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Photoproduction of charmed vector mesonsy+N—B,+D*, with B.=A_ or 3,
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The energy and the angular dependences of associative vector cHatrmeeson photoproductiony+ N
HBC—%D_*, with B.=A. or X, have been predicted in the framework of the pseudosBalaeson exchange
model. The behavior of the cross section is driven by phenomenological form factors, which can be param-
etrized in terms of two independent parameters. The predicted values of the cross section are sizable enough to
be measured in the near threshold region.

DOI: 10.1103/PhysRevD.65.074023 PACS nuntderl3.60—r, 13.88:+e, 14.20.Lq, 14.40.Lb

. INTRODUCTION meson[ 7(D)=10"13 s[3]]. In order to study these TMM’s
a unique way is represented by the associative photoproduc-
It is well known that, due to the small mass diﬁerencetion of charmed partidesi for examp|e, by the process
between trle veé:th*(Z.Olor, D*(2.007, and the pseu- 5 A (3 )+D,, near threshold. The large threshold
doscalarD~, D™ charmed mesons, the radiative deday (E,=9 GeV) will allow us to investigate these reactions,

: . 0 B
—D+ YIS veryllmportant for the neuirEiD (BR_400/‘.’) after the upgrade of the electron accelerator at the Jefferson
where it is negligible for the charged* =~ (BR=1%), in Laboratory(JLab [20]
. ; ; o .
fr?em;tg sﬁtne \\I/vzl;lﬁetg? tr?:aopra?]iﬁiac?n m; E;ighggﬁ%&fﬁ/ln)a’ The cross section for such processes, in the near threshold
g region, has been estimated in the framework of the effective

for the decayD* — D + y allows us to determine the value of . ; .
the radiative width(D* — D) for the neutral and charged Lagrangian approao(rELA_) and the predicted values are siz-
vector mesons, and, consequently, to find the total widths o?ble enough to be experimentally accessjBid. Morepver, .
the vectorD* meson. Only recently, the CLEO Collabora- it was shown that the angular dependence of the differential

tion measured the total width fa* * [1]: cross section and the asymmetry(with linearly polarized
photong, for the reactiony+p—A .+ D(c’, are sensitive to
['(D**)=(96£4+22) keV. the value of the TMM of the\ . hyperon.

The ELA has been used recently in other studies of charm
particle production, such asd/¢+ w(p)—D+D(D*) or
J/Iy+N—Ac+D [22-25.

BR(D* y)=(16.8+0.42+0.49+0.03 %, Our aim here is to consider the processes of associative
charm production of vector mesons and to study the sensi-
one can find the width'(D* *—D*+y) and the corre- tivity of the differential and total cross sections to the TMM
sponding TMM. In contrast, only the upper limit is known in the D*—D vertex in the case of pseudoscalar ex-
for the total width of the neutraD*%: T'(D*%<2.1 Mev  change.
[3].

These TMM's, which are generally different for the
quoted decay®**—D*+y and D*°—-D°+y, are par- Il. D EXCHANGE IN y+N—B.+D*
ticularly interesting for testing the predictions of many theo- .
retical approachep4—19|, such as, for example, the quark  The processeg+N— A (2.)+D* are the simplest two-
model, dispersion sum rules, or heavy quark effective theorpody reactions of photoproduction of the charmed vector
(HQET). Knowledge of these magnetic moments can alsd*(2010) meson on nucleons. Their threshold is high:
allow us to predict the branching ratio for the conversion=9.361(10.144) GeV foA. (2.) production.
decayD* —D+e"+e™ [19]. In order to discuss the reaction mechanism for the reac-

The standard method to determine the radiative widthsion y+ N— B,+D* (with B.= A, or 3.) in the near thresh-
I'(D*—Dy) through the Primakoff effect, which has been old region, we will proceed by analogy with other vector
successfully used for the decays> w+ y andA— 7y, can-  meson photoproduction processes, suchyaiN—N+V,V
not be applied here, due to the short decay time ofDhe =p,w,4, and y+N—K*+A (2). In the case of neutral

vector meson photoproduction the diffractive mechanism

dominates at large photon energies. It is characterized by
*Permanent address: National Science Center KFTIspecific properties such as an energy independent cross sec-
310108 Kharkov, Ukraine. tion and an exponential decrease of the differential cross sec-

