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In this report I will discuss the pres·ent situation in the study 

of weak interactions. 1 

Among the new experimental results are new data on the t non

leptonic decays, which are in.good agreement with the AI • i/2 selection 

rule, and. solve the S - P ambiguit-y in the t triangle in the sense 

suggested by recent theoretical investigations. Not less interesting 

is the flow of more accurate data on the leptonic and non-leptonic decays 

of K mesons, and accurate determinations ()f sign and magnitude of the 

~ - K5 mass difference. 

On the theoretical side,the theory based on octet hadron currents 

has met with some spectacular success with the application of new tech

-niques (algebra of currents). For the first time some real progre.ss has 

been made on the understanding_of_non-leptonic decays • 

. Fig. ·1 comments on the general good situation of the field. 

The problems of. CP violation are still unsolved and we will 

hear more both about its general aspects, and its effects on the neutral 

kaon system, in the talks by Prof. V. Fitch and Prof. 'r. D. Lee. 

Our basic assumption is that weak interactions are due to a coupling 

between currents. All of the existing experimental evidence is in agree

ment with a simple local coupling, although it. is very possible- that -the 

coupling is not really local, but mediated by vector mesons, in which 

case the structure of weak interactions would resemble that of the strong 



and electromagnetic ones. The present limit on the mass of the vector 

boson coupled with the lepton current; Mw > 2~ , corresponds to a 

range of possible non-locality of r ~ 10-1 4 em. 

Weak interactions seem then to be described in terms of a simple 

phenomenological lagrangian: 

~ G { * * * {_· 
~-- ---: "\ t,_R.,_ + J,_R.,_ + J,_R.,_) + Lm. ·.fi ~ 

(1) 

~ describes non-leptonic weak interaction, and we will discuss later 

·the question of its possible structure. G is the Fermi coupling constant, 

and 1,_ a lepton current, which has the ~imple form: 

t,_ (~ y,(l + y )v) + (e y,(l + y )v) 
A 5 ~ A 5 e 

(2) 

J,_ is the hadron current. 

Leptonic Interactions 

The first term in the bracket is a pure lepton-lepton interaction; 

it is responsible for muon decay, but would also give rise to other 

processes like 

neutrino pairs 

e-v 
e 

scattering or electron~positron annihilhtion into 

:t 
e + ve - :t 

e + v 
e 

e++e- ~ ve+ve 

Although these have not been directly observed, ·indirect evidence for the 

· existence of the second process is found in astrophysics, since it is 

• 

claimed that this process plays an·important and· necessary role as a star-

2 . .~ cooling mechanism. If muon decay is due to the exchange of a w· meson 

between the (~v~) and (eve) parts of 1~ , the same meson would also 

couple each of these terms to itself, giving rise to the above mentioned 

processes. 

The form of the muon decay amplitude implied by the above equa-

tions has been checked by two recent. measurements of the Michel parameter 

3 4 p. Thesepreciseresults,' 0.750t0.003 and 0.760:t0.009 arein 

excellent agreement with·the predicted value of 3/4. It has been empha-

sized by Prof. Telegdi that it would be very important to measure also 

the Michel parameter n , relevant in the very low energy end of the 

spectrum. This.is esRecially important since the accurate p-values 

quoted- above are obtained by assuming ~ • 0 (Chicago) .. or ~ < 0.04 

(Columbia) and a larger error would be obtained ·"ln an unconstrained fit. 

The lifetime of the muon is given, including lowest order 
. 5 

radiative corrections, by: 

c2m 5 
~ [1 _·_g_ (112- 25)1 
192113 211 4 

L. 
T~ 

Using the CERN value6 T~ • (2;198 :t 0.001) io-Gs 

G • (1.4350 :t 0.0011) lo-4 9 erg cm3. 

Semileptonic Interactions 

C. S. Wu obtains7 

~ 

(3) 

The second and third terms in Eq. (1)· describe weak interactions 

of leptons with hadrons. -The central problem here is that of defining 



the. structure of J>. (xJ , i;e. of identifying it.s selection rules, 

{t:.S, t:.I, G parity, parity, C, .etc.) :and its dynamical. properties (con

served and partially conserved currents, and so on). In the current

current scheme, the amplitude of any semileptonic process, such as 

A ~ B + ~,- + v~, , A' ~ B' + t.+ + ~ 
R. 

(t.* • e* or ll*) 

• is.proportional to the matrix element of J>.(x). or of J {x) .between 
). 

th'e initial and the final baryon:· 

< BfJ (x) lA > 
). 

<B.' IJ*{x) lA'> 
). 

The theoretical problem '(apart from t}tat of radiative corrections) is 

thus reduced to the computation of such matrix elements, and ·co.nversely 

the experimental results can b.e .interpreted as giving information on · 

their structure. 

8 It has been proposed that the hadron current J>.(x) has a 

simple structure, being a member of an SU(3) .,octet of currents, Ji(x) 

and that precisely 

The octet 

current 

J>.(x) 
1 2 ~ 5 

cos e (J>. + iJ>.) + sin e {J>. + iJ>.) (4) 

has mixed parity,· each member being the sum of a vector J~(x) 

j~(x) and an axial current g~(x) : Ji 
). 

j i(x) + gi(x) 
). ). 

• 

1 2 
(J). + iJ).) and 

~ 5 
(J). + iJ).) are the t:.Q • +1 members of this octet with 

t.S • 0 and t:.S • 1 , respectively. In the octet they thus occupy the 

same positions as w+ and x+ . Let me also write down the vector and 

axial vector parts of J). : 

V>.(x) 
1 2 

cos e (j>. + ij>.) 
~ 5 

+ sin e (j>. + ij>.) 

(5) 

A).(x) 1 2 
cos e <s>. +.is>.> 

~ 5 + sin e ~g>. + ig>.) 

Let me first discuss the selection rules implied by this scheme, 

and the related problem of what to do with the nori-leptonic interaction. 

According to Eq. (4) J>. is made of two pieces, a strangeness conserving 

current with t:.I • 1 and a strangeness violating one with t:.S a t:.Q • 1 

and t:.I • 1/2 • 'The existence of these two pieces is well established. 

The evidence for the absence of other pieces is not overwhelming, but 

neither is the evidence for their presence, so that we can feel justified 

in using the scheme as a good working hypothesis. 

Let us discuss briefly this evidence, starting from that relating 

to a possible t:.S • -.t.Q term in the current. The limits on the t:.S • 

-t.Q current come from two types of experiments. 

a) The ratio between rates of similar t:.S • -t.Q and AS • t.Q 

decays. 

1) 

2) 

~·~+~+~+~ 

x+~~+~+~+~ 
< 

t+ +.n·+ e+ + \le 

~:- + n + e- + ve 
< 0.12 

0.02 (Reference 9) 

{Reference 10) 



• 

The evidence from 1) relates to the absence of .axi!1. AS • -AQ ·current!! 

only, while the evidence from 2) is mixed. ··since beta ·decay rates are· . 

roughly proportional to the combination 3lcAI2 + lc~l 2 ~ the limit on 

the axial component with AS • -AQ implied by 2) ·is stronger than that 

on the vector components. 

b) Due to the peculiar properties of the neutral K system 

it is possible to measure the ratio of the amplitudes oC AS • -AQ versus 

AS "' dQ K;
3 

decays 

a(KO + 'It- + .r.+ + v) 
x · ., a(K0 + ~~- + 1.+ + v) 

Two new experiments on this subject have been ·pre~ented at the conference,. 

