Pis’ma v ZhETF, vol. 95, iss. 2, pp. 61 { 66 © 2012 January 25

Heavy quark currents in Ultra-High Energy Neutrino Interactions

R. Fiore^{1)+}, V. R. Zoller^{1)} �

+Dipartimento di Fisica, Università della Calabria and Istituto Nazionale di Fisica Nucleare, Gruppo collegato di Cosenza, I-87036 Rende, Cosenza, Italy

∗Alikhanov Jnstitute for Theoretical and Experimental Physics 117218 Moscow, Russia

Submitted 15 December 2011

We discuss heavy quark contributions to the neutrino-nucleon total cross section at very high energies, well above the real top production threshold. The top-bottom weak current is found to generate strong left-right asymmetry of neutrino-nucleon interactions. We separate contributions of di¸erent helicity states and make use of the ˇ-factorization to derive simple and practically useful formulas for the left-handed (FL) and righthanded (FR) components of the conventional structure function 2xF3 = FL − FR in terms of the integrated gluon density. We show that FL ≫ FR and, consequently, xF3 ≈ FT , where FT is the transverse structure function. The conventional structure function F2 = FS +FT at Q^2 ≪ m^2_t appears to be dominated by its scalar (also known as longitudinal) component FS and the hierarchy FS ≫ FL ≫ FR arises naturally. We evaluate the total neutrino-nucleon cross section at ultra-high energies within the color dipole BFKL-formalism.

The neutrino astrophysics [1] deals with neutrinos of ultra-high energy (UHE), well above the threshold of the top quark production. The role of heavy quark currents in UHE neutrino interactions has been explored extensively [2]. Different approaches to including the top quark effects in the UHE neutrino-nucleon cross section σ^{νN} based on [2] are in use [3]. The goal of this communication is to show that a specific choice of relevant degrees of freedom greatly simplifies the analysis of σ^{νN} in terms of the nucleon structure functions (SF). Making use of the ˇ-factorization we isolate the leading contributions involving big log’s of Q^2, m^2_t , and 1/x to derive simple and practically useful formulas for the UHE neutrino-nucleon SFs.

The UHE interactions correspond to neutrino energy above E_ν ∼ 10^6 GeV. The overall hardness scale of the process νN → μX (1) is determined by the gauge boson mass

Q^2 ∼ m^2_W . (2)

Therefore, the W-boson exchange probes the gluon density in the target nucleon at very small values of Bjorken x. Consequences of this observation for σ^{νN} (E_ν ) are widely discussed [4] (for most recent publications see [5]).

At small x, to the Leading Log (1/x) approximation, it is legitimate to consider the W -nucleon scattering in the laboratory frame in terms of interactions with the

1)e-mail: fiore@cs.infn.it; zoller@itep.ru

target of the qq̄′-pair (color dipole) which the light-cone W -boson transforms into at large upstream distances. The dynamics of the log(1/x)-evolution [6] of the dipolenucleon cross section is described by the infrared regulated BFKL-equation with running coupling derived in [7, 8].

The differential cross section for the νN interactions is expressible in terms of the scalar (also known as longitudinal), left-handed and right-handed structure functions denoted by F_S , F_L, and F_R, respectively. x dσ^{νN} dxdQ^2 = G^2_F 4π ( m^2_W m^2_W + Q^2

)_2 × × [ 2(1 − y)F_S + F_L + (1 − y)^2F_R ] . (3)

The structure functions F_λ are related to the absorption cross sections for the W -boson in the polarization state λ = S, L, R, F_λ(x, Q^2) =

Q^2 4π^2α_W σ_λ(x, Q^2), (4)

where α_W = g^2/4π, g^2 = G_F m^2_W / √ 2 and the W → tb̄ transition vertex is gt̄γ_μ(g_V − g_Aγ_5)b. In terms of F_L, F_R the transverse structure function F_T = F_2 − F_S reads F_T = (F_L + F_R)/2, and leftright antisymmetric structure function F_3 is as follows 2xF_3 = F_L − F_R. Switching L to R in Eq. (3) yields the ν̄N cross section.

