0 0.218E-01 -0.127E-02 -0.583E-01  -0.463 28.0 0.226E-01 -0.181E-02 -0.803E-01  -0.470
29.0 0.229E-01 -0.183E-02 -0.802E-01  -0.475 29.0 0.236E-01 -0.244E-02 -0.103E+00  -0.482
30.0 0.239E-01 -0.246E-02 -0.103E+00  -0.487 30.0 0.246E-01 -0.313E-02 -0 127E+00  -0.495
31.0 0.249E-01 -0.316E-02 -0.127E+00  -0.501 31.0 0.256E-01 -0.389E-02 -0.152E+00  -0.509
32.0 0.259E-01 ~-0.393E-02 -0.152E+00  -0.515 32.0 0.265E-01 -0.473E-02 -0.178E+00  -0.523
33.0 0.269E-01 -0.478E-02 =-0.178E+00  -0.529 33.0 0.275E-01 -0.564E-02 -0.20SE+00  -0.538
34.0 0.278E-01 -0.570E-02 =-0.205E+00  -0.545 34.0 0.284E-01 -0.662E-02 -0.234E+00 -0 553
35.0 0.288E-01 -0.671E-02 -0.233E+00  -0.561 35.0 0.292E-01 -0.768E-02 -0.263E+00  -0.569
36.0 0.297E-01 -0.779E-02 -0.263E+00  -0.578 36.0 0.301E-01 -0.883E-02 -0.294E+00  -0.586
37.0 0.305E-01 -0.897E-02 -0.294E+00  -0.595 37.0 0.308E-01 -0.100E-01 =-0.326E+00 -0 604
38.0 0.313E-01 -0.102E-01 -0.326E+00  -0.613 38.0 0.315E-01 -0.113E-01 -0.359E+00  -0.621
39.0 0.321E-01 -0.116E-01 -0.360E+00  -0.632 39.0 0.321E-01 =-0.127E-01 -0.394E+00  -0.640
40.0 0.328E-01 -0.130E-01 -0.396E+00  -0.652 40.0 0.327E-01 -0.141E-01 -0.430E+00  -0.659
41.0 0.335E-01 -0.145E-01 -0.434E+00  -0.672 41.0 0.331E-01 -0.155E-01 =-0.468E+00  -0.678
42.0 0.340E-01 -0.161E-01 -0.473E+00  -0.693 42.0 0.334E-01 -0.169E-01 -0.506E+00  -0.698
43.0 0.345E-01 =-0.177E-01 -0.514E+00  -0.715 43.0 0.336E-01 -0.183E-01 -0.546E+00  -0.718
44.0 0.349E-01 -0.194E-01 -0.SS7E+00  -0.737 44.0 0.335E-01 -0.196E-01 -0.586E+00  -0.738
45 0 0.350E-01 -0.211E-01 -0.601E+00  -0.759 45.0 0.331E-01 -0.207E-01 -0.626E+00  -0.758
46 0 0.350E-01 -0.226E-01 -0.646E+00  -0.781 46.0 0.324E-01 -0.215E-01 -0.665E+00  -0.777
47.0 0.345E-01 -0.239E-01 -0.692E+00  -0.803 47.0 0.310E-01 -0.218E-01 -0.704E+00  -0.796
48 0 0.335E-01 -0.246E-01 =-0.736E+00  -0.825 48.0 0.291E-01 -0.215E-01 -0.740E+00  -0.813
49 0 0.314E-01 -0.245E-01 -0.778E+00  -0.844 49.0 0.264E-01 -0.204E-01 -0.772E+00  -0.829
50.0 0.281E-01 -0.229E-01 -0.816E+00  -0.862 50.0 0.229E-01 -0.183E-01 -0.801E+00  -0.843
51.0 0.233E-01 -0.198E-01 -0.847E+00  -0.877 51.0 0.188E-01 -0.155E-01 -0.825E+00  -0.856
52.0 0.175E-01 =-0.152E-01 ~0.870E+00  -0.888 52.0 0.146E-01 -0.123E-01 -0.843E+00  -0.866
53.0 0.117E-01 =-0.104E-01 -0.886E+00  -0.896 53.0 0.106E-01 -0.912E-02 -0.858E+00  -0.873
54 0 0.705E-02 -0.631E-02 =-0.896E+00  -0.900 54.0 0.730E-02 -0.634E-02 -0.869E+00  -0.879
55.0 0.392E-02 -0.354E-02 -0.901E+00  -0.902 55.0 0.477E-02 -0.418E-02 -0.876E+00  -0.883
56.0 0.210E-02 -0.189E-02 =-0.903E+00 -0 902 56.0 0.301E-02 -0.265E-02 -0.882E+00  —0.886
57.0 0.111E-02 -0.999E-03 -0.903E+00  -0.902 §7.0 0.185E-02 -0.164E-02 -0.885E+00  -0.888
58.0 0.588E-03 -~0.530E-03 -0.902E+00  -0.901 58.0 0.113E-02 -0.100E-02 -0.888E+00  -0.890
59.0 0.318E-03 -0.287E-03 -0.901E+00  -0.900 59.0 0.687E-03 -0.610E-03 -0.889E+00  -0.890
