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Improving previous calculations, we compute thes7— charmed meson cross section using QCD sum
rules. Our sum rules for thﬂW—)BD*, DS*, S*D*, andDD hadronic matrix elements are constructed
by using vacuum-pion correlation functions, and we work up to twist-4 in the soft-pion limit. Our results
suggest that using meson exchange models is perfectly acceptable, provided that they include form factors and
that they respect chiral symmetry. After evaluating a thermal average We{og@f"’v>~0.3 mb atT

=150 MeV.
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[. INTRODUCTION perturbative QCD[8-10. However, even at low energies,

the short distance aspects may become dominant and spoil a
For a long time charmonium suppression has been cormonperturbative description. In a similar way, nonperturba-
sidered as one of the best signatures of quark gluon plasnitve effects may be important even at very high enerfes
(QGP formation[1]. Recently this belief was questioned by ~ In spite of the difficulties, some progress has been
some works. Detailed simulatiorjg,3] of a population of achieved. This can be best realized if we compare our knowl-

c-c pairs traversing the plasma suggested that, given thgdge on the subject today with what we knew a few years

: o ago, described by Muelldin 1999 [21] as “. .. thestate
Iarge r?“mber of such pairs, the recombination effe(?t of theof the theory of interactions betweenys and light hadrons
pairs into charmonium Coulomb bound states is non-

liaibl q lead h it of is embarrassing. Only three serious calculations exifier
negligible and can even lead to an enhancemedt $fpro- 40 than 10 years of intense discussion about this issue!

duction. This conclusion received support from the calculay g their results differ by at least two orders of magnitude in
tions of Refs.[4,5]. Taking the existing calculations he relevant energy range. There is a lot to do for those who
seriously, it is no longer clear that an overall suppression ofyquid like to make a serious contribution to an important
the number ofJ/¢’s will be a signature of QGP. A more tgpjc.” In the subsequent three years about 30 papers on this
complex pattern can emerge, with suppression in some resubject appeared and now the situation is much better, at
gions of the phase space and enhancement in ofegfs  |east in what concerns the determination of the order of mag-
Whatever the new QGP signatufvolving charm turns  nitude, which, as it will be discussed below, in the case of the
out to be, it is necessary to understand betterJthedisso-  J/¢ pion interaction, is determined to be <lry,.,
ciation mechanism by collisions with comoving hadrons. <10 mb in the energy region close to the open charm pro-
Since there is no direct experimental informationXg  duction threshold.
absorption cross sections by hadrons, several theoretical ap- One of the main things that we have learned is the near-
proaches have been proposed to estimate their values. In dhreshold behavior ofr;,,.,. This is quite relevant because
der to elaborate a theoretical description of the phenomenoin a hadron gas at temperatures of 100—-300 MeV most of the
first we have to choose the relevant degrees of freedom. Ald/ -7 interactions occur at relatively low energies, barely
ready at this point no consensus has been found. Some agufficient to dissociate the charmonium state. In some calcu-
proaches were based on charm quark-antiquark dipoles intelations a rapid growth of the cross sections with the energy
acting with the gluons of a largethadron targetdipole  was found[15,16,14. This behavior was criticized and con-
[8-1Q or quark exchange between twiadronig¢ bags sidered to be incompatible with empirical information ex-
[11,12, whereas other works used the meson exchangtacted fromJ/ photoproductiorf22]. This criticism, how-
mechanisn{13-18. In this case it is not easy to decide in ever, made use of the vector meson dominance hypothesis,
favor of quarks or hadrons because we are dealing withvhich, in the case of charm, is rather questiondB&. The
charm quark bound states, which are small and massiviatroduction of form factors in the effective Lagrangian ap-
enough to make perturbation theory meaningful, but noproach, while reducing the order of magnitude of the cross
small enough to make nonperturbative effects negligiblesection, did not change this fast growing trend around the
Charmonium is “the border-guard of the mysterious borderthreshold. Later, again in the context of meson exchange
of perturbative world of quarks and gluons and the nonpermodels, it was establishgd8] that the correct implementa-
turbative world of hadrons{19]. tion of chiral symmetry prevents the cross section from ris-
In principle, different approaches apply to different en-ing steeply around the threshold. In a different approach,
ergy regimes, and we might think that at lower energies wavith QCD sum rule§QCDSR [24], the behavior found in
can use quark-interchange mod¢lkl,12 or meson ex- Ref.[18] was confirmed and in the present work, with im-
change model§13—-18 and at higher energies we can useproved QCDSR, we confirm again the smooth threshold be-
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havior. We, thus, believe that this question has beementum with Wilson coefficients. The convergence at low

answered. momentum is improved by using a Borel transform. The co-
Another phenomenologically less important but conceptuefficients involve universal quark and gluon condensates.

