
PHYSICAL REVIE% D VOLUME 14, NUMBER 11 1 DECEMBER 1976

Charmed-particle production in neutrino scattering
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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 g and g' 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 g and g' that the mass' of the charmed
quark should be greater than 1.850 GeV; otherwise
g' will decay into charmed hadrons. A further ex-
perimental support for this scheme has come from
the experimental observation of radiative decay
of P' 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

J&
——t y~ (1+y, )(X cos 8c + A, sin8c)

+6"y~(1 +y, )(X cos 8c -2 sin8c)

+ t'y„(1+y, )e+ v'yp(1+y5)u .

Here 5', X, and A. refer to the usual quark and (P'
is the charmed quark; 6~ is the Cabibbo angle.
We R1 e intel"ested in the leRctlon v+p p. + P*
+X. The presence of the factor cos49~ with 6)~= 1L5'

in the amplitude will make the cross section for
F* production dominate over those for other vector
me sons.

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 scatteri. ng of weak
and electromagnetic currents off hadrons. The
model hRS Rlso been Rpplied with considel able
success to deep-inelastic electron-proton scatter-
ing. ' It has been shown that the Mueller-Regge
technique is applicable to diffractive dissociation in
deep-1nelast1c electroproduct1on 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
pl Gee ss.

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.

If. KINEMATICS

We first define kinematical variables for the pro-
cess v+p- p. +anything as follows:

p (p') = initial (final) momentum of lepton,
P =initial momentum of hadron,

v-q P
9= scattering angle of lepton in laboratory,

Q = -q' =4EE' sin'(-, 8),

2v
scaling variable A =—.

@2
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The cross section for the above process in the
zero-lepton-mass limit is given by

d G h
2W, (q', v) sin'( —,'0)2' 2

+W, {q', v) cos'(-,'e)
m f

W, (q', v) sin'(-28)

The structure functions S'„W2, and S', 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
Qlanne r:

(sb)

v, (q',

do/dt dMz' as

dv s da
p dtdMx

Thus, finally,

dv G2E" 8'2 s do
EF da dF'd3u 2m2 v m dtdM 2

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

III. THE MODEL

In this section we consider the inelastic cross
section in vari. ous kinematical regions. Since F*'
is produced diffraetively, 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-u region (target fragmentation).
We consider the kinematical region where s- la, rge, M~'-large, and s/M~'-large. This
corresponds to the triple-Regge region, and the
cross section is

1
Vg + p((XI + Vs)

1+ v/Q'M' (Sd)

gi l sq2 2ap~t)

X X F

Now the inclusive cross section for v+ fa- p,

+ F*'+X is given b y

dv dv EF+ dv

F /d 37 dg ldE I d 3I

Here Ez+da/d'0 is the inclusive cross section for
J '+p- F*"+X, and v is the total cross section
for J "+p. Since dv/dQ'dE' is determined from
deep-inelastic neutrino scattering, we have to con-
centrate on Ez+dcr/d'k. This cross section is
governed purely by strong-interaction dynamics.
The appropriate kinematical variables for this in-
clusive process are

xg~(t, t, 0)P,"~M~'"~"'cos'6, . (8)

Equation (8) is obtained in the limit Q'/m ~' & l.
Here PI +I(t, Q ) is the residue function for the
coupling of the current, F~, and the Pomeron.
gz(t, t, 0) is the triple-Pomeron coupling constant,
and P~„(0) is the Pomeron-proton-proton residue
at t=0. g~(t, t, 0) and P»(0) are known from purely
hadronic interactions. To determine Pz+~(t, Q') we
adopt the following procedure. One knows that, in
the case of electroproduction, scaling of 8"2 re-
quires that'

P»(o'o, q ) (1/q ) OP'(0),

s = (P+q)'

=I +q +2v,

t = (q —k)',
u=(~- r )',
M,'=-(P+q —t )'

= square of the missing mass,

(5a)

(5b)

(5c)

(5d)

with the normalization

sou= (o) ~s~J,")

so» (s, Q') = P,"~ P»(0)~ ~"'.
We introduce the ansatz

P * (0'~ ( ))t-P( )(t10/') ~"'

so that

0 =momentum of the charmed hadron F*'.
(10)

In terms of the Feynman variable x we have

M 2——.= (1 —x)+O(1/s),s

The cross section E„+do/d'0 is related to

(6a)

(6b)

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

s2 — =
~
P (t)

~

s upset&
dv 1

pp pp
1.63'

by straightforward substitution of Eqs. (10) and
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+%(ll) in (8) we get 2
X

2 kg(t)

dtdlx 16m yn wM

x p
'

p 0)P (0)cos 6c2
g

(do/dt)v'p - vpX
( do/ dt)pp pp

where

(t, t, 0)p,.(0)G(t)= lp,.(t)l g. . .
e e ' rom purely ahadronic in eradetermined fro p ais ee

metrized asIt can be parame

G(t) =Ge"

with

"2a =4.5 GeVG=4 mb GeV

(12)

(a)

(M„,t)

Assumingetrized as Ae

Fig.
2np(t& q2(d

2

do' (Typ y p
2 ]6~

» + &'»cos'82e (o) G&

(dv/dt)pp &&p

E . (18) are fazed,d the
db 1 td'

meters in Eq.
in the

Since
s section coulinclusive cross sec '

re ion.
ction in theto evaluate

l' n. The diagramcentral region. r

io i i b
go

= 0 (doub e-tion near g=

0 k')E *, =Pp*p(o. „Q')P p(0)gpp* k,
k ~gg, „pW~

Ip(o&
= t p~p(0) p~p(0) gpp~(k, '

(14)

)F p

++
F
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m& e
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Assuming that g~*~ has the same form as g~~, we

get

E. do/"'kl io '*x
E ~

do/d'k~ p,„~„

p~e~(0) 1 ~~~'& m~y"(m''+k~') 55

p-(0) 7' m~"(m~~'+k, ')"

(18)

In deriving the last equation we have replaced the
ratio P ~+~(0)/P»(0) by the ratio of the total cross
section for photoabsorption to that for pp. Since

p production in pj 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:

2n&(t)
(t

and if we use the property of the residue function
for large Q' [Eg. (7)j we get

, do 1 -, , s '~&~') 1"—= —IP(f, 0)I'I p (f)l'—
dt 8w

' Q' q4 (22)

Thus one can relate this cross section to the
photoproduction cross section of P 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- p, +F*'+X are of
the order of 10~' cm'/GeV', when Q'=2 GeV',
m~+ = 2.2 GeV, and M~' = O.ls. We evaluate cross
sections for s = 60, 80, 100, 120 Gep'.

(2) Throughout this paper we used a.~(0) =1.
There is always the problem of the triple-Pomer-
on coupling and the Pomeron intercept. It is
worth mentioning here that one can choose the
intercept of the Pomeron to be less than unity if
g~(t, t, 0) e0. However, we feel that such technical
details could be taken care of by more refined
ar guments.

(8) It might be interesting to investigate the
cross section for J''+P -F*'+P. We note that if
we assume Pomeron exchange we get

. 2

(0[J'„'[V')= e„ 8's

analogous to

2

&0I'„ I') = &„ (20)
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