60.0 0.176E-03 -0.159E-03 -0.900E+00  -0.899 60.0 0.422E-03 -0.376E-03 -0.889E+00  -0.891
65.0 0.131E-04 -0.118E-04 -0.899E+00  -0.901 65.0 0.413E-04 -0.370E-04 -0.896E+00  -0.899
70.0 0.148E-05 -0.134E-05 -0.908E+00  -0.912 70.0 0.512E-05 -0.465E-05 -0.908E+00  -0.913
75.0 0.206E-06 -0.190E-06 -0.924E+00  -0.929 75.0 0.751E-06 -0.693E-06 -0.923E+00  -0.930
80.0 0.305E-07 -0.287E-07 -0.943E+00  -0.948 80.0 0.107E-06 -0.101E-06 -0.946E+00  -0.951
85.0 0.423E-08 -0.407E-08 -0.963E+00  -0.966 85.0 0.144E-07 -0.139E-07 -0.965E+00  -0.968
90.0 0.468E-09 -0.458E-09 <-0.980E+00  -0.981 90.0 0.150E-08 -0.148E-08 -0.981E+00  -0.983
95.0 0.304E-10 -0.301E-10 -0.992E+00  -0.992 95.0 0.886E-10 -0.880E-10 -0.993E+00  -0.993
100.0 0.449E-12 -0.449E-12 -0.998E+00  -0.998 100.0 0.998E-12 -0.996E-12 -0.998E+00  -0.998
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TABLE 1. Energy Spectrum, Asymmetry Coefficient, Asymmetry, and Asymmetry Parameter
See page 170 for Explanation of Table and Figures
56 P 07r

E N{E) ACE) S(E) a(E, Fines) E N{E) A(E) BLE) o(E Epas)
0 511 - = = -0.331 0.511 = - = -0.327
1.0 0.704E-04 0.18B8E-04 0.267E+00  -0.331 1.0 0.111E-03 0.280E-04 0.252E+00  -0.327
2.0 0.280E-03 0.814E-04 0.291E+00  -0.331 2.0 0.414E-03 0.113E-03 0.273E+00  -0.327
3.0 0.605E-03 0.173E-03 0.286E+00  -0.331 3.0 0.870E-03 0.232E-03 0.267E+00  -0.328
4.0 0.103E-02 0.287E-03  0.278E+00  -0.332 4.0 0.145E-02 0.374E-03 0.258E+00  -0.329
5.0 0.155E-02 0.414E-03 0.268E+00  -0.333 5.0 0.214E-02 0.528E-03 0.247E+00  -0.330
6.0 0.214E-02 0.551E-03  0.257E+00  -0.334 6.0 0.292E-02 0.685E-03 0.235E+00  -0.331
7.0 0.281E-02 0.690E-03  0.246E+00  -0.335 7.0 0.377E-02 0.838E-03 0.222E+00  -0.333
8.0 0.353E-02 0.826E-03 0.234E+00  -0.337 8.0 0.468E-02 0.979E-03 0.209E+00  -0.336
9.0 0.431E-02 0.956E-03 0.222E+00  -0.340 9.0 0.565E-02 0.110E-02 0.195E+00  -0.339
10.0 0.513E-02 0.107E-02 0.209E+00  -0.342 10.0 0.665E-02 0.121E-02 0.1B1E+00  -0.342
11.0 0.600E-02 0.118E-02 0.196E+00  -0.345 11.0 0.769E-02 0.128E-02 0.167E+00  -0.346
12.0 0.691E-02 0.126E-02 0.183E+00  -0.349 12.0 0.875E-02 0.133E-02 0.151E+00  -0.351
13.0 0.785E-02 0.132E-02 0.169E+00  -0.353 13.0 0.984E-02 0.133E-02 0.136E+00  -0.356
14.0 0.881E-02 0.136E-02 0.155E+00  -0.358 14.0 0.109E-01 0.130E-02 0.119E+00  ~0.362
15.0 0.981E-02 0. 137E-02 0.140E+00  -0.363 15.0 0.120E-01 0.123E-02 0.102E+00  -0.368
16.0 0.108E-01 0 .135E-02 0.124E+00  -0.369 16.0 0.132E-01 0.112E-02 0.850E-01  -0.375
17.0 0.118E-01 0 .129E-02 0.109E+00  -0.375 17.0 0.143E-01 0.954E-03 0.669E-01  -0.383
18.0 0.129E-01 0 119E-02 0.923E-01  -0.381 18.0 0.154E-01 0.741E-03 0.482E-01  -0.390
19.0 0.140E-01 0.10SE-02 0.754E-01  -0.389 19.0 0.165E-01 0.477E-03 0.289E-01  -0.399
20.0 0.150E-01 ©0.870E-03 0.S79E-01  -0.396 20.0 0.176E-01 0.157E-03 0.896E-02  -0.408
21.0 0.161E-01 0.642E-03 0.399E-01  -0.405 21.0 0.187E-01 -0.218E-03 -0.117E-01  -0.417