~ne by a University ~f Pennsylvania group,11 the other by a Camegie Tech -
0 

• • 12 . ·. . 
Brookhaven group. · Figure 2 displays the results of these groups as well 

13-15 . •, . . . 
as previous results. Time reversal invariance req.uires . X to be ·real, 

AS • AQ would require x • 0 • The experimental situation is not extremely 

clear, but collecting all these data one could tentatively. conclude that. 

lxl < 0.5. and that x·· 0 is certainly~ excluded. If the AS • AQ • 1 

current obeys a AI • 1/2 ~le, it. follows that. 

<w-IJ~(x)IK•> • 42 <w•IJ~Cx>lx+> 

This,. together with t;S· • AQ _implies .a relation between K+ 
1.3 

and ~3 .decays: 

r<I<L + ~,+ + v + ~~--> + r<KL + ~,- + v- + .;~ • · 2rcl(f" + .r.+ + v + ~~·> 

• 

This relation holds even in t~e presence of CP violation; furthermore 

the spectra of pions and lept~ns, and in general Jhe D.alitz plot, should 

be the same in I(+" and ~ decays. All data existing at the moment 

agree with the.se conditions within the experimental errors •
1 

Non-Leptonic Interactions 

In the W meson picture, the semileptonic processes are mediated 

by a charged w+ meson coupled to both the lepton current I.A(x) and 

the hadron current JA(x). This boson would then:~ouple !A with itself, 

giving rise to the leptonic decays, as already discussed, and also couple 

JA to itself. This suggests that the non-leptonic lagrangian contains 
.· 

at least a term of the form 

G 42 3A (x)J~(x) 

This term gives rise to non-leptonic interactions with AS • 0 and 

AS • t 1 • Recent ·nuclear phys.ics experiment.s have searched· for the 
lG · 

former. They test for parity mixing in nuclear levels or for parity 

violating angular correlations in (n,y) reactions with polarized 

(6) 

u ,' 
neutrons. The upper limits now placed on this term are roughly at the 

level. where one expects the term to appear • 

If . AS • -AQ. terms are added to the current this' would give rise 

to ·AS·• 0 non-leptonic transitions, such as would cause a Kg - 1). mass 

difference at the lowest order in weak.interactions·, of the order of 1 eV. 

This is in contrast with the now well established value18 ~ - m5 = 
+0,5 rsz 4 x 10-6 eV which is fully compatible with second order weak 



interaction. However, Eq. (6) gives rise to 6S • 1 transitions with. 

both 6I-., 1/2 · and 6"I ., 3/2 • Now one of the most striking facts about 

the non-leptonic trans"itions is the validity of a 6I ., 1/2 selection 

19 rule. Bangerter, ~ al. have presented the results of an experiment in 

which the asymmetry parameters of the three non-leptonic t decays have 

been measured. The previously existing data"were in mild'disagreement 

with AI = 1/2 The new results, together with the established values 

·of the three decay rates,. agree very well with the AI • 1]2 prediction. 

Berley, et al.~ present~d results of an experiment in which y+ has 

been· found to be near -1 • This resolves the S - P ambiguity of the 

.t triangle, Lt being an essentially pure P wave. 

Figure 3 displays the well known t triangle, "that results from 

an average of new and old data. 

The evidence for a . AI = .1/2 selection rule in non-leptonic K 

decays has recently been .discussed by .Trilling in·:his report to the Argonne 

conference. The evidence is very good. The only solid _evidence for a 

-. + + 
6I = 3/2 amplitude comes from the ·K ~ n + n° decay, which requires a 

6I = 3/2 amplitude that is·~ 5% of the 6I =. 1/2 amplitude observed in 

_ Ks + 2n , So we have ·a dilemma: on one side it would be desirable to 

identify the non-leptonic lagrangian with the self-coupling of J~(x) , 

as t.n Eq. 6. In this case we have to assume that the AI .• 3/2 piece of 

it -is suppressed for some dynamical reason. This is indeed a possibility, 

and the algebra of currents approach suggests mechanisms which could cause 

such a suppression. This has been shown for some -- but not all -- of the 

relevant cases, as will be discussed later. 

.. 

Alternatively one can assume that the non-leptonic lagrangian 

obeys explicitly the· 6I = 1/2 selection rule. Within the scheme of 

current-current interactions this can be obtained by adding an appropriate 

neutral hadron current, N~(x) and writing 

L.NL (x) c * * = {2 [J~(x)J~(x) + N~(x)N~(x)] (7) 

The AI= 3/2 amplitudes, as seen in ~ ... n+ + n° , would then arise 

through an electromagnetic interaction. Although the ~bserved amplitude 

seems an order of magnitude too large to be thus explained, we note 

thaF our record in predicting the orders of magnitude of .electromagnetic 

effects has not been very brilliant (example: n + 3n versus n + 2n + y 

and n + y + y). 

A more unpleasant feature of neutral hadron currents is that they 

are known to have no lepton counterparts. Table I summarizes some of the 

experimental limits on possible processes which would arise from neutral 

lepton currents. 

The question of a dynamical versus explicit AI • 1/2 

selection rule may well remain with us for a long time. 

Universality of Vector Currents 

•Let us go into more detailed properties of the weak current. These 

follow from the assumption that the octet of currents to which Jh(x) belongs 

has very special properties. The first is that the vector octet, ji-L 
~ 

is the same to which the electromagnetic current belongs, 



j~.m. • •l+_!_ja 
·'>. {j ). 

i.e. the octet of vector currents associated with. the generators, pi, 

of the approximate symmetry SU(3) , where 

pi • Jlir. J!(x) 

In particUlar the 65 • 0 vector current is associated with the raising 

operator of isotopic spin: 

I+ p1 + iP2 
..;. l 2 J dx (j 0 + ·ij 0 ) 

The hypothesis that the vector part of J>. is in the same octet as the 

electromagnetic currents is therefore the natural extension of the eve 
hypothesis, which has received good experimental confirmation (weak magnetism, 

. 7 . 
beta decay of the pion, etc.). The presence of a factor cos e in front 

of the 6S .. 0 current is a small but experimentally. visible correction 

to beta decay. This factor (as the sin e in the 6S • 1 current) arises 

from the requirement that the hadron current J>.(x) has the same strength 

as the lepton current t>.(x) The strength of J>.(x) is then shared 

between 6S • 0 and 6S. = 1 transitions according to· the factors cos e 

and sin a We can compare the strengths of the vector parts of J>.(x) 

and R.>.(x) by considering the "charge" operators associated with these 

currents: 

Qv = 

LV = 

+ 
Jv.(x)dx 

J { (e:_· y It 

cos e (F1 + iP2 ) + sin a (·P" + iF5) 

ve) + (ll-Y v ) l d~ 
'+ J.! J 

* 

l 

Then we build the commutators of Lv .and Qv with their hermitian con-

jugates: 

2L3 

2Q3 

[Lv, Lvt) 

[Qv, qvt] 

Both can be explicitly computed, the first from the explicit expression 

of Lv , and the second from the SU(3) commutation relations. t3 

is a counting operator, analogous to the third component of isotopic 

1 spin: L3 .. I(N - + N - N - N ) • 
e p- ve vll 

In fact Lv, tvt and L~ obey 

the same commutation relations as the !-spin operators I+, I-, 13 • 
and the same is true of Qv, qvt, Q3 • This means that Q3 has the same 

spectrum of ~igenvalues as L3 • or that LV and Qv are both well 

normalized raising operators, and have the same strength. 

