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hep-ph/9706316NI 97033-NQFThe gluon/charm content of the �0 mesonand instantonsE.V.Shuryak1;3 and A.R.Zhitnitsky2;31Department of Physics, SUNY at Stony Brook,Stony Brook, NY11790, USA2Physics and Astronomy Department, University of British ColumbiaVancouver, BC V6T 1Z1, Canada3 Isaac Newton Institute For Mathematical Sciences20 Clarkson Road, Cambridge, CB3 0EH, U.K.AbstractMotivated by recent CLEO measurements of the B ! �0K decay, we evaluategluon/charm content of the �0 meson using the interacting instanton liquid model ofthe QCD vacuum. Our main result is h0jg3fabcGa�� ~Gb��Gc��j�0i = (2:3�3:3)GeV 2�h0jg2Ga�� ~Ga�� j�0i. It is very large due to the strong �eld of small-size instantons.We show that it provides quantitative explanations of the CLEO data on the B !�0K decay rate (as well as inclusive process B ! �0 + X), via a virtual Cabbibo-unsuppressed decay into �cc pair which then becomes �0. If so, a signi�cant charmcomponent should be present in other hadrons also. In particular, we found a largecontribution of the charmed quark in the polarised deep-inelastic scattering on aproton.1.Instantons of a small size (� � 1=3fm) are known for long time to be a veryimportant component of the QCD vacuum [1]. In general, their �elds are respon-sible for a scale 1 GeV which restrict perturbative QCD from below, and e�ectivehadronic Lagrangians from above. Because of fermionic zero modes, they play es-pecially important role for light (u,d,s) quark physics (for recent review see [2]). Itwas nevertheless believed that they are irrelevant for charm-related physics: andindeed, the instanton-induced spin-dependent and independent potentials betweenheavy quarks are small compared to standard con�ning-plus-perturbative one. How-ever, as we show in this paper, the situation is reversed for virtual �cc pairs: theycan only appear due to the strongest gluonic uctuations in vacuum, and those areinstantons. (In fact, the gluonic �elds in the centre of relevant instantons is so large,that one may even question whether gG=m2c is a good expansion parameter.)The way to see this is to look at the charm component in hadrons with di�erentquantum numbers. The object of this paper, �0, is long known to play a very specialrole in QCD: separated by a large gap from other pseudo-scalars (the Weinberg'sU(1) problem [3, 4]) it serves as a screening mass for the topological charge (seerecent detailed discussion in [5]). Thus testing whether the high dimension gluonic1
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operator does or does not couple strongly to the �0 we are actually testing whetherthe strongest vacuum uctuations do or do not possess the topological charge. Noe�ect of such magnitude should exist e.g. for vector mesons: and indeed, the em-pirical Zweig rule is very strict in vector channels, allowing only tiny avor mixing.2.Recently, CLEO collaboration has reported [6] measurements of inclusive andexclusive production of the �0 in B-decays :Br(B ! �0 +X ; 2:2 GeV < E�0 < 2:7 GeV ) = (7:5� 1:5� 1:1) � 10�4 ; (1)Br(B ! �0 +K) = (7:8+2:7�2:2� 1:0) � 10�5 : (2)Simple estimates [7] show that these data are in severe contradiction with the stan-dard mechanism, the b-quark decay into light quarks, because Cabbibo suppressionfactor Vub leads to numbers which are by two orders of magnitude smaller than thedata (both the inclusive and exclusive cases). Alternative mechanism, suggested in[7] is based on the Cabbibo favored b ! c�cs process, followed by a transition ofvirtual �cc into the �0. The latter transition may be possible, provided there existlarge intrinsic charm component of the �0. Its quantitative measure can be expressedthrough the matrix elementh0j�c�5cj�0(q)i � if (c)�0 q� : (3)and one needs f (c)�0 � 140 MeV in order to explain the CLEO data, see [7]. Thisvalue is surprisingly large, being only a few times smaller than the analogouslynormalised residue h0j�c�5cj�c(q)i = if�cq� with f�c ' 400 MeV known experi-mentally from the �c !  decay.3.Because the c-quark is heavy, it may only exist in the �0 in a virtual loop,andits contribution can be evaluated in terms of gluonic �elds. Taking the divergenceof the axial current in Eq.