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Abstract

Branching ratios, widths, and lepton energy spectra are derived for
the leptonic decays of the o into =° and =°*. The calculations are made
by hypothesizing that higher order multipoles in an expansion of the

baryon current are zero. The axial vector coupling is determined using

the bag model.



I. Introduction
The leptonic decays,

Q-+ = ev

are rare but observable. The branching ratio for these modes is expected
to be of the order of 10'2. The CERN SPS charged hadron beam has been in
operation for two years during which several thousand @ decays have been
detected. Thus, even though the branching ratio is smali, the time seems
right to attempt a careful calculation of the semi-leptonic modes listed
above. Several attempts at calculating the =iv modes were made shortly

2,3,4,5

after the Q@ was discovered. Tae results are incomplete because

of an ignorance of the axial vector current form factors. Only a rough
estimate of the widths for the =*uv modes ha> peen made.2

To attempt to improve on these previous calculations we will work in a
specific model designed for the decay of higher spin particles. The model
is based on the idea that the weak interaction actually takes place be-
tween s-wave, spin 1/2 quarks. Thus if the hadronic matrix element of
the weak current is expanded in multipole moments, those moments with
J > 1 will be zero. Together with CVC or PCAC this will serve to determine
most of the matrix element. This strong assumption was also used by
Mathews5 for the vector part of the =2v decays. Although we will offer a
specific criticism of this assumption in Sec. III we propose to extend
it to the other semi-leptonic modes. In addition we now have models
which allow accurate calculations of static quantities such as the axial

vector coupling constant. We will use the M.I.T. bag model for this

purpose.6 Combining these things will allow us to make dafinite pre-



dictions for the vector width of tie =tv mode, the axial vector width of
the =zv mode, the electron energy spectrum for =ev, the muon energy
spectrum for =yv, the axial vector width for =*2y, and an upper bound

on the vector width for z=*gv.

II. Kinematics and Widths

The weak decays are calculated with the usual V-A current-current

interaction
J° 28
1° 5 gas Baryon Lepton
The Tepton current is
B -
JLepton = u(s) 2 (1 - ys) v(t)

The baryon currents are written most generally as

Jgaryon (eszav) = a(p) {(f]"’g]Ys)g(w + (fz"’ngs)Yuqv
+ (f3+93Y5)qaqv+ (f4+94Y5)Paqv}uv(P)

JBar‘yon (9‘*— EV) = u (p) {(G]*'F]YS)Q'NY

+ (65+F,v5)g" q" + (G3#F v )" P% + (6,4F ()"
+ (65*Fgvg)a™a" + (GgHFgr5)a"a"a” + (G;*F;vg)a"q P hu (P)

We use the notation of Mathews.5 The lepton, neutrino, = (or =*), and

Q four momenta are labeled s, t, p, and P respectively. The four momentum
transfer at the hadron vertex is q = P - p. The Rarita-Schwinger7 spinor,
uu is used for spin 3/2 particles. The vector (gi and Gi) and axial

vector (fi and Fi) form factors are in general arbitrary complex functions

of q2.

(1)

(2)

(3)

(4)



A naive attempt at writing the most general current for the spin 3/2

to spin 3/2 transition yields an additional term

(GB+F8Y5)G“Q uquauv

This term is not independent; it is related to the others by the non-

trivial identities

Gu(p){%[(mm)z-qz]g“"v“ + M g"Vg® (5)
- (MHm)g""P* - M g"%" + m g*%q" + a¥q’y"} u (P) = 0
- 1 2 2.y o uv_a
u“(p)vs{z.{(M-m) -9 igy +Mg q (6)
- (M-m)g"P* - M ¢"%q"” - m ¢g"%" + q¥q"y"} u,(P) =0

where M = o~ mass, m = =°* mass. These identities have been obtained by
others8 in a less general form applicable only to electromagnetic
transitions.

The unknowns in the baryon current are the form factors. They are
real because of time reversal invariance. Since the q2 dependence is un-
known, the widths are calculated for two extremes which put bounds on the

effects of non-zero momentum transfer. The lower 1imit is no q2 dependence,
Fl?) = 1

The upper 1imit is gotten by analogy with beta decay; each form factor is

2

given a q~ dependence




where m is approximately the mass of a strange vector meson which we
take to be 1 GeV. The form factors at 02 = 0 remain as the only unknowns,
their values are discussed in the remaining sections.

