ORE Metadata, citation and similar papers at core.i

ded by Elsevier - Publisher Connector
By

ELSEVIER

Physics Letters B 529 (2002) 77-81

Wwww.elsevier.com/locate/npe

Diffractive D, production in charged current DIS

Zhongzhi Song?, Kuang-Ta Chao >?

@ Department of Physics, Peking University, Beijing 100871, PR China
b China Center of Advanced Science and Technology (World Laboratory), Beijing 100080, PR China

Received 29 December 2001; accepted 18 January 2002
Editor: T. Yanagida

Abstract

We present a perturbative QCD calculation of diffractive Dy production in charged current deep inelastic scattering. In the
two-gluon exchange model, we analyze the diffractive process vN — u~ N D5, which may provide useful information for
the gluon structure of nucleons and the diffraction mechanism in QCD. The cross section of diffractive Dy production with
xgj = 0.005-0.05 and £y, =50 GeV is found to be 2.7 x 10~ pb. In spite of this small cross section, the high luminosity
available at the v-Factory in the future would lead to a sizable number of diffraction events.

© 2002 Elsevier Science B.V. Open access under CC BY license.

PACS: 42.25.Fx; 13.60.Le

Diffractive leptoproduction of mesons has received
much attention [1-3] due to two reasons. First it
is of interest for the study of diffractive production
mechanism within QCD and second, its cross section
is dominantly proportional to the square of the gluon
density in the nucleon, e.g., in the case of diffractive
J /v electroproduction.

Aside from the diffractive electroproduction pro-
cesses, the charged-current (CC) induced diffraction
may also be interesting. To the lowest order in per-
turbative QCD, CC diffractive deep inelastic scatter-
ing (DIS) [4] proceeds by the Cabibbo-favored pro-
duction of the (ud) and (c5) states, and the two-gluon
exchange between the (¢5) and the nucleon may be the
dominant mechanism for the diffractive production of
charmed strange mesons. With the help of high lumi-
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nosity available at the v-Factory, neutrino-induced dif-
fraction in CC DIS can shed more light on the QCD
mechanism of diffractive meson production. At the
same time, it is a new way to study the gluon struc-
ture of nucleons.

We now consider the diffractive process (Fig. 1)

vu+N—>u" +N +Df. (1)

We shall be concerned with the kinematic region
where Bjorken variable xgj = 0%/(2p - ¢) is small.
The three-fold differential cross section is

o &2 Ly AV AR*
dxpjdQ?dr  32(4n)3sin? Oy xgys2(Q% + M)
(2)

where s = (p + )% ~2p -1, 1 = u? and ¢* = —0?,
p and [ are the 4-momentum of the nucleon and the
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Fig. 1. Diagram for the neutrino-induced diffractive D;~ production.
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Fig. 2. Two of the four sub-diagrams. The other two diagrams are
obtained by interchanging ¢ and 5 quark lines.

lepton, respectively. The leptonic tensor is

L= Tr[llyu(l - VS)IVV]- 3)

To the lowest order in perturbative QCD, the
hadronic current A, can be calculated from the
colorless two-gluon exchange subprocesses shown in
Fig. 2. We will use the nonrelativistic approximation
writing the D} vertex in the form gp(¢? + Mp,)ys.
The constant gp specifies the ¢s coupling to the Df.

We choose the D}~ wave function as

Wt (2 k1) = 8P (k1)8(z — me/Mp,). (4)

where z and z = (1 — z) denote the fractions of D
momentum carried by the ¢ and 5 quarks, respectlvely,
« is their relative momentum. Here we take Mp, ~
me + mg.

We first evaluate the gluon loops in the Feynman
diagrams shown in Fig. 2. It is convenient to perform
the loop integration in terms of Sudakov variables
[3]. That is, for all particles the 4-momentum are
decomposed in the form

ki=aiq + Bip +kir, (5)

where p’ and ¢’ are respectively the light-like mo-
menta of the nucleon and W boson, that is, p'% =
’2 = (. In particular,

p=r+ayq’, qg=q"+B,0. (6)

with o, =m? /Q2p" - q) and B, = —0%/2p’ - ¢).
We consider the limit 2p’ - " > m? , 02, then we have
2p'-q'~2p-q.

Within the nonrelativistic approximation the quarks
with momenta (see Fig. 2) zg? + « and z¢? — « are
almost on mass shell. The integration over the gluon
longitudinal momentum leads, in the first diagram, the
upper quark with momentum zg? — k + « to be on
shell, leaving only the quark propagator (r? — m?)~
to be integrated over in the gluon &, integration.

Using the Sudakov decomposition, we find

72— m? :—%@2 L) 7)

where 02 = z(1 — 2)(Q? + M%), which is the
relevant effective perturbative QCD factorlzatlon scale
[5].

Taking the CKM matrix element V., = 1, we
write the contribution given by the Feynman graph in
Fig. 2(a) as
leng4F

82z sin Oy

x / dk% Tr[ys (z4P + Mp, )p (24 — ¥ +m.)
x y*(1 = y5) (1 + my)po (k)

< [@p- Ok —w2(rE —mH)]™ ®8)

“w
A1:
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where F,. = 2/3 is the color factor, and ¢ (k) describes
the emission of the gluon pair by the proton [3],

¢ (k) = —fBFKL(x k2). 9)

where fprxL is the gluon density unintegrated over
kr that satisfies the BFKL equation which effectively
resums the leading «;In[1/x] contributions, with
Q2 +M2
- By = —. 10
o=, (10)
To relate fgrkL to the conventional gluon density,
which satisfies GLAP evolution, we must integrate
over k2.

