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Inclusive production of charmed vector mesons has been studied in high-energy neutrino scattering. The cross
sections calculated in the triple-Regge limit are of the order of 10~*' cm?/GeV>. The production mechanism in

the central region is also discussed.

I. INTRODUCTION

Considerable attention has been focused on two
extremely narrow resonances at 3.095 and 3.684
GeV'? (hereafter referred to as ¢ and ¢’ respec-
tively). These resonances have been interpreted
as bound states of a charmed and an anticharmed
quark.® It has been concluded from the narrow
widths of ¢ and ¢’ that the mass* of the charmed
quark should be greater than 1.850 GeV; otherwise
¢’ will decay into charmed hadrons. A further ex-
perimental support for this scheme has come from
the experimental observation of radiative decay
of Y’ to a low-lying state of charmonium. The ex-
perimental results are in agreement with the qual-
itative predictions of such models. A natural con-
sequence of the SU(4) scheme® for hadrons is to
incorporate charmed particles as members of var-
ious multiplets of this group. Several mass formu-
las have been derived for charmed hadrons, and
it is expected that their masses will be around 2
GeV®®. It should be noted that both strong and
electromagnetic interactions conserve the new
quantum number charm. Therefore, charmed had-
rons must be produced in pairs in these interac-
tions. Consequently, the cross section for produc-
tion of charmed hadrons in strong and electromag-
netic interactions is lower than that for the pro-
duction of ordinary hadrons. On the other hand, it
is possible to produce a single charmed hadron
through weak interactions. Therefore, high-energy
neutrino scattering will provide opportunities to
study production of charmed particles.

Our aim here is to investigate diffractive produc-
tion of charmed vector mesons in high-energy neu-
trino scattering. To be specific, we consider the
model of Glashow, Iliopoulos, and Maiani.” In this
model the weak current is written as

Iy =(F'yu(1 +7%) (M cos 6, + A sinb,)
+® "y, (1 +75) (X cos 6, — N sinf,)

+ Ty, (L+yge + Dy (L+y)u . (1)
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Here @, M, and X refer to the usual quark and @’
is the charmed quark; 6, is the Cabibbo angle.

We are interested in the reaction v+ p-— p=+ **
+X. The presence of the factor cosf, with 6, =~ 15°
in the amplitude will make the cross section for
F* production dominate over those for other vector
mesons.

It is well known that the Regge-pole model pro-
vides useful guidance to the study of hadronic in-
teractions at high energies. This model has also
been applied to the study of the scattering of weak
and electromagnetic currents off hadrons. The
model has also been applied with considerable
success to deep-inelastic electron-proton scatter-
ing.®*® It has been shown that the Mueller-Regge
technique is applicable to diffractive dissociation in
deep-inelastic electroproduction processes.'® We
take the viewpoint that the strong interaction gov-
erns the essential dynamics in the production of
charmed particles through weak currents. There-
fore, we are tempted to apply Mueller-Regge
phenomenology to the reaction of our interest to
obtain a qualitative description of the inclusive
process.

The rest of the paper is arranged as follows:

The kinematics is given in Sec. II, and the model
is described in Sec. III. We make a few comments
in Sec. IV.

II. KINEMATICS
We first define kinematical variables for the pro-
cess v+p—- u” +anything as follows:
p (p') =initial (final) momentum of lepton,
P =initial momentum of hadron,
q =P - l’, ’
v=q+P,
0=scattering angle of lepton in laboratory,
Q°=—-q*=4EE’ sin*(36),

scaling variable w =2—li

Q"
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The cross section for the above process in the
zero-lepton-mass limit is given by

do _GZE’z[ 2 a1
TR 2W (¢, v) sin®(36)
+W (g%, v) cos?(36)

E+E’ .
B msiete]. @
The structure functions W,, W,, and W, are re-
lated to the total scattering cross section of the
spin-averaged proton and the longitudinal (trans-
verse) component of the current in the following
manner:

v
og(g?, V)=(1 +W>W2—W“ (3a)
1 /y? 1/2
UR(QZ’L')=W1+‘2—M“(M_"Q2> Ws; (3b)
N B ey,
W= =) 3e)
Thus
1
:oi+§(0L+ch)
W‘Z 1+V/Q2M2 (3d)

Now the inclusive cross section for v+p—- u~
+F**+X is given by
do do Egzx do
5.