22.0 0.172E-01  0.364E-03 0.212E-01  -0.413 22.0 0.197E-01 -0.650E-03 -0.330E-01  -0.428
23.0 0.182E-01 0.330E-04 0.181E-02  -0.423 23.0 0.208E-01 -0.114E-02 -0.550E-01  -0.438
24.0 0.193E-01 -0.352E-03 -0.183E-01  -0.433 24.0 0.218E-01 -0.169E-02 -0.778E-01  -0.449
25.0 0.204E-01 -0.795E-03 -0.391E-01  -0.443 25.0 0.228E-01 -0.230E-02 -0.101E+00  -0.461
26.0 0.214E-01 -0.130E-02 -0.607E-01  -0.454 26.0 0.237E-01 -0.298E-02 -0.126E+00  -0.473
27.0 0.224E-01 -0 186E-02 -0.831E-01  -0.466 27.0 0.246E-01 -0.371E-02 -0.151E+00  -0.486
28.0 0.235E-01 -0.249E-02 -0.106E+00  -0.478 28.0 0.255E-01 -0.450E-02 -0.176E+00  -0.499
29.0 0.245E-01 -0.319E-02 -0.131E+00  -0.491 29.0 0.263E-01 -0.534E-02 -0.203E+00  -0.512
30.0 0.254E-01 -0.396E-02 -0.156E+00  ~0.504 30.0 0.271E-01 -0.624E-02 -0.230E+00  -0.526
31.0 0.264E-01 -0.479E-02 -0.182E+00  -0.518 31.0 0.278E-01 -0.718E-02 -0.258E+00  -0.541
32.0 0.273E-01 -0.56%E-02 -0.209E+00  -0.532 32.0 0.284E-01 -0.817E-02 -0.287E+00  -0.555
33.0 0.281E-01 -0.667E-02 -0.237E+00  -0.547 33.0 0.290E-01 -0.918E-02 -0.317E+00  -0.571
34.0 0.289E-01 -0.771E-02 -0.266E+00  -0.563 34.0 0.294E-01 -0.102E-01 -0.347E+00  -0.586
35.0 0.297E-01 -0.881E-02 -0.297E+00  -0.579 35.0 0.298E-01 -0.112E-01 -0.378E+00  -0.602
36.0 0.304E-01 -0.998E-02 -0.328E+00  -0.596 36.0 0.300E-01 -0.123E-01 -0.409E+00  -0.618
37.0 0.310E-01 -0 112E-01 -0.361E+00  -0.613 37.0 0.301E-01 -0.132E-01 -0.440E+00  -0.634
38.0 0.316E-01 =-0.124E-01 -0.395E+00  -0.630 38.0 0.300E-01 -0.141E-01 -0.471E+00  -0.650
39.0 0.320E-01 -0.137E-01 -0.429E+00  -0.648 39.0 0.297E-01 -0.149E-01 -0.503E+00  -0.666
40.0 0.323E-01 -0.150E-01 -0.465E+00  -0.666 40.0 0.293E-01 -0.156E-01 -0.534E+00  -0.683
41.0 0.324E-01 -0.162E-01 -0.501E+00  -0.685 41.0 0.286E-01 -0.161E-01 -0.564E+00  -0.698
42 0 0.324E-01 -0.174E-01 -0.537E+00  -0.703 42.0 0.276E-01 -0.164E-01 -0.594E+00  -0.714
43.0 0.321E-01 -0.184E-01 -0.574E+00  -0.721 43.0 0.264E-01 -0.164E-01 -0.623E+00  -0.729
44.0 0.315E-01 -0.192E-01 -0.610E+00  -0.739 44.0 0.249E-01 -0.162E-01 -0.651E+00  -0.744
45 0 0.306E-01 -0 197E-01 -0.645E+00  -0.757 45.0 0.232E-01 -0.157E-01 -0.677E+00  -0.758
46.0 0.292E-01 -0.198E-01 -0.679E+00  -0.774 46.0 0.212E-01 -0.149E-01 -0.701E+00  -0.772
47.0 0.273E-01 -0.194E-01 -0.711E+00  -0.790 47.0 0.190E-01 -0.138E-01 -0.724E+00  -0.785
48 0 0.249E-01 -0.185E-01 ~0.741E+00  -0.805 48.0 0.168E-01 -0.125E-01 -0.744E+00  -0.796
49.0 0.221E-01 -0.170E-01 -0.767E+00  -0.819 49.0 0.144E-0t1 ~-0.110E-01 -0.763E+00  -0.807
50.0 0.189E-01 -0.150E-01 -0.791E+00  -0.831 50.0 0.121E~01 -0.946E-02 -0.780E+00  -0.817
51.0 0.156E-01 -0.126E-01 -0.810E+00  -0.842 51.0 0.997E-02 -0.792E-02 -0.794E+00  -0.827
52.0 0.123E-01 -0.101E-01 -0.827E+00  -0.851 52.0 0.801E-02 -0.647E-02 -0.807E+00  -0.835
53.0 0.928E-02 -0.780E-02 =-0.840E+00  -0.859 53.0 0.629E-02 -0.515E-02 -0.819E+00  -0.843
