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The parameters D, F, and ¢ appearing in Cabibbo’s theory for the weak baryon current have been re-
evaluated, following Willis ef al., using the latest available data on the leptonic decays of baryons. The
momentum dependence of the form factors has been included. Seven data were used and three parameters
fitted. The best least-squares fit to the data gives D= —0.7664-0.037, F = —0.4154-0.035, §=0.245-+0.010

[probability =93% (x2=0.78)7].

I. INTRODUCTION

HE octet current hypothesis! for the nonleptonic

weak current is successful in describing the decays

of baryons into leptons. The weak current of the baryons

can be expressed in terms of three free parameters,

commonly denoted 6, D, and F; using these parameters,
the experiments can be fitted quite closely.

The values of these parameters which best fit the
experiments have been determined by Willis ef al.2 and
others.? Since their work, new data on the leptonic decay
of the baryons have become available. For this reason,
the parameters 0, D, and F have been re-evaluated.
Also, the weak magnetism terms and the momentum
dependence of the form factors are included in this
calculation. These two small corrections had been left
out by Willis et al.*

II. OUTLINE OF THE THEORY

Weak leptonic decays® of the baryons are described
by a phenomenological current-current Hamiltonian:

H=J\(x)jMx), @)

where Jy is the baryon current and j* is the lepton
current. The form of the lepton current is well known:

=2 U4+,

l=u,e

[The notation used throughout is as follows: The metric
is g7=(1, —1, —1, —1); +° is Hermitian, the yi(i=1,
2, 3) are anti-Hermitian; the scalar product of two four-
vectors is 4,B%, where the repeated index is summed
from 0 to 3, and 4 o= gasd?®. ¥P=17v5=—4voyrv2Ys-]
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The baryon current is known to have two parts
obeying different selection rules. The strangeness-
conserving part of the current obeys the rules AS=0
and |AI|=1, while the strangeness-changing past of
the current obeys the rules AS=AQ; and |Al| =3.

The octet current hypothesis! proposes that these
nonleptonic weak currents transform as menbers of an
SU(3) octet. In particular, following Cabibbo’s sug-
gestion, the strangeness-conserving part of the current
equals (Gv/V2)[Ox(x)]s!, and the strangeness changing
part of the current equals (Gs/VZ)[Ox(x)Js!. The octet
is normalized so that Gy is the Fermi constant for 8
decay, Gy=1.011X10-5/M? (where M is the proton’s
mass), and Gg and Gy are related by Gg/Gy=tané,
where 6 is the Cabibbo angle.

Hence, writing the current as J(x),/, where \ is a
Lorentz index (\=0 to 3) and j and & are SU(3)
indices (7 and & go from 1 to 3), we can say that
(Bo| JA(%)s?| B*) is an invariant tensor transforming
according to SU(3). Such a tensor can be written in
terms of the invariant tensors dys,* and f,4,5* (which
are, respectively, symmetric and antisymmetric under
interchange of any two pairs of indices). Making a
further separation of the current into vector and axial
vector octets, we have

(Ba*(p2) | (O (2))57] BH(p1)) =l (po)vo
X (DAY daso™4FrY 0ps %) py)ei o0

(Bai(p2) | (ON*(2))47| BH(pr)) =u'(p2)

XY0Ys(DaAdapc 4 Fad fopet#®)u(py)ei@r—rne, )

[The spinors #(p) are solutions of the free Dirac
equation, normalized so that #t(p)u(p) =1.] The tensors
J and d are determined by their invariance and sym-
metry properties, and the traceless conditions of the
baryon and current octets:

Bave' = (4/9)8470078:"— 2(8,%8 805+ 8478,78 5+ 8,%8478,)
+8,18,38,548,78.98,%,  (3)
Sabei*=8518,38,%— 6,78,78 %

From Lorentz invariance, time reversal invariance,
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TasBLE I. g4 as a function of D and F for all allowable decays.

