
(1:1i) Sel!liJ.eptonic decays y .... evX of Qharmed 

mesons b4ve multih&dronio decay products, with 

t17z:,.. 1 GeV for fnr -"2 GeV. This is indicated by 

distributions cf Y -decay products in V-~e+ 

and e•e-:...e+ )ladrons experiments. 

(iv) Heavy lepton production ts still needed 

to I!XPl&in tl:le SPEAR ?events. 
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1. Light Quarks and the ttl"~ Rule 

We wquld ~ike to propose a new mechanism for 

Al:: Y.c. rule in nonleptonic decays/1/. The point 

is that the effective Hami~tonian contains the 

induced scalar-(pseudo)-scalar interaction 

1\•H(A S=-1) = \fi c;.-Fst." ec c<>:SBc C [sLuR. i:ZR. '(. + 
SL dfl. lll. JL + SLSR. s:R.~ 7+... (1) ... 
I/IL I(-:::. Y;z. ( 1 :t Ys) \f 

I 
where u , d. , S stand:'! for corresponding quark 

fields. On the other hand the matrix elements 

from densities are large if Q.ua.rk masses are 

small, e,g., 

<::o\ V..~d \J[..>:;:(l/Cm«.:tm.t)).:::'o[9--(iiJ;.~d)IJt> (
2

) 

== i.!:n:m;/cm.«;-tm"') 
To our understanding tne most motivate~ esti-

mate/2/ of masses is as fol.lows*/ 

m.-.""'tn,c::=SMeV; m.s-:~:150MeV (J) 

In this case matrix elements from (1) are 

greatly enhanced and this is the mechanism for 

explanation AI z 1/2 rule. To test the idea 

quantitatively we use 

a) asymptotic freedom at short distances 

to calqulate coefficient C in eq. (1) and 

b) quark model of hadrons to calculate the 

matrix element from H~H·(t.S=1). 

We proceed now with a brief description Of 

results obtained. Simplest graph giving rise 

to term (1) within Q.uark-gluon theory of strong 

interactions is preaented in Fig. 1 and the 

corresponding value of C is equal to 

c (1);:. .!!_ L .e.)V ht<!-2.. (4) 
3 f6:Jl~ ~:1. 

where j is Q.uark-gluon coupling constant, me 
is charm q,uark mass and rn is some hadronic mass. 

Xf :j:t ill Worth emph&Si~ing that m<.t. 1 m.,£ do 
n0t necessary coincide with "pnysical" quark 
masses and are used here only as measure of 
SU(2).SU(2) symmetry breaking. Quarks can 
acquire mass tnrough spontaneous symmetry brea­
king (at price of massless pion) even in the 
limit m.. u."" "'-ol"'o • 



Fig. 1 

Using the renormalization group technique 

(for the cnse of weak interactions used first 

in Ref./J/) the leading log terms can be summed 

in all orders. The results depend on parameters: 

{

0.25 if mw"' 70 GeV, me.= 2 GeV, 

C = m = 0.7 Gev, ff-~(~>t'-)/'tx = 1 (5) 

0.54 if mw"' 100 GeV, m~a 2 Gev, 

m = O.J'f Ge~ (}Z(n."j/'T:tr:. =1 
Our consideration refer not only to term (1) 

but accounts for all other possible structures 

(the total number of operators being equal to 

seven). The final result is that the operator 

(1) is very essential. 

When estimating the matrix elements we as­

sume that nucleon consists of three quarks and 

mesons are bound states of quark-antiquark. 

The quark graphs for hyperon decay are exampli­

fied on Fig. 2a,b. The contribution of the first 

"' ~-
$ u. 

d. el 
A p A "' 

"'- u "' p 
a.) ct .€) d. 

Fig. 2 

one can be expressed in terms of matrix ele­

ments of leptonic decays and quark masses. The 

following relation arises 
1/"iB(II'?..)-B(zt) _ m~+m~ 
Y3A(A!)-A{::Z~) -jA m-;;:-mr. -:::<25 (6) 

where we use the notation of Ref,/4/. This 

relation does not receive the contribution !rom 

graphs of the type 2b, Prediction (6) is in an 

exellent agreement with experimental value of 

27.4.:!;1.0. 

Bl9l 

From absolute values of amplitude v31l(ii~)-A(.:!:t) 

we extract phenomenological value of coeffi­

cient C, C!p-ft"~ 1.0 (compare with estimates (5)). 

With this value of C we find that the contribu­

tion of Hamiltonian (1) is comparable to expe­

rimental values of amplitudes for all hyperon 

decays, The remaining difference can be due to 

other structures in Hamiltonian which contri-

bute mainly through the graphs of type 2b. We 

can predict only the sign of this contribution 

and find that it is correct, 

Using coefficient Cp~ we calculate amplitude 

of ~->2'r decay and find an agreement with the data. 

2. Lll = J/2 Transitions 

Amplitude withAl= J/2 are calculable both for 

hyperon and K -meson decays in terms of the mat­

rix elements of leptonic decays. The predictions 

agree with the data both in sign and in magnitude 

in all the cases, where the data are accurate 

enough ( K and A -decays). 

J. Right-Handed Currents 

The discussion above refers to any model 

with left-handed currents only. For the models 

with the current of tne type !li.n.'!~ft.S~ /5/ the 

most critical is the calculation of coefficient 

c'T' defined as 

H 4f (AS= 1) :=- rz GF~(t~M.tf Oris~~"' illl ~-f..~ (7) 

where ~~ is gluon field-strength tensor, 

11 a (a cl, ••• ,a) are colour St}(J) matrices. 