ally interesting issue is the energy dependence in the regiofihe quark-based calculation of a given correlator is equated

far from threshold. Results obtained with the nonrelativisticto the same correlator, calculated using hadronic degrees of

quark model[11] indicated a rapidly falling cross section. freedom via a dispersion relation, giving sum rules from

This behavior is due to the Gaussian tail of the quark wavevhich a hadronic quantity can be estimated.

functions used in the quark exchange model. This result of Let us start with the general vacuum-pion correlation

the quark model approach could be mimicked within chiralfunction

meson Lagrangian approaches with the introduction/sf

dependent form factorf25,17. For J/-N interactions, it

was found in Ref[10] that this behavior depends ultimately

on the gluon distribution in the proton at lowIn the case of

HM34=J d*xd*ye P2yelPa

J/y-N, for certain parametrizations of the gluon density one X (0| T{j3(X)ja(0) ()} m(P1)), (1)
could find a falling trend for the cross sectiph0], but no - o
definite conclusion could yet be drawn. with the currents given by =cy,c, js=ulsc, andj,

If J/y is treated as an ordinary hadron, its cross sectior;a«‘ld' P1, P2, Ps andp, are the four-momenta of the
for interaction with any other ordinary hadron must increasgyqsonssr jllp ’Mg, and M, respectively, and’; andT",

smoothly at higher energies, in much the same way as thgenste specificy matrices corresponding to the process in-

proton-proton or pion—_proton cross sections. The underlyinq,ohling the meson# ; andM ;. For instance, for the process
reason is the increasing role played by perturbative QCD

dynamics and the manifestation of the partonic nature of alf/ ¥ 7—~DD* we will havel's=1y, andT'y=iys. The ad-
hadrons. Among the existing calculations, no one is strictl?’amage. Of.thls apprqach as compared'wnh the four-pqlnt
valid at s=20 GeV, except the one of R4R0], which is calculation in Re_f[24] is that we can conS|d§:r more terms in
designed to work at very high energies and which gives, fo}he OPE expansion Of the correlatuan function in Elj.and_,
the J/y-nucleon cross section the valug,,.,=5 mb. This therefore,_ check the convergence’ of the OPE expansion.
number can be considered as a guideJfaf- cross section Following Ref.[32], we can rewrite Eq(1) as
in the high energy regime. It should, however, be pointed d*K
out, that the calculation of Ref20] is based on a purely T a= — f —— 2 Tr(Sae(pa—K) y
nonperturbative QCD approach. The inclusion of a perturba- a (2m) ac “
tive contribution will add to the quoted value and will have a
larger weight at higher energies. A similar conclusion was
reached in Ref[26]. In the traditional short distance QCD
approach the cross section grows monotonichy10.

As a side product, the theoretical effort to estimate the
charmonium-hadron cross section motivated a series of cal- _p+me
culations[27-29, within the framework of QCD sum rules, Sab(P) =1 p2—m? Sab @)
of form factors and coupling constants involving charmed ¢

hadrons, which may be relevant also to other problems N e free c-quark propagator an@®(k.p) denotes the

hadron physics. quark-antiquark component with a pion, which can be sepa-

In th|s_ wo_rk we improve the calculation done n R4] ._rated into three pieces depending on the Dirac matrices in-
by considering sum rules based on a three-point function

with a pion. We work up to twist-4, which allows us to study volved (32,33
the convergence of the one-pion exchaf@®E expansion.

X Sco(P3— P2~ K)I'sDap(k,p1)T's), ()

where

— H a af
Since the method of the QCDSR uses QCD explicitly, we Dan(K,P) = Sapli ¥sA+ ¥4 ¥sB*+ v50,5C*"],  (4)
believe that our work brings a significant progress to this ] o ) ]
important topic. with a, b, and c being color indices. The three invariant

The paper is organized as follows: in the following sec-functions ofk,p are defined by
tion we review the method of QCD sum rules, giving special
emphasis to the QCD side. In Sec. Il we present some for-
mulas for the computation of open charm production ampli-
tudes and in Sec. IV we give our nhumerical results. Finally
some concluding remarks are given in Sec. V.