X = Bp,

a2
_, y dk2 )
xg(x. )=fk—2fBFKL(x,kT). (1)

In analogy to the derivation of (8), we find the sum
of the four diagrams in Fig. 2 is

u-zm

3miz(1 —2)egpg? Fe(2p - q)
V2 sinow

/ Ak gP  (xg(x,k2))
Q2(QX+k2)  Bk:

(12)

To the lowest order in k2, we have

3mz(1—z)eg1)ggF @p- CI)CIM

=2

sty O (xg(x, 0%)).
(13)

So far we have calculated only the imaginary part

of the amplitude. We can use dispersion relations [2,6]
to determine the real part, and numerically we find it to
be not negligible. Including the real part contribution
as a perturbation we now rewrite the differential cross

section (2) as

w=

do (s =2p-q)|A]
drgjdQ%ds ~ 16(47)3sin? Oy xpjs (Q? + M2,)?
(14)
where
_ 12n2iegpozs(§2)Fc
 J/2sin6y 02
im d(xg(x, 0°)
x [xg( 0 )+7T]. (15)

Since we are concerned with small x, the effect

of the nonzero value of ||, of which the minimum is

x2m?, is expected to be small. Then we can integrate
outt by

1
—bt _
/dte =7 (16)

where we will use the experimental slope value b =
3.3 GeV—? as in similar processes [7].

To give numerical results, we take the input para-
meters as follows: My = 80.4 GeV, m. = 1.5 GeV,
ms = 0.5 GeV. The running strong coupling constant
is chosen with as(m?) = 0.27. For the gluon distribu-
tion function, we select the Gliick-Reya-Vogt (GRV)
next-to-leading order (NLO) set [8]. The constant gp
can be expressed in terms of the decay constant by

(Oleyu (1 — y5)sIDF) = fnyq,, (17)

which gives gp = fp,/4. Here we choose fp, =
280 MeV [9].

In Fig. 3 (solid lines) we show the results ob-
tained for the differential cross sections do/dxp; and
do/dQ%. The neutrino energy has been chosen as
E, =50 GeV. For the plot of x j-dependence 0?2 has
been integrated from 0.5 GeV“ to the upper bound
given by the constraint on inelasticity y = 0%/ (2xBjp-
I) < 1. In the plot of Q2-dependence, xpj has been
integrated from lower bound to 0.05 and taking the
same kinematic constraint mentioned above. Integrat-
ing over Q2 and xpj in the kinematical region speci-
fied above gives a value for the total cross section of
o =2.7x 1079 ph.

To see the sensitivity of the differential cross
sections to the neutrino energy, we also present the
results for £, =40 GeV in Fig. 3 (dotted lines). The
kinematic regions of 0% and xpj are the same as in
the E, = 50 GeV case except that the upper bound
of xp; is chosen as 0.065. Integrating out all variables
gives the total cross section of ¢ = 2.0 x 10~ pb. In
spite of the small cross section, the high luminosity
available at the v-factory in the future [10] would lead
to a sizable number of events of the order of magni-
tude 104,

Some discussions are in order. First, in the two
gluons exchange processes in general we should en-
counter the so-called off-diagonal gluon distribution
function [11]. But it is expected that for small x there
is no big difference between the off-diagonal and the
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Fig. 3. Differential cross sections as a function of xp; and 0?%. The
neutrino energy has been chosen as E,, = 50 GeV (solid lines) and
E, =40 GeV (dotted lines).

usual diagonal gluon densities [12]. So in the above
calculations we have estimated the small x production
rate by approximating the off-diagonal gluon density

by the usual gluon density. This situation is similar to
many diffractive production processes at hadron col-
liders [13,14] (for detailed discussions, see [13]).
Second, we have used 0% = z(1 — 2)(Q* + M3)
as the energy scale for the application of the perturba-
tive QCD. The applicability of pQCD is guaranteed by
the large value of M3 =~ (m. + ms)*. So Q* can be

chosen to be rather small, say, 0.5 ~ 1.0 GeVZ.

Third, we have used nonrelativistic approximation
to describe the D, wavefunction, and this will cause
some uncertainties in our calculation. Relativistic
effects can be quite important and should be further
considered in a similar way as in [3,15].

In conclusion, we have calculated the diffractive
D; production rate in the neutrino-induced charge
current DIS process in the two-gluon exchange model
in QCD, and found the diffractive production of D; to
be observable with the high luminosity available at the
v-Factory in the future.

Note added

After the calculation in this work was completed,
B. Lehmann-Dronke and A. Schéfer [16] published a
preprint treating a similar process to that we consid-
ered. But they analyzed exclusive D, production in
the large xg; region, whereas we studied the diffractive
production of the Dy meson in the two-gluon exchange
model with small x;. Although calculated in different
methods and in different kinematic regions, our total
cross section has the same magnitude as theirs.
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