The operators Qv, Qvt, and Q3 generate an SU(2) subgroup 

+ entirely equivalent to that of isospin rotations generated by I • The 

two groups are related by a rotation of an angle 26 around the 7th axis 

in SU(3) space. We note that it is the SU(3) breaking interaction 
+ 

which chooses the isospin I among the possible SU(2) algebras (including 

+ 
the ~eak isospin Q) so the angle e should not be considered as a 

renormalization effect, but as a measure of the difference between the 

SU(2) subgroup of SU(3) generated by the weak current; and the SU(2) 

subgroup which remains good after SU(3) breaking. Even a very small 

breaking of SU(3) would define such an angle, which is, a priori, arbitrary. 

In fact, any hope of computing e is going to fail, unless it ~ostulatcs 

an up to now unknown relation between weak and SU(3). breaking interactions. 

It is only through a dynamical interplay of the two i~teractions that a 

definite value for the·ang1e would arise. 

... 



Fermi Beta Decay and Ke
3 

Decays 

A Check of the Theory 

The vector coupling constant in beta decay is predicted to be 

cv - c cos e 

A measurement of Gv is obtained from the ft values of pure Fermi 

beta decays, like ol~ + Nl~ + e+ + v • ·In order to obtain the accuracy 

needed, it is necessary to apply different corrections, mainly·screening 

corrections and radiative corrections. Although there is a certain 

consensus among the experts on the use of.Rose's screening corrections; 

there have been serious concern and disagreement about the radiative 

corrections computed by Berman and Kinoshita and Sirlin~ 

The main reason is that for a pointlike V - l.lBA interaction 

the corrections diverge. (They would only be finite for V + A.) The 

situation does not seem to be improved by the introduction of nucleon 

form factors if one uses the diagrams a, b, and c. in Fig. 4 and also 

takes into account the soft-photon emission (diagrams d, e). In fact 

the logarithmic divergence in diagram b -- the self energy of the electron 

is not removed by· the introduction ~f form factors of'the nucleob. 

21 
It has been noted by G. Kallen, that although the overall cor-

rcctions ~ust clearly be gauge invariant, the contribution of .each particular 
I ;;. ' • •, -~ ~-:'' 

graph depends on the choice of gauge for the electro-magnetic field. In 

particular one can ~hoo~e a gauge where the divergence of the electron 

.. 

self energy is made to disappear. In this particular gauge the overall 

radiative corrections may turn out to be finite if the nucleon form factors 

vanish fast enough at high momentum transfer. A first rough evaluation 

by Kallen yields corrections which are finite and agree with the ones 

computed by Kinoshita and Sirlin with a ~utoff of 1.3 Mp• The situation 

is not very clear, still, because one would expect that if the corrections 

are finite in the gauge chosen by Killen they should be finite in any 

gauge; It would probably be worthwhile to go over the problem again in 

the normal gauge. Foldy noted in a discussion at the Seattle Summer 

Institute of Theoretical Physics, 1966, th~t at the weak vertex one has 

a flow of charge from a pointlike particle (the electron) to a diffused 

one (the proton). This could force the introduc~ion of a p n e v y 

vertex and of diagrams like diagram f in Fig. 4, and could perhaps remove 

the divergence of the electron self energy •. The suggestion is interesting 

and should be looked into. 

If one uses the Berman-Kinoshita-Sirlin radiative corrections 

one finds 22 

Gv • (1.4034 ~ 0.0016) x 10-~9 ·erg cml 

Comparing this with the value of G from muon decay one obtains 

1 - cos e 
G -·Gs 

G 
(2.2 % .2 ~ .5) % 

The %.2 is the experimental error, the t.5 the evaluated uncertainty 

in the radiative corrections. 



Thus one obtains from the Fermi beta decays a value of sin a 

sin a - .210 ~ .016 (from beta decay) 

The. most direct measurement of s:i.n ~ for a As • 1. process -is from 

the· decay K+ + 11° + ·e+ + v (or K0 ~- 11- + e+ + v) ! The matrix element 

in Ke decays is parameterized as 3 . 

<11°1JA(x) IK+> • sin a (f+(q2)(pK + p11 )'A + f_(q2)(pK- p11)>.] (8) 

. , . K 2 
'where q2 is the momentum transfer to the leptons, q2 

D (p - p11) 

The matrix element describes both K and K (p- e universality). 
e3 . P3. 

Only f+ (q2) enters in the K+ + 11° + e+ +·v decay.. Furthermore SU(3) 

predicts that 

.f+(O) 1 . .. 12 J 

and the Ademollo-Gatto theorem insures that this prediction is accurate 

up to second order_in SU(3) breaking. 

If we use a parameterization 

... '~ . 

one gets 

2 
f+(q2) <>~ f+(O) (1 + ;) 

M+ 

2 
£ (q2) ~ f <i» (1 + .9....> - - ~ 

(9) 

• 

r(K+ + 11° + e+ + v) MK 2 . • sin2 a [2f+2(Q)](l + 0.277(-) ) 7.42'x 107 sec-1 
M+ 

From Trilling's report to the Argonne conference1 one has 

f(K+ + 11° + e+ + v) (3.61 t 0.20) x 106 sec-1 

Negelcting SU(3) breaking and assuming ~ q2 dependence of the f+ 

form factor (i.e. ~~ .. ~> this gives sin e - 0.222 ! 0.006 • The 

agreement is very good. If · q2 dependence is introduced with a positive 

mass,
23 

sin a decreases. As an example, for ~a MK* • 890 MeV 

sine • 0.21, also in excellent-agreement • 

The Experimental Situation in K
13 

De.cays 

It is appropriate at this moment to discuss briefly the general 

situation of K
13 

decays: 

fK+ ... 1T. + ll+ + v 
K 

113 l K; ... 1T± + ll+ + v 

JI0- ... 1T
0 + e+ + V 

K 
e ~ K; .... 11± + e+ + v 

The problem at hand is that of determining the form factors f+ (q2) 

and f_ (q2) defined in Eq. 8. 

the q2 dependence of f+ (q2} 

The Ke
3 

decays can be used to study 

Table A5 in Appendix A gives a list 

of experimental results for the radius associated with f+ • The parameter 

used is 



). = + 

m 2 
~ 

M/ 

The situation is not yet such as to have a definite and clear cut answer. 

Let us note that some of the more accurate results favor a low value of 

M+ , in the region 500-600 MeV. This should not be surprising, since 

the· proton radius corresponds to a mass of rv600 MeV, lower than that 

of the p , w , and ~ mesons. Up to recent times most K~ 3 experiments 

were analyzed on the assumption of constant form factors, with the intent 

of obtaining a value· of t , defined as 

t -
f_ 

f+ 

Different kinds of data were used, mainly of two kinds 

1) Ratio K ,/K , 
Y" e3 

Dalitz plot, .etc., 

2) Longitudinal and total p~larization data. 

The total polarization measurement is based on the idea that in a two 

component neutrino theory, if one fixes the kinematics, the muon is totally 

polarized along some direction (i.e. 'it is in a pure state). The direc-
24 

tion of polarization is very sensitive to the value of t • As emerges 

from Table Al in Appendix A, data of the first kind do not agree with 

polarization data if analyzed under. the assumption of constant form fac-

tors. The polarization data favor a negative t , (t 0 -1) • The 

Dalitz plot analysis agrees with the polarization data25 if a q2 depen-

dence for f+ is assumed with a mass of about 500 MeV. As an example 

* 

of how the problem of t is related to tnat of M+ one can consider 

Keeping terms linear in· l/M2 one gets26 the ratio K 
~3 

to Ke3 
£ 

K~3 

Ke3 

•. M2 M2 

0.6487 + 0.1045 ~ + 0.1269 RcC + O.Ol93t2 + 0.0006 ~ Ret 
l-1+ M+ 

M2 M2 M2 
+ 0.0358 ~Ret·+ 0.0127 ~ t 2 - 0.0535 ~ t2 

M_ M: M+ 

If M+ "-' 500 HeV rather than infinity, Ret decreases by about 0.8, 

and a negative ( is possible. It emerged from the discussion that 

although the situation is not completely satisfactory at the moment', a 

general clarification is in view, which should yield a fairly accurate 

value of ( as well as of M+ , to be compared with the different 

theoretical models. The indications available at the moment suggest a 

negative 

transfer. 