1 U
A(k,p)=ﬁf d*xe*¥0[d(x)i ysu(0)| m(p)),

1 o
B“(k,p)=1—2f d*x€*X0[d(x) y*ysu(0)|m(p)),
Il. THE METHOD

In the QCDSR approacf80,31], the short range pertur- B _ if R ey B
bative QCD is extended by an OPE expansion of the cor- Ckp) 24 d*xe"X0ld(x) " ysu(0)| ().
relator, giving a series in inverse powers of the squared mo- (5)
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Using the soft-pion theorem, partially conserved axial-vector 1 P
current and working atO(p,p,) we get up to twist-4 E”}‘aﬁ(k,P)Z—:g—zf d*xe**(0[d(x) ys0”*gsG**ulm(p)),
(32,34,

4 1 . — ~
Atpy= ZA9D i, T Frostk.p)= 35 | d*€(0[d(x) 7,98 st m(p)).
12 f, 1igk,
1 (12
+ %palpaz% K 54 (k), ~ Up to twist-4 and aD(p,p,), the two functions appear-
1 0Kay 10K, ing above are given bj32,34
4 P Q2 .
B (k ):(277) f i +1 L"‘E(S Ep)\a,BZI_f ANPANB _ ABAPANY _ RN pB+ Brhypa
oK:P 12 7 Pa Zpapali&k 36 pagﬂtlaz 32 377(p P9 pTpP g p P9 p~p g )
a
@ X (2m)* 8@ k),
—2pa29aal)mmka o(Kk),
1 2 i52.|:7 4 8)
e FT@ﬁz_m(pﬂgTﬁ_pﬁgTﬂ)(zﬂ.) oM(k), (12
(2m)* (qq)
Caﬁ(k!p)z_ 24 ?(pagﬁal_ pﬁgaal)
77 where f3, is defined by the vacuum-pion matrix element
Jd paz J J 5(4) K <0|dgsaa575gaﬁu|w(p)> [34] . .
X Iiﬂkal_T i(?kal iﬁkaz (k), (6 The phenomenological side of the correlation function

IT,,34 is obtained by the consideration &f;, M3, andM,
state contribution to the matrix element in Ed). The had-

2 . . .
where &% is defined by the matrix element ronic amplitudes are defined by the matrix element

<O|Egs?aﬁyﬁu| 77-(p)> =i 52f77pa1 where aaB: éaBo'Tg 7712

andgaﬁ:tAGaB. |M= , Ma(— v M A(— ,p) T
The additional contributions to the OPE come from the (P2, )M =3 v)Ma(~Pa.p) m(P)
diagrams where one gluon, emitted from thguark propa- =iM ,34P1,P2,P3.P4) €53 757, (13

gator, is combined with the quark-antiquark component. Spe-
cifically, the c-quark propagator with one gluon being at- where f} “= ¢ for the D* meson andf “=1 for the D

tached is given by31] meson.
The phenomenological side of the sum rule can be written
9s9ap ) as(for the part of the hadronic amplitude that will contribute
- m[kﬂﬁ_ Kgvat (Ktmoioagl. (1) 15 the cross sectiorf24]
C
Taking the gluon stress tensor into the quark-antiquark com- [pPhen_ _ myfyNghgM 34 h 14
ponent, one can write down the correlation function in the u34 (p2—m2)(p2—m2)(p2—m2) +hr, (14
form P2—my)(P3—Mg)(Py—mMy
d4 where hr means higher resonances and wheris related
1‘[#34=—4J WTr([Saﬂ(p3—k) ¥,S(P3—p2—K) with the czorresponding meson decay constg(i{jp|0)
=—Ap=Mmifp/m; and(0|j,|D*)=Ap+€,=Mpxfpx€,.
+S(p3— k)7, Sap(P3— P2~ K) T 4D*P(k,p1)T5),

(8) IIl. HADRONIC AMPLITUDES
FOR J/¢mm— OPEN CHARM
where we have already contracted the color indices, and

where we have defined The OPE of Eq(1) and the corresponding hadronic am-

plitude vanishes when contracted with the four-momentum
of J/4. This is because the charm quark number has to be

Sep(k)=— %[kayﬁ—kﬁya-i-(k-i- Me)i 0 4 p) conserved locally during the process. Among the possible
2(k*—mg) tensor structures of the hadronic amplitudes, we will only

9 consider terms that contribute to the physical cross sections.
and Furthermore, since we are working in the soft-pion limit, we

expect that nonchiral terms should not be presgig].
DeA(Kk.p) = EPNB(K b))+ 7B (K D), Hence, Igavmg out terms that vanish after contracting Wlth
(K:p) =750 (k,p)+y7e w05(K.P) (10  the physical polarization tensors of external vector particles
and chiral broken terms, we can write as follows.

with (1) For the process/m—DD*,
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DD* DD* DD*
MMV:Al plp,pr+A2 plp,p2v+A3 plvp3,u ( )
15
(2) For the procesd/¢m—DD,
MM:ADDGMaBUpgpng' (16) m;
[
_ o
(3) For the process/ym—D*D*, <
m
+
_ A D*D* D*D* o [
M= A7 Hupt Az Juvp % [
D*D* D*D* < 5 L ]
+A3 gvpeﬂaﬂypiypgp%/+A4 evpaﬁp3,u.p%pg [