The widths for these processes are

3 3 3
=f(21r)46(P-p-s-t) S It 1 5 2.
(2%)72E (2n) ZSO (Zn)'Zto spins

Given the interaction (1), the currents (2-4), and the assumed q2 dependence

of the form factors; the width can be displayed as a function of the form

factors at q2 = 0.

- - 4
r{a »=w) = % P f .9.9.
i,5=1 i 1J i%j

r(Q +z°*g) = g AUF‘FJ vijGiGj
i,J=1
The integrals 313' v1j. j? v j are given in tables in Appendix A. These
integrals are, of course, 1ndependent of our model; their accuracy is
limited only by uncertainty in the baryon masses. Errors reflecting
this are given in the tables. All masses and other experimental quantities
have been taken from the 1978 Review of Particle Properties.

We also calculate the energy spectra of the charged lepton, Qﬁb,
ds
for the - decays.

II1. The Multipole Hypothesis

The baryon current operator may be expanded in a series of irreducible

9

tensor operators” transforming as representations of the rotation group.

For example, the time component is
3° = ¢ T
J=0 J,0

(7)

(8)

(9)

(10)



When evaluated between spin eigenstates using the Wigner-Eckart theorem
the usual multipole expansion is generated. This definition may be

generalized to non-static transitions by evaluating the current operator

between helicity eigenstates.

<s' 51 d% s> = J£0<s',x‘|TJ,ols,A>
- (_1yS' A2 s' s R
= (-1) JEO(-A. 0 )‘) <s']| TJ,OH s> (1)
. s'-x' 2 ,s'Jds
= ('1) JEO(-)‘. 0 A) QJ

In the limit of a static transition only Qo and Q] are allowed. When the
baryons are in relative motion, however, Q2 and Q3 can be non-zero.

The multipoles for the other components of the current are similarly
defined'®

33 s'-x' T ,s'Jds
<s' A '3 s,0> = (1) r (2, ) L (12)
PSSO BURS
st Tlsa = (DTN T ST D) (6 * M) (13)
N - toy ! «© [}
s A7 [s0a5 = (-1)S A £ (50 35 (g - My,) (14)

where J¥ = t (5] t iﬁz). Qye Ly EJ, M, are the Coulomb, Longitudinal,
Transverse Electric, and Transverse Magnetic multipoles respectively.
The expansions have polar four vector parity when J is even and axial four

vector parity when J is odd.

The multipole Eo is always zero. Multipoles not satisfying
|s' - 4] SJd = s' +5 (15)

are also zero. Before any assumptions are made the non-zero multipoles



for the =v decay are

Q]’ Qz’ L]’ Lz’ E]’ Ez’ M], M2

while for the =*2v decay the non-zero multipoles are

Qo’ Q]’ Qz’ 03’ L]’ LZ’ L3’

E E2, E3, M, M, M

1’ 1’72 3

In the static limit, multipoles with J=2 are zero because the inter-
mediate boson carrying the weak interaction has only vector and scalar
parts. The higher order multipoles arise because spin is not a Lorentz
invariant.

Now we invoke our picture of baryons as three independent spin 1/2
quarks. The @ decay is then a transition from a strange quark in a
s-wave state to an up quark in an s-wave state. The multipoles with J>1
must then be zero because (15) is not satisfied. The limitation of this
multipole hypothesis can be seen in a simple illustration: Mathews5
argues that because the E2 contribution to the width of A > p y s small
the vector form factors 9, and g, are related. Indeed if, as we also
would assume, PEZ/er = 0 then g, = -Mg4.5 However, if PEZ/FMI = .015,
which is certainly experimentally allowed, then Mg4/g2 equals 2 or 0. Thus
Jjustification for our multipole hypothesis cannot be looked for in experi-
ment. The assumption is that the values of the form factors derived by
assuming the higher multipoles are precisely zero gives accurate values
for the rates even in the real world where there may be a small contribu-
tion from the higher multipoles. (Changing Mg4/g2 by a fa_tor of two
introduced only a i.5% contribution from the higher multipole in the

illustration above.)