( with a substantial d~pendence of f+ on the momentum 

Other Tests -- Fit to Hyperon Decays, K 1~ 
~~v 

(10) 

out 
A new fit to hyperon decays has been carried/by Brene, Cronstrom, 

Roos and Veje.
27 

In this fit allowance is made for some violation of 

SU(3) by introducing a renormalized value for 6 in the axial current, 

6A • In accordance with the Ademollo-Gatto theorem, no renormalization 

is introduced for vector currents. 

The fit is rather good, for 



sin e " 0.21 (from Ke3 and Gv as discussed above), 

sin eA.= 0.28 (from'fit to hyperon decays), 

a = n/_:>+ F) = 0.665 t 0.018 (D/F = 2), 

gA = (G~/GV) = 1.18 • 
8 decay 

. Predictions and experincntal values fo·r the rates are compared in Table 

II. Note that the introduction of a renormalized eA is not the only 

possible way in which SU(3) predictions can be broken. It would be 

of great interest to have more experimental data on these decays to .see 

at which point the theory b=eaks do\vn, and in which way. New values 

for the Et ~ A ~ et + v branching ratios have been presented at this 

conference by the Maryland group:
28 

(E- ~ A + e- + V) 
(C ~ N + 11-) 

(E- ~ A + e- + V) 
(E+ ~ A + e+ + v) 

(0.61 t 0.16) X 10-4 

2.0 t 1.1 

They are not included in the fit, but they agree with the predicted values. 

It is interesting to note that the value of eA = 0.268 agrees fairly well 

with what one obtains from a comparison of K ~ p + v to lf·~ p + v. One 

can parametrize the amplitudes for these dacays in two equivalent ways: 

<OIA,_IK+> 

<OIA,_I'r:+> 

K 
sin a fKp>. 

1f 
cos e f"p" 

sin eA fK 
A 

1f cos eA fp,_ 

(11) 

* 

From the ratio of the rates one then derives tan2 e ·= 0.075 
A 

or 

sin eA .. 0.28 , which agrees with the value obtained by Brene, .£! al. 

from hyperon data. The reason for the coincidence is ~ot understood, 

as is the cas~ with many effects which relate to symmetry breaking. 

Using the alternative parametrization one obtains 

fK 

flf 

tan OA 

tan e 
~ 1.28 

Some Algebra of Currents -- Universality of Axial Currents 

The idea of universality can be extended to axial currents if 

we assume, as suggested by Gell Mann, that the charges associated with 

the axial octet 

Fi 
5 

fd;. g: (){.) 

(12) 

enlarge the algebra of SU(3) from that of SU(3) to that of SU(3) ~ 

SU(3). The following set of commutation relations is postulated: 

[Fi, Fj] 

[Fi, F~] 

[F;, F~] 

[F;, Fj] 

i f Fk 
ijk 

i f k 
ijkFS 

(13) 

These commutation relations can be seen to correspond to the algebra of 

SU(3) <~ SU(3) by introducing linear combinations of Fi and 

Fi = ~ (Fi ± Fi) 
± :<. !.i 

Fi 
5 



The r! and Fi commute with each other, and each set forms the basis 

of an SU(3) algebra. The curren.ts themselves arc supposed to obey 

commutation relations 

[Fi, jj(x)] 
A 

[~. J<0J 
A 

[F~, g~(x)] 

. j 
[F~, j (x)] 

i f k ijkj A (x) 

i f k ijkgA (x) 
(14) 

An important consequence of these is that the octet J~(x) = jf(x) + g~(x) 

behaves in the same way when commuted with the ri 
5 

or with the r1 : 

i . 
[F5 , JJ.(x)] [Fi, J~(x)] k 

i fijkJA(l';) 

The same is true of the non-leptonic lagrangian LNL 

with the charged hadron current JA{x) (as in Eq. (6)): 

[F~, ~L] [Fi, ~L] 

if it is built 

{15) 

(16) 

This equation is true if LNL is given by Eq. {6), and also if its 8I = 

3/2 piece is eliminated by the addition of neutral currents, also 

belonging to the octet Ji as in Eq• (7). Under the above hypothesis, 

the charge associ~ted with the axial weak current AA(x) , 

A f ..,. Q ~ A.(x) dx cos e (F~+ iF~) + sine (F~ +iF~) 

has the property that 

.. 

[QA, QAt] [Qv, Qvt1 2Q3 

so that we can conclude that the axial and the vector weak currents have 

the same strength • 

PCAC and the Adler - Weisberger Relations 

The algebra of currents has been used with great success in 

the last two years to obtain relations between different weak inter-

act~on processes and between weak' and strong interactions. In order 

to obtain useful results, the algebra of currents is used in conjunction 

with the PCAC hypothesis (partially conserved axial current), which 

relates the divergence of the 8S a 0 axial currents to the field of 

the pion: 

aA gi = m; fn $i i a 1 1 2, 3 

All matrix elements of the two sides of this equation have a pion-pole 

contribution, and the equation is an identity at the position of the 

pole. Away from the pole the equation could be taken as a definition 

of ¢n 

The PCAC equation does not, however, tell the whole story. In 

practical use it is meant to signify that all matrix elements of_ the 

diverzence of the axial current are dominated by the pion pole contri-

butio~, not only at the position of the pole, q2 = -m; , where this 

is obviously true, but also in the neighborhood including q2 
= 0 • 



So the name PDDAC (pole dominance of the divergence of the axial current) 

has been proposed as more appropriate, 

The first interesting and very successful result of the current 

algebra in conjunction with PCAC has been the Adler-Weisberger sum rule, 29 

which allows a computation of the axial coupling cons~ant in beta decay, 

gA 

where 

GA/GV in terms of 
± 

1T p total cross sections: 

± 
C1 

~ ., (£!:!._ \)2 _.!. J dw (0+(w) - o-(w)) 1 - 2 211 w l g gvN/ 
A 

are total ± 
1T p cross sections at energy w for a pion of 

zero mass. The relation works with great accuracy, and completes, for 

beta decay, at least, the program of expressing all parameters of weak 

interactions in terms of the two parameters G and 6 and quantities 

defined and measurable in other kinds of interactions. 

The relation has then been extended to as a 1 decays by many 

30 
authors, with results which are on the whole good, but not as accurate 

due to the uncert"ainties in the K- p scattering acplitudes below 

threshold. 

Zero Energy Theorems 

A new class of applications of the algebra of currents comes from 

the use of a zero energy theorem31 which states that the amplitude of a 

weak process involving a pion, A ~ B + 11 is, in the limit of vanish-

ing four mor.entum of the pion, related to tha~ of the simpler process 

* 

i..+-B ·~ I will here discuss briefly two such-chains of relations, one 

for leptonic decays 

(K + 11 + 11 + leptons) + (K + 1r + leptons) { + - (K + leptons) • 

and one for non~leptonic decays 

(K + v·+ 11 +·v) + (K + 11 + v) 

Both of them have given results in excellent agreement with 

experimental data. 