I . L " I NS EEEEEEEEEEEERESR
+A? D Evpaﬁp3ﬂpilp§+A6D b eﬂmﬁp&,pfpg 0 7 4000000000000 000000 ¢
+AD*D*E a B‘l‘AD*D*E anpB 5 A | | | | I I I

7 ,uvaﬁplppl P32 8 Vpaﬁpl/.l.pl Pg 0 2 4 6 8 10 12 14 16
D*D* D*D* M? (GeV®
TAg 7 €upaPT AL el/paﬁplupiypg GV
* % * Mk D*D*
+A?1 D* a1 pfpg*—/\?z D* ¢ sP3 pi’pg, EIG. 1. Sum rule forAj related to the procesd/
praptie praptse —D*D* as a function of the Borel mass. The dots, squares, and
(17 diamonds give the twist-2, -3, and -4 contributions to the sum rule.
. @By The triangles give the result from E@C1). The solid line gives the
with s Houvp=(€vapy9up~ €0apy9ur)PIP2PI it to the QCDSR results.
+ EMpaBPZVplcE’Zﬁ and ‘;]Mé/p:(evpaﬁpl,u—’— e,u,puzﬁplv
+ €40apP1,) P2 P53+ €,,05P2,P1Ps - =0.0035 GeV [34]. For the charmed mesons decay con-

In Egs. (15)—(17), A; are the parameters that we Will stants we use the values from RES4] for f5 andfp« and
evaluate from the sum rules. In principle, all the independenne experimental value fafr -

structures appearing iH ,,,, andJ,,,,, would have indepen-

dent parameterd ;. However, since in our approach we get f,=270 MeV, fp=170 MeV, fp«=240 MeV.
exactly the same sum rules for all of them, we decided to (18
group them with the same parameters.

Inserting the results in Eq$6) and(12) into Egs.(2) and  In Ref. [36] we have analyzed the sum rule for the process
(8) we can write a sum rule for each of the structures appeard/y7—DD. Here we choose to show the sum rule for
ing in Egs.(15)—(17). To improve the matching between the AP*P* in Eq. (C1), as an example of the sum rules for the
phenomenological and theoretlcal sides we foIIt_)w the usu rocessJ/:,bw—>5*D*.
procedure and make a single Borel transformation to all th _ *p
external momenta taken to be equatp2=—p2=—p> In*Flg. 1 we*sbow the QCD sum rule results P
—P2_,MZ2. The problem of doing a single Borel transforma- A7 © M?+BY °"M* as a function of M2 The dots,
tion is the fact that terms associated with the pole continuungguares, and diamonds give the twist-2, -3, and -4 contribu-
transitions are not suppressg8b]. In the present case we tions, respectively. The triangles give the final QCDSR re-
have two kinds of these transitions: double pole continuun$ults. We see that the twist-3 and -4 contributions are small
and single pole-continuum. In the limit of similar meson @s compared with the twist-2 contribution, following the
masses it is easy to show that the Borel behavior of theame behavior as the sum rule for the procHssr—D D
three-pole,  double-pole-continuum, and single-polegiven in Ref.[36]. In general all the other sum rules are
continuum contributions are" mﬁ,./Mz/M{ e mfA/Mz/MZ, similar and contain twist-2, twist-3, and twist-4 contributions

“m2 /M2 . . corresponding to the first, second, and third terms inside the
ande "wm™ | respectively. Therefore, we can single out the

three-pole contribution from the others by introducing two brackets mD*tgf right haQPDf'de of EGC1). Only the sum
parameters in the phenomenological side of the sum ruldules forAj, = up to Az, = do not get the leading twist
which will account for the doub'e_pole_continuum and Contr|but|0n, and will be neglected in the evaluation of the
single-pole-continuum contributions. The expressions for alFT0SS section. It is also interesting to notice that if we con-
19 sum rules are given in Appendixes A—C. sider only the leading twist contributions we recover the sum
rules obtained in Refl24]. The triangles in Fig. 1 follow
almost a straight line in the Borel region <6v?
<16 Ge\?. This show that the single-pole-continuum tran-

The parameter values used in all calculations mre  sitions contribution is small. The value of the amplitude
=1.37 GeV, m,=140MeV, mp=1.87GeV, mp+  AP"P" is obtained by the extrapolation of the fit 2=0
=2.01 GeV, m,=3.097 GeV, f,=131.5MeV, (qq) [29,28,35. Fitting the QCD sum rule results to a quadratic
=—(0.23) GeV®, m3=0.8 GeV, §°=0.2 GeV, andf;, form we get

IV. RESULTS AND DISCUSSION
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FIG. 3. Sum rules forAP®" related to the procesd/ym
FIG. 2. Sum rule forA?*D* related to the process/yr —DD* as a function of the Borel mass. The dots, squares, and

—D*D* as a function of the Borel mass. The dots and squares givdiamonds give the results from the QCDSR 67°" up to AS®",

the results from Eq(C1) when using respectively numerical values respectively. The solid, dotted, and dashed lines give the fits to the
or the two-point sum rules for the meson decay constants. The soli@CDSR results.

and dot-dashed lines give the fits to the QCDSR results.