(3) one getsf (c)�0 = 1m2�0 h0j2mc�ci5c+ �s4�G�� ~G�� j�0i : (4)which can be further simpli�ed by the Operator Product Expansion in inverse pow-ers of the c�quark mass2mc�ci5c = ��s4�G�� ~G�� � 116�2m2c g3fabcGa�� ~Gb��Gc�� +O(G4=m4c) (5)(see the appendix in [7] for a detailed derivation of this result. Further terms inexpansion (5) are neglected in what follows.) Thus the problem is reduced to thematrix element of a particular dimension-6 pseudo-scalar gluonic operator:f (c)�0 = � 116�2m2�0 1m2c h0jg3fabcGa�� ~Gb��Gc��j�0i : (6)4.The magnitude of the matrix element (3) was related [7] to the vacuum ex-pectation value of similar operators:f (c)�0 ' 34�2b 1m2c hg3G3iYMh0j�s4�G�� ~G�� j�0i : (7)2



where hG3i should be evaluated in pure gluodynamics, not QCD. Unfortunately,only indirect order-of-magnitude estimate for this latter quantity was given, andthus in [7] rather wide range of values was given f (c)�0 = (50� 180)MeV .5.We have performed direct calculation of this quantity using the InteractingInstanton Liquid Model (IILM). In its present form, this model takes into accountinstantons coupling to light quarks to all orders in t'Hooft e�ective interaction,which was shown to be crucial for �0 physics. It has correctly reproduced multiplemesonic/baryonic/glueball correlation functions, and also has an increasing directsupport from lattice studies of instantons (see [2]).The calculation is based on numerical evaluation of the following two-point Eu-clidean correlation functionsK22(x) = h0jg2Ga�� ~Ga��(x)g2Ga�� ~Ga��(0)j0i (8)K23(x) = h0jg2Ga�� ~Ga��(x)g3fabcGa�� ~Gb��Gc��(0)j0i (9)K33(x) = h0jg3fabcGa�� ~Gb��Gc��(x) g3fabcGa�� ~Gb��Gc��(0)j0i (10)Studies of K22(x) has been made previously [8], where it was demonstrated that inthe \unquenched" ensemble of instantons with dynamical quarks the non-perturbativepart change sign at distances x > 0:6fm, displaying a \Debye cloud" of compen-sating topological charge. It is identi�ed with the �0 contribution, and lead to anestimate h0jg2Ga�� ~Ga�� j�0i = 16�2p3 f�0m2�0 � 7GeV 3 (11)which agrees reasonably well with other estimates in literature. In this formulawe have expressed matrix element (11) in terms of the standard parameter f�0 �85MeV which is de�ned as followsh0j 1p3 Xi=u;d;s �qi�5qij�0i = if�0q�:Using an anomaly in the chiral limit, mu = md = ms = 0 we arrive to (11).6. We have calculated the correlators mentioned by numerical simulation, usingof the ensemble 16 instantons and 16 anti-instantons, put into a box 4�23fm4, with(without) dynamical quarks[9] Unfortunately, the propagation of the gluons in thebackground non-perturbative �elds of instantons was not studied in such details asfor light quarks, and so far we do not have the gluon propagator programwhich couldbe used for all distances. At small x purely perturbative results (e.g. Kpert22 (x) =384g4=�4x8 ) dominate, while the non-perturbative �elds can be included via theoperator product expansion (see e.g.[10, 1]). At large x we would argue below that(at least with dynamical quarks) the non-perturbative �elds dominate.The quantity f (c)�0 (6) can be obtained from the correlation functions (8, 9,10)[11]: f (c)�0 p3m2cf�0 = K23(x! 1)K22(x! 1) = sK33(x!1)K22(x!1) (12)3



It is expected that at large distances the contribution to two other correlators wouldalso be dominated by non-perturbative �eld of the instantons. If so, one has a simpleestimate for the ratio of matrix elementsh0jg3fabcGa�� ~Gb��Gc��j�0ih0jg2Ga�� ~Ga�� j�0i = 125 h 1�2 i � (1� 1:5)GeV 2 (13)Two numbers given here correspond to averaging over instanton size distribution fortwo variants of the instanton-anti-instanton interaction, the so called \streamline"and \ratio-ansatz" ones, and indicate the sytematics involved. The latter (givingsmaller average size and larger number above) should be considered preferable,because it better agrees with the size distribution directly obtained from latticegauge �eld con�gurations, see discussion in [2]. (Recent measurements [12] usingre�ned \inverse blocking" method has found somewhat smaller instantons thanothers, but those seem to belong to correlated instanton-anti-instanton pairs, whichwould not contribute to the compensating Debye cloud we look for.)In our measurements of K23; K33 both ratios entering (12) were found to stabilizeat