Zero energy theorems have als8 been applied to hyperon non-leptonic 

decays; The situation-here is more complicated and not completely under

stood, and I will comment on it later. Let ·me start with a simple deri-. -

32 vation of the zero energy theorem. 

Consider. the matrix element of a local operator (to be identified 

with either a current or the non-leptonic lagrangian itself) between two 

states, one of which contains a pion of momentum qA and charge state i 

M • < li + vi ld(O) 1· a > 

·we can apply the standard reduction formalism, and.r~write our·matrix 

element in terms of a retarded commutator: 

~ '"~ ~ 1 . 

M • -i /d"x·• e-iqx <u2 -m2) <BI£~i(xl.- d(O)Jia> e(xJ. 



• 
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With an integration.by parts we can rewrite this as 

M • +i fd~ x e-iqx (q2 + m2) <sl[~i(x), d(O)lla> a(~) • 

We can now introduce the PCAC hypothesis and express the pion field in 

te~s of the divergence of an axial current; it is 0 however, more con

venient to make a fresh start by introducing a new quantity define<! in 

terms of the retarded commutator of the .operator d(O) and the axial 

current itself: 

T\1 • Jd~ X e-iqx <BI[g~(x). d(O)lla> e(x} 

We now form the quantity_ T\JQp-. -This cari be computed by noting that 

q\1 exp (-iqx) • i 3/axll exp (-iqx) _, and .performing an integration by 

parts: 

q T a i Jd~ x e-iqx <Bila gi(x), d(O)lla> O(x) 
ll ll ll \1 

+ i Jd~ x e-iqx <fll[g;(x), 'd(O)lla> Hxo) 

We now consider the limit in which the four' components of qA all vanish. 

In this limit q\JT\1 vanishes, unless T .has a ·singularity at that point. 

If no such singularity exists, we get, in the limit, an equation for the 

two terms on the r.h.s .• which we can write, by using PCAC, as: 

il ... ? 
Lim .:..::JLm2 fd~x e-iqx <BJ[<>i(x), d(O)]Ja> O(x) 
q-+() ,rr 11 

- fd3 ~ <BJ[g;(~. O), d(O)Jia> • <alrr;:d(O)Jia> 

.. 

The limit of M as q vanishes is seen to be identical apart from a 

factor, to the limit in the l.h.s., so that.we get to a final result: 

f.n Lim 
.rz q-+0 <fl + ll'ild(O)Ia> • <alrr;, d(O)Jia> 

' " 

:: ... 

A matrix element of d(O) between two states fl + 11 and a is thus 

reduced, in the limit of vanishing pion energy and momentum, to the 

matrix element of a related operator· between f3 ;tnd oL • 'We are thus 

able to connect a process in which .N pions are involved to others in 

which N-1, N-2, ·• ••• 0 pions are involved. 

The K + (~11) +Leptons Chain 

'(17) 

nie zero energy theorem has been applied .to relate the ·leptonic 

decays of K mesons: 

Ke~ (ex. K+ + 11+ +·w- + e+ + v) e 

Ke3 (ex. K+ '+ 11' 0 + ll+ + v ) 
\1 

Ke2 (ex. K-f: + ll+ + v ) ' ll 

These decays are produced by .the bS • bQ • -1 part of the weak hadron 

current, sin a (J~ :.._ uS)· • 
A A 

Let us start·from the last step in the ladder, 

The zero energy theorem (Eq. 17) says. that 

K +'K 
· e3 e2 

......... 



Liin 
q).-+9 

.. 
<11•,qiJ~-iJ~IK> • % <OI[F:, (J~-u~>liK> 

1 
--~ <o I <J"-us> IK> .,2 fn }.. }.. 

The' last step is obtained by remembering that· Ji have the same commu-

i . -~ .. 5 3 tators with F 5 as with r , and that (J -iJ ) has AI • -1/2 

In terms of the parametrization defined in Eqs. 8 and 11 this means that 

r+ <Mi. o> + f- <Hi~ o> 1 fK 
12 f11 

(18) -

t - 2 . 
where. f (~, 0) indicate the form £'actors at momentum transfer q2 • 

- 2 . . MK and extrapolated to zero pion mass. This formula has been obtained 
32 . . . - ·. 

by C. Callan and s. _Treiman, and by V. s. Mathur, S. Okubo and L. K. 

Pandit. 34 In order to compare this to experimental data.we.remember that 

1 
the SU(3) prediction f+ (O, m~) = ~ is well supported by experimental 

1T "'12 

data. We will also assume that the extrapolation to M • 0 
11 

have any effect, and rewrite Eq. 18 as: 

or (see Eq. 12) 

2 2 
f+ (MK) + f_ (MK) 

f+ <Mi> 

f+(O) 

f+ (0) 

[1 + t (~)] 

fK 
f 11 

1.28 • 

does not 

If the f+ form factor has a . q2 dependence corresponding to - M+ ''" 600 

MeV, this equa.tion can be satisfied with a negative t , which is suggested 

• 

by the recent trend in KP. 3 experiments. It is not now possible to say 

much more than this, and we have to wait for a further clarification of 

the K~ 3 data. An important property of Eq. 18 is that it gives a rela

tion between SU(3) breaking in axial and in vector.transitions. 

Let us •go to the next step in the ladder. The theorem applied 

to Kelt decays says that 

Lim + +• · +~ <11 ,q ,w-,q-ICJ"-iJs>l~> \ }.. }.. 

..J2 
f1f <11- ,q-I[F~ • (J"-us) l IK+> • o 

Lim 
q;:...a <w+,q+;w-,q-ICJ~-iJ~>IK+> • ,(2 <w+,q+I[F+s,(J"-iJS)]IK+> f . 11 

• ,[2 <w+ q+l (J6-uS) IK+> t.n-. }..). 

Let us parametrize the K elt 

• f 2.- <11• ;q+l (J~-iJ~) IK+> 
1r 

amplitude as 

<w+,q+;w-,q-ICJ~-iJ~)IK+> • f 1(q++q-)J.. + f
2
(q+- q-)J..+ f

3
(j,K- q+- q-)J.. 

+ hcJ..~vrrp K q + q -
~ \1 p 

The form factors can depend upon the different kinematical variables in 

the process: {q+q-), (qtpK) • 

The two conditions read: 

at q+"' 0 
}.. 

( fl .. f2 

l f3 "' 0 
(19) 

( 



at q~ • 0 
( fl + f 2 a 4f+/f~ 

t f3 - 2(f+ + f_)/f~ 
(20) 

b 
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These equations have been o tained by Callan and Treiman. It is clear 

that f 3 has to have a sizeable dependence upon the :kinematical variables 

if both sets of equations are to be satisfied at the same time. The 

situation has been clarified by Weinberg35 who proposed a more symmetrical 

way of treating more than one pion. ~~at happens is that f 3 has a K+ 

pole contribution as in Fig. 5. Weinberg.shows that the pole contribution 

gives: 

f3 
(pKq~ 

(pK,q+ + q -------... 
1 if q- - 0 

o· if q+ "' o 

so that there is no disagreement between the ~o limits. The importance 

'of these pole diagrams in the case of K + 2~ had been noted earlier by 

C. Bouchiat and P. Meyer. 36 The experimental results of the Berkeley, 

University College (London), Wisconsin group, 9 give, for the ratio of the 

phase-space averages of f
1 and f

2 
: <f2>/<fl> 0.9 :1: 0.25 • in 

excellent agreement with Eq. 19. Assuming fi • f 2 , from the experimental 

value37 for the rate, r(K+ + ~+ + ~- + e+ + v) 2.9 :t 0.6 x 103s-l , 

Weinberg obtains a value of f 1 which is slightly smaller than the theoretical 

prediction of Eqs. 19 and ·20. The difference between the two numbers is 

about (20 :t 20)% which indicates a fair agreement, in view of the. approxi

mations involved in the argument, one of which is the neglect of the 

m~entum dependence of the K
13 

form factor f+ • 

• 

The striking success of these predictions, as well as of those on 

K-·+ 3~ which we will discuss next, would hardly be undcmtood in the 

presence of a strong n-n interaction which would make the extrapoLation 

procedure very doubtful. These successes can be taken as an indication 

of a rather weak n-n interaction at low energies. 