AP"P*~105 GeVv3, (19) App=132r1.8 Gev™?, 2y

Since we worked in the soft-pion limity?*®”, as wellas all and the 12 parameters associated with the prodégsr

otherA, is just a number. All particle momenta dependence—D*D* are given in Table II.
of the amplitudes is contained in the Dirac structure. The errors in all parameters were estimated by the evalu-

In obtaining the results shown in Fig. 1 we have used thedtion of the sum rules using the numerical values and the
numerical values for the meson decay constants given in EgWo-point QCDSR for the meson decay constants.
(18). However, it is also possible to use the respective sum Having the QCD sum rule results for the amplitudes of
rules, as done in Ref24]. The two-point sum rules for the the three processe¥ y7—DD*, DD, D*D*, given in
meson decay constants are given in Appendix D. The behaEgs. (15)—-(17) we can evaluate the cross sections. After in-
ior of the results for the hadronic amplitudes does not changeluding isospin factors, the differential cross section for the
significantly if we use the two-point sum rules for the mesonJ/ - dissociation is given by
decay constants instead of the numerical values, leading only
to a small change in the value of the amplitudes. In Fig. 2 we do 1

> M2 (22)

show, for a comparison, both results in the case\ Bf . at —967Tsp2 &h
Using the respective sum rules for the meson decay con- r.em

stants we get where p; ., is the three-momentum b, (or p,) in the

D*D* _ 3 center of mass framevith p,(p,) being the four-momentum
A7 7 =139 GeV". (20 of the (31 )]:

We will use these two procedures to estimate the errors in o o
our calculation. It is important to mention that our results p? _Ms;mz,my)
agree completely with the value obtained in R&#]. h.em 4s '
The results for all other sum rules show a similar behavior
and the amplitudes can be extracted by the extrapolation ofith ~ \(x,y,z)=x2+y%+ 72— 2xy—2xz—2yz, s=(p;
the fit to M?=0. The QCDSR results, evaluated using the+p,)?, andt=(p;— p3)>.
numerical values for the meson decay constants, as well as
the quadratic fits for the amplitudes associated with the pro- TABLE I. The best fitted values for the parameters associated
cessJ/yym—DD* are shown in Fig. 3. with the process/¢m—DD*.
The values for the parameters associated with the process

JIy7—D D* are given in Table I.

For the procesé/¢w—>5 D we have only one parameter  14+2 Gev 2 —7.2+0.9 GeV 2 —58+8 GeV 2
which is given by[36]

(23

DD* DD* DD*
A1 A2 AS
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TABLE Il. The best fitted values for the parameters associated with the prdbq&s%ﬁ*D*.

D" ADO" ADD" AP
12.2+1.7 GeV 3 —12.8+1.8 GeV® 12.5+1.7 GeV @ —24.6+-3.4 GeV®
D" ADO" AD*O" ADO"
9.8+1.6 GeV ? 9.7+1.6 GeV? —13.0+1.8 GeV ? —13.8+1.8 GeV?®
AD"PY(Gev Y AD D" ADFD* AD;D*
—5.4+0.9 GeV'?! 2.5+0.2 GeV 3 —0.022£0.002 GeV 3 0.53+0.03 GeV®

In Eq. (22), the sum over the spins of the amplitude but not as fast, near the thresholds, as it does in the calcula-

squared is given by

grH _p,upﬂ’
2 |M|2 M M w' r(%

tions in Refs[14-18. Again, this behavior is in opposition
to Ref.[11], where a peak just after the threshold followed
by continuous decrease in the cross section was found.