54.0 0.676E-02 -0.575E-02 -0.851E+00  -0.865 54.0 0.483E-02 -0.401E-02 ~0.829E+00  -0.850
55.0 0.476E-02 -0.409E-02 -0.859E+00  -0.871 55.0 0.364E-02 -0.305E-02 -0.838E+00  -0.856
56.0 0.325E-02 -0.282E-02 -0.866E+00  -0.875 56.0 0.270E-02 -0.228E-02 -0.845E+00  -0.862
57.0 0.218E-02 -0.190E-02 -0.871E+00  -0.878 S7.0 0.197E-02 -0.168E-02 -0.852E+00  -0.867
58.0 0.144E-02 -0.126E-02 -0.875E+00  -0.881 58.0 0.142E-02 -0.122E-02 -0.858E+00  -0.872
59.0 0.945E-03 -0.830E-03 -0.878E+00  -0.883 §9.0 0.102E-02 -0.879E-03 -0.864E+00  -0.877
60.0 0.617E-03 -0.543E-03 -0.881E+00  -0.884 60.0 0.720E-03 -0.626E-03 -0.869E+00  -0.881
65.0 0.745E-04 -0.666E-04 -0.894E+00  -0.899 65.0 0.120E-03 -0.107E-03 -0.892E+00  -0.899
70.0 0.999E-05 -0.909E-05 -0.910E+00  -0.916 70.0 0.189E-04 -0.173E-04 -0.914E+00  -0.920
75.0 0.144E-05 -0.134E-05 -0.930E+00  -0.936 75.0 0.288E-05 -0.269E-05 -0.936E+00  -0.941
80.0 0.205E-06 -0.195E-06 -0.951E+00  -0.956 80.0 0.402E-06 -0.385E-06 -0.957E+00  -0.961
85.0 0.260E-07 -0.252E-07 -0.971E+00  -0.973 85.0 0.465E-07 -0.454E-07 -0.97SE+00  -0.977
90.0 0.247E-08 -0.244E-08 -0.986E+00  -0.987 90.0 0.363E-08 -0.359E-08 -0.988E+00  -0.989
95.0 0.123E-09 -0.123E-09 -0.994E+00  -0.994 95.0 0.113E-09 -0.112E-09 -0.996E+00  -0.996
100.0 0.891E-12 -0.882E-12 -0.990E+00  -0.990 100.0 0.814E-13 -0.810E-13 -0.996E+00  -0.996
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TABLE 1. Energy Spectrum, Asymmetry Coefficient, Asymmetry, and Asymmetry Parameter
See page 170 for Explanation of Table and Figures
%Mo 1égy

E N(E) A(E) BLE) oL, Brax E N(E) A(E) E(€2)] AFE, Ernas)
0.511 - - - -0.327 0.511 - - - -0.324
1.0 0.119E-03 0.298E-04 0.250E+00  -0.327 1.0 0.160E-03 0.384E-04 0.241E+00  -0.324
2.0 0.440E-03 0.119E-03 0.271E+00  -0.327 2.0 0.564E-03 0.146E-03  0.260E+00  -0.325
3.0 0.918E-03  0.243E-03 0.265E+00  -0.327 3.0 0.115E-02 0.291E-03  0.253E+00  -0.325
4.0 0.153E-02 0.390E-03 0.255E+00  -0.328 4.0 0.188E-02 0.457E-03 0.243E+00  -0.326
5.0 0.224E-02 0.547E-03  0.244E+00  -0.329 5.0 0.273E-02 0.630E-03 0.231E+00  -0.328
6.0 0.305E-02 0.707E-03 0.232E+00  -0.331 6.0 0.367E-02 0.799E-03 0.218E+00  -0.329
7.0 0.393E-02 0.862E-03 0.219E+00  -0.333 7.0 0.467E-02 0.956E-03 0.205E+00  -0.332
8.0 0.487E-02 0.100E-02 0.206E+00  -0.336 8.0 0.574E-02 0.109E-02 0.191E+00  -0.335
9.0 0.586E-02 0.113E-02 0.192E+00  -0.339 9.0 0.684E-02 0.120E-02 0.176E+00  -0.339
10.0 0.689E-02 0.122E-02 0.178E+00  -0.343 10.0 0.797E-02 0.128E-02 0.161E+00  -0.343
11.0 0.795E-02 0.129E-02 0.163E+00  -0.347 11.0 ©0.912E-02  ©0.132E-02 0.145E+00  -0.348
12.0 0.903E-02 0.133E-02 0.147E+00  -0.352 12.0 0.103E-01 0.132E-02 0.128E+00  -0.353
13.0 0.101E-01  0.133E-02 0.131E+00  -0.357 13.0 0.115E-01 0.127E-02 0.111E+00  -0.359
14.0 0.112E-01  0.129E-02 0.115E+00  -0.363 14.0 0.126E-01 0.118E-02 0.935E-01  -0.366