The n-~ scattering phase shift in the I = 0 , S wave state 

can be directly measured in the ~e4 decay. At this conference the 

Berkeley ;.. University College - Wisconsin group9 quoted .. a scattering-' 

length 

ao 0.6 + 0.6 m -1 
- 0.5 'II 

which agrees with Weinberg's prediction of ao = 0.20 m -l • 
'II 

The Ke\'-

experiment is a valuable tool for the study of strong interactions, and 

shou~d be pursued further. 

The Non-Leptonic K Decays 

The zero energy theorem has been applied to K non-leptonic 

38 decays by S. Suzuki, who found a relation between the K + 3n and 

the K + 2n rates, and then by many others: Hara and Nambu, 39 Elias 

40 . 41 42 and Taylor, Bose and B1swas, and Nefkens. 

Assuming a linear dependence of the amplitude of K.+ 3n decays 

on the energy of the "odd" pion these authors were also able to dcter-

43 
mi~ the value of the slope. Recently Abarbanel reconsidered the 

problem applying the method of S. Weinberg, and reached the same conclusions~ 



as the previous authors ·in a ~ore transparent way. The experi~ental 

data on the Dalitz plot of K ~ 3rr decays have been analyzed, accord

in? to a SU6gestion of Wcinberg, 44 by assuming a linear dependence of 

the transition probability on the energy of the odd pion. In terms of 

the variables .<T 3 refers to 'the odd pion) 

y 

X 

(3T,/Q) - 1 

-{3 cr1 - T2> /Q 

This means an approximation of the form 

jsj2 1 + aY • 

To see the accuracy of this approximation, we can consider an experiment 

of a Rutgers group45 (presented at this conference) on K+ ~ rr+rr+rr-

If they try to fit to a quadratic dependence in Y of the form 

1 + aY + cY2 , they obtain a= 0.260 ± 0.027 c = -0.068 ± 0.058 

which shows that the linear approximation is indeed adequate. 

K -+ 3rr 

I will discuss the application of the zero energy theorem to 

46 
following the derivation given by J. S. Bell. 

Assume that the lagrangian L NL is of the current-current type 

and includes neutral currents so as to yield the bi = 1/2 selection 

rule. If we are interested in D. S = -1 decays the interesting part 

of !. r;L uill beh:1ve as the 

ter.ns of a "spurion11 

s "' 
!0; 

\l 

-1/'2 component of a doublet 

~'e c.:.n \~·r-ite 

L >. 
In 

• 

I, NL ., (sL) 

The zero energy theorem says that 

Lim 1 1 q4o <v_ ,q ;v2q2;rr3,q31 (sL ).jK> 

';{2 s.- <111 ,q1 ;v2 ,q 2 l [F( 3), (s L)] jK> 
ii 

where we made •JSe of the algebra of currents ·result that [F~, [,A J 

[ 1 I. ] 
. F • A ' (A • ±1/2) • Introducing vectors in isospace corresponding 

to the three pions, ... 
'lr 1 • 

... 
~2 ' 

... 
1r3 the most general form of the K + 3'11 

matrix element, consistent with Bose statistics and linear in E
1

, E
2

, E
3 

is: 

3vl (sl) IK> (it1 • 'it
2
)[1t3 • (st'K)](a + I!E

3
) 

+ (cyclic permutatiems of 1, 2, 3) • 

We also parametrize the K->- 2v matrix element as: 

<2rrj (sL) IK> • y:; • :; (sK) 
1 2 

From.the zero energy theorem one then finds, in the limit where 



El E2 
H" 

= _!:!. 

2 
E3 0 

...... ...,.. -+ ..,.. + -+ ..... + ...... ..... ...... 1 
(n 1 • n2}[n3 o (s<K)]a + [(~2 • n3}n1 + (n 3 •. n1)To2] o (s<K}(a +~MK) 

it follows 

,-..{2 .. .. 
f~ <n1,To2 l<sn3 • tK)iK> 

;~ + + ...... ~ 
·i..£:L (To o n }(sJT 3 • tK} 
f 1 2 

'II 

a = Y 

CL + 1 
2~'~ 0 , 

in terms of the single parameter y , determined by K + 2n , which 

fixes rates and slopes of all K + 3n decays. l~riting 

lsl2 A+ sY 

Hara and Nambu40 give the following table of predictions compared with 

experiments! results: 

• 

The upper sign is that of the K meson and the lower signs those , 

of the decay products: 

exp x 106 Prediction 
(from (K1 + n+w-) x 106) 

A- 0
·" • 0.01 l 0+-

Aaoo 0.92 ~ o.os 
A+ 0.96 ~ 0.02 

0.81 • 0.01 

'-++ 
+ 0.94 .~ O.Olj A+Oo 

Exp. Pred. 

SO+- . -0.67 ~ 0.06 -0.67 

s+ 
++- 0.23 ~ 0.03 0.30. 

5!oo -0.70 ~ 0.06 -0.68 

These results are very agreeable. 

.,. 
If we assume only charged currents L.a l\'1. contains both AI • 1/2 

and AI • 3/2 It is easy to prove that if K -+ 2n are assumed to obey 

AI • 1/2 , the AI a 3/2' part in K -+ 3n is highly suppressed. In 

fact in the limit in which any of the three pions has zero four

moment~ the zero energy theorem connects the amplitude to a K -+ 2n 

AI • 3/2 amplitude"(~er~ by hypothesis). The .constraint of having the 

amplitude vanishing at three different points is rather strong, and as 

pointed out of J. Bell, is enough to exclude AI • 3/2 amplitudes which 

are either constant (as already noted by Suzuki) or linear in the energy, 

In effe.ct, one can go .,further, as pro.posed by Suzuki.-~8 and prove 

that the AI • 3/2 amplitude in K + 2n is suppressed. Applying the . 



!-

zero energy theorem to K + 2v , we can reduce it to a K + v and into 

a K + vacuum ~I • 3/2 amplitude and the latter is forbidden by I-spin 

conservation. We note that the ~I • 3/2 . K + 2v ·does not suffer ·from· 

the K . pole already encountered in K . ~ The extrapolation of both • 
.elt · --

pions to zero is, however, a very long one (by about MK as opposed to 

My in the K3w to K2w. link). 

Non-Leptonic Hyperon Decays 

The extrapolation method has been applied to hyperon decays with 

a mixed degree of success. 31 Suzuki and Sugawara derived some interesting 

relations for the S waves, assuming a simple * a J;. (x) J;. (x) lagrangian 

(no built:-in ~I • i/2) : 

1'::- -·· -- . 0 'V~ =. + :_ •. ' 

_r.;-~A 0 +A- • 0 
~' /. 0 

t- - .r; t+ • t+ - ~~ • + 

2:: + A: -4i t! • ~ tt 

The first two coincide with ~I • 1/2 predictions. The third is ~ the 

AI • 1/2 prediction> because the sign of tt is wrong. If one requires · 

AI • 1/2 , one has the further .condition 

so:t> 0 

which agrees with the findings of the Yale group. 18 tUth this equation 

I 
j 
i 

lj~ the fourth condition is then equivalent with the Lee-S~gawara relation. 