We now examine the conditions that result from this assumption
on the multipoles. Expressions for the current operators between various
helicity eigenstates are found using explicit representations of the Dirac
and Rarita-Schwinger spinors to evaluate the different comporents of the
currents (equations (3) and (4)). We choose a coordinate system where the
0 is at rest and the = moves along the z axis. In this frame, the Rarita-

Schwinger spinors are expressed as combinations of helicity 1 and 1/2

eigenstates.1]

The resulting expressions for the higher order multipoles are

Q, v g, + gg (M-E) + g,

2
Ly v g * g (E4m) - g3 (E%n)

Ez v g] + 99 (E+m)
M2 LY f2
for the =2v modes. E is the energy of the =. The =*av multipoles are

2
QZ " G] + G2 (M-E) + G3M - (E+m) {G4 + 66M (M-E) + G M"}

7
L, ~ (E-m) {6; - G, (E#m)} - (E+m) {(G4E + GM - GeM (E2-m2))
E2 o mG4 + MG

5

M3 ~ (E-m)G] - (E+m) {mG4 - MGg}

2
Qg v Fy + Fy (M-E) + F g - (E4m) (Fy + FM (M-E) + F;M°)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)



Ly~ Fy - Fy (E-m) - FpE - F M+ F M (E2-n?) (25)
E, ~ 2F) - mF, - MF, (26)
M, ~ mF, - Mg (27)

Because there are 8 form factors to fix in the =4v decay and 14 to
fix in the =*2v decay, the multipole hypothesis is not sufficient to

determine the widths. Further relations are developed in the next section.

IV. More Relations on the Form Factors
The Ademolio-Gatto theorem indicates that the vector current is
almost conserved, even for strangeness changing decays. Thus we use

u -
9, Yector = 0 - (28)

This requirement on the =2v current yields a re]ation5 at q2 =

gy + (Wm)g, + 5 (¥on?) g, = 0 (29)
Requiring that the =*2v vector current be conserved gives

6y + % (Wm) G5 = 0 (30)

1 w2 2
G4 + 65 + E‘(M -m~) G7 =0 (31)

The CVC statements are not independent of the multipole hypothesis.
Equation (29) relates Q, and L, and contains no information because these
are zero. Equations (30) and (31) relate QO to L0 and 02 to L2, therefore

only one of these is independent of the rcguirement that 02 and L2 equal zero.



The assumption of a partially conserved axial vector current gives

the re]ation5

1 22y 6 o
fi + fp (Mom) + 5 (W°m™) £4 = 9gp- g

for the =iv decays. Yk is calculated 5 from the observed width of the

decay K + uv

v, = 0354

o is the strong coupling at the q=K vertex. This is taken to be

equal to the coupling at the pr+ vertex found from the A++ lifetime,

%oz = Ippyt = 195

An identical argument for the =*1v current using
g =

G g U gGBU 1 q“
K /7 JKka=* "u's B q?_mz ¥
K

for the meson pole contributions to the axial vector current yields at

e? =0

1 /2 2 -
(M) Fy + 5 (M°-m™) F3 = g0 v,

1 /2 .2 -
F4+F5+§-(M-m)F7-0

The KQ=* coupling can in principle be found from the AnA coupling.

This coupling is not well determined. Dicus, et al.lz find

9pna = 22, + 6.

. - + -
from an analysis of » p » x = n scattering data while a prediction based on

SU(6) symmetry gives

gAnA = 40,

(32)

(33)

(34)

(35)

(36)

(37)
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Using the mean between these values we find

Ipazr ¥ Ipttohpt = Jg 9, = 20 (38)

One of the axial vector form factors for each decay mode can be

found using the MIT bag model. SU(6) Clebsch-Gordon coeff‘icients.|3 relate

the baryon currents to currents for weak transitions between quarks.

3 2 G . 13
<1/2. I/ZIJAxia]l3/2, 1/2> J;’,Esmec(w*lJAxia]Isn -

- ]33 o lses) (39)

<3/2, 3/2|3; s.113/2, 3/2>

G . 23
Axia /3 % sine_ <ut|Jp . qls> (40)

2

8. = .26 is the Cabbibo angle.