15.0 0.124E-01  0.121E-02 0.977E-01  -0.369 15.0 0.138E-01 0.104E-02 0.751E-01  -0.373
16.0 0.135E-01 0.108E-02 0.800E-01  -0.376 16.0 0.149E-01 0.839E-03 0.562E-01  -0.381
17.0 0.146E-01 0.900E-03 0.617E-01  -0.384 17.0 ©.161E-01 0.588E-03 0.366E-01  -0.389
18.0 0.157E-01 0.671E-03 0.427E-01  -0.392 18.0 0.172E-01 0.281E-03  0.163E-01  -0.398
19.0 0.168E-01  0.388E-03 0.231E-01  -0.401 19.0 0.183E-01 -0.835E-04 -0.456E-02  -0.407
20.0 0.179E-01 0.507E-04 0.283E-02  -0.410 20.0 0.194E-01 -0.506E-03 -0.261E-01  -0.417
21.0 0.190E-01 -0.344E-03 =-0.181E-01  -0.419 21.0 0.204E-01 -0.988E-03 -0 .4B4E-01  -0.428
22.0 0.200E-01 -0.796E-03 =-0.397E-01  -0.430 22.0 0.214E-01 -0.153E-02 -0.713E-01  -0.439
23.0 0.211E-01 -0.131E-02 -0.621E-01  -0.440 23.0 0.224E-01 -0.213E-02 -0.949E-01  -0.450
24.0 0.221E-01 =-0.188E-02 -0.851E-01  -0.452 24.0 0.234E-01 -0.279E-02 -0.119E+00  -0.462
25.0 0.231E-01 -0.251E-02 -0.109E+00  -0.463 25.0 0.242E-01 -0.350E-02 -0 .144E+00  ~0.474
26.0 0.240E-01 -0.320E-02 -0.133E+00  -0.476 26.0 0.251E-01 =-0.426E-02 -0 .170E+00  -0.487
27.0 0.249E-01 -0.395E-02 -0.159E+00  -0.488 27.0 0.259E-01 -0.508E-02 =-0.196E+00  -0.500
28.0 0.257E-01 =-0.476E-02 -0.185E+00  -0.502 28.0 0.266E-01 -0.593E-02 =-0.223E+00  -0.514
29.0 0.265E-01 =-0.562E-02 -0.212E+00  -0.515 29.0 0.272E-01 -0.683E-02 =-0.251E+00  -0.528
30.0 ©.273E-01 -0.653E-02 -0.239E+00  -0.529 30.0 0.278E-01 -0.775E-02 =-0.279E+00  -0.542
31.0 0.279E-01 -0.748E-02 -0.268E+00  -0.544 31.0 0.283E-01 -0.869E-02 =-0.307E+00  -0.557
32.0 0.285E-01 -0.846E-02 -0.296E+00  -0.559 32.0 0.286E-01 -0.964E-02 =-0.336E+00  -0.572
33.0 0.290E-01 -0.947E-02 -0.326E+00  -0.574 33.0 0.289E-01 -0.106E-01 =-0.366E+00  -0.587
34.0 0.294E-01 -0.105E-01 -0.356E+00  -0.589 34.0 0.290E-01 -0.115E-01 =-0.395E+00  -0.602
35.0 0.297E-01 -0.115E-01 -0.387E+00  -0.605 35.0 0.290E-01 -0.123E-01 -0.425E+00  -0.618
36.0 0.299E-01 -0.125E-01 -0.418E+00  -0.621 36.0 0.289E-01 =-0.131E-01 =-0.455E+00  -0.633
37.0 0.299E-01 -0.134E-01 =-0.449E+00  -0.637 37.0 0.285E-01 -0.138E-01 -0.484E+00  -0.649
38.0 0.297E-01 -0 143E-01 -0.480E+00  -0.653 38.0 0.280E-01 -0.144E-01 -0.513E+00  -0.664
39.0 0.294E-01 -0.150E-01 -0.511E+00  -0.669 39.0 0.273E-01 -0.148E-01 -0.542E+00  -0.679
40.0 0.288E-01 -0.156E-01 -0.541E+00  -0.685 40.0 0.264E-01 -0.150E-01 =-0.570E+00  -0.695
41.0 0.280E-01 -0.160E-01 -0.571E+00  -0.701 41.0 0.253E-01 =-0.151E-01 -0.597E+00  -0.709
42.0 0.270E-01 -0.162E-0t -0.600E+00  -0.716 42.0 0.239E-01 -0.149E-01 -0.623E+00  -0.724
43.0 0.257E-01 =-0.162E-01 -0.628E+00  -0.731 43.0 0.224E-01 -0.145E-01 -0.648E+00  -0.738
44.0 0.242E-01 -0.158E-01 -0.655E+00  -0.746 44.0 0.206E-01 -0.139E-01 -0.672E+00  -0.751
45.0 0.224E-01 =-0.152E-01 -0.680E+00  -0.760 45.0 0.188E-01 =-0.130E-01 -0.694E+00  -0.764
46.0 0.204E-01 -0.143E-01 -0.704E+00  -0.773 46.0 0.168E-01 =-0.120E-01 -0.714E+00  -0.776