The situation in respect to the · P waves is more complicated, 

because of pole diagrams, and not yet solved. On the experimental side, 

Fig. 6 shows the agreement of experimental data with the Lee-Sugawara 

relation, which is quite good for both S waves, whe.re we understand it, 

and P waves, where we do not. 

Appendix B, prepared by J. Peter Berge, contains a new analysis 

of the pr~sent status of hyperon non-leptonics. A warning for theoreti-

cians who want to try their hand at fitting these data: the errors on 

many uf them~re correlated quite strongly to one anoth~r, as indicated 

by the correlation parameter ~a . 
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Fig. 1 

Fig. 2 

Fig. 3 

Fi,;. 4 

Fig. 5 

Fig. 6 

FIGURE CAPTIONS 

Hhere we stand. 

Results of five recent- K;3 cxperincnts plotted in the complex 

x plane. The errors are those qboted in the experimental papers; 

x defined as ratio of ~~plitudes: 

X 
a(X0 ~ "- + ~+ + v) 

a(K 0 ~ ~- + 1+ + v) 

The I: triangle-. 

Some diagrams for the radiative corrections to beta decay. 

Pole diagram for K ~ ~+ + ~- + leptons which contributes 

to the form factor f 3 

·Lee-Sugawara triangle. 
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Appendix A 

.K DECAY EXPERIHE~TS, A SL'}:!-!.ARY OF P.ESULTS 

prepared by U. Camerini and c. T. Hurphy 

The tables which follow were prepared for Discussion Group 

2b and were discussed at that SC3sion. 
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K , m:c.w EXI'ERI:-:Et>TS 
IJ> 

Zxpcrimcnts are grouped by method used. Whenever a parameter is 

assu:acd r::t:hcr than detemincd in the analysis, it appears, as for 

ex""n?lc, " :0.06", 

The following trends should be noted in the data: 

(a) The total pol~rization experiments, one with K+ (X2, 

Aachen) and tl~o with K 0 (Abr<L':ls, Auerbach) yield values of Ref; near 

-1.0 and arc inconsistent with Re~ > 0 • These experiments are rela

tively insens'istive to a q2 dependence -of f+ , 

!( 

(b) Two Dalitz plot analyses (Callahan with K+ , Carpenter 

with K0
) yield Re~ > 0 if f+ is assumed to have no q2 dependence 

and ~re inconsistent with the polarization results. 

However, in both these experiments and a third one (Jensen), 

the results are compatible with the polarization experiments if an energy 

dependence of f+ of order A+ • .08 is ass~~ed. (Sec, for instance, 

the second entry in the Callahan experiment in the " ll+ + 1f 0 spec, 

plus angular carrel." section.) 

Definition of notation: 

~I= <lT!JviK><vljvlll> where jy .. yiJ(l + y 5) and Jy • f+(qK + q ) + f_(qK- q ) 

; = f_/f+ f+ = f+
0
(l + Aq2/~;) 

• 

_.; :.....,___~ 

~ .... ... 
T~ble Al 

DE.:AY EXPERiMENTS 

~~f~~~-~~~ •• -:~-- _ :T.:.s_i;::. E:n. __:_;-_:-~ :-. =~; In~ ~-. : /. __ --·~t 
·' ............. c •. ~s , + I . + 1 1 I . : ! 
~-'Call~h:m FrZC P- Spcctru:n I 0.0 ' 0.0 !. 1.0 I :;O 1 

I - 0.9 I . I 'I 
~. . I I I 
~l.Sl. •.. . I . .· ! 
PRL _!_2._, L;90 (6!~) PrBC ,V~Spcc, + Branch'.R,_. -0.75! 0.5 ,::3.5! 0.5 i l<O . 

G. 1". I I I . 
:::c 34, 6132 (64) p·'~'sp'cc. • -:-0.7 '!.. 0.5 ~0 I ~o ~aco~e !~ I 

·- I I · · 
' I 

'I.'Callahall FrBC p.·.- + 7(J Spec. : -:-0.72 t 0.37 I · ~ 11 

+ Angular Carrel. ; -0.58 
Jens~n · 
PR ll:-5, Bl436 (65 XeBC /' + ·'<' 7!0 Spec. 

+ Angular Carrel. 

;<> i 
- : I 

/Im'j/(2.41 

=o I ii.O 
I 

-1.2 t LO 
-:-o.6 :!. 2.0 
-1.8 :t 1.0 

Bro't·Irt 

'.:'. 0 
::o.os' 

!:. 0.014 
-.05. ± -.07 

::.0.06.' 

! PRL il., 450 (62) 

I 
XeBC f' + -:- 7/ 0 Spec. 

+Angular Carrel •. 
+1.8 t. 1.6 :o I ;o 

~:Callahan 

>'<X2-Aachen, etc. 

! FrBC 
! ' 

I 
I FrBC 

! 

Total Polarization ! -1.4 ~- 1.8 

Total Polarization -1.4 + 0.6 
-0.4 

-1.32± 0.33 

+1.6 ± 1.3-
1 

:o. I 

Q.l +;0,4 
-:o.3 

:o: 
I == o 1 
I :o .I 

Long •. Pol 'olarization. j. +1.2 + 2.4 ~0: = 0 - !1---- ' -1,8 ' 

~<Callo.hnn FrBC Long. Polarization II -0.7 ~- 3°· 9 0.5 t .01.4
5 

=. 0 I 
, .3 I • I 

Cu~t:; I I I I I i : 

PR 13~, ll969 (65) S?•;' ::ong. Polar~zatio'n j -4.0mc:E<:;r1. 7 • -=. 0 j ;; 0 [ 
Spr.t 1>ranch.R., .:.1-l > 100

1 
0.2 < Re1 < 1.4 ~0 · 

1 

:;:0 ! 
' I I 

!~0 E:~"lcri:.u:mts 1 I o l 
C=r~cnt~: I . , !_ 
P:t ill• 871 (66) 1 Spr!t I Spectra+ Ang.Corr.l +1.2 :t 0,8 .. E'O ::0 · , l ~-0.32! 0.6d) :0 1 a).07 : ,Olli 

. ~<.\brams I Sprlt I Total Polarization 1 -.1.1 t 0.5 c):o i ;;o I 
! 1<Aucrbach 

'~<:Culyu!dna 

, >'<Lor-30. 

Bar:: lett 
!?~L 16, 2~2 (0G) 

: I l -
1 Sprlt o Total Polarization j -1.25 + 0.47 b):o =: 0 l 
i l II -0.41 J ; 
~Cloud! Spectra -0.2 -rl.O ,._ 0 II :o j 
i I ' -1.7 I . . 

Counte::: . Perp. Polarization -! ----- ! • 036 :f:. 07~: 

i 
i 

Ccu:itcr :'c::?. Pola=iz~tio!'l o.n to.Js: 

~0 

:::-0 

I I 

c) 3:.z~~ o:-.. :.:::.~ :v J = l i:~tc~r::cdi~:~ s:~tc G) I:lclu.dcs sys:c:-.:..:::i.: ~:-::o:: 
1:>) Uz DoHn c.sy::::;.co:::y :.~~asu~c~ :o 0.:: -.CS7 -: ... • 025. .c.s:i;.:..:::c. 0-ri::;:x.:.l !.Jilpc:-
c) c::.<? r..Ca.surc~ t:o be - .l + • O~j iu. ~ ::. c,.l ;;t ~.~. · inclt.::dcs o~ly st.::.tistical 
* Presented ·~t this conference, error. 
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,\ppcndix B 

HYPERON }lON-LEPTONIC DECAY STATUS *· 

by·J. Peter Berge 

Consider the decay M + m + ~ 

I: + n+rr -
I+ 
+ + 

. + n + rr 

It + p "+ lfo 

A n + rr -... 