In Fig. 5 we show, for comparison, our result for the total

spin m,, cross section for thd/ -7 dissociation(solid lineg and the
results from meson exchange modé&H] obtained with a
o g P3P3 24 cutoff A=1 GeV (dot-dashed ling quark exchange model

mé* (24) [11] (dashed ling and short distance QCI®,10] (dotted

line). The shaded area in our results gives an evaluation of
the uncertainties in our calculation obtained with the two

for J/ym—DD*, with ps(p,) being the four-momentum of procedures described above. It is very interesting to note that

D* (D),

below theDD* threshold, our result and the results from
meson exchange and quark exchange models are in a very

P good agreement. However, as soon asiig* channel is
2 |M|2= M M w/ _ P2 (25) open the cross section obtained with the meson exchange and
spin mij guark exchange models show a very fast growth, as a func-

for J/ym—D D, and

. Psps
S%n|M|2 MﬂvaMﬂrV/a/<g'u'u - m2 )
v

. pipy . psps
X(gvv _ 323 )(gaa _ :]24 ) (26)

Mp« D*

for J/ym—D*D*.
As mentioned before, the sum rules fay °* up

AP ®" do not get the leading order contribution and will be

tion of \/s, as compared with our result. This is due to the
fact that chiral symmetry is broken in these two model cal-
culations. Since this is the energy region where this process
is more likely to happen, it is very important to use models
that respect chiral symmetry when evaluating the-=
Cross section.

The momentum distribution of thermal pions in a hadron
gas depends on the effective temperaflingith an approxi-

10

to .

neglected when evaluating the cross sections. It is important
to keep in mind that since our sum rules were derived in the & 5
limit p;—0, we cannot extend our results to large values ofav 10°
Js. For this reason we will limit our calculation ta/s %
=45 GeV.

In Fig. 4 we show separately the contributions for each

one of the process. Our first conclusion is that our results
show that, for values of/s far from the J/yw—D*D*

threshold, O'J/.l//wﬂa* D* = O-J/wﬂ-HED*-i, DD* = UJ/WWHEID , in ,
agreement with the model calculations presented in [Ré€f. 10

1

10

3.7
but in disagreement with the results obtained with the non- st? (Ge\/)

relativistic quark model of Ref[11], which show that the

stateD*D has a larger production cross section tRErD * FIG. 4. J/y-m dissociation cross sections for the processes

Furthermore, our curves indicate that the cross section grOWHIIMT—DD* +D D* (solid line), J/yw—DD (dashed ling and
monotonically with the center of mass systéarm.s) energy ~ J/ym—D*D* (dot-dashed ling
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mate Bose-Einstein distribution. Therefore, in a hadron gasnal average of the cross section is defined by the product of
pions collide withJ/ ¢ at different energies, and the relevant the dissociation cross section and the relative velocity of ini-
quantity is not the value of the cross section at a given ential state particles averaged over the energies of the pions,
ergy, but the thermal average of the cross section. The theto™*v), and is given by16]

fwdz[zz_(aDL @2)?][Z%— (a1 — ap) 2K (2) o™ "(s=2°T?)

(o) =2 ; ; , (27)
4aiKy(aq) asKy(ayp)

where a;=m; /T (i=1 to 4), zy=max(;+a,a3+a,), and  point function at the pion polg24], since we have included

K, is the modified Bessel function. more terms in the OPE expansion. We have shown that the
As shown in Fig. 6{c™"v) increases with the tempera- twist-3 and twist-4 contributions to the sum rules are small

ture. Since thel/ ¢ dissociation by a pion requires energetic when compared with the leading order contribution, showing

pions to overcome the energy threshold, it has a small thea good convergence of the OPE expansion. We have checked

mal average at low temperatures. The magnitude of our thethat, taking the appropriate limit, we recover the previous

mal average cross section is of the same order as the meswesult of Ref.[24].

exchange model calculation in RgfL6] with a cutoff A From the theoretical point of view, the use of QCDSR in

=1 GeV. The shaded area in Fig. 6 gives an evaluation ofhis problem was responsible for real progress, being a step

the uncertainties in our calculation due to the two procedurebeyond models and beyond the previous leading twist calcu-

used to extract the hadronic amplitudes. lations[8—-10,37,24. This is specially true in the low energy
region, close to the open charm production threshold. At

higher energies our treatment is less reliable due to the ap-
V. SUMMARY AND CONCLUSIONS proximations employed.
In the nonrelativistic quark exchange model of Wong,
gwanson, and Barng41], the cross section increases with

three-point function using vacuum-pion correlation func-N€ €nergy in the region close to the threshold and then de-
tions. We have considered the OPE expansion up to twist-87€ases rapidly witk/s. All other approaches to the problem,
and we have worked in the soft-pion limit. Our work im- Na@mely, the short distance QCIB-10, the effective La-

proves the former QCDSR calculation, done with a four-9rangian[13—18, and the QCDSR treatment lead to mono-
tonically increasing(with the energy cross section. The

monotonic growth of the cross section comes simply from

We have evaluated the hadronic amplitudes for th¢
dissociation by pions using the QCD sum rules based on