47.0 0.182E-01 -0.132E-01 -0.726E+00  -0.785 47.0 0.148E-01 -0.109E-01 =-0.733E+00  -0.787
48.0 0.160E-01 -0.119E-01 -0.746E+00  -0.797 48.0 0.128E-01 -0.962E-02 -0.7S51E+00  -0.798
49.0 0.137E-01 -0.105E-01 -0.764E+00  -0.808 49.0 0.109E-01 -0.834E-02 -0.767E+00  -0.808
50.0 0.115E-01 -0.898E-02 -0.780E+00  -0.818 50.0 0.906E-02 -0.7T08E-02 -0.781E+00  -0.818
51.0 0.945E-02 -0.751E-02 =-0.795E+00  -0.827 51.0 0.740E-02 -0.588E-02 -0.795E+00  -0.826
52.0 0.759E-02 -0.612E-02 -0.807E+00  -0.835 52.0 0.594E-02 -0.479E-02 -0.806E+00  -0.835
53.0 0.596E-02 -0.488E-02 =-0.819E+00  -0.843 §3.0 0.468E-02 -0.383E-02 -0.817E+00  -0.842
54.0 0.459E-02 -0.380E-02 -0.828E+00  -0.850 54.0 0.363E-02 -0.300E-02 -0.827E+00  -0.849
55.0 0.347E-02 -0.290E-02 =-0.837E+00  -0.856 §5.0 0.277E-02 -0.232E-02 -0.835E+00  -0.856
56.0 0.258E-02 -0.218E-02 =-0.845E+00  -0.862 56.0 0.209E-02 -0.176E-02 =-0.843E+00  -0.862
57.0 0.189E-02 -0.161E-02 -0.852E+00  -0.867 57.0 0.155E-02 -0.132E-02 -0.850E+00  -0.868
58.0 0.137E-02 -0.117E-02 -0.858E+00  -0.873 58.0 0.114E-02 -0.977E-03 -0.857E+00  -0.874
59.0 0.980E-03 -0.847E-03 -0.864E+00  -0.877 59.0 0.830E-03 -0.716E-03 -0.863E+00  -0.879
60.0 0.696E-03 -0.605E-03 -0.869E+00  -0.882 60.0 0.599E-03 -0.520E-03 -0.869E+00  -0.884
65.0 0.117E-03 -0.104E-03 =-0.893E+00  -0.900 65.0 0.107E-03 -0.956E-04 =-0.896E+00  -0.903
70.0 0.184E-04 -0.168E-04 -0 .915E+00  -0.922 70.0 0.172E-04 -0.158E-04 -0.920E+00  -0.926
75.0 0.276E-05 -0.258E-05 =-0.937E+00  -0.943 75.0 0.254E-05 -0.240E-05 -0.943E+00  -0.948
80.0 0.375E-06 -0.360E-06 -0.958E+00  -0.962 80.0 0.327E-06 -0.315E-06 =-0.964E+00  -0.967
85.0 0.418E-07 -0.408E-07 =-0.976E+00  -0.978 85.0 0.327E-07 -0.321E-07 -0.980E+00  -0.982
90.0 0.308E-08 -0.30SE-08 <-0.989E+00  -0.990 90.0 0.197E-08 -0.195E-08 -0.992E+00  -0.992
95.0 0.858E-10 -0.855E-10 -0.996E+00  -0.996 95.0 0.330E-10 -0.329E-10 =-0.996E+00  -0.996
100.0 0.341E-13 -0.340E-13 =-0.995E+00  -0.995 100.0 0.224E-16 -0.223E-16 =-0.993E+00  ~0.993
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Energy Spectrum, Asymmetry Coefficient, Asymmetry, and Asymmetry Parameter

See page 170 for Explanation of Table and Figures

_‘Onl)h .?()QBi
E AYeA] ATE) A AE Fonas) E NE) A(E) AE) A(EFal)
511 - - - -0.310 511 - - - -0.309
1.0 0.635E-03 0.126E-03 0.198E+00 -0.310 1.0 0.667E-03 0.131E-03 0.196E+00 -0.309
2.0 0.179E-02 0.374E-03 0.210E+00 -0.311 2.0 0.186E-02 0.387E-03 0.208E+00 -0.310
3.0 0.319E-02 0.638E-03 0.200E+00 -0.312 3.0 0.330E-02 0.654E-03 0.198E+00 -0.311
4.0 0.471E-02 0.883E-03 0.187E+00 -0.314 4.0 0.486E-02 0.900E-03 0.185E+00 -0.314
5.0 0.629E-02 0.109E-02 0.173E+00 -0.318 5.0 0.647E-02 0.110E-02 0.171E+00 -0.317
6.0 0.788E-02 0.124E-02 0.158E+00 ~-0.322 6.0 0.808E-02 0.125E-02 0.155E+00 -0.321
7.0 0.945E-02 0.133E-02 0.141E+00 -0.327 7.0 0.966E-02 0.134E-02 0.139E+00 -0.327
