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Motivated by recent CLEO measurements of Bre 'K decay, we evaluate the gluon and charm content
of the ' meson using the interacting instanton liquid model of the QCD vacuum. Our main result is
(0|g3fareG2 Gb,GS,| 7'y = —(2.3-3.3) Ge¥x(0|g?G2,G2,/7'). Itis very large due to the strong field of
small-size instantons. We show that it provides quantitative explanations of the CLEO dataB®n- thiK
decay ratdas well as the inclusive proceBs— 5’ + X), via a virtual Cabibbo-unsuppressed decay intoca
pair which then becomes’. If so, a significant charm component may be present in other hadrons also: We
briefly discuss the contribution of the charmed quark to gb&arized deep-inelastic scattering on a proton.
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PACS numbds): 14.40.Cs, 12.39.Ki

Instantons of a small sizepE0.2-0.4 fm have been B(B—7n'+X;2.2 Ge\E,, <2.7 GeV)
known for long time to be a very important component of the
QCD vacuunt1]. In general, their fields are responsible for =(7.5+1.5+1.1)x10°* (1)

a scale of 1 GeV which restricts perturbative QCD from
below and effective hadronic Lagrangians from above. Be-
cause of fermionic zero modes, they play an especially im-

portant role for light (1,d,s) quark physics(for a recent . . .
review see[2]). It was nevertheless believed that they areSiMPI€ estimatep7] show that these data are in severe con-

irrelevant for charm-related physics: Indeed, the instantontadiction with the standarb-quark decay into light quarks:

induced spin-dependent and -independent potentials betwe&ff‘b'b.?odSUppre”SS'?;ub I?ﬁdsdto dfﬁ"’.‘y rlatgs twodorderls of
heavy quarks are small compared to the standard confinin nagnitudge smafer than the aoth inclusive and exclu-

) . ; ive ones An alternative mechanism, suggested[ T, is
plus-perturbative one. However, as we show in this paper, , —
o A — based on the Cabibbo-favoréd- c cs process, followed by
the situation is reversed fafirtual cc pairs: They can only

ey . — . ’ e
appear due to the strongest gluonic fluctuations in a vacuun?, transition of virtualcc into the »’. The latter transition

and those are instantonén fact, the gluonic fields in the may be possible, provided there exists a large intrinsic charm

center of relevant instantons is so large that one may eve%omponent of they'. Its quantltanve measure can be ex-
. 5. . pressed through the matrix element
question whetheg G/mg is a good expansion paramejer.
A way to see this is to look at the charm component in — , (0
hadrons with different quantum numbers. The object of this (O[cy,yscly'(a)=if,/a,, 3)
paper,n’, has been long known to play a very special role in
QCD: Separated by a large gap from other pseudosdahes and one needfs%c,)~140 MeV in order to explain the CLEO
Weinberg'’s U1) problem[3,4]] it serves as a screening mass data; seq7]. This value is surprisingly large, being only a
for the topological chargésee the recent detailed discussionfew times smaller than the analogously normalized residue
in [5]). Thus testing whether the high dimension gluonic op-(0| c 7u75C| ne(q))=if 2O with f%:4oo MeV known ex-
erator does or does not couple strongly to thewe are  perimentally from thep,— yy decay. It is also comparable
actually testing whether the strongest vacuum fluctuations dg, g similarly defined coupling of,’ to the axial current of
or do not possess topological charge. No effect of such gght quarks: Note, however, that instantons in fact lead to a
magnitude should exist, e.g., for vector mesons: Indeed, thgepulsiveinteraction between them, and thus the light quark
empirical Zweig rule is very strict in vector channels, allow- wave function of»’ should be depleted at the origin.
ing only tiny flavor mixing. Because the quark is heavy, it may only exist in the’
Recently, the CLEO Collaboration has reporféfimea- in a virtual loop, and its contribution can be evaluated in
surements of inclusive and exclusive production of #ién  terms of gluonic fields. Taking the divergence of the axial
B decays: current in Eq.(3) one gets

B(B— 7' +K)=(7.8"3,+1.0x107°, 2
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which can be further simplified by the operator product ex-which agrees reasonably well with other estimates in the lit-

pansion in inverse powers of tleequark mass,

*6, G

2mcciy5C= — E wrCuv

3¢ab =b 4).4
167r2ng fa CGZ,,GWGZMJrO(G /mg).
C

5
[See the Appendix if7] for a detailed derivation of this

result. Further terms in expansi@b) are neglected in what
follows.] Thus the problem is reduced to the matrix elemen
of a particular dimension-6 pseudoscalar gluonic operator:

1 1
3fab —~b '
5(0lg°f*G}, G, GLul 7). (6)

16m°m?, mZ
7

The magnitude of the matrix elemef® was related7] to
the vacuumexpectation value of similar operators:

v}

<9363>YM

o__ 3 1
' ag -
0 EGW,GW,

K 47%b Eﬁ <

(@)

where(G3) should be evaluated in pure gluodynamics, not
QCD. Unfortunately, only an indirect order-of-magnitude es-

timate for this latter quantity was given [fT7], leading to a
rather wide rangé(nc,)=50—180 MeV.

erature. In this formula we have expressed the matrix ele-
ment(11) in terms of the standard paramefgy ~85 MeV
which is defined as follows:

1

(0 @zuzdsEv,msqiln’>=ifnfq#-

Using an anomaly in the chiral limith,=my
arrive at Eq.(11).

We have calculated the correlators mentioned by numeri-
cal simulation, using as the ensemble 16 instantons and 16

=ms=0, we

@nti-instantons, put into a box>42% fm*, with dynamical

qguarks[9]. Unfortunately, the propagation of the gluons in
the background nonperturbative fields of instantons was not
studied in such detail for light quarks, and so far we do not
have a gluon propagator program which could be used for all
distances. At smallx purely perturbative resultge.g.,
KbS™(x) = 384g*/ m*x®] dominate, while the nonperturbative
fields can be included via the operator product expansion
(see, e.g.[10,1]). At large x we would argue below thdhat
least with dynamical quarksthe nonperturbative fields
dominate.

The quantityf(;,), Eq. (6), can be obtained from the cor-
relation functiong8), (9), (10) [11]:

f(c,)\/§m2 K (X—>OO)‘ Kgg(x— )
7 | |Kag _ 33
\“szxw» Vi) 12

f,
It is expected that at large distances the contribution to two

We have performed a direct calculation of this quantitygther correlators would also be dominated by the nonpertur-

using the interacting instanton liquid mod@ILM ). In its

bative field of the instantons. If so, one has a simple estimate

present form, this model takes into account instantons coUgyy the ratio of matrix elements:

pling to light quarks toall orders in a 't Hooft effective
interaction, which was shown to be crucial fgt physics. It

has correctly reproduced multiple mesonic, baryonic, or
glueball correlation functions, and also has increasing direct

support from lattice studies of instanto(eee[2]).

The calculation is based on a numerical evaluation of th

following two-point Euclidean correlation functions:

KaAX)=(0/g°G2,G2,(x), g°G2,G2,(0)[0), (8)

K,a(X)=(0|g°G% G?

mY" wv

(X), ggfabCG;aLV’és)\Giu(o)|o>i )
9

K33(x)=(0| ggfachZu'é‘ExGﬁﬂ(X)v
g3faeeG2 Gh, G5 ,(0)]0). (10)

Studies ofK,,(x) have been made previoudi§], where it

was demonstrated that in the “unquenched” ensemble of

(0]g%**G:,, G, Gt ')
2 ~ ’
(0lg°GL,GL.l7")

12/ 1
‘z— P ~1-15 GeV.

5
(13

el'wo numbers given here correspond to averaging over the

instanton size distribution for two variants of the instanton—
anti-instanton interaction, the so-called “streamline” and
“ratio ansatz” ones, and indicate the systematics involved.
The latter(giving a smaller average size and larger number
above should be considered preferable, because it better
agrees with the size distribution directly obtained from lat-
tice gauge field configurations; see discussiof2in (Recent
measurement$12] using the refined “inverse blocking”
method have found somewhat smaller instantons than others,
but those seem to belong to correlated instanton—anti-
instanton pairs, which would not contribute to the compen-
sating Debye cloud we look for.