100 .
: the growth of the final state phase space. All these ap-
- - 1 . T 1
10 51
~—
~ WL
S S
> E
E Aot
© Z
0.1 ~
B 2
©
V
1 -
0.01
3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5
Js (GeV) . .
0.10 0.15 0.20 0.25 0.30
FIG. 5. J/ - dissociation cross sections from meson exchange T (GeV)
model[14] (dot-dashed ling quark exchange modgll] (dashed
line), short distance QCID9,10] (dotted ling, and QCD sum rules FIG. 6. Thermal average qf/ ¢ dissociation cross section by
(solid lineg. The shaded area gives an evaluation of the uncertainpions as a function of temperatufeThe shaded area give an evalu-
ties in our calculation. ation of the uncertainties in our calculation.
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proaches, except for short distance QCD, gradually lose their =~ APPENDIX A: SUM RULES FOR THE PROCESS
validity at higher energies, but it is impossible to give a J/ pm—DD*
precise humber up to which we should believe the results. i o )
In the effective Lagrangian approach, in spite of the fact UsingI's=1y, andl';=iys in Egs.(2) and(8), we obtain
that there are some mesonic masses, the size of the crod following sum rules for the structures in H45):
sections is ultimately given by nonperturbative ingredients
such as the form factorvith both their shapes and cutoff ADD* | ADD* 12, gDD* 14
parameters and the coupling constants. In other words,**1 1 1
these cross sections are determined by the spatial extension 1
of the charm charges, which should be put in by hand or _ [_f m.+ 4
fitted to experimental data. In the short distance QCD treat- Copx fopx(MRL 7 ¢ °7
ment, the quarkonium is considered to be compact enough to
resolve the gluon/partonic content of the tar@gpically a e
pion or a nucleo)y and therefore, the LO cross section is X M2
proportional to the gluon-quarkonium cross section convo-
luted with the gluon distribution of these targets. As the col-
lision energy increases, gluons with smaller momentum frac-, bo* + APD* 24 BDD* 4
tion x can contribute to the breakup of the quarkonium. 2 2 2
Hence, the cross section grows with increasing energy as the 1 [ 4(5‘1)
available number of gluons rises at small Finally, the =\ f .M+ ——
physical picture emerging from our QCD sum rule calcula- Cop+ fppx(M?) 3f.
tion is the following: the dominant contribution comes from — ) 2
the twist-2 operators, or equivalently from the quark conden- M |4(qg)m, N 4 fw/ 9+ 5m0>
sate. As we know that the quark condensate is stronger in the 6M? fr 3|\ M?
vacuum and weaker in the interior of hadrons, we can con-
clude that the charmonium “sees” and interacts with the sur-
face of the pions where there is a “halo” of condensates.
Although a more sophisticated analysis of our uncertain-, pp*
ties is still to be done, the shaded area in Fig. 5 shows that3
we can make some unambiguous statement concerning the
behavior of oy, with the energy\/g. Our cross section =
grows monotonically with the c.m.s. energy but not as fast, Cppx fppx(M?)
near the thresholds, as it does in the calculations using meson _ 5 )
exchange modelgl4-18. We have also shown the impor- . m | 8(agymc N ot oy 10mg
tance of respecting chiral symmetry, since the increase of the 6M? f. 3 M?
cross section near the threshold is strongly intensified when
chiral symmetry is broken. In other words, our results sug- (A3)
gest thatusing meson exchange models is perfectly accept-
able, provided that they include form factors and that they,,nere
respect chiral symmetryVith these precautions, they can be
a good tool to make predictions at somewhat higher energies.
We have also evaluated the thermal average ofithier 1 [e ma/M?_ o —mi/M?

C

m2
3+ M2

2012
—m,/M

: (A1)

2012
]emC/M

M2

(A2)

+AS° M2+ B5P" M*

8(qq)
Mo~ g

2,012
e—mc/M

M2

dissociation cross section. It increases with the temperature fopx(M?)= >3
and atT=150 MeV we get c™"y)~0.2-0.4 mb which is My~ Mp«
compatible with the values presented in Fig. 5 of R&#6],

i.e., in a meson exchange model with monopole form factor

with cutoff A=1 GeV. The use of this information will re- B m2, —m2
duce the uncertainties in the calculations of the hadronic life- P °
times ofJ/ ¢, which are needed in simulations such as those

of Ref. [5]. and

2 2
my,—mp

2

D*/Mz

efm%/Mz_efm

(A4)
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APPENDIX B: SUM RULES FOR THE PROCESS
J/pm—DD

UsingIl';=ivys andl',=iys in Egs.(2) and(8), we obtain
the following sum rule for the structure in EQL6) [36]:

App+AppM2+BppM* e MpM?Z  g-md/MZ_ o—mi/m?
mg,—mp M2 mg,—mp
_ m e ™M™ 2mgqq)
mpm,f3f, M2 |7 3f M2
f.0° 5m?