8.0 0.110E-01 0.136E-02 0.124E+00 -0.333 8.0 0.112E-01 0.136E-02 0.121E+00 -0.332
9.0 0.125E-01 0.132E-02 0.106E+00 -0.339 9.0 0.127E-01 0.131E-02 0.103E+00 -0.339
10.0 0.139E-01 0.120E-02 0.867E-01 -0.347 10.0 0.141E-01 0.119E-02 0.841E-01 ~-0.347
11.0 0.152E-01 0.102E-02 0.670E-01 -0.355 11.0 0.155E-01 0.994E-03 0.643E-01 -0.355
12.0 0.165E-01 0.768E-03  0.465E-01 -0.363 12.0 0.168E-01 0.731E-03  0.436E-01 -0.364
13.0 0.177E-01 0.447E-03 0.252E-01 -0.372 13.0 0.180E-01 0.400E-03 0.222E-01 -0.373
14.0 0.189E-01 0.601E-04 0.318E-02 -0.382 14.0 0.191E-01 0.181E-05 0.948E-04 -0.383
15.0 0.200E-01 -0.391E-03 -0.195E-01 -0.393 15.0 0.202E-01 -0.460E-03 -0.227E-01 -0.393
16.0 0.210E-01 -0.902E-03 -0.429E-01 -0.404 16.0 0.212E-01 -0.981E-03 -0.462E-01 -0.405
17.0 0.220E-01 -0.147E-02 -0.669E-01 -0.415 17.0 0.222E-01 -0.156E-02 -0.704E-01 ~-0.416
18.0 0.229E-01 -0.209E-02 -0.915E-01 -0.427 18.0 0.230E-01 -0.219E-02 -0.951E-01 -0.428
19.0 0.237E-01 -0.276E-02 -0.117E+00 -0.439 19.0 0.238E-01 -0.287E-02 -0.120E+00 -0.440
20.0 0.244E-01 -0.347E-02 -0.142E+00 -0.452 20.0 0.245E-01 -0.358E-02 -0.146E+00 -0.453
21.0 0.251E-01 -0.422E-02 -0.168E+00 -0.465 21.0 0.252E-01 -0.434E-02 -0.172E+00 -0.466
22.0 0.256E-01 -0.500E-02 -0.195E+00 -0.478 22.0 0.257E-01 -0.511E-02 -0.199E+00 -0.480
23.0 0.261E-01 -0.579E-02 -0.222E+00 -0.492 23.0 0.262E-01 -0.591E-02 -0.226E+00 -0.494
24.0 0.265E-01 -0.659E-02 -0.249E+00 -0.506 24.0 0.265E-01 -0.671E-02 -0.253E+00 -0.508
25.0 0.268E-01 -0.739E-02 -0.276E+00 -0.520 25.0 0.268E-01 -0.750E-02 -0.280E+00 -0.522
26.0 0.269E-01 -0.818E-02 -0.304E+00 -0.535 26.0 0.269E-01 -0.828E-02 -0.308E+00 -0.536
27.0 0.270E-01 -0.894E-02 -0.331E+00 -0.549 27.0 0.269E-01 -0.903E-02 -0.335E+00 -0.551
28.0 0.269E-01 -0.966E-02 -0.359E+00 -0.564 28.0 0.268E-01 -0.973E-02 -0.363E+00 -0.565
29 0 0.267E-01 -0.103E-01 -0.38BE+00 -0.579 29.0 0.266E-01 -0.104E-01 -0.390E+00 -0.580
30.0 0.264E-01 -0.109E-01 -0.413E+00 -0.593 30.0 0.263E-01 -0.109E-01 -0.417E+00 -0.595
31.0 0.259E-01 -0.114E-01 -0.440E+00 -0.608 31.0 0.258E-01 -0.114E-01 -0.444E+00 -0.610
32.0 0.253E-01 -0.118E-01 -0.466E+00 -0.623 32.0 0.251E-0t -0.118E-01 -0.470E+00 -0.624
33.0 0.246E-01 -0.121E-01 -0.492E+00 -0.637 33.0 0.243E-01 -0.121E-01 -0.496E+00 -0.639
34.0 0.237E-01 -0.122E-01 -0.517E+00 -0.652 34.0 0.234E-01 -0.122E-01 -0.521E+00 -0.653
35.0 0.226E-01 -0.123E-01 -0.542E+00 -0.666 35.0 0.224E-01 -0.122E-01 -0.545E+00 -0.667
36.0 0.215E-01 -0.122E-01 -0.566E+00 -0.680 36.0 0.212E-01 -0.121E-01 -0.569E+00 -0.681
37.0 0.202E-01 -0.119E-01 -0.589E+00 ~0.694 37.0 0.199E-01 -0.118E-01 -0.592E+00 -0.695
38.0 0.188E-01 -0.115E-01 -0.611E+00 -0.707 38.0 0.185E-01 -0.114E-01 -0.614E+00 -0.708
39.0 0.174E-01 -0.110E-01 -0.633E+00 -0.720 39.0 0.171E-01 -0.108E-01 -0.635E+00 ~0.721
40.0 0.159E-01 -0.104E-01 -0.654E+00 -0.733 40.0 0.156E-01 -0.102E-01 -0.655E+00 -0.734