Er* iqrana s andE’ o d% @)

Here E p*do/d’k is the inclusive cross section for
J*4p-- F** +X, and o is the total cross section
for J* +p. Since do/dQ'dE’ is determined from
deep-inelastic neutrino scattering, we have to con-
centrate on EF*do/dsk. This cross section is
governed purely by strong-interaction dynamics.
The appropriate kinematical variables for this in-
clusive process are

s=(P+q)

=M*+q*+2v, (5a)
t=(qg~kr)?, (5b)
u=(P-k)?, (5¢)

M2 =(P+q - k)
=square of the missing mass, (5d)
k=momentum of the charmed hadron F**.
In terms of the Feynman variable x we have

ﬁ/i_xz.:(l_.y)+0(1/s), (62)

:\—f:<x2 -|—._._~.ki '{;an*2>1/2 . (6b)

s

The cross section E .*do/d °k is related to

do/dtdM,? as

gy 80 s _do
Frd wmatdM,® '

Thus, finally,

do _GPE® W2 s do

Ee*aiaE'a s~ 2n? o 1 dldy

(7

in the small-6 limit. Since we are interested only
in the Pomeron exchange, o, =0.

IIl. THE MODEL

In this section we consider the inelastic cross
section in various kinematical regions. Since F**
is produced diffractively, we assume that it coup-
les to the Pomeron. Furthermore, the contribu-
tion to the inclusive cross section will be negligi-
ble from the small-¢ region (target fragmentation).
We consider the kinematical region where s
—large, M,*—large, and s/M,*~large. This
corresponds to the triple-Regge region, and the
cross section is

dot 1 , 2( sQ? 2a plt)
dthxz 87 (BF*P(hQ )\ W’”F_*z
X g ot 1,008 M,2*P cos®6,, . (8)

Equation (8) is obtained in the limit Q*/m +*<1.
Here Bp*p(t, @) is the residue function for the
coupling of the current, F*, and the Pomeron.
gp(t,¢,0) is the triple-Pomeron coupling constant,
and B,5(0) is the Pomeron-proton-proton residue
att=0. gp(t,t,0) and B,5(0) are known from purely
hadronic interactions. To determine B, *,(t, Q%) we
adopt the following procedure. One knows that, in
the case of electroproduction, scaling of W, re-
quires that®®

B (g, q%) ~ (1/¢%)%0BH0)
with the normalization

SO";"= 'B;(QPSOLP(O) ’

50, (s,Q%) = B BL,(0)wer® .

We introduce the ansatz

Be* (@ ()~ Bt)(1/Q) 2P 9)
so that
(2 L 3 2.2¢
s <d_;>yp_vb - 87 \BPP(t) ]2|B(t)l s2pt) (10)

Since the differential cross section for pp elastic
scattering is given by

do 1
32<Et—> = T |Bpp(t) las?.ap(t) , (11)
b~ bp

by straightforward substitution of Egs. (10) and
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(11) in (8) we get

do 1 s 20 p(t)
2 - ZaP(O)
S UMz 167r<mF*2MX2> My

X |82 |2 g plt, t,0)B,5(0) cOS?8,,

x (dO'/dt)vp - Vb
(do/dt)” -pp ’

(12)

where

G(t)= |B,plt) |28 plt, 1, 0)8,5(0)

is determined from purely hadronic interactions.
It can be parametrized as®

G(t)=Ge?®
with
G=4mbGeV™?, B=4.5GeV™2,.

(do/dt)y, .y, is parametrized as Ae®. Assuming
that o(Vp —Vp) is the same as o(¢pp— ¢p) and
A=0,,.,,5/16m, we choose b~8 GeV~? and (do/
dt,, ., =40 in the s value of our interest (see
Fig. 2). Therefore, Eq. (12) reduces to

& do - 0”‘”2( W ZaP(t)< Qz )Zotp(t)
AaME . 161 \M7 P
o M 2op@ Ge ?*Ptcos®6,
X ze oS e
(do/db),, .,

Since all the parameters in Eq. (13) are fixed, the
inclusive cross section could be evaluated in the
triple-Regge region.