Using the known value for the branching ratio of the radia-
tive decayl'(D* ") —D* + y [2],
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tion with momentum transfer squaredn the near threshold D*
region other mechanisms are more important: in the case of sz ..... P
® photoproduction the one-pion exchange dominates,
whereas in the case @f photoproduction, due to the small
py coupling constant, the scalarexchangd26] has to be
considered. Taking the coupling constag)y,, as a fitting
parameter, it is possible to reproduce titiependence of the
differential cross section for the procegs p—p+ p° in the

near threshold region. However, a direct measurement of the
p— oy decay[27] gives an experimental value of tigg,,,
constant smaller than the fitted val{@6], which is neces-
sary to reproduce the absolute value of the differential cross (a)
section for the process+p—p+p° at E,<2 GeV. One

could still reproduce the data by increasing the value of the

*0
coupling constant for theNN vertex. D
In the case op™- or K*-meson photoproduction, the dif- H—{ v
fractive mechanism is forbidden, for any kinematical condi-
tion. This applies also to the process-N— B.+D*. For
this last process we can conclude that the pseudosBalar
exchange has to dominate, in analogy witlor K exchange
for y+p—p+w or y+p—K*+A (). P
In principle, in addition to meson exchange, other mecha- A
nisms can occur. For example, nucleon resonarldés ¢
strongly contribute in the resonance region, for strange par-
ticle or vector meson photoproductif28]. On the contrary, (b)
the threshold for the processt N— B.+D* is so large that
there is no physical reason to include these processes. One
might consider, fory+p—A.+D*, the one-baryon ex-
change in thes andu channels as was done [@1] for the

photoproduction of pseudoscal@rmesons,;y+N— B.+D.
However, we will not include the calculation of these two
diagrams in our model. The reason is that these contributions
contain at least two unknown coupling constants in the ver-
tex NB.D* [corresponding to the Diragrecton and Pauli
(tensoj interactiong, essentially decreasing the predictive
power of the model. Moreover, previous experience with
similar diagrams in the case of the processesN—N
+p(w) showed that these contributions are not essential in
the differential and total cross sections.

w)
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FIG. 1. Feynman diagrams f@* photoproduction{a) D ex-
change fory+ N*)Bc‘i‘ﬁ; (b) s-channel proton exchange for
+p—=AS+D%; (c) u-channel A} (2J) exchange fory+p
—AF+D%,

Ill. PHOTOPRODUCTION OF VECTOR MESONS,
y+N—B.+D*, WITH B,=A.OR 3,

The TMM's for D* —D + y decays determine the matrix Jp*Dy

J— ie
M(yN—B.D*)=—

element for the exclusive processtN—B.+D*, when Mpe 1— M3 9ns,oU(P2)
pseudoscalab exchangdgFig. 1(a)] is considered in com-
plete analogy withm exchange for the procesg+N—N X ysU(P1) €apys€akpU s, (1)

+V°, VO=p or w. The pseudovectoD* -meson photopro-
duction seems preferable to the pseudosdataneson pho-  whereU (e,) is the four-vector of the produced* -meson
toproduction for determination of the coupling constant(initial y) polarization,U-q=0 (e-k=0), k and q are the
Opb*py, because, in the first case, there is only one strongour-momenta ofy and D*, t=(k—q)?, mp (m¥%) is the
coupling constantng_p instead of two(for the processy  mass of theD (D*) meson, andyp«p, (gNBcD) is the cou-
+N—B.+ 5). L pling constant for the verte®* —Dy (N— B.D).

The matrix element fory+N— B.+D*, in the frame- After summing over the polarizations of the final particles
work of D exchange, can be written in the following form: (D_* and ;) and averaging over the polarizations of the
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FIG. 2. Energy dependence of the total cross sectign FIG. 3. cos? dependence of the differential cross section
=[a(9)dQ, for the reactiony+p— A} +D*°. Different curves o (9)=(da/dQ)/(g35 Dgémy) for the reaction y+p—A7
correspond to different values ofand A: n=1 andA=2 (solid +D*% at E,=11 Ge\c/ for A=2 (solid line and A=3 (dashed
line), n=2 andA =2 (dashed ling n=1 andA =3 (dotted ling, line).
n=2 andA =3 (dash-dotted ling

