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Charged currents, color dipoles and zF3 at small =
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We develop the light-cone color dipole description of highly asymmetric diffractive interactions of left-
handed and right-handed electroweak bosons. We identify the origin and estimate the strength of the left-right
asymmetry effect in terms of the light-cone wave functions. We report an evaluation of the small-z neutrino-

nucleon deep inelastic scattering structure functions zF3 and 2z F; and present comparison with experimental

data.
PACS: 12.15.Ji, 12.38.—t

At small Bjorken z the driving term of the inclu-
sive/diffractive excitation of charmed and (anti)strange
quarks in the charged current (CC) neutrino deep inelas-
tic scattering (DIS) is the W -gluon/pomeron fusion,

Wtg—cs (1)
and
WHIP — c5. (2)

Different aspects of the CC inclusive and diffractive DIS
have been discussed in [1, 2].

In the color dipole approach [3, 4] (for the review see
[5]) the small-z DIS is treated in terms of the interac-
tion of the ¢35 color dipole of size r with the target proton
which is described by the beam- and flavor-independent
color dipole cross section o(z,r). Once the light-cone
wave function (LCWF) of a color dipole state is spec-
ified the evaluation of observable quantities becomes a
routine quantum mechanical procedure. In this commu-
nication we extend the color dipole analysis onto the CC
DIS with particular emphasis on the left-right asymme-
try of diffractive interactions of electroweak bosons of
different helicity. We derive the relevant LCWF and
evaluate the structure functions zF3, AxzF3 and 2zF;.
We focus on the vacuum exchange dominated leading
log(1/x) region of < 0.01.

At small z the contribution of excitation of open
charm/strangeness to the absorption cross section for
scalar, (A = 0), left-handed, (A = —1), and right-
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handed, (A = +1), W-boson of virtuality @2, is given
by the color dipole factorization formula [6, 7]

In Eq.(3) \Ilil 2 (2 1) is the LCWF of the |c5) state with
the ¢ quark carrying fraction z of the W light-cone mo-
mentum and 3 with momentum fraction 1 — z. The c-
and 3-quark helicities are Ay = £1/2 and Ay = +1/2, re-
spectively. The W+ — c5-transition vertex is specified
as follows
chsE'Yu(l —7s5)s,

where U,, — is an element of the CKM-matrix and the

weak charge g is related to the Fermi coupling constant
GFa

Gr/V2 =g [miy. (4)

The polarization states of W-boson carrying the lab.
frame four-momentum

qz(V,OaOaVV2+Q2) (5)

are described by the four-vectors ey,

1
60:_( V2+Q2,0,0,l/),
e (6)
€+ =:Fﬁ(0117i110)7

with unit vectors e, and ey in g,- and gy-directions,
respectively. We find it convenient to use the basis of
helicity spinors of Ref.[8]. Then, vector (V) and axial-
vector (A) components of the LCWF

T2 (2,1) = VT2 (2,1) — A3 (2,1), ()
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are as follows

VR (2, )—V“W < {0, n [2Q%2(1 - 2) +

+(m — M)[(l — z)m — zp]] Ko(er) —
—i03 20 (2A1)e™ P20 (m — p)eKy(er) }, (8)

A)\l”\2 (z,r) =

- V;"WQ {6n, 2 (2M1) [2Q%2(1 - 2) +

+(m + p)[(1 = z)m + zp]] Ko(er) +
+i0x n0€ MO (m + p)eKy(er)} . (9)
IfA=+1
V2awN,

VA)‘I’}Q(Z,I'):_ 2
™

X {0x,,2200,2x, [(1 — 2)m + 2p] Ko (er) —
- i(2)\1)6)\1,,)‘2e“‘¢ X

X [(1 — 2)0x,—2x, + 20x.2x,] €K1(er)}, (10)
A (zy) = V2O
Y3

X {6x1,0000,20: (2A)[(1 — 2)m — 2p] Ko (er) +
+7:5,\1,_,\2€i)‘¢ [(1 - Z)(S)‘,_z,\l + Z(s,\,z,\l] EKl(E’I")

¥, (11)

where

=2(1-2)Q*+ (1 — 2)m? + zp? (12)

and K, (z) is the modified Bessel function. We do not
consider Cabibbo-suppressed transitions and
aw = g° /4.

The quark and antiquark masses are m and u, respec-
tively. The azimuthal angle of r is denoted by ¢. To
switch W+ — W~ one should replace m <> p in the
equations above.