Reaction ga

n — ply (D+F)cosf
AY— ply (1/4/6) (D+3F)sing
= — uly (D—F)sing
= — A% —(/2)D cost
=t— A% —(2)D cosf
30— ply (1/v2)(D—F)sing
E-— A% (1/4/6) (D—3F)sing
50—ty (D+F)sing
Em— 2% (1/V2)F sinf
= By (D—F)cos@

and Hermiticity, we have
D\V=y\D1"+ior.q"D," ,
F\V=y\F1"+io\q"F," ,
DyA=y\D1A+q\Do4, CY)
F)\A=’Y>\F1A+q>\F2A s

where ¢= p2— p1 and or.=%i[ v, V-]

We are intesested in the decay 4 — A’+I14», where
A and A’ are baryons, ! is a lepton, and » is its neutrinp.
The previous notation its a bit cumbersome to use in
doing calculations; let us write the current matrix
elements in the following conventional form. The non-
leptonic current can be divided into vector and
axial vector parts, Ja=V+A4\; these are related by
Cabibbo’s theory to their respective octets, (V)str.cons.
=(Gv/V2)(O\7)s!, etc. The matrix elements of these
currents between any two baryons 4 and 4’ can be
written as

A (p2) | VA@) | A(p1)) = (G/V2)ul (p2) A
Yol v2gv(g2)+ionq7gu(g?) X u(pr)etie-=,
(A" (p2) | Ax(x) | A(p1))= (G/N2)u!(p2) .
XyovsLvaga (@) +pge(gd) Ju(pr)etrie=,  (5)

where G=Gy or Gg depending on whether we are
dealing with the strangeness-conserving or strangeness-
changing part of the current. One can easily see how to
relate gy (which is different for different baryons) to
D,V and F,", and similarly for g, g4, and gp. In Table
I, g4 is given in terms of Dy4(=D) and F14(=F) for
all allowable decays. .

The vector current can be determined explicitly
if we assume that the vector current and the electrq«
magnetic current belong to the same octet [this is
essentially the conserved-vector-current (CVC) hypo-
thesis]. Taking

(l/e)]elee= Iz+%y=;3_(2011_022_ 03 3) ?

we have
(nl l/e]elecl%>= —%DV

<p| 1/ejelec[1>>=%’DV+FV'

and
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Hence, knowing the electromagnetic form factors of the
neutron and proton,® one can solve for DV and F". To
first order in ¢2,

DiV(¢9)=0,

Fy7(¢%)=1.00+2.00(4*/M?),
D,7(¢?)=1.44M~Y(14-2.37(¢¥/ M?)), (6)
F3¥(¢)=0.42M~1(1+3.02(¢>/ M?).

(M is the proton’s mass.)

Calculations proceed straightforwardly from the
phenomenological Hamiltonian. The momentum de-
pendence of the form factors was taken into account by
expanding to first order in ¢2:

8(@)=g(0)+¢'(0)¢?,
dq(¢*)
dq?

The dependence of the axial form factors on the

momentum transfer ¢* is not known. High-energy

neutrino experiments indicate it is not too different from

that of the vector form factors and so g4 was taken to

be proportional to (1+42.00(q%/M?)). The results proved
quite insensitive to the coefficient of ¢2/M2,

A formula for the electronic decay rate can be calcu-
lated exactly if the electron’s mass is neglected and the
form factors are expanded as stated. This formula is
given in the appendix. Note that the induced pseudo-
scalar term gp(¢g?) does not appear (in the limit in which
the lepton’s mass is zero). The muonic decay rates were

evaluated numerically. The induced pseudoscalar term
was put in by using?®

where

g0)=

¢%=0.

Ma+Ma
—24(), ™

gr(g)=——ry
—m;
where M4 and M4, are the masses of the initial and
final baryons, and ; is the mass of the 7 or K , depend-
ing on whether we have a strangeness-conserving or
strangeness-changing decay.

TasLE II. Experimental data used.

Data used
Axial vector/vector coupling constant ratios
Reference
(ga/gv)"?=—1.1840.02=D-+F 13
(g4/gv)ir=—0.9 +£03 =3D+F 14
Leptonic decays
Total mean
lifetime of
Reaction Branching ratio Ref. primary (sec) Ref.
A—> pey (8.5+0.9) X 10¢ 8 2.52X10710 7
27— ney (12.7£1.7) X10~¢ 10 1.65X 10710 9
2™ — Aev (0.75+0.28) X 10~ 11 1.6510~10 9
A— puy (1.44-0.6) X 10¢ 12 2.5210710 7
== — nuy (6.61.4) X104 11 1.65X10™10 9

¢ L. Hand ¢f al., Rev. Mod. Phys. 35, 335 (1963).
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TaBLE III. Summary of results.