Then, making use of the color dipole factorization [9] we arrive at the leading-log(1/x) ˇ-factorization representation for the absorption cross section for the W - boson in the polarization state λ

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 1 { 2 2012 61 σ_λ(x, Q^2) =

∫_1 0 dz ∫ d^2r|Ψ_λ(z, r)|^2σ(x, r) = = α_W π ∫_1 0 dz ∫ d^2k ∫ d^2ˇ

ˇ^{4 αS (q2)F(xg ,} ˇ^{2) ×} × ( S_λΦ^2_0 + P_λΦ^2_1 ) . (5)

We address first the second line of Eq. (5)^{2)} to derive some useful analytical expressions for F_λ(x, Q^2). The first line of Eq. (5) will be used in our numerical studies of σ^{νN} (E_ν ).

No restrictions on the quark transverse momentum, k, and the gluon transverse momentum, ˇ are imposed in Eq. (5), where

F(x_g , ˇ^2) =

∂G(x_g , ˇ^2)

∂ log κ^2 , and G(x_g , ˇ^2) = x_g g(x_g , ˇ^2) is the integrated gluon structure function. It is taken at

x_g =

Q^2 + M^2 W^2 + Q^2 (6) and the transverse mass of the tb̄ pair is

M^2 = m^2_t + k^2 z + m^2_b + (k − ˇ)^2 1 − z , (7)

where z is the fraction of the W -boson light cone momentum carried by the t-quark.

The terms proportional to S_λ and P_λ describe interaction of the quark-antiquark states with the angular momentum L = 0 (S-wave) and L = 1 (P -wave), respectively. The S-wave and the P -wave factors in Eq. (5) for the right-handed and left-handed W -bosons are as follows [11]

S_R={g_V [(1 − z)m_t + zm_b]+g_A[(1 − z)m_t − zm_b]}^2, P_R = (g_V − g_A)^2z^2 + (g_V + g_A)^2(1 − z)^2, S_L={g_V [(1 − z)m_t + zm_b]−g_A[(1 − z)m_t − zm_b]}^2, P_L = (g_V − g_A)^2(1 − z)^2 + (g_V + g_A)^2z^2, (8)

and for the scalar/longitudinal polarization [12, 11]

S_S = (g^2_V /Q^2) × × { 2Q^2z(1 − z)+(m_t − m_b) [(1 − z)m_t − zm_b]

}_2 + + (g^2_A/Q^2) × × { 2Q^2z(1 − z)+(m_t + m_b) [(1 − z)m_t + zm_b]

}_2 , P_S = (g^2_V /Q^2)(m_t − m_b)^2 + (g^2_A/Q^2)(m_t + m_b)^2. (9)

2)To compare Eq. (5) with Eq. (2) of Ref. [10] one should make the substitution: 4α_S π V (κ)κ4 (κ2 + μ2_G)2 → F(xg , ˇ2). The numerical factor 16 in Eq. (2) of Ref. [10] should be understood as 4.

In the charged current interactions g_A = g_V = 1. In the neutral current neutrino interactions m_q = m_{q̄}0 and corresponding vector and axial-vector couplings are given by the Standard Model.

In Eq. (5)

Φ_0 = [ 1 k^2 + ε^2 − 1 (k − ˇ)^2 + ε^2 ] , Φ_1 = [ k k^2 + ε^2 − k −ˇ

(k − ˇ)^2 + ε^2 ] , (10) and ε^2 = z(1 − z)Q^2 + (1 − z)m^2_t + zm^2_b . (11)

Then, making use of the technique developed in [13] for electro-production processes, separate the