41.0 0.144E-01 -0.966E-02 -0.672E+00 -0.745 41.0 0.140E-01 -0.947E-02 -0.67S5E+00 -0.746
42.0 0.128E-01 -0.886E-02 -0.691E+00 -0.757 42.0 0.125E-01 -0.867E-02 -0.693E+00 -0.758
43.0 0.113E-01 -0.802E-02 -0.708E+00 -0.768 43.0 0.110E-01 -0.783E-02 =-0.710E+00 -0.769
44 0 0.987E-02 -0.715E-02 -0.725E+00 -0.779 44.0 0.960E-02 -0.697E-02 -0.726E+00 -0.780
45.0 0.850E-02 -0.629E-02 -0.740E+00 -0.789 45.0 0.825E-02 -0.612E-02 -0.741E+00 -0.790
46.0 0.722E-02 -0.545E-02 -0.755E+00 -0.799 46.0 0.700E-02 -0.529E-02 -0.756E+00 -0.800
47.0 0.606E-02 -0.465E-02 -0.768E+00 -0.809 47.0 0.586E-02 -0.451E-02 -0.769E+00 -0.810
48.0 0.501E-02 -0.391E-02 -0.781E+00 -0.818 48.0 0.485E-02 -0.379E-02 -0.782E+00 -0.819
49.0 0.409E-02 -0.325E-02 -0.793E+00 -0.827 49.0 0.395E-02 -0.314E-02 -0.794E+00 -0.828
50.0 0.330E-02 -0.265E-02 -0.804E+00 -0.835 50.0 0.319E-02 -0.256E-02 -0.805E+00 -0.836
51.0 0.263E-02 -0.214E-02 -0.814E+00 -0.843 51.0 0.253E-02 -0.207E-02 -0.815E+00 -0.844
52.0 0.207E-02 -0.170E-02 -0.824E+00 -0.851 52.0 0.199E-02 -0.164E-02 -0.825E+00 -0.852
53.0 0.161E-02 -0.134E-02 -0.833E+00 -0.858 53.0 0.155E-02 -0.129E-02 -0.834E+00 -0.859
54.0 0.124E-02 -~0.104E-02 -0.842E+00 -0.865 54.0 0.119E-02 -0.100E-02 -0.843E+00 -0.866
55.0 0.940E-03 -0.799E-03 -0.850E+00 -0.872 55.0 0.903E-03 -0.769E-03 -0.851E+00 -0.873
56.0 0.707E-03 -0.607E-03 -0.858E+00 -0.878 56.0 0.679E-03 -0.583E-03 -0.859E+00 -0.879
57.0 0.527E-03 -0.456E-03 -0.866E+00 -0.884 57.0 0.506E-03 -0.438E-03 ~0.867E+00 -0.884
58.0 0.389E-03 -0.340E-03 -0.873E+00 -0.889 58.0 0.373E-03 -0.326E-03 -0.874E+00 -0.890
59.0 0.285E-03 -0.250E-03 -0.880E+00 -0.893 59.0 0.273E-03 ~0.240E-03 -0.881E+00 -0.894
60.0 0.206E-03 -0.183E-03 -0.887E+00 -0.897 60.0 0.198E-03 -0.176E-03 -0.887E+00 ~0.898
65.0 0.370E-04 -0.339E-04 -0.917E+00 -0.924 65.0 0.353E-04 -0.324E-04 -0.918E+00 -0.925
70.0 0.552E-05 -0.520E-05 -0.943E+00 -0.948 70.0 0.523E-05 -0.494E-05 -0.944E+00 -0.948
75.0 0.667E-06 -0.643E-06 -0.965E+00 -0.967 75.0 0.624E-06 -0.603E-06 -0.965E+00 -0.968
80.0 0.587E-07 -0.576E-07 -0.981E+00 -0.982 80.0 0.539E-07 -0.529E-07 =-0.982E+00 ~0.983
85.0 0.294E-08 -0.292E-08 -0.992E+00 ~-0.992 85.0 0.259E-08 -0.257E-08 -0.992E+00 -0.992
90.0 0.360E-10 -0.358E-10 -0.995E+00 -0.995 90.0 0.284E-10 -0.283E-10 -0.995E+00 -0.995
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FIGURE 1. Comparison of Energy Spectra for Free- and Bound-Muon Decays
See page 170 for Explanation of Table and Figures
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FIGURE II. Comparison of Asymmetry Coefficients for Free- and Bound-Muon Decays
See page 170 for Explanation of Table and Figures
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FIGURE IIl. Comparison of Asymmetry Parameters for Free- and Bound-Muon Decays
See page 170 for Explanation of Table and Figures
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