ential cross sectiodo/d() is preferable. This observable is

initial particles (y andN) one finds the following expression reported in Fig. 3 fon=2, considering two different values

for the differential cross section gf+N—B.+D*: for the parameteh, A=2 and 3 GeV.
2 5 Note that in the framework of the considered model, for
d_U: ﬁgz 9pxpy (M—m)"—t v+N—B.+D* the absolute value of the cross section is
dit]  167N5eP (g m2)2 M3 determined by the produ@p«p,gns,p Of the electromag-
5\ 2 netic and strong coupling constants, whereas the shape of the
t—mp« ) t dependence of the differential cross section and the energy
X( t—m% ) FA(0), behavior of the total cross section are driven only by the

parameters of the phenomenological form factorand A,
which can therefore be determined from the experimental
odata, when available. Having determined the correct form
factor, the product of the coupling constagts: p,JIns,p can

wheres=(k+ p;)2 andM(m) is the B,(N) mass. Following
the analogy with one-pion exchange, it is necessary to intr
duce in the expression of the cross sectiot-cependent

form factor F(t), normalized to unity, fot= m%: be derived from the absolute value of the differential cross
section(for fixed values of cog andE,). Finally, the ratio
1 of cross sections on proton and neutron targets will help to
F(t)= CNTCITY, 2 determine separately the electromagnetic and strong cou-
[1— (t=mp)/A”] pling constants:

wheren=1 or 2 andA is a cutoff parameter. Such form .
factors are necessary ingredients of this phenomenological do(yn—D*"A[) gé*foy
model and are introduced in order to improve theehavior =
of the differential cross section, in the region of large values
of |t|. In numerical estimations we will use values &fin
the range between 1 and 3 GeV. The results of the SLAC experimefi29] concerning open
The energy dependence of the total cross section is reeharm photoproduction &,=20 GeV constrain the values
ported in Fig. 2 fory+N—A . +D*. We see that this cross of the coupling constants and the choice of the form factor
section sharply increases at threshold and has a maximuf(t). At this energy, it is found that the probability @f*
around 10 GeV. The position of this maximum dependsproduction per charm event is 01D.11. The total cross
slightly on the choice of the form factor. section for charm photoproduction being 56 nb, the upper
In the near threshold regionhjs not a good physical vari- limit for the cross section of+p—A; +D*° can be esti-
able, agtyin(cosd=1)=mi=4 Ge\?; therefore the differ- mated to be of the order of 10 nb.

— = . (©)
do(yp—D*°AJ)  Gpwopo,
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o

ena iny+p—A_+D*? will be very useful. Polarization
effects can easily be predicted. For example, the beam asym-
metry 3 induced by linear polarization of the photon beam
vanishes, for any choice of the phenomenological form fac-
tors and for any values of the coupling constants, indepen-
dent of kinematical conditions. The polarization of the pro-
ducedD* is characterized by a single nonzero element of the
density matrix,p;;=1/2, with a siféy distribution for D*

— D+ m, wheredp, is the angle between the three-momenta
of D and the initialy, in theD* rest frame system. Because
of the fact that thé-exchange amplitudes are real, ®&lbdd
polarization effects are identically zero. However, these ob-
servables do not vanish, if one takes into account the strong
final D* A, interaction, which might play a role near the
reaction threshold. Another source ©fodd effects is the
unitarity condition in thes channel, due to the large number
of possible intermediate states y+-p—A.+D*, even in

the threshold region.

co
T

(do(m)/d0)/(do(0)/d0)

IV. ESTIMATION OF BARYON-EXCHANGE

A CONTRIBUTIONS

FIG. 4. Dependence of the backward-forward asymmetry for the

processesy+p—AJ+D*? (solid ling and y+p—3S+D*?
(dashed lingas a function ofA atE,=11 GeV.