The diagonal elements of density matrix

pax = D B (B3) (13)
A1,z

entering Eq. (3) are as follows
poo(z,r) =

2
— Z (‘Voz\h)\z + |A0/\1,/\2

A1,A2

2 2awN
) = s

X { [[2Q2z(1 —2)+(m— w1 —2)m - z,u]]2 +

+[2Q%2(1 — 2) + (m + p)[(1 — z)m + zu]]z} X
< Kofer)? + [(m — u)? + (m + wl*Ka(er)?} (14)

and for A =\ = +1

2
+1/241/2 —1/2+41/2
e s e

P+1+1(2 =
8 N,
PW e (1 - 2)2 [m?Ko(er)? + &K (er)?],  (15)
(2m)?
|g—1/2-1/2]2 —1/241/2|2
p_1_1(z I' = “Pfl ‘ + ‘\I’fl ‘
80[ch 2

= W [W2Ko(er)? + 2Ky (er)?] . (16)
At Q? — 0 the terms ~ m?/Q?, u2/Q? in (14) remind
us that W interacts with the current which is not con-
served while the S-wave terms in Egs.(15) and (16) pro-
portional to m? and p? remind us that this current is
the parity violating (V' — A)-current.
The density of quark-antiquark c3 states in the trans-
versely polarized W*-boson is,

prT = 5 (P+1+1+p 1-1) =
4awN
= (27)20 {[@ = 2)’>m? + 2°p?] Ko(er)® +

+[(1 = 2)? + 2%] €K1 (er)?} . (17)

One can see that our pgo and prr coincide with the prob-
ability densities |¥|> and |T7|? of Ref.[1] (see also [9]
where z-dependence of transverse and longitudinal CC
cross sections has been discussed).

The momentum partition asymmetry of both p_1_;
and pi141 is striking, the left-handed quark in the de-
cay of left-handed W+ gets the lion’s share of the W+
light-cone momentum. The nature of this phenomenon
is very close to the nature of well known spin-spin cor-
relations in the neutron (3-decay, The observable which
is strongly affected by this left-right asymmetry is the
structure function of the neutrino-nucleon DIS named
Fj. Its definition in terms of or and oz, of Eq.(3) is as
follows

2

2{L‘F3({L‘,Q2) = O'L(ianz) - O'R(-’IT,Q2)] . (18)

4m2 oy [
To estimate consequences of the left-right asymme-
try for F3 at high Q2 such that

2 2

m
™ o«1, B o« (19)

Q? Q?
one should take into account that the dipole cross-section
o(z,r) in Eq.(3) is related to the un-integrated gluon
structure function F(z, x%) = 0G(z, k2)/0 log k2, as fol-
lows [10]
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2

o(z,r) = ]7;,—61‘2(15(’!'2) X
dr?k? A1 — Jo(kr)] 5
X / (K2 + pi2,)? K2p2 F(@g,K) (20)

and to the Double Leading-Log Approximation (DLLA),
i.e. for small dipoles,

2
ole,r) ~ 3-17as(?)Glzg, A/r%), (1)
c

where ug = 1/R. is the inverse correlation radius of
perturbative gluons and A ~ 10 comes from prop-
erties of the Bessel function Jo(y). Because of scal-
ing violation G(z,Q?) rises with Q2 but the product
as(r?)G(z, A/r?) is approximately flat in r2. At large
Q? the leading contribution to oy (z, Q?), comes from
the P-wave term, £2K;(er)?, in Eqgs.(15), (16). The
asymptotic behavior of the Bessel function, K;(z) ~
~ exp(—z)/+/2m [z makes the r-integration rapidly con-
vergent at er > 1. Integrating over r in Eq.(3) yields

1 2 2
z asG Q
or oc/o dzg—zasG ~ 0 logﬁ (22)
and similarly
1 2 2
(1-2) asG . @
OR X /0' dZTaSG ~ 7 log m. (23)

The left-right asymmetry certainly affects also the slowly
varying product agG which for the purpose of crude es-
timate is taken at some rescaled virtuality ~ Q2 which is
approximately /logarithmically the same for o7, and og.
Hence,

asG m?
0L —OR X %log o (24)
Notice that in spite of the apparent asymmetry of z-
distribution both o and or get equal scaling contri-
butions from the integration domains near by the peaks
z =1 and z = 0, respectively. Therefore, £ F3 is free of
the end-point contributions.
At Q% — 0 and p?/m? < 1 the cross sections o,
and og are as follows

asG o m_2_§ ocaSG
m2 S T2) TR g2

We evaluate zF3(z,Q?) making use of Egs.(3)
and (20) with the differential gluon density function
F(zy,k?) determined in [11]. As reported in [11], the
approach developed works very well in the perturba-
tive region of high Q2 and small z < 0.01. Besides,
a realistic extrapolation of F(z,, k%) into the soft region

o X (25)
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allows calculations at lowest Q? also [11]. In our cal-
culations for Q% < M? = 2(m? + u?) the gluon density
F(zg4,r?) enters (20) at the gluon momentum fraction
z, = z(1 + M?/Q?). For large virtualities, Q2 > M?,
we put £, = 2z. Direct evaluation of the proton DIS
structure function F,(z,Q?) shows that this prescrip-
tion corresponding to the collinear DLLA ensures a good
description of experimental data on the light and heavy
flavor electro-production in a wide range of the photon
virtualities down to Q2 ~ 1GeV2. The constituent
quark masses are as follows m, = myg = 0.2GeV,
mg = 0.35GeV and m. = 1.3 GeV.