The axial vector current operator between the quarks is

~3 _ - u
JAxial = ( v(-vy Ys)‘ll dv)u = 3
bag
- t = -
bag

where y is the wave function for a Dirac particle confined to a spherical

bag. This integral has been evaluated by DeGrand, et a1.6

gy = .707 (41)

The LHS of equations (39) and (40), calculated using explicit representations

of the spinors normalized to one, are



2 _[Em 2_ 2 - JZ ;
J; 5= [fy + (E-m) f, - (ES-m®) f3] 2 y3 9psine.

J%ﬂﬂ"— [Fy - F, (E-m)] = - /3 g, sine_

The bag model results are strictly true only for static transitions;

thus relations (42) and (43) are evaluated at E=m

-*
fl

1 ° -ZgA sing
Fy = - /3 gy sine,

The bag mcdel can also be used to relate several of the vector form

factors in the =*iv decay.

<3/2, 32100, 1372, 372> = Ssing_ /3 ur|dd ., [st>
/2

Vector Vector

the current operator between the quarks is

~0 - .
vector * / vyt v av

bag

+ =
fw pdv =g,

bag

We have evaluated 9y and found, in the notation of DeGrand, et a1.5

2X <X - A: = A
= i j j
9y

X5-X3 N ~
i JZai(ai 1)+Ai vz:.xj(aj \)+AJ.

For the =*gv decays

gy = .972

11

(42)

(43)

(44)

(45)

(46)

(47)

(48)
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Explicit calculation of the LHS of equation (46) gives for static transitions
- (G] + G, (M-m) + G3M) =3 sing_ g, (49)

A final relation on the form factors for the =zv mode is found by
’\:
relating the experimental amplitude, A 3/2, for the helicity 3/2 component

of the A > py transition to <1/2, 1/2|J |3/2, 3/2> by the generalized

Vector
CVC hypothesis. A calculation of the width for A > py shows

Gsine m (m°-m_) A
AR /2, 12|35, 1372, 32> =f?_5 -—zJ-P-——P— Ayp (50)

The Review of Particle Pv-opev'ties]5 gives A3/2 = -(.256. We have

A/2,1/2|0y 4001312, 32> = - =2 Ega-g] : (51)
Thus, at q2 = 0,
g9y = 1.47
V. Results

Combining the relations of the previous two sections fixes most of

the form factors:

R +» =2+ +y

g, = 1.47 £, = -.364

g, = -.551 Gev™' f, = 0.0 Gev™

g5 = 0.0 Gev™ f5 = undetermined
gq = -330 Gev™2 fo = 403 Gev
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QO+ =%+ 04y

G] = undetermined F] = -.315

6, = .3126, - 3.08 GeV"" F, = 21.1 Gev™'
6, = 0.624G, GeV™' Fy = 7.64 GeV!
6, = 6.27 x 107%, Gev™’ Fy = =0.206 Gev™)
65 = -5.74 x 107G, GeV™ Fs = -0.188 Gev™'
6 = 2.55 x 1073, - 0.601 Gev™>  F = 1.28 gev™
6, = -2.38 x 107%, Gev™? F, = 1.75 Gev™>

The form factor f, is not fixed in this discussion. Its contribution
to the width is negligible, however, because it is the coefficient of Q"
which, when multiplied into the lepton factor (2), becomes the lepton
mass. This can be checked hy looking at the coefficients of f3 in Table I.

Thus the widths for the = decays are completely determined,

Axial Vector;jsf}) Vector (§f]), Total (s'])
c+e+3) 6.7-9.1x 10"

r(a” » 3.2-5.7 x 10°  7.0-9.7 x 107

I‘(Q- - 7

4y +3%) 8.9-6.9 x 10 2.8-3.6 x 10° 5.1-7.3 x 10’

The =*2v decays are not fully described in this discussion. The vector
form factors G2 and 66 are not important because their coefficients in
Table 2 are always small. The factors G4, GS’ and G7 are very small
relative to G] allowing these terms to be neglected in the width calculation.
The widths for the vector part of these decays can then be expressed as

a function of G]. The results are limited by uncertainties in the tabulated

integrals. We find

- 5 2 -]
FVector(g =*ey) <9 x10°G] s

- s 5 2 -1
I‘vector(ﬂ > =*yy) <1 x10 G] S
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The axial vector contribution to the width depends only on F] and F3
since the coefficients of axial vector form factors FZ’ F4, FS’ FG’ F7

in Table 2 are small. The partial widths are

5 -1

rA(n- > =% + @ +3) 8.1 -8.4x10°s

ra(a” > =%+ +3) 4.3 - 8.6 x 10% 57!

