(i11) Semileptonic decays }l»evl'or charmed
mesons have multihsdronic decay products, with
”ﬁ,n 1 Gev fcr/ﬁrﬂ-z GeV. This is indicated by
distributions of Y—deoay products 1in V«;,a:e*
and €% s @+ hadrons experiments.

(iv) Heavy lepton production is sti1ll needed
to explain the SPEAR f/(events.
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QUARK-GLUON THEORY AND NONLEPTONIC DECAYS

M+A Shifman, V.I.Zakharov,

Instityte of Theoretical and Experimental
Physics, Moscow, USSR.

A.I.Vainshtein,

Institute of Nuclear Physics, Novosibirsk,
USSR.

1. Light Quarks and the Al=7% Rule

- We wguld like to propose a new mechanism for
Al-=2£ rule in nonleptonic decays/l/. The point
is that the effective Hamiltonian contains the
induced scalar—-(pseudo)-scalar interaction
W (aS=1) = VZ Grsing cas € [T Uy iy o, +
S e dod, + 550 ek T4 W

Vo= % (1205) ¥
where ¢ , o/ ,S stands for corresponding gquark
fields. On the other hand the matrix elements
from densities are large if quark masses are
small, e.g.,

CONRyed\TL> = (L/Um 1y )01 G (Y Yo > )

= L damE Mime +my)
To our understanding the most motivated esti-

/

mate/z/ of masses is as follows™
My =My SMeV 5 Mg 150 MeV 3
In this case matrix elements from (1) are
greatly enhanced and this is the mechanism for
explanation A] = 1/2 rule. To test the idea
quantitatively we use
a) asymptotic freedom at short distahces
to calculate coefficient € in eq. (1) and
b) quark model of hadrons to calculate the
matrix element from Hgsf(AS=1).
We proceed now with a brief description of
results obtained. Simplest graph giving rise
to term (1) within quark~gluon theory of strong
interactions is presented in Fig. 1 and the
corresponding value of 138 equal to
C“’:i_?ifn/ﬁe‘f (43
3 f6x2 m
where } is quark-gluon coupling constant, ht,

1s charm quark mass and M is some hadronic mags.

x/It is worth emphasizing that M, , 724 do
not necessary coincide with "physical®™ quark
masses and are used here only as measure of
sU(2)aSU(2) symmetry breaking. Quarks can :
acquire mass through spontaneous symmetry brea-
king (at price of massless plon) even in the
limit m,=m =0,



5 w o

C(u.); ;C (w)

gluon

wds w,d s

el

Fig. 1

Using the renormalization group technique
(for the gase 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 1f m,= 70 GeV, m = 2 GeV,
C= m = 0.7 ceV, g%mY)/4x =1 (5)
0.54 tf m,= 100 eV, M= 2 Gev,
m = 0.14 GeV, 2%(n")/yx =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

ﬁ- -
p
w o 4 4
5 ¥ Hess w s HY "
4 Y
A 24 —:l— P A_L “« P
) “

Fig. 2

one can be expressed in terms of matrix ele~
ments of leptonic decays and quark masses. The
following relation arises

VEB(AL) ~B(=2) Mz + Mg ~ 25 (6)

VBAMNZ)-A(Z}) ~ﬂ'4 Mg -Mg /4/
where we use the notation of Ref. . This

relation does not receive the contribution from
graphs of the type 2b, Prediction (6) is in an
exellent agreement with experimental value of

27.4+1.0.
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From absolute values of amplitudeV3A(%5)-A(zt)
we extract phenomenological value of coeffi-
ctent C,Cpex 1.0 (compare with estimates a3)).
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 Hamlltonian 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 coeffictient Cﬁ& we calculate amplitude

Ofﬁfnﬂ'decay and find an agreement with the data.

2. A1'= J/2 Transitions

Amplitude withAl= 3/2 are calculable both for
hyperon and K -meson decays in terms of the mat-
rix elements of leptonic decays. The predictiona
agree with the data both in sign and in magnitude
in all the cases, where the data are accurate

enough ( K ana A -decays).

3. Right-Handed Currents

The discussion above refers to any model
with left-handed currents only. For the models
with the current of the type SMV(}&/CSR /5/ tne
most oritical is the oalculation.of coefficient
Cr defined as
W (a8 1) = VZ G #ng 3in CriS 6l 1) £,

where gﬁ'is 2luon field-strength tensor,

a

v (T
a .

A" (a =1,...,8) are colour SU(3) matrices.

An analogous term contributes to radiative

decays (of 2514P3’ kind)
H;#(ASJ) = TG 3in g 30V Cp 158 Fune)

6n
In the lowest order
" (1
c-r) "‘%—Eﬁ,mc ) Ca,.. = %ma (9)

The aocpount for higher order gluon corrections
to the coefficients is rather complicated and
requires calculation of two-loop graphs, Here

we give final results

Cr=cl 36;_2/”' ge;ﬂ/“ [,H t(’X?S/“—i) + (10)

RSN CNE SR P LIS

w0 oY o, 16/3E 32 ,,43/3€ 7 . “
Cp=Cy 2ty 72 9¢; 7750 [1 - B26e 0150 [ (04 +030C )



where

_ Fm *(m? :
2€1—»~§§?;;$% =1+ € afé;#%1‘45L %25%

2/ 2 12'(n¢z) 2
= (. =1+ 1672 Zh"'%

2 gr(md)
andg—(p’-)is effective charge, -:—11—3&//, N - num-
ber of flavours. Note that coefficient at lar~
gest power of 2¢,1s very small (1/19).

Thus there is no enhancement of nonleptonic
decays and some suppression of radiative decays.

We have also calculated the gluon corrections
to the KL ,Ks mass difference and found for
right handed current coupling constant

3n f £ 7/10 an

provided that strange quark mass is given by
eq, (2). It is follows from this bound that
contribution of right~handed currents to non~

leptonic decays is small.
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It has been 20 years since the weak interaction was first demonstrated
to violate parity.l Since then parity violation has been a very lwportant
tool for studying the weak interaction. The present experiment i3 one of a
series which ultimately will result in @ direct measurement of the weak in-
teraction contributions to nucleon-nucleon s:a::ering.z—b

Two previous experiments have been performed with the 6~GeV/c polarized
proten beam at the Argonne 2GS. We measure the transmission of the longi-
tudinally polarized proton beam through a low~Z (water) target as a function
of the beam helieity. If the scattering cross section contains the parity-
violating term s - P, where & is the spin of the incident proton and
P is its momentum, the transmission will depend on beam helicity, The
difference in cross sections is expected to be of aorder 10‘5 to 10“7 ’
due to the interference between the weak parity-viclating amplitude and
the strong parity-tonserving uuplir.uda.s Our first exparincnt3 ylelded
a resuli: for the fractional change in cross aection with polarization
direction of (07 - 07)/(o* +07) = (5 ¢ 9) x 10_6, where +(~) refers to
positive (negative) helicity. The error waa doninnr.ed‘ by noise in the
measurement of the transmission at a level three times that expected
from proton statistica. For our second run we concentrated on adding
additional npeasures of tha beam properties in order tp determine the
aources of noise in the transmiasion measurement. We were only partially
auccessful, but did obtain a nonzero result (u+ - u-)/(17+ +0) = (11 * 4)
x 107,

Unfortunately we could not be sure that the sbserved resul: is' due
to a parity-violating nucleon-nucleon interaction aince an alternative
explanation is available. The effett is consistent with a polarization
transfer during hyperon production followed by "normal" parity-violating
decaya.

Our third experiment has beer designed to eliminate the hyperon ef-
fect. A achematic diagram of the experiment is shown in Fig. 1. The ex-
tracted proton beam is vertically polarired. The magnitude and directinn
(which reverses every pulse) are menitored by a polarimeter consisting of
two counter telescopes. The beam, after being deflected vertically through
7.75° to rotate the spin to longitudinal, is incident on the front detesctor
system. This systam contains detectora to measure the beam intensity, an
80-cm water target, and diagnostic detectors, The scintillation detectors
labeled X and Y
and after the target. They consist of pairs of scintillation counters

residual t erse polarization of the beam before
which measure any vertically or horizontally asymmetritally acattered beam.
The Pl and P2 counters are pairs of wadge-shaped scintillstora which poni-
tor the position of the beam. MON is an ion chamber to monitor the inci-
dent basm. DIF1 e an ion chamber whicb is pajred with DIF2 on the rear
system as one measure of the transmission. An independent measurement
is provided by a pair of scintillators I (in front) and T (in the rear).

In order te insure that enly d by the T
and DIF2 detectors, the trsnsmitted beany is momeatunm analyzed. The

ered beanm is

beam transport consists of a collimator, two bending magnets (each of
which rotates the proton spin through 90%), and a quadrupole triplet
which focueme the beam from tha target onto tha T counter.

Another pair of di

ic countars is §, which monitors any beam
which scrapes inside the beam transport where the polarization is fully

tranavsrae. A final beam poeition monitor ie provided by P3, the beam
size is monitored by A, and possible contamination of T by scattered
beam 1s monitored by T'.

.Horl performed under the auspices of the U. 8. Energy Rasearch and
Development Adainistretion.