This work Willis solution A
0 0.245+-0.010 0.272
D —0.766-0.037 —0.74
F —0.4154:0.035 —0.44
Probability (x?) 93% (0.78)
This work Experimental value

(ga/gv)™® —1.18 —1.18

(ga/gv)ie —0.67 —0.9
Branching ratios:

A— pev 8.5 X107 8.5 X107
™ — nev 13.0 X107 12.7 X10¢
™ — Aey 0.67X1074 0.75X10™¢
Zt— Aev 0.20X10~* ~0.2 X10™¢
E-— Aey 5.6 X10* <17 X10™
E0— Ztey 2.8 X10™*
5™ — 2%y 0.27X107*

B — Elev 0.27 X107

A— puv 1.4 X10¢ 1.4 X10™¢
BT — nuv 6.2 X107 6.6 X107t
E-— Apy 1.6 X10~¢

III. FIT TO EXPERIMENTAL DATA

The preceding theory can be compared with experi-
ment There are three parameters still undetermined:
the Cabibbo angle 6 and the two parameters D and F in
the axial-vector current.

The experimental data used are presented in Table
I1.74 The values of 6, D, and F which best fit these
data were found by making a least-squares fit. Using
the input data of Willis ef al., reproduces their result
closely.

Some further comment is needed on the A° data. It
is hard to say with certainty what the A° lifetime is;
while many measurements have been made, the results
are not all compatible with each other. Good measure-
ments give mean lifetime values” in the range (2.3 to
2.7)X 1010 sec with errors on the order of 0.1X107%°
sec.?; the value in the table represents some average.
also there are discrepancies in the A — pev branching
ratio. Using only the two experiments which each have
more events than all other experiments combined gives
a valued of 8.0X10~* instead of 8.5X1075. However,
neither of these possible changes can affect the results
within the stated errors.

7For a list of experimental references see A. Rosenfeld ef ol.,
Rev. Mod. Phys. 37, 633 (1965). To this list add T. Buran et dl.,
Phys. Letters 20, 318 (1966). The number in the tableis an average
of all measurements with error less than or equal to 0.10X10710
sec, weighted by the inverse of the stated error. .

8 C. Baglin e al., Nuovo Cimento 35, 977 (1965); V. Lind ef al.,
Phys. Rev. 135, B1483 (1964); R. Ely et al., Phys. Rev. 131,
868 (1963); B. Aubert et al., Nuovo Cimento 25, 479 (1962).

9 C.-Y. Chang, Nevis Report No. 145 (unpublished) ; W. Hum-
phrey et al., Phys. Rev. 127, 1305 (1962). .

10 H. Courant et al., Phys. Rev.136, B1791 (1964) ; D. Miller ez al.,
Phys. Letters 11, 262 (1964); U. Nauenberg et al., Phys. Rev.
Letters 12, 679 (1964); C. Murphy Phys. Rev. 134, B188 (1964).

11 H. Courant ef al., Ref. 10.

12 B. Ronne et al., Phys. Letters 11, 357 (1964).

13 C. S. Wu (private communication).

14 J, Barlow et al., Phys. Letters, 18, 64 (1965).
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The results are summarized in Table ITI. Most of the
change from the results of Willis ez al. is due to the new
data. The value of 8 quoted here is smaller: this is be-
cause the number used for the A — per and Z—— nev
branching ratios are smaller; since both of these are
strangeness-changing decays, these branching ratios
are proportional to sin?. Inclusion of the ¢* dependence
of the form factors proved to be a small correction; and
and the weak magnetism corrections were about £ as
big; both corrections together accounted for about 309,
of the change in 6.

It has also been suggested® that the weak coupling
constant in u decay G, is related to the weak coupling
constant in 8 decay by Gy/G,=cosf; or, stated dif-
ferently that G,2=Gy?+Gg? This constraint on cosf
was not used in the fitting data because it is not implied
by the octet current hypothesis.