The lifetime of the @ is not known exactly. The 1978 Review of

Particle Properties'? lists t = 1.1 x 10710

seconds while the recent
experimental analysis of Gaillard' finds t = 0.82 x 1010 seconds. The
accuracy of branching ratios is limited by the accuracy of the total

lifetime measurements. We find the branching ratios for the two cases are

t = 1.1x10" Vsec <= 0.82x10" ' Osec
Q"+ =%ev 0.8 - 1.1 x 1072 0.6 - 0.8 x 102
Q> 2o 0.6 - 0.8 x 1072 0.4 - 0.6 x 1072
Q™ - zo%ey 8.9 - 9.2 x107° 6.7 - 6.9 x 107°
Q" > =o%5 4.7 - 5.1 x 1075 3.5 - 3.8 x 1075

The =* branching ratios are for the axial vector contribution only. The
vector contribution is comparable or smaller.

Since we were able to determine all the necessary form factors for
the = decays it seemed worthwhile to determine the energy spectra of the
outgoing electron or muon. These are shown in Figures 1 and 2. The change
of form factor momentum dependence, F(qz), has little effect on either
spectrum. The shapes of the spectra differ substantially from what would
be expected on the basis of pure phase space considerations. For example
the maxima occur at approximately 20 MeV above that of the phase space

distributions.



Figure 1.

Figure 2.

15

Captions
The electron energy distribution in @ + =° + e + v. The

solid Tine is F(q%) = 1, the dashed line is F(q)

(1-q%/m?)2
the dot-dashed line is result if the matrix element is independ-

ent of the energy (pure phase space).

The muon energy distribution of @~ + =° + 4 + v. The various

lines are the same cases as in Fig. 1.
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Appendix
The widths for the leptonic decays are given in (8) and (9) of the

text as functions of the form factors fi’ 95> Fi’ and Gi‘

4
r( » zav) = i g,laijfifj * vys 9495
»J=
. 7
¢ z* = F.F. + V.. G.G.
r(q + z*2y) i,§=lA’JF' i V1J GIGJ

The purpose of this appendix is to tabulate the integrals aij’ Vs A,

j: 1j’
and vij' They are listed here according to lepton type and form factor
dependence. They are symmetric in the indices. Uncertainties in the last
two decimal places are shown in parenthesis. These uncertainties arise

entirely from uncertainty in the baryon masses.



F(g%) = 1

ii Electron
n 1.60(03)E-5
12 3.60(07)E-5
13 2.50(03)E-12
14 3.49(08)E-6
22 1.24(02)E-4
23 7.45(14)E-12
24 1.01(02)E-5
33 7.06(17)E-14
34 1.37(03)c-12
44 1.41(03)E-6
F(q?) = (1 - g2~
11 1.94(04)E-5
12 4,31(08)E-5
13 2.82(05)E-12
14 3.94(09)E-6
22 1.50(03)E-4
23 8.41(16)E-12
24 1.14(03)E-5
33 8.59(22)c-14
34 1.54(03)E-12
44 1.55(04)E-6

1J

1J

O = = MmO~ W ~ 0

NN~ o= 00—~ W N -

Muon

.89(20)E-6
.92(04)E-5
.07(07)E-8
.61(04)E-6
.78(15)E-5
.24(22)E-8
.64(12)E-6
.49(04)E-9
.72(05)E-8
.18(18)E-7

.14(03)E-5
.44(06)E-5
.78(09)E-8

.94(05)E-6

.65(20)E-5
.13(03)E-7
.60(15)E-6
.89(06)E-9
.11(06)E-8
.33(22)E-7

d.:

Electron

- - 00 00 00 ;W N NN

—_— et O —~ OV AN NN

.17(03)E-3
.38(04)E-4
.43(03)E-10
.42(05)E-4
.72(11)E-5
.68(13)E-1
.46(16)E-5
.81(16)E-12
.34(02)E-10
.26(02)E-4

i3
.84(04)E-3
.81(05)E-4
.84(04)E-10
.01(07)E-4
.46(12)E-5
.01(02)E-10
.54(18)E-5
.12(02)E-1
.57(03)E-10
.42(03)E-4

ij

D NN P =N - W -~

1
1
4
2
3
1
5
2
2

8

Muon

.44(02)E-3
.32(03)E-4
.82(07)E-6
.91(04)E-4
.98(07)E-5
.37(03)E-6
.47(10)E-5
.14(05)E-7
.15(04)E-6
.77(15)E-5

.97(03)E-3
.66{03)E-4
.84(09)E-6
.39(05)E-4
.62(08)E-5
.73(04)c-6
.44(12)E-5
.82(07)E-7
.72(06)E-6
.23(19)E-5



Electron
F(q?) = 1

1 4.54 x 1070
12 1.85 x 10
13 1.06 x 1075
14 -1.34 x 1078
15 -1.34 x 1078
16 -5.24 x 10719
17 -3.01 x 107?
22 3.25 x 10710
23 1.31 x 10713
24 -1.64 x 10717
25 -1.64 x 10719
26 -7.16 x 10”18
27 -3.72 x 10716
33 13 x 1078
34 -9.31 x 10710
35 -9.49 x 10°10
36 -3.72 x 1076
37 -1.64 x 10710
a4 2.28 x 10710
a5 1.82 x 10710
a6 4.99 x 10”7
47 2.85 x 10711
55 2.47 x 10719
56 4.99 x 10V
57 2.89 x 101
66 1.79 x 10719
67 1.13 x 1077
77 5.28 x 10”12

73
1.27
4.37
1.24

-1.32

-2.05
7.1
2.06

-3.56

-3.56

-8.11
6.99
-2.02
-2.07
-8.11
-3.29
1.79
1.03
3.34
1.90 x
1.97 x
3.34 x
1.94 x
1.46 x
7.59 x
3.36 x

X X X X X X X X X X X X X X X X X X X X X

10714

]0‘]5

(07)
(02)
(11)
(04)
(04)
(15)
(07)
(18)
(04)
(09)
(09)
(07)
(24)
(17)
(06)
(06)
(24)
(12)
(06)
(04)
(12)
(08)
(07)
(12)
(c8)
(07)
(31)
(15)
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Electron

F(q%) = (1 - ¢%)2

ii Aij
1
]l 4.7 x 107° (12) -
1. -12 -
: ] z: : 10-6 e 2.79 x 1070 (07)
> e 0 (o 1.31 x 10719 (03)
; i o G 4.47 x 1070 (M)
’ ; o (o -1.26 x 10°°  (04)
5.3 x 1071% (1 T3 x 10
: : 1 . x 10 (04)
06 x 1079 (1 Sz x 103
22 3.37 x 10719 . " )
- s (2 -2.09 x 1077
P 1.35 x 10']3 ! 0 g
- e i 44 x 16012 (19)
? i o (oo 2.13 x 10719 (04)
- 7. : 10-18 (o0 -3.64 x 1072 (09)
-7.37 x 10718 (3 Si64x 107
2 : e \ x 10 (09)
: 5.:8 10 ! (2 -2.08 x 1071 (o7)
; P ¢ 10_]0 1 -8.30 x 10713 (25)
.48 x 10710 (38 715 %10
35 -9.66 x 10°10 ! o w
; ; o (2 -2.07 x 107  (06)
.78 x 10716 (3 2122107
37 -1.67 x 1 -10 X X =
: 2. e 1 -8.30 x 10713 (25)
“ ].32 e -3.35 x 1077 (12)
.86 x 10710 (o8 184 x 107
46 5.07 x 1017 ! w7 o
’ v o (o 1.05 x 1077 (04)
X 2. e @ 3.40 x 10°1% (12)
.52 x 10 (12 Lot x 107
56 5.07 x 10717 ) X ! o
’ Lot he 2.03 x 1077 (08)
. o e o 3.40 x 10714 (12)
: g 00 (o 1.97 x 1078 (08)
. i : 10-12 (o 1.51 x 10718 (07)
e, 7.73 x 10°1% (31)
3.4 -9
1x107  (16)
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Muon