The zF3 data reported by the CCFR Collaboration
are presented in Fig.1. Shown is the Q2-dependence
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Fig.1. Data points are CCFR measurements of Fs(xz,Q?)
[12]. Curves show the vacuum exchange contribution to
$F3(Z, Q2)

of zF3 for several smallest values of = [12]. It should
be emphasized that we focus on the vacuum exchange
contribution to zF3 corresponding to the excitation of
the c3 state in the process (1). Therefore, the structure
function z F; differs from zero only due to the strong left-
right asymmetry of the light-cone |¢8) Fock state. Shown
by the solid line in Fig.1 is the pomeron exchange con-
tribution to £ F3. The latter can be interpreted in terms
of parton densities as the sea-quark component of zF3.

Looking at Fig.1 one should bear in mind that the
smallest available values of z are in fact only moderately
small and there is also quite significant valence contribu-
tion to £F3. The valence term, 2V is the same for both
vN and N structure functions of an iso-scalar nucleon.
The sea-quark term in the zF¥" denoted by zS(z, Q?)
has opposite sign for FY", the substitution m <+ p in
Eqs.(15), (16) entails o1, > or. Therefore,

zFYN = 2V + 28, (26)
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and
eFYN =2V — zS. (27)

One can combine the N and 7N structure functions to
isolate the pomeron exchange term,

AzFs = oFyN — oFYN = 228. (28)

The extraction of Az F3 from CCFR v, Fe and 7, Fe dif-
ferential cross section in a model-independent way has
been reported in [13]. Fig.2 shows the extracted values
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Fig.2. AzF; data as a function of @ [13]. Shown by solid
lines are the results of color dipole description

of AzF; as a function of Q2 for two smallest values of
z. Also shown are the results of our calculations.

After evaluating the difference of left and right cross
sections let us turn to their sum and, as a consistency
check, evaluate the structure function

2
22Fi(2,Q) = pa—or(@Q), (29
where
or = 3 lo1(2,Q") +or(@, @] . (30)

The CCFR Collaboration measurements [14] of the
structure function 2zF; as a function of Q? for three
values of z are shown in Fig.3. Theory and experiment
here are in qualitatively the same relations as in Fig.1.
In small-z region, ¢ < 0.01, dominated by the pomeron
exchange our estimates are in agreement with data. For
larger = the non-vacuum contributions enter the game
and certain divergence shows up. This divergence will
increase if we take into account the nuclear effects. In-
deed, the CCFR/NuTeV structure functions zF¥" and
zFPN are extracted from the vFe and 7Fe data. The
nuclear thickness factor, T'(b) = [ dzn(v/22 + b2), where
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Fig.3. CCFR measurements of 2z Fi(z,Q?) [14] compared
with our estimates. Curves show the vacuum exchange
contribution to 2z F; (z, Q%)

b is the impact parameter and n(r) is the nuclear matter
density, [ d3rn(r) = A, makes the nuclear cross section

o = Aoy — a3, (31)

with the nuclear shadowing term

ot~ T(od) / A>T (b)? (32)

very sensitive to the left-right asymmetry of the v-
nucleon cross sections. In Egs.(31) and (32) (oa\) =
= (Tx|o(z,7)|¥s) and (03) = (¥x|o(z,7)?|T,). Hence,
the nuclear shadowing correction

Q? W(”% _U@/ 2 2
oy 34 db*T(b)*, (33)

oz F; ~

which should be added to zF; extracted from the vFe
data to get the “genuine” zF3. Since (o2) ox 1/u? and
(0%) oc 1/m?, this correction is large, positive-valued
and does increase xF3 of the impulse approximation.

Summarizing, we developed the light-cone color di-
pole description of the left-right asymmetry effect in
charged current DIS at small Bjorken . We compared
our results with experimental data and found a consid-
erable vacuum exchange contribution to the structure
functions £FY"N. This contribution is found to domi-
nate the structure function AzF; = xFy — xF} of an
iso-scalar nucleon extracted from nuclear data. Theory
is in reasonable agreement with data but the nuclear ef-
fects are shown can make this comparison a somewhat
more complicated procedure. The color dipole analy-
sis of nuclear effects in the CC DIS will be published
elsewhere.
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