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ABSTRACT

We discuss the role of "penguin" operators in the weak decays of
light particles, including an extra operator, O, entering in two
loops. The evidence for large penguin contributions is reviewed and
found to be uncompelling.

INTRODUCTION

The connection between QED and the AS=l nonleptonic weak decays
was first explored in 1974,  and is conventionally discussed within
the context of the Wilson expansion and the renormalization group. A
*standard" operator basis may be summarized as follows:
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with bare coefficients c;=~cc=—l, c2=l/5, c3=2/15, c4=2/3, and the
weak AS=l Hamiltonian is given %y:

Hwk = /E'GF51n9ccosec % ciei. {2)

Our problem is the exact calculation of the renormalized &, in QCD
and, particularly the estimation of the operator matrix elemefits. In

: - 2 2 -2 2 "9/,
the absence of penguins we have ci=ci(g (mw)/g ) where di

is the anomalous dimension (x 16n2/g2) of Eg. (1) and b°=ll -~ 2/3 nge
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PENGUINS

In 1977 Shifman, Vainshtein and Zakharov2 (SvVZ) pointed out that
the diagrams of Fig. 1 are potentially important as the GIM
cancellation is only logarithmic. Direct computation yields the
operator:
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16m u H q Diagram.

By c¢olor + Dirac glerg rearrangement Eg. (5) can be rewritten in
terms the preceding 01, 0. and the new ops:
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In two loops we further encounter4
Fig. 2. Operator
HVA VA Mixing Diagram.
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with coefficient: 3/8 93/(16ﬂ } G_cosd sinb {log mz/uzl. No
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further d=6 operators can occur ({(5).

The operaters 0....0_ mix into O_, O, and O_, through the diagram
of Fig. (2) (O7 requires two loopS). An anzatz for treating this
expanded operator mixing problem, with inherent subtleties due to the
GIM cancellation, is discussed in Ref. {(2}. The mixing generated by



Fig. (2) leads to mixed leading logs like (log Mi)p(log mz)q. But is
this the exact log structure of the actual Feynman diagrams? In
Ref.(6b Bgés is answered in the negative for two reasons: {a) Large
(log mc) are present whica 8re 1eagi&g and not properly summed by
this angatz (b) the (log M )T (log m_) * were found to cancel in some
diagrams in which they should be presént. To get an idea as to the
potential size of these effects we compare in Table I the results for
El,...E computed by the anza&ngf Ref. (2} and by an anzatz in
Ref. (6? in which only {log mc) terms are summed for ES’ EE, E7.
Table I. Comparison of operator coefficients
{A=0.5 GeV, u=l, . mc=2)

LU LU - 3 —~ —( 2)5

€1 ) Ca 5 €6 gl je,

-2.5 0.10 0.4l  -0.05  -0.01 _— svz

-2.4 0.13  0.41  -0.032 =0.006  -0.003 Ref. (4,6)
AMPLITUDES

We give a parameterization for the AI=1/2, K S d?g?y in the
valence quark apprgximation (VoA), ignoring effects of O which we
expect to be small” (the MIT bag model (7) 1is expected to give
roughly similar results):
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Aexpt 6 6 (mu+md)(ms—md)

Note the appearance of the renormalizaﬁion group noninvariant ratio
of physical masses to gquark masses {mﬂ/(m +m_){(m -m_}) associated
with penguin terms. What quark masses are to be used here?

We expect that the usual PCAC masses mu:m :ms=5:10:150 MeV are
appropriate at energy scales v few GeV where PCEC sum rules saturate.
For our problem we must evolve (hopefully) down to mass scales of
order m_,m_ where the gquark masses increase. In the MIT bag, for
example, we have m =10, m_=20, m_=300 (MeV). With these masses and
c.=-2.5 and c¢c_ + 5/16 c. %= -0.08 we find Ath A = 0.26; the o
contribution is“87% here where the penguin is nl%xgg%. In Ref. (2}
the (extremely optimistic) values m =m_.=5 MeV, m_=150 are used with
c. + 3/16 ¢, = -0.25 (five times greater than thgory predicts) to
ogtain A h A = 1.13. In this estimate the "reliable" short
distance ca cufgggén of c¢. and ¢, has been abandoned and the penguin
contribution is greatly enhanced by the "unreliable"™ matrix element
estimate. Since the matrix element of O_ is expected to be accurate
only to within a factor of 2,3, we belleve that the former estimate
more accurately reflects the real situation than the latter. Here
penguins account for v 1/5 of the total amplitude.