ˇ^2-integration in (5) into the soft, ˇ^2 . k^2 ≡ ε^2 + k^2, (12)

and hard,

ˇ^2 & k^2, (13)

regions of the gluon momentum. For soft gluons, in the DGLAP [14] region, upon the azimuthal integration we get ∫ dφ 2π Φ^2_1 ≈ ˇ^2 ε^4 + (k^2)^2 (k^2 + ε^2)^4 , ∫ dφ 2π Φ^2_0 ≈

2ˇ^2k^2

(k^2 + ε^2)^4

. (14)

In Eq. (5) the QCD running coupling α_S (q^2) enters the integrand at the largest relevant virtuality, q^2 = max{k^2, ˇ^2}. For soft gluons one can take q^2 = k^2 and we arrive at the fully differential distribution of the tquark in z and k, dσ_λ(x, Q^2) dzd^2k ≈ α_W α_S (k^2)G(x_g , k^2) × × [ S_λ 2k^2 (k^2 + ε^2)^4 + P_λ ε^4 + (k^2)^2 (k^2 + ε^2)^4 ] , (15)

where k^2 comes from Eq. (12). Integrating over k yields dσ_λ(x, Q^2) dz ≈ 2πα_W 3ε^2 ( S_λ 2ε^2 + P_λ ) α_S (ε^2)G(x_g , ε^2).(16)

The leading contribution to Eq. (16) comes from k^2 . ε^2/3. We factored out the slowly varying product α_S G at k^2 ≈ ε^2. The k- and ˇ-dependence of x_g is given by Eqs. (6), (7).

Then, going from dσ_L/dz to the structure function of the nucleon probed by the left-handed (λ = L) gauge

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 1 { 2 2012 boson, F_L(x, Q^2) (see Eq. (4)), we find the soft gluon contribution to the P -wave component^{3)} of

F_L = F^1_L + F^0_L (17)

denoted by F^1_L

F^1_L(x, Q^2) ≈ 2Q^2

∫_1 0 dzz^2 ε^2 α_S (ε^2) 3π G(x_g , ε^2). (18)

The leading contribution to F^1_L comes from z ∼ 1 − m^2_b m^2_t + Q^2

. (19)

Therefore, Eq. (18) can be approximated by

F^1_L(x, Q^2) ≈

2Q^2 m^2_t + Q^2 × × ∫_{C(m}2_{t +Q}2_) m2_b dε^2 ε^2 α_S (ε^2) 3π G(x_g , ε^2), (20)

where C ≈ 0.25. Certainly, σ^{νN} is dominated by Q^2 ≪ m^2_t . However, F^1_L presented in the form (20) allows straightforward extension to the processes induced by the charm-strange current, where Q^2 ≫ m^2_c and x_g ∼ 2x.

The S-wave component of F_L, denoted by F^0_L, is very small compared to F^1_L. Indeed, the z-integration in F^0_L converges rapidly at z ∼ 1 − m^2_b /(m^2_t + Q^2) and

F^0_L(x, Q^2) ≈ Q^2m^2_b

∫_1 0 dzz^2 ε^4 α_S (ε^2) 3π G(x_g , ε^2) ≈ ≈ Q^2 m^2_t + Q^2 α_S (m^2_b ) 3π G(x_g , m^2_b ). (21)

Therefore, F^0_L ≪ F^1_L and F_L ≈ F^1_L.

The S-wave component of the right-handed structure function

F_R = F^0_R + F^1_R (22)

is as follows

F^0_R(x, Q^2)≈Q^2m^2_t

∫_1 0 dz(1 − z)^2 ε^4 α_S (ε^2) 3π G(x_g , ε^2)≈ ≈ Q^2 m^2_t α_S (m^2_t /2) 3π G(x_g , m^2_t /2). (23)

At Q^2 ≪ m^2_t the ratio (1 − z)^2/ε^4 in Eq. (23) is flat in z and ⟨z⟩ ∼ 1/2. 3)Hereafter, the upper index in F^L_λ corresponds to the angular momentum L = 0, 1 of the qq̄^′-state which the light-cone W -boson transforms into.