- .,.; A+ rr--

(1) 

(2) 

(3) 

(4) 

(5) 

These are characterized by a decay rate, branching fraction into 

a particular channel, and the standard non-leptonic decay asytr.n:etry 

parameters a • a • y • 

The decay rnte = branching fraction x total rate is written 

-{ 2 2 ) ( ' br = 1--;.!...sJM+m) 2 -Jl 2 j IAI 2 +(H-rn) -j1 lnl 2 ; ~ _l.'lft.I 2 +C lnf2 f 
LSrrp• M2 nl+m) 2 -y2 ) cl \. 2 ' 

cl 
.. ..1. _s (M + m) 2 _ ¥2 

8rr y• ll2 

q & c.m. decay momentum 

f' • mass of charged pion 

c "' 2 
(N - -n)2 - u2 
(M + m) 2 - yz 

(6) 

(7) 

-'""::::._ 



The decay parameters :.tre defined as 

a .. 
2ReA *(.{C., B) 

IAI 2 + c2 jnl 2 s 

f 

2ImA *(JC:B) 

= IA1 2 + c~12 • 2 I 

tan-1 <.2.) y 

y 
IAI 2 - C2 !nl 2 

!AI 2 + C:z.iBI 2 

The sign convention is taken so that the helicity of the decay baryon 

agrees in sign with the parameter a The definition of ~ is such 

(8) 

that a value less than n/2 yields y > 0 and I > n/2 yields y < 0; 

e.g., ~ "' n corresponds to pure P '.rave decay. 

In the calculations that follow it is assumed that S a 0 • The 

measurements on the phase parameter ~ that exist for the A (references 

8 and 9), the ~:+ (reference 5) anc the (reference 7) are all con-

sistent with this ·assumption, 

All masses, decay rates, and branching fractions are as given in 

UCRL-8030 -- revision of August 1966. 

The decay par~•eter measurements are summarized in Table I. The 

decay =plitudes as calculated from thef.e world average quantities are 

presentee in Table 2. 

From the experimental data of Table 2 we obtain the amplitudes 

-~ B 

t!' (y > 0) l.s:;n 0.142 -11.71 1 1.88 
0 (9) 

(y < 0) 1.163 0.187 -15.61 1 1.42 . 
We compare these to 

( ~::,;; ~:t) 1.310 0.027 -13.6CO t 0.367 (10). 

and 

-- - -- ! (
2=- - = \ 

-/3. ; 
1.440 • 0.037 -14.030 • 0.657 (11) 

5" 
(In the E result, the ,;+ 

+ is known to be Y.~ < 0 He have assur.-.e:.d 

for the 1:: , y_ > 0). 

:We may perfor:n the l: trian;:le closure fit -- the fit !!; good 

(X~c = I. 7) and gives as result, 

A B 

"'o • + I 
,.+ (ll:: - ,;+I 

/)2. 
1.322 t 0.25 -13.90 1 0.34 (12) 

This result may then be compared to the Lee-Sugawara relation, 

Eq. 11. The p wave parts are seen to be in excellent agreement. Tne 

S wave parts are equal to about 8% they fail egualitv by about 2.6 

standard deviations. 

0 

Con~ideration of the A0 a~d ~: ccc3ys has been excluded from 

the knm-m precision of aJ..,. this note: A_ 
=-· 

and of is so low as to 



m~ke such calculations·point1ess. There is no si~nificant violation of 
T~blc I 

the well kno;m 61 -= 1/2 predictions for these decays. 
DECAY ::'\:'.'.:':'.T:~1:3 

I Decay j Result . :\cf.:.::r·::r.c'2 .Avcr~~;c 

-
t: ' .. -0.010 ~ 0.043 6 a_ 

-0.16 ± 0.21 
f 

l : b_ - 0.017 ± 0.042 

! I 
! 

t+ 0.014 ± 0.052 
I 

6 + a+ • I 
0.047 ± 0.07 I 5 

I -0.03 ~ 0.08 ! 3 I 

-0.20 ± 0.24 I 1 ·1 a+ .. o.oos • o.037 

i £+ .. 180° ± 30° 5 

l:+ I ao • -0.986 ± 0.072 
I 

6 l 0 

I 1 ao .. -0.960 ± 0.067 -0.80 ± 0.18 2 

I 
A - !aA • 0.655 ± 0.025 

I 
8 

0.62 ± 0.07 9 lca
11 

-= 0.651 ~ o.024)a 

- I a A ,. 0.747 ' 0.086 ] --
aE -0.342 ± 0.044 I 7 

c .. 0.626b 
a A a::::-

I 4 (a11a:::-> • -0.321 ± 0.048 I 

a11 = 0.663' ~ 0.022 

a:_-= -0.391 ~ 0.032 

CaAaE- = 0.240b 

1::;:- • 1:2 :!: ·7:5 
I 

7 ' ! 

a 
See reference 10. 

b See reference 11. 



' 

T;!b1c II 

DECAY /.~-:PLITUDES 

. I .. - .. -:- .. + i A : : 
Decay _. "- "+ "• : _ I -- i 

- i . I i 
H 1197.2 l' _1189.4 112'J.4 ! 1115.1+ i 1321.0 I 
m· 939,6 939.6 938.2 I 938.2 J 1115.4 I 

• , I 

}' 139.6 1 139.6 115.0 l 139.6 1 139.6 1 

I I I I . l I 
c

1 
5.73609. ~- 5.94340 5.82167 ! 10.37365 1 7~44651 i 

. I ! , 
c

2 
o.Ol032- . o.oo951 o.00996 : o.00284 1 o.00385 1 

· . i I . I 
r X lOlOsec-1 0.6040 t 1.234 t .1.234 i I 0.400 t l 0.572 i \ 

~ o.on I o.o2o o.o2o J o.o01 : o.o16 i 
b · 1.0. · - o;4723 • o.5277 • o.663 • 1.0 i 

0.0154 0.0154 0.014 i 
l 

a -0.017 • 0.008 t 0.960 • 0,663 • -0.391 • I 
0.042 0.036 0.067 0.023 0.032 

: I 

A x 105sec-1/2 1.861 t 0.008 t 1.558 ,a .- 1.551 :t 2.022 t I 
0.017 0~034 10.142 0.024 0.029 j 

1.168 ~b I 

1 o.1a7 ! 
B x lOsscc-1/2 "'0.152 t 19.081 t Jf.-11.71 ta 11.045 • -6.628 :t I 

0.386 ' 0.347. -· 1.88 - 0.475 0.574 

--. -15.61 1 

I 1.42 

c c 0.016 0.001 I 0.959 -0.367 0.085 I' 
AB ~ 4 

i 

~ fit to r+ . 1/42 <:&: - rt> 
I A x 105sec-1/2 
I 

1.864 -0.005 1.322 
I 
j B x lCssec-1/2 · -0.311 __ 19.348 -13.901 

a 

b 

y >0 
< 

solution •. 

y < 0 solution. 

" 

c 
Sec reference 10. 
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