Checking this second proposal against experiment is
difficult because there are uncertainties in calculating
the radiative corrections to 8 decay. The uncorrected
experimental value of Gv/G, is 0.988.13 The corrected
value can be expressed as follows:

Gv/G,=0.988—r. ®)

If one assumes the existence of the intermediate boson
W, one finds for a bare nucleon,!®

o 25 Mw
r=~<7r2——+6 In—
4 4 M

M 3/ M\
—I—Sln—————Z.SS)—-——( ) (9)
2E,, 10\ My

where Ep=maximum energy of B particle and
Mw=mass of W. (A calculation proceeding from the
effective Hamiltonian, with four fields interacting at one
point, yields a divergent result; explicitly, one gets the
above formula, without the last term, and with My
replaced by some cutoff energy.)

At this time, all that can honestly be said about the
Gv/Gu=cosf hypothesis is that it is not inconsistent
with experiment. However, one could take the value
cos6=0.970 (as found here) and use the formula for  to
calculate the mass of W: Mw=9 GeV.

The Cabibbo angle can also be calculated from the
decays of the = and K. These data were not included
here since there are some objections to using them.
Because of the large mass difference between the 7 and
K, it is not a good assumption to say that the form
factors are independent of momentum transfer (as is
often done). The momentum dependence of these form
factors is not well known, and the calculated Cabibbo
angle is fairly sensitive to it.1

16 T, D. Lee, in Proceedings of the Oxford Conference on Weak
Interactions and Questions of C, P, T Noninvariances, 1965
(unpublished).

16 S. Odena and J. Sucher, Phys. Rev. Letters 15, 927 (1965);
erratum 1049.
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From the decays K — p-+» and = — p+-», which are
purely axial vector, we find (taking the form factor as
constant)

0=0.2662=0.006.

From K — 7%+e+v and 7 — 7%4e+4», which involves
the vector current, we find!®

6=0.222-4-0.006.

(Both numbers are without radiative corrections. Radia-
tive corrections to the first have been calculated!’;
they increase the number by 0.129,.) Thus there seems
to be some indication that there are different Cabibbo
angles for vector and axial vector currents. The signi-
ficance of this is not yet clear. It could, in principle, be
checked in baryon decay. However, better data will be
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required before one can reasonably fit separate angles
for the vector and axial vector currents from baryon
decay measurements.
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APPENDIX

The decay rate is given for the process 4 — 4'+e+v,
where A and A’ are baryons. The notation used for
the coupling constants is given in Eq. (5); M 4=mass
of baryon 4, and m=mass of baryon A4’/mass of
baryon 4.

W= (G 2r){| gv| X [—3M 45(m*+m*+m¥)Inm—+C1+Co]+Regy" gy’ X [—3M 47(2m3+3m*+-6m5+3mS+2m")
XInmACytCoJ+ | gar | 2X [—3M 47 (m*+2mA~+3m®+2mO+m") Inm~+Cs 14+ Regar"gu’
X [— LM 4°(6m3~+15m*~+36m5+40mS—+36m™+15m3+6m°)Inm~+Ce ]+Regv'gur
X[—3M 48(2m*+3m*~4-3m5+2m®)Inm-+Cr 1+ Re(gv gu’ +gar" gv') X[ — M 43(m®+-2m*4-4m?
+4mb+2m"+m8)Inm—+Cs |} -+ (term in g4= terms in gy with m ——m; Inm — lnm).

Ci= (1/48) M 45(1—8m>+8mS—m")

Co=—(1/24)M 45(m~+9Im*—Im>—m7) ,

Cs= (1/80)M 47(1— 15m2— 80m*+80m®+15m®—m?'?)
Ci=—(1/24)M 4" (m~+28m3—28m"—m?) ,

Cs= (1/240) M 47(2— 51m— 30m2— 140m3— 160m*~+-160m°+140m7+ 30ms+ 5m— 2m") ,
Co= (1/720)M 4%(5— 18m— 120m?>— 1050m3— 1875m*— 1800m>

+1800m74-1875m5+1050m°+120m 104 18m — Sm1?)

Cr=(1/48)M 4°(1 — 3m— 12m>— 44m*— 36m*-+36m°4-44m®4-12m"+3m®—m?)
Cs= (1/120)M 48(1 —4m— 20m?— 155m3— 220m*— 80m®—+80mS-+-220m"+155mP - 20m®++4m**—m11)

17 T, Kinoshita, Phys. Rev. Letters 2, 477 (1959).