For Q^2 ≫ m^2_t the structure function F^0_R is dominated by z ∼ m^2_t /Q^2 and x_g ≈ 2x. Hence,

F^0_R(x, Q^2) ≈ α_S (2m^2_t ) 3π G(x_g , 2m^2_t ). (24)

The P -wave component of F_R reads

F^1_R(x, Q^2) ≈ 2Q^2

∫_1 0 dz(1 − z)^2 ε^2 α_S (ε^2) 3π G(x_g , ε^2). (25)

For Q^2 ≪ m^2_t , (1 − z)^2/ε^2 ≈ (1 − z)/m^2_t and

F^1_R(x, Q^2) ≈

Q^2 m^2_t α_S (m^2_t ) 3π G(x_g , m^2_t ). (26)

In the region of very high virtualities of the gauge boson, CQ^2 ≫ m^2_t (see Eq. (20)),

F^1_R(x, Q^2) ≈ 2 ∫_{CQ}2 m2_t dε^2 ε^2 α_S (ε^2) 3π G(x_g , ε^2) (27)

with x_g ≈ 2x. Certainly, Eq. (27) is irrelevant to the problem of σ^{νN} : the latter is dominated by Q^2 ≪ m^2_t . However, Eq. (27) is not entirely useless. It describes – with obvious substitutions – the dominant contribution to the F^1_R in high-Q^2 processes induced by the charmstrange current (see Fig. 1).

Fig. 1. The nucleon structure function Fλ for λ = S, L, R as a function of Q^2 at x = 5 · 10^{−7} in the neutrino reactions induced by the top-bottom, charm-strange and up-down quark currents

From explicite expressions for F_L and F_R obtained above it is evident that for the top-bottom current

F_L ≫ F_R (28)

in a wide range of Q^2. Another observation is that the contribution of left-handed W -bosons to σ^{νN} in processes induced by the top-bottom current is much smaller than that coming from the absorption of scalar W -bosons

F_S ≫ F_L. (29)

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 1 { 2 2012

The scalar structure function F_S (under the name longitudinal) has been discussed in [15]. It was found that the higher twist corrections brought about by the nonconservation of the top-bottom current result in considerable enhancement of the P -wave component of

F_S = F^1_S + F^0_S , (30)

denoted by F^1_S

F^1_S (x, Q^2) ≈ m^2_t m^2_t + Q^2

∫_ε2_m m2_b dε^2 ε^2 α_S (ε^2) 3π G(x_g , ε^2), (31)

where ε^2_m = m^2_t if Q^2 < m^2_t −m^2_b and ε^2_m ≈ (Q^2 +m^2_t )/4 if Q^2 > m^2_t − m^2_b .

At Q^2 ≪ m^2_t , F^0_S is much smaller than F^1_S . Indeed, from Eq. (16) it follows that

F^0_S ≈

Q^2 12π ∫_1 0 dzS_S ε^4 α_S (ε^2)G(x_g , ε^2), (32)

where S_S comes from Eq. (9) and ε^2 from Eq. (11). For Q^2 ≪ m^2_t

Q^2S_S ε^4 ≈ 2 [ 1 + δ^2 (1 − z + δ^2)^2 ] (33)

with δ = m_b/m_t. Therefore,

F^0_S (x, Q^2) ≈ α_S (m^2_t /2) 6π G(x_g , m^2_t /2) + + α_S (m^2_b ) 6π G(x_g , m^2_b ). (34)

Our F_S survives the limit m^2_t → ∞^{4)}. The point is that the scalar/longitudinal W -boson interacts with the quark current j_μ = V_μ − A_μ which is not conserved. The vertex W → tb̄ which is ∝ ∂_μj_μ ∝ m_t ± m_b gives the factor m^2_t in the expression for F_S and cancels 1/m^2_t coming from the tb quark box. Evidently, there is no real clash between Eq. (34) and the decoupling theorem [16]. The latter is relevant to calculating observables, for instance cross sections in kinematical regions well below certain heavy quark thresholds. We are dealing with the real top production by neutrinos of ultra-high energy, though at Q^2 ≪ m^2_t .