We next turn to evaluate the cross section in the
central region. The diagram relevant in this re-
gion is shown in Fig. 1(c¢). The inclusive cross sec-
tion near x =0 (double-Regge region) is given by

do

(13)

- = BF*P(ao’ Qz)ﬁpp(o)gPF *(klz)

1

a (0)
:BF*P(O)Bpp(o)gpp*(kJ.z)(_) F .

Q2
(14)

In order to determine this cross section we con-
sider the model of Farrar and Field.!! In their
model; near x=0,

do

E, PE =f(0)gypk.?), (15)

pp— PX

and g, p(k,?) has the following parametrization:

11 , =K
oy my e
ng(kJ- )_ (mwz +kL2)5'5 . (16)
Note that in the double-Regge limit
do
EII/ d3k :BPPZ(O)ng(kJ_z) . (17)
PP—>YX

J F+* P

(c)

FIG. 1. (a) is the diagram for the inclusive reaction
Ji+ p—F*" +anything. Here ¢ stands for components
S, L, and R of the current. (b) corresponds to the above
diagram in the triple-Regge limit, and (c) is the diagram
in the central (double-Regge) region.
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FIG. 2. The inclusive cross section in the triple-
Regge limit. The curve is plotted for s=60, 80, 100,
120 GeV?, @2=2 GeV?, and mp+=2.2 GeV.
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Assuming that gz has the same form as g,p, we
get

Eg do/d?k| ;5 p*x

Eydo/d’kl ppyx

B 5F*P(0)<i>°‘1’(°) m et my? +k 2>

- ﬁpP(o) Qz mwll(mF*2+kl2)5.5'
_ ﬂt M p* 11 ( myz +k1.2 5.5 (18)
O, \ My mpx® +k, 2 )

In deriving the last equation we have replaced the
ratio 8 p(0)/B,p(0) by the ratio of the total cross
section for photoabsorption to that for pp. Since

¥ production in pp collisions is known, it will be
possible to estimate the F*-production cross sec-
tion in neutrino scattering. We comment here that
a similar argument also holds for F* production
in pp scattering.

IV. DISCUSSIONS

We intend to summarize our main results in
this section and discuss various features of our
model.

(1) In this paper we have calculated the inclusive
cross section for production of F**. In order to
estimate cross sections we have used factoriza-
tion and the fact that the current-hadron ampli-
tude is of the same order of magnitude as the
photon-hadron amplitude. In fact, one can formal-
ly define current-hadron coupling as follows:

(0l g | Viy=€ myi® (19)
K bogy
analogous to
my 2

Ol Vi)=¢, (20)

1

(2) Throughout this paper we used ap(0)=1.
There is always the problem of the triple- Pomer-
on coupling and the Pomeron intercept. Itis
worth mentioning here that one can choose the
intercept of the Pomeron to be less than unity if
gp(t,t,0)#0. However, we feel that such technical
details could be taken care of by more refined
arguments.

(3) It might be interesting to investigate the
cross section for J* +p—~ F**+p. We note that if
we assume Pomeron exchange we get

. do

S at

20 p(t)
7 st @B 0F (5 ) (2

and if we use the property of the residue function
for large @2 [Eq. (7)] we get

,do

S s 'glgiﬁ (£, OF| Bop (1) <

20p(t)
s > 1 22)

¢) &

Thus one can relate this cross section to the
photoproduction cross section of § on the proton
target.

(4) The cross section for production F** in the
triple-Regge limit is shown in Fig. 2. The inclu-
sive cross sections for v+p—pu~+F** +X are of
the order of 10~*' ¢m?®/GeV?®, when @*=2 GeV?,
mpx=2.2 GeV, and M,*=0.1s. We evaluate cross
sections for s =60, 80, 100, 120 GeV?2.
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