The matrix elements for the andu-channel baryon ex-
changefFig. 1(b) and Fig. 1c)] for the processy+ p—AJ
+D*9 can be written in the following form:

So, from our calculatiorisee Fig. 3 we can estimate the
product of the strong and electromagnetic coupling con- M=
stants,R=g§*oDoygﬁAcD, for different choices of the phe- °

nomenological form factoF (t): Rey,=20 (for n=2 and
A=3 GeV), andRg,,=100 (for n=2 _andA=2 GeV). _ X (f,+m)
These numbers may be compared with some conservative
theoretical estimates for the valte

Taking into account that most theoretical predictions e _ . ek
[4-19 are consistent with the value of the radiative width M= U(P2)| €= raghy
I'(D*°—-D%)=10 keV, one can deduced a “theoretical” u=Mm
value for the ratioR, R;=1300, i.e.,Ri;>Rey, for any
parametrization of the form factdf(t). In particular the x(f2+|\/|)
valuen=1 should be excluded; far=2 the smallest value
of the cutoff parametex seems preferable. But even for ) )
—2 andA=2 GeV, we findgy, p<1, in large disagree- Wherefi=k+py, fo=k—py, s=fi, u=f3, gy andgr are

. . L the vector and tensor coupling constants forkhe.D* ver-

ment with SU4), which predicts the same value for the tex, andx, and, are the anomalous magnetic moments of
coupling constantgna p andgnak - This last constant has ' P A 9

b ) qf sis of th t oh the proton and&c+ hyperon. Note that the sum of these con-
een estimated from analysis of the processes of p OtOpr?ﬁbutions,MSJr M,, satisfies the gauge invariance of the
duction of strange particles on nucleof80] to be in the

. . electromagnetic interaction for any values of the coupling
interval 13‘§|9NAK|§15'7‘ QCD sum ruleg31] predict a constantsy, andgr, and for any value ok, andx, as well.
smaller value for this constangy,x=6.7=2.1. Note that

+ .
most calculations for processes liKEy+N—A.+D in In theu channel another baryon exchangg, [Fig. (c)]

connection with the interoretation of the auark aluon plasm is possible. This contribution to the total matrix element is
lon wi : P : quark giuon p %Yetermined by two additional combinations of fundamental
rely on SU(4) symmetry32].

Taking the form factor withn=2 andA=2 GeV, we constants, namelys, x gy and, s gr, wheregy andgy
predict a maximal value of the cross section fpr-p &€ the vector and tensor coupling constants forNBeD*
— A +D*% of 20 nb, in the near threshold region. The up- Ve"eX andk, s, is the magnetic moment of tha.—X.
graded JLab, with a tagged photon beam of luminogity magnetic transition, the charm analogue of the well-known
=10"2°-10"% ¢m 25", can investigate such processes. A°—Z2° transition for strange hyperons.

In Fig. 4 we show the sensitivity of the backward-forward SO, generally, the baryon exchanges for-p—A
asymmetry toA, for n=2. +D*9 are characterized by four unknown coupling con-

In order to test the proposed model, polarization phenomstants,gy, and gy for the NA.D* vertex andg,, andgy for

e — - uq
SU(p2)| gyU +gr———
s—m

m+M

ek

€E— K
P2m

)U(Pl), 4

- uq
ng+ng u(pa), (5
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theNX D* vertex. In principle, S(4) symmetry allows one T
to relate these constants to the corresponding coupling con<t
stants for strange particlegy k+ andgpsk+. However, this

is meaningless, because, as we proved abové})Symme-

try is strongly violated forg,,x and IpA D coupling con-
stants. Moreover, the coupling constants fg,x+ and 6
Jpsk+ vertexes are not well determined experimentally, al-
though their value can be estimated on the basis of model:

for strange particle photoproductiop;- p—Y+K, Y=A or . I
3.

Therefore, in order to simplify our estimation we will I
neglect theu-channelX ™ exchangegdue to the relatively i
small difference in masses of the and> . hyperons, it is 2
in principle possible to use an effective contribution, renor-
malizing the product of the coupling constantggy and
kA07), and we shall neglect the tensor contributions to the
electromagnetic and strong vertices. Moreover, we will com- 0
pare the relative roles of the contribution and the baryon
contributions at the level of amplitudésot of observablgs
This comparison can be done in exact form, in the threshold
region, where the final particles are produced in $&ate.

The conservation of angular momentum a@hgarity allows FIG. 5. Dependence dk on the parameter, see Eq(10).
three multipole transitions:

oo

respectively, andn; is the multipole amplitude for the ab-
El-7P=1/2~ and 3/2, M2—-7P=3/2 §orption ogthe nlagnetic quadrupojequantum, correspond-
ing to a7 "=3/2" final state.