Two terms in Eq. (34) correspond to two very different kinematics. The first one describes the symmetric tb̄-state with uniform z-distribution and ⟨z⟩ ≈ 1/2, the

4)The limit m2_t → ∞ implies the limit of the infinite neutrino energy, 1/xg → ∞. The finite energy effects, built in the gluon density function , suppress the structure function in Eq. (34). Specifically, for xg → 1 the gluon density G is known to vanish as (1 − xg)^n, where n ≈ 5 and xg comes from Eqs. (6), (7).

second one corresponds to the asymmetric configuration with z ≈ 1 − δ^2. Both tb̄-states have approximately the same invariant mass, M^2 ∼ 2m^2_t , and, consequently, probe the gluon density at nearly the same x_g .

For Q^2 ≫ m^2_t – the substitution t → c suggests itself – the ratio S_S /ε^4 is flat in z and Q^2S_S /ε^4 ≈ 8 with ⟨z⟩ ≈ 1/2 and x_g ≈ 2x. Consequently,

F^0_S (x, Q^2) ≈

2α_S (Q^2/4) 3π G(x_g , Q^2/4). (35)

In the neutrino reactions induced by the charm-strange current the term F^1_S is suppressed at high Q^2 ≫ m^2_c by the factor ∼ m^2_c /Q^2 and the scalar/longitudinal structure function F_S is dominated by its S-wave component, F^0_S [17, 18]. Specific features of the structure functions F_λ are illustrated by Fig. 1. From Fig. 1 and Eqs. (3), (2) it follows that the left-right asymmetry generated by the top-bottom current is much stronger than that generated by the charm-strange current but the top-bottom contribution to the total neutrino nucleon cross section is dominated by the absorption of the scalar gauge boson.

In our numerical studies of F_λ and σ^{νN} we rely upon the color dipole factorization represented by the first line of Eq. (5), where the total cross section of interaction of the tb̄ color dipole of the transverse size r with the nucleon target is related to the differential density of gluons F(x_g , κ^2) by the equation [9] σ(x, r) = = πr^2 N_c ∫ d^2ˇ κ^2

4[1 − exp(iˇr)] κ^2r^2 α_S (κ^2)F(x_g , κ^2). (36)

The light cone density of the tb̄ Fock states with the transverse size r and the fraction z of the W -boson light cone momentum carried by the t-quark is [11, 12]

|Ψ_λ(z, r)|^2 = 2α_W N_c (2π)^2 [ S_λK^2_0 (εr) + P_λε^2K^2_1 (εr) ] , (37)

where S_λ and P_λ come from Eqs. (8), (9). In (37) K_{0,1}(y) is the modified Bessel function. The terms proportional to K^2_0 (εr) and K^2_1 (εr) describe the quarkantiquark states with the angular momentum L = 0 (Swave) and L = 1 (P -wave), respectively. The log(1/x)- evolution of σ(x, r) is determined by the infrared regulated BFKL-equation with running coupling [7, 8]. The preferred choice of the infrared regularization gives the intercept of the pomeron trajectory, αIP(t), in the angular momentum plane ΔIP = αIP(0) − 1 = 0.4 and leads to a very good description of the data on the proton structure functions at small x [19]. In particular, this

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 1 { 2 2012 means that the gluon density and all structure functions grow fast with growing 1/x, F_λ ∝ x�^ΔIP. The analysis of the unitarity effects will be published elsewhere. The structure functions of the isoscalar nucleon probed by W -bosons of different helicity are presented in Fig. 1.

The charged current neutrino-nucleon cross section, σ^{νN} as a function of the neutrino energy, E_ν and its decomposition into components of different origin is shown in Fig. 2.