In our measurements &f,3,K 35 both ratios entering Eq.

instantons with dynamical quarks the nonperturbative part12) were found to stabilize at large enough 0.8 fm at the

changes sign at distances-0.6 fm, displaying a “Debye

samenumerical value. We take it as an indication thgt

cloud” of compensating topological charge. It is identified contribution does in fact dominate, although we were not

with the ' contribution, and leads to an estimate

able to see that all correlators fall off with the right mass
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[13]. Numerical values of the ratios are about 1.5-2.2 &eV (7', pwm,KKr) fit well to a pattern following from the
for the two ensembles mentioned. These numbers are somiestanton-induced 't Hooft effective Lagrangian.
what larger than in Eq(13) because the second operator in  Another question is whether the “intrinsic charn{See,
the correlator makes it more biased toward smaller instane.g.,[20]) of other hadrons is due to the same mechanism.
tons. Especially close to the problem considered is the charm con-

Proceeding to the final result, we now consider QCD ra+ribution[15] to the spin of the nucleon. The relevant matrix
diative corrections. The experimental number mentioneclement is of charm axial vector current, as above,
above is defined at the scafe’~m?2, which is different o o
from that obtained in the instanton calculation. In the latter (NJ C7M75C|N>=g§f)N7M75N, (16)
case the charge and fields are normalizeyi%ﬁng where ) . .
G is the typical gauge field at the points which contribute the?nd it could be generated, €.g., by thé “cloud” of the
most to the correlators. The two scales are not too far apaRUcleon. Assuming now the;" dominance in this matrix
numerically, x2~0.5-1 GeV, but the anomalous dimen- €/€ment[16] one could get( )the following G?J)dberger—
sion of this operatof14] is large, leading to the correction Treiman type relation[15] gy”=(1/2My)g,/nnf,7 - Al-

though the value 0§,y is unknown, and its phenomeno-
(© (© logical estimates vary significanthg,,\y=3-7 [17], one
Py (m2) =150 (12). gets from this estimate a surprisingly large contribution
(14

ag(pqg)] 182

£ (m=m =[—S
K (K o) as(py)

Here we useny(u;=m.)=1.25 GeV for the numerical es- (N[€7,75CIN) =(0.2-0.5N ¥, 75N, a9
timates. This concludes our derivation of the parameter  comparable to the light quark one. Ca|cu|ati0ngg§? and

g, nn in the instanton model are in progress: Their lattice
determination would be more than welcomed. Ultimately,
the contribution of the charmed quarks in polarized deep-
inelastic scattering may be tested experimentally, by tagging
where the second value is preferable; see abaVe.present the charmed quark jet@.g., by the COMPASS experiment

our final result as the rati(f);c,)/f,?, instead of the absolute at CERN.

value off‘® because most systematic errors are gone for the In_ summary, it is _by now widely known that the Zweig
ratio) Thg final uncertainty in Eq15) comes from the sys- rule is badly broken in all scalar and p§QUQOscalar channels,
tematic errors of the instanton model, which can be judge nd that thelrather largg mass of they' is in fact due to

from comparison of the instanton size distribution or the sca- ght-quark—gluon mixing. Furthermore, these phenomena
paris ; . - are generally attributed to instantons. In this work we have
lar glueball size to the corresponding lattice results. It will

found that similar phenomena for larger-dimensionulti-

Eg[;a'glr)é i??/vi?r? ?{]‘erﬁg)?c:r?mgﬁtgp,g\?:;geVr\:grelfjsé d':t'gael)l(y’k;'ivnegluon) operators are much stronger. The reason for that is the
P P P inhomogeneous vacuum, with a very strong field inside

the CLEO measurement8), and conclude that our result small-size instantons. We have found a very significant frac-

obtained m_thg instanton liquid model agrees with it, W'th'ntion of charm iny’. Perhaps the same mechanism may help
the uncertainties. | h | iall |

The next logical question to ask is whether the connectior'ﬁ0 solve other puzzles, especially re ateglntpdecays and

. : deep inelastic scatterin@IS) on the polarized nucleon.

between strong instanton fields and charm leads to phenom-

ena unrelated te;’. One intriguing direction to study ig, This work was done during the program in the I. Newton

hadronic decays: Their deviations from a simple perturbativenstitute in Cambridge on nonperturbative quantum field

pattern(which works well ford/ ) are well known; see, e.g., theory: We would like to thank its organizer P. van Baal for

[18]. Let us also mention a recent intriguing observation byhis help. This work was partly supported by the U.S. Depart-

Bjorken [19] that its three leading hadronic decay channelsment of Energy under Grant No. DE-FG02-88ER40388.

(c)
o

~0.85-1.22, (15)
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