Using the expressiond), (4), and(5) for the matrix ele-
mentsM,, Mg, and M,, one can find the following for-
mulas for the multipole amplitudes;, e;, and mg (in the
framework of the model considered

with the following spin structure of the threshold matrix el-
ement:

M= ¢i[Fre-U+iF,0-exU+iFz0- exk]py, (6)

_eg* \/M W-m m+3M
where e (U) is the three-vector of the photoD{ -meson &= % Vw Mo S vk
polarization, k is the unit vector along the photon three-
.m-o.mentum.,qbl ang ¢, are the two-component spinors of the egt M[{W—-m m+3W
initial and final A hyperons, andr,—F 5 are the threshold &=~ Vw =/ 9
amplitudes, which are functions of the total enekiyy(with Mp+
s=W?).
Note that the representati@f) is the most general model _ eg* \/E W-m _ m—W
independent parametrization of the spin structure for the M= 4 W\ mp« ' M

threshold matrix element of the procegs- p—A_ +D*C.

Far from the threshold, the spin structure of the matrix eleWhereg* =gpo«po,gpa p andr=2g,/g*. These formulas
ment for vector meson production on nucleons generallyexplicitly show the spin structure of all considered diagrams
contains 12 independent combinations of the vector polarizaat threshold. One can see also that these diagrams interfere in

tions e andU and of the two-component spinogs and,.  the differential cross section as well as in polarization ef-
Let us rewrite the expressiai6) in terms of the spin struc- fects. Thes-channel diagram contributes to teg amplitude

tures corresponding to the three multipole transitions: only. _ _ _
The main problem is the value of the parametére., the

ot S s e e s ratio of the coupling constants for tHéA .D and NA .D*
M= dsley(e-U=io-exU) vertices. In principle, the ratio could becestimated Cin the
S i ol framework of SU(4) symmetry, connecting the coupling
Tes(2e-Utio-exy) 0 constants for theNA.D(D*) and NAK(K*) vertices, but
L the existing estimations of the coupling constants for Khe
+ima(o- exXkk-U+o-kexk-U.)] ¢, (8)  (K*) meson are strongly model dependent, and may take
values in a wide interval. Moreover, SU(4) symmetry is es-
wheree; ande; are the multipole amplitudes corresponding sentially violated. Therefore, any quantitative, rigorous esti-
to the absorption of the electric dipolequantum, with pro-  mation of the baryon-exchange contributions to the different
duction of final particles in states witi®=1/2" and 3/2,  observables foy+p— A¥ +D*° cannot presently be done.
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However, the parametar can be experimentally deter- V. CONCLUSIONS

mined in future, from a study of the angular dependence of . . .
the decay products iD*—D+ 7 (D* is a self-analyzing We have calculated the differential and total cross sections

particle. Even in collisions of unpolarized particleg+ p for associative charm photoproduction of ve_dnjf, through_

— A +D*9, D* is polarized near threshold. The normal- a pseudscalaD-meson exchange model, in analogy with
C ) . . .

ized density matrix foD*, produced in theS state, can be 1ght vector meson 4, «) and strang&k™ photoproduction.

written in the following form: We introduced phenomenological form factors with a
larger cutoff parameter in comparison with the usual value
pab=Kakp+ p(8ap— 3Kakp), for p,w meson photoproduction. We found large sensitivity

of the differential and total cross sections fer-p— A,
where the real dynamical parametedetermines the angular  p* tg the value of the cutoff parameter.
dependence iD* —D+ 7 Finally, we found sizable values for the cross section in
W( )= p(1+A co6p) the threshol_d reglon_and predlcted the_: energy depende_nce_for
these reactions, which will be experimentally accessible in
with the near future. The existing experimental data on charm
photoproduction aE,=20 GeV allow one to constrain the
Al 1-3p C_14A (10 value of thegNBCD coupling constant and the parameters of
P ’ the phenomenological form factét(t) as well.
The baryon contributions have also been estimated in
terms of one parameter which can be experimentally de-
|6, — €5 my2 termined through the measurement of the angular depen-
17 €My

A=2 ) dence of theD* -decay products.
|e1+2e5]+ ey — e3+ my|?

andA can be written in terms of the multipole amplitudes as

In the model considered, Eq89), A depends only on the
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