Fig. 2. The total νN charged current cross section (solid line) decomposed into components of di¸erent origin as a function of the laboratory neutrino energy

Summarizing, we presented the ˇ-factorization formulas for the differential cross section dσ_λ/dzd^2k which describes the absorption of scalar, left-handed and righthanded W -bosons. We isolated leading contributions to the related structure functions F_λ(x, Q^2) at low x and high Q^2 and obtained simple and numerically accurate estimates for F_λ in processes induced by massive quark currents. It was shown that the non-conservation of the top-bottom current leads to the hierarchy of structure functions F_S ≫ F_L ≫ F_R. Making use of the color dipole BFKL approach to the log(1/x) QCD-evolution we evaluated the charged current νN cross sections for ultra-high energy neutrino beams.

V.R.Z. thanks the Dipartimento di Fisica dell’Università della Calabria and the Istituto Nazionale di Fisica Nucleare – gruppo collegato di Cosenza for their warm hospitality while a part of this work was done. The work was supported in part by the Ministero Italiano dell’Istruzione, dell’Università e della Ricerca and by the RFBR (grants # 09-02-00732 and 11-02-00441).

1. J. K. Becker, Physics Reports 458, 173 (2008);

V. Berezinsky, High Energy Neutrino Astronomy, arXiv:1102.3591; M. Drees, Pranama, J. Phys 62, 207

(2004); F. Halzen, IceCube, AIP Conf. Proc. 1304, 268 (2010).

2. T. Gottschalk, Phys. Rev. D 23, 56 (1981); M. Gl-uck, R. M. Godbole, and E. Reya, Z. Phys. C 38, 441 (1988); C 39, 590E (1988); J. J. van der Bij and G. J. van Oldenborgh, Z. Phys. C 51, 477 (1991); G. Kramer and B. Lampe, Z. Phys. C 54, 139 (1992); Eur. Phys. J. C 17, 371 (2000). S. Kretzer and I. Schienbein, Phys. Rev. D 58, 094035 (1998); F. I. Olness and W. Tung, Nucl. Phys. B 308, 934 (1988); M. A. Aivazis, F. I. Olness, and W. K. Tung, Phys. Rev. Lett. 65, 2339 (1990); M. A. G. Aivazis, F. I. Olness, and W. K. Tung, Phys. Rev. D 50, 3085 (1994); M. A. G. Aivazis, J. C. Collins, F. I. Olness, and W. K. Tung, Phys. Rev. D 50, 3102 (1994); R. S. Thorne and R. G. Roberts, Phys. Lett. B 421, 303 (1998); R. S. Thorne and R. G. Roberts, Phys. Rev. D 57, 6871 (1998); R. S. Thorne and R. G. Roberts, Eur. Phys. J. C 19, 339 (2001).

3. M. Gl-uck, S. Kretzer, and E. Reya, Astropart. Phys.

11, 327 (1999); J. Kwiecinski, A. D. Martin, and A. M. Stasto, Phys. Rev. D 59, 093002 (1999); Y. S. Jeong and M. H. Reno, Phys. Rev. D 81, 114012 (2010); M. Gl-uck, P. Jimenez-Delgado, and E. Reya, Phys. Rev. D 81, 097501 (2010).

4. G. M. Frichter, D. W. McKay, and J. P. Ralston, Phys.

Rev. Lett. 74, 1508 (1995); Erratum-ibid. 77, 4107 (1996); R. Gandhi, C. Quigg, M. H. Reno, and I. Sarcevic, Astropart. Phys. 5, 81 (1996); Phys. Rev. D 58, 093009 (1998); G. Parente and E. Zas, Proc. of the 7th Intern. Symp. on Neutrino Telescopes, Venice, Italy, Feb. 1996, p. 499 (astro-ph/9606091); G. C. Hill, Astropart. Phys. 6, 215 (1997); M. V. T. Machado, Phys. Rev. D 70, 053008 (2004); R. Fiore, L. L. Jenkovszky, A. V. Kotikov et al., Phys. Rev. D 73