APPENDIX C: SUM RULES FOR THE PROCESS
J/ yw—D*D*

UsingI'3= 1y, andl',=, in Egs.(2) and(8), we obtain
the following sum rules for the structures in Eq7):

AD*P" 4 AD*DT 24 gD 4

1

_ . 2me(aa)
Cpsp* fpxp* (M?)

3f,M?

ks

2012
efmC/M

: (CD

f,8%25 5m§)
M2

Temz 3 T 3m?

AP 4+ AR M2+ B P M

1

_ . 2mgqa)
Cp#p* fpxp* (M?)

T 3f, M2

2012
e—mC/M

f,6°(13 5m;
, (C2

“em2 3 T 3m2

MZ

* % * Nk * Nk
AF P +ATT P M2+ BS PT MY

1

_ . 2me(qa)
Cp«p+ fprp*(M?)

3f,M?

w

2012
e—mC/M

f,6%19 5m? o3
TBM2| 3 T 3m2 ’ €3

MZ

ADP" 4 ADTDT 24 BDT DY 4

4mg(qa)
3f,M?

m

Cpsp* fpxp* (M?)

2012
efmC/M

f,6%(23 5m;
, (CY

~3m2 3 T 3m?

MZ

PHYSICAL REVIEW ®8, 035208 (2003

AP 4+ ARTP M2+ B2 P MY

1 23f _6%]e"meM*
= —f - |———, (CH)
CD*D*fD*D*(W)[ 18M7 | 2
AP +AY P M2+BE TP M
1 [ [, 2500 e mM? -
= —fo - |———,  (C6
Cpsp* fpxpx(M?) 18M M?2
* * * Nk * Nk
ADPT+ ADTDTM2 4+ BDTET 4
_ 1 _ 2mc<EQ> . 3mcf37-r
Cpspsfprps(M2) | 7 3f_M?2 M2
efmgle
X (C7
AP +ADY P M2+BY P M
_ 1 ~ 2mg(qq) | 2Mefs,
Cpospsfprps(MA) | 7 3f_M?2 M?2
e—mgle
X VERR (C8)
Ay P +AY P MZ+BE P M
1 mef.  mg(qq)
= - +
Cp#px fp*px(M?) 2 2f,
f.62(53 13m2 5mé | e meM?
- + , (C9
3 16 6M? 12M%| M2
* * * x * Nk
AP +AY P M2+ B PT M
1 {ch@n e
= 37| 4 1
Cospsfprpr(M2) L 3f; ¢ M4
(C10
AD P +AP P M2+ BD P MA
1 { f 0% MM
= 2myfy, ———|———, (C11)
Cosprfprpr (M2 ° 3 m*
AD P+ AR P M2+ BD, P M4
2 f 52 efmgle
= = , (C12

" Corpefprpe(M?) 3 M4

where
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2

2 2 2 2
) 1 e Mps/M? g mmp.IMZ_ o—mi/M? 2 _ 1 sor [ (s—mj)? 2+E (M2, — )M
fD*D*(M ): 2 > > - 2 2 D* — > 2 2 S e\v'o
ox — My, M My, — My 87 mp, J mg
(C13
mc — 2 2 2
and — ——(qq)e(Mox "M, (D2)
D*
1
Cpipr=—F5——5—. (C19
Mg Myf oty 2
PR R 2 [STAME 2o me
flp:m 2dS(S+2mc) —sgz—e 4 )
4m?
APPENDIX D: SUM RULES FOR THE MESON (D3)

DECAY CONSTANTS

For consistency we use in our analysis the QCDSR exwheresy, stands for the continuum threshold of the meson
pressions for the decay constants of thes, D*, andD M, which we parametrize ag; = (my +Ag)?. The values of
mesons up to dimension four in lowest ordercaf: sy are, in general, extracted from the two-point function sum
rules forfp and fp+ andf, in Egs.(D1)—(D3). Using the
Borel region 3<M%, <6 Ge\? for the D* and D mesons

,  3m: (s (s—m)? ) 5 !
S=—s 4f ds———e(mMp=s)/M and 6=M§, <12 Ge\? for the J/, we found good stability
87 Mp J m S for fp, fpy, andf, with A;~0.6 GeV. We obtained,
m3 =160+5 MeV, fpx=220+10 MeV, and f,=280
— _§<aq>e(m%fm§)/wl2, (D1)  *10 MeV, which are compatible with the numerical values
Mp in Eq. (18).
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