Fig?) =1

" 1.64 x 105 (12) 9.87 x 1077 (78)
12 3.76 x 10710 (35) 9.38 x 108 (68)
13 1.26 x 1078 (12) 1.63x 10°°  (12)
14 -4.86 x 10711 (57) -1.42 x 1008 (19)
15 4.8 x 100" (57) -1.57 x 1078 (15)
16 -3.20 x 10713 (39) -1.01 x 10719 (10)
7 -0 x 1071 (19 -1.95 x 10672 (20)
22 1.81 x 10712 (18) 1.10 x 1078 (08)
23 2.713x 10011 (27) 1.5 x 1077 (1)
24 -9.99 x 1071%  (121) -7.21 x 10710 (68)
25 -9.99 x 1074 (121) 7.21 x 10710 (68)
26 -1.48 x 1071°  (19) a2 x 100 ()
27 2.32x 1004 (29) -1.68x 10710 (17
33 5.20 x 1070 (54) 2.68 x 10°° (20
34 -3.38 x 10712 (42) -2.38 x 1008 (23)
35 -3.50 x 10712 (43) -2.47 x 1078 (29)
36 -2.32x 10014 (29) -1.68 x 10710 (17)
37 4.73x 1071 (62) -3.20 x 1077 (33)
a4 8.18 x 10°1°  (105) 1.97 x 1077 (20)
45 5.15 x 10713 (67) 6.11 x 10710 (66)
46 9.82 x 101 (145) 2.08 x 10712 (25)
a7 3.39 x 10°1%  (51) - 6.92 x 10711 (85)
55 9.45 x 10°1°  (122) 2.29 x 1077 (23)
56 9.82 x 1016 (145) 2.08 x 10712 (25)
57 3.50 x 10714 (53) 7.16 x 1001 (88)
66 1.61 x 10717 (22) 3.02x 1074 (38)
67 2.28 x 10716 (35) .75 x 10713 (60)

77 4.87 x 10°'°  (77) 9.69 x 10712 (127)



Muon

F(q?) = (1 - ¢%)2

ij

1
12
13
14
15
16
17
22
23
24
25
26
27
33
34
35
36
37
44
45
46
47
55
56
57
66
67
77

1.76 x
4,00 x
1.34 x
-5.15 x
-5.16 x
-3.40 x
-1.17 x
1.93 x
2.90 x
-1.06 x
-1.06 x
-1.57 x
-2.46 x
5.53 x
-3.58 x
=-3.71 x
-2.46 x
-5.02 x
8.68 x
5.47 x
1.04 x
3.59 x
1.00 x
1.04 x
3.71 x
1.49 x
2.42 x
5.16 x

1076
1010
108
1011
1o-1
10-13

]O-]]
]0"]2

]0-11
]0-13
10-13
]0-15
]0-14
]0-10
]0-12
]0-]2
]0-14
]0-]3
]0-13
10-13
10-15
]0-]4
]0-12
10-]5
10°14
]0-]7
]0-16
]0-]5

(13)
(38)
(13)
(61)
(61)
(41)
(14)
(20)
(29)
(13)
(13)
(20)
(31)
(57)
(44)
(46)
(31)
(66)
(112)
(72)
(16)
(54)
(13)
(15)
(56)
(23)
(37)
(82)

1.05 x
1.00 x

1.74 x
-1.51 x
-1.67 x
-1.08 x
-2.07 x

1.18 x
1.66 x
-7.68 x
-7.68 x
-1.19 x
-1.79 x

2.86 x
-2.53 x
-2.62 x
-1.79 x
-3.40 x
2.09 x
6.49
2.17
7.34
2.43
2.17
7.60
3.21
5.04
1.03 x

X X X X X X X X

107
-7
10°
1078

10°8

1010
10
1078

1079
10

10
10

(08)
(07)
(13)
(14)
(16)
(11)
(22)
(09)
(12)
(72)
(72)
(12)
(18)
(21)
(24)
(25)
(18)
(35)
(21)
(71)
(26)
(91)
(25)
(26)
(94)
(41)
(64)
(14)
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E(GeV)
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