An analogous term contributes to radiative 

decays (of 24p"{ kind) 

Hf(A~ =1) = r::n2. V.Z~ ~Be~ \f?[li i ~ 6'/'~t{ ~,+..<a) 
In the lowest order 

11) - j::__ Y>t . ~·) Q.. 

c.,.. - f(,JC:Z.. c:. ' c If' == 3 »1(1 (9) 

The account for higher order gluon corrections 

to the coefficients is rather complicated and 

requires calculation of tw0-loop graphs, Here 

we give final results 
C = C C<> ?:r£-2/H ~P-t'lj3C [1 + ..i...(?e 38/.;€_ i J + 

'T' .,. .2. <'"'-; 1~ ~ ' (10) 

+...2: (?e11/3t:_-r)] ~of!> cl1) 
11 1 . 'T' 



where 

- num-

ber of flavours. Note that coefftcient at lar­

geet power of (')t1 ts very small (1/19). 

Thus there is no enhancement of nonleptontc 

deoays and some suppression of radtative decays. 

We have also calculated the gluon correctione 

to the K4 , 'Ks mass difference and found for 

right handed current coupling constant 

(11) 

provided that strange quark mass is given by 

eq, (2). It is followe from this bound that 

contribution of right-handed currents to non­

leptonic decays is small. 
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lt hf.s been 1:0 years since the weak interaction was first demonst-rated 

to violate parity. 1 Since then parity violation hae l!~en a very i1nportant 

tool for studying the weak interaction. The present experiment h one of a 

series whis::h ultimptely will result iq. e direct llea&ure~nt of the weak in­

teraction contributions to nuc:=leon-nucleon scattering. 
2

-
4 

Two previous experimeq.ts have been performed with the 6-GeV/c polarized 

prot<tn beam at the Ar~onne :tGS. We measure the transmission of the longi­

tudinally polarized proton beam through a low-~ (water) target as a function 

of the beam helicity. If the scattering cross section contains the parity­

violating term & · P. where it is the spin of the incident proton and 

P 18 its momentuoa. the transmission will depend on beam helicity. The 

difference in cross sections is expected to be of order 10-S to 10-7 

due to the interference between the wepk parity-violating amplitude and 

the strong parity-tonserving amplitude. 
5 

Our first experiment 3 yielded 

a result for the fractional change in e-rose section with polarization 

direction of (c,.+- a-)/(a+ +a-) • (5 ± 9) x 10-6 , where+(-) refers to 

positive (negative) helicity. The error waa dOJainated by noise in the 

measurement of the transmtssion at a level three tiaes that expected 

from proton statistics. For our second run4 we concentra~ed on adding 

additional tl)eaSui'es of tha beam properties in order to detenaine the 

sources of noise in the transmiasion aeasul'ewent. We were only partially 

successful, but did obtain a nom~ero result (a+- a-)/(a+ +a-) • (11 ± 4) 

X 10-6 , 

Unfortunately we could not be sure that the sbserved result is due 

to a parity-violating nuc:leon-nudeon int•r•ction ainc:=e an alternative 

~xpl.anation is available. The effett is consis~ent with a polarization 

transfer during hyperon production followed by "normal" paritr-violatiq.g 

decays. 

Our third experiment has been designed to elindnate the hyperon ef­

fect. A schematic diagraa of the e.xperilll8nt h: shown in Fig. 1. The ex­

tracted proton beam is vertically polarized. The magn.f,tude and direct inn 

(which reverses eve-ry pulse) are •nitored by a polarimeter c~sisting of 

two counter telescopes. The beaa, after being d'flected vertically through 

7. 75° to ro-tate the spin to longitudinal, is inc:ident on the front detector 

systea. This •ystem contains deteetora to measure the beam intensity, an 

80-c.m water target, and dia&noatic detectors. The scintillation detectors 

labeled X and Y Maeure residual transverse polat:i~ation of the beam 1>$fOre 

and after the tarcet. They consist of pairs of scintillation counters 

which easure any verUeally or horizontally .aa}'llllllltri tally aeatte-red beaa. 

The Pl and P2 counters are pairs of wedae-a~ped acintilletora which tDOni­

tor the position of the: be••· NON h an ion chmlber to monitor the inci­

dent ban. DIFl ia an ion ch.Piber which ia paf:nd with DIF2 em the rear 

ayet:ea ae oae •aaure of the trans.tsaion. An indep8ndent .. aeu~e.ent 

ia provided by a pair of acintillatora I (in front) and T (in the rear). 

In order to insure that only unstattered beaiiJ is •••ured by the T 
and DIF2 dtStec:tora, the trsnallitted beaiiJ 18 aomentUlll analyzed. The 

bea• tranapo:rt conaiats of a colli .. tor, two bendina: .. ,nata (a41ch of 

whicl'! rotates the prot,on sptn throu&h 908
) , and a quadnpole triplet 

which focuaea the l>e .. froa tha tarpt onto tha T c:o&mter. 

Another pair of diagnonic couatara is S, which IIM)nitora ao,y l>ea• 

vbich scrapes tnaide the be .. tJ"anaport where the polarizt.tion i8 fully 

tranevarae. A final beaa pqaition. aonitor ia provided by l":J, the beaa 

•he is .,nitored by A, aad poaaible conta•inaUon of T by acattered 

beaa 1a -,aitored by T'. 

*work perfor.ed under the auapicee of the u. S. Eneray bsearcb arul 

Develop•nt Ad•inbtrattoa. 