large enough x> 0:8fm at the same numerical value. We take it as an indicationthat �0 contribution does in fact dominate, although we were not able to see thatall correlators fall o� with the right mass[13]. Numerical values of the ratios about(1:5 � 2:2)GeV 2, for two ensembles mentioned. The numers are somewhat largerthan in (13) because the second operator in the correlator makes it more biasedtoward smaller instantons.Proceeding to �nal result, we have to look at radiative corrections. The experi-mental number mentioned above is de�ned at the scale �21 � m2c , which is di�erentfrom that obtained in the instanton calculation. In the latter case the charge and�elds are normalized at �22 � gG where G is the typical gauge �eld at the pointswhich contribute the most to the correlators. Two scales are not too far apart nu-merically �22 � (0:5�1)GeV 2, but the anomalous dimension of the g3G ~GG operator[14] is large, and it leads to correctionf (c)�0 (�1 ' mc) = [�s(�1)�s(�2)]�182b f (c)�0 (�2) ' 1:5f (c)�0 (�2); (14)Here we use mc(�1 ' mc) ' 1:25GeV for the numerical estimates. This concludesour derivation of the parameterf (c)�0f�0 ' 0:85� 1:22; (15)where the second value is preferable, see above. We present our �nal result asthe ratio f (c)�0 =f�0 instead of the absolute value of f (c)�0 because most systematicerrors are gone for the ratio. The �nal uncertainty in eq. (15) comes from thesystematic errors of the instanton model, which can be judged from comparison ofthe instanton size distribution or the scalar glueball size to corresponding latticeresults. It will certainly be soon reduced by on-going works. Finally, we compareit with the \experimental" value needed to explain CLEO measurements (3), andconclude that our result obtained in the instanton liquid model agrees with it, insidethe uncertainties. 4



7. The next logical question to ask is whether the unexpectedly large gluon/charmcontent of �0 has profound consequences outside of B physics, for other hadrons.One point we want to make is that that it seems now likely that understanding ofthe spin problem of the nucleon cannot be done without its \intrinsic charm" aswell[15]. Relevant matrix elementhN j�c�5cjNi = g(c)A �N�5N (16)could be generated by the �0 \cloud" inside the nucleon. Assuming now the �0 dom-inance in this matrix element[16] one could get the following Goldberger-Treimantype relation[15] g(c)A = 12MN g�0NNf (c)�0 . Although the precise value of g�0NN is un-known, and phenomenological estimates of the coupling vary signi�cantly g�0NN =3� 7[17], it leads to hN j�c�5cjNi = (0:2� 0:5) �N�5N (17)which is comparable to the light quark contribution! We plan to calculate g(c)A andg�0NN in the instanton model as well. Lattice determination of all those quantitieswould be more than welcome. Ultimately, the contribution of the charmed quarksin polarized deep-inelastic scattering may be tested experimentally, by tagging thecharmed quark jets.8.It is by now widely known that the Zweig rule is badly broken in all scalar/pseudoscalarchannels, and that (rather large) mass of the �0 is in fact due to light-quark-gluonmixing. Furthermore, all these phenomena are attributed to instantons. In thiswork we have found that similar phenomena are even more profound for larger-dimension (multi-gluon) operators as well. Moreover, the avor mixing includesalso a signi�cant fraction of �cc in �0. Perhapse it is not so surprising qualitatively:but the fact that one can actually quantitatively calculate these matrix elementsand quantitatively compare it to real data is still rather amasing.AcknowledgmentsThis work was done during the program in I.Newton institute in Cambridge, andwe use this opportunity to thank P.van Baal for invitation and nice program.Thiswork is partly supported by the US Department of Energy under Grant No. DE-FG02-88ER40388.References[1] E. V. Shuryak. Nucl. Phys., B203:93, 1982.[2] T. Sch�afer and E. V. Shuryak. Instantons in QCD, hep-ph/9610451,Rev.Mod.Phys., in press.[3] E. Witten, Nucl. Phys. B156 (1979) 269.[4] G. Veneziano, Nucl. Phys. B159 (1979) 213.[5] E. V. Shuryak and J. J. M. Verbaarschot. Phys. Rev., D52:295, 1995.[6] P. Kim (CLEO), Talk at FCNC 1997, Santa Monica, CA (Feb 1997).5
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