If we simply fit hyperon s-waves by pure penguins in the VQA we
deduce an effective ¢! and ¢! to compare with theory. With the bag
model quark masses one obtains cg 6/5 v 30. With a pure 0. fit we
obtain c'/cl v 3. Hence, ong’ musft conclude that the” penguin
coefficien%s are far too small to allow a large contribution to the
observed amplitudes with reasonable PCAC quark masses.

The, hyperon processes have bheen reexamined by Finjord &
Gaillard and do not agree with theory in any approximation. Also,
the AI=3/2 decays involve only 04 and are overestimated by 2 in
theory.

Clearly, external input is needed to determine whether penguins
are really important or not, If they have a substantial contribution
here tEen they may be isolated in CP-violation 6 measurements of
‘E'/EI . Also, such measurements as §) +E T/Q +E*T are sensitive to
penguins. We expect penguin congributions to be v 1/5 to 1/10 the
contribution of other operators.

REFERENCES

1. M.K. Gaillard, B.W. Lee, Phys. Rev. Letters 33 (1974) 108.
G. Altarelli, L. Maiani, Phys. Lett. 52B-(1974) 351.

2. M.A. Shifman, A.I. Vainshtein, V.I. Zakharov, Sov. Phys. JETP 45
(1977) 670.

3. TFor discussion of off-shell structure see W. Deans, J. Dixon,
Phys. Rev. D18 (1978) 1113 and classic references tgereiR. By
expliﬁ%tA cglﬁulgtion the null operator (sy XA /2 Q)

((DVG }7 - qgy” A/2 g) has an o (gauge) —dependent gnomalous
dimension (C. Hill, G. Ross unpublished), hence is unphysical.

4. C.T. Hill, G.G. Ross, Fermilab-Pub-7%/82-~THY, Dec. 1979 (to be
published in Nucl. Phys. B).

5., See R.K. Ellis, Nucl. Phys. B106 (1976) 239; except possible
Higgs induced. For full treatment of op mixing with Higgs see
C.T. Hill, Caltech PhD. Thesis, (unpublished).

6. C.T. Hill, G.G. Ross, Univ. of Oxford Preprint, Ref. 75/79 (tc be
published in Physics Letters).

7. J. bonoghue, E. Golowich, B. Holstein, Phys. Rev. D21 (1980}
186.

8. J. Finjord, M.K. Gaillard, Bern Preprint, March 1980.

9. P. Gilman, M. Wise, Physics Letters, 83B 83, (1979).



s 3v o avMd. - Sv 4 avMq. (q= I
= SYquqY dL sYUquY qL(q u or ¢} di=+4

=L 9 _ 3 avHa +3 oM s 3vHaq +3 syH -
(I=3) o, = sY,q;qY dL+SYudLQY qL+26qu(syudey dL+sYudLsY s.) djy=-2

1 _ = = K = - H = SvH3 _az s H dq__
{Iaz) 0, = sYudLuY uL+sY“uLuY dL+2SYudeY dL 3sYudLsY s, d3- 2
_3 - = - H = ~ ML = T H -
(I—z) o4 SYudLuY uL+sYuuLuY dL SYudeY dL d4— 2
. ~ {1)
H o = V2 GF51n9Cc089c ; ciei. {(2)

1l 2 q2(x—x2)—mz lA AB pvB -
« ~3*3 { ax 4(x-x%)1log s—3 5Y, 3 diD & , (3)
167% 0 a® (x-x")-m H
A
v A -
p,e"” % = g] ay” 2 q (4)
q
2 2 mi _ kA _ A
= —1—5 E 109 —2 SYU E— d(ZqY ;L‘ q) . (5)
i6m 1 q
A A - A
- (3v A = B AT SHOA
Us = (sYu > dL)(UY > uR+...+cY 5 cR)
- = =_H = H
06 syudL(uY uR+,..+cY CR)' (6)
(=) _ RA MVA _ AA HVA
07 = mssRouv 5 dLG -mdsouv > dRG ’ {7)



2
A (=0.292)m
—Lheor¥ _ (-0.087)c + (e Bz ¢ !

= . (8)
‘Aexpt s 16 6 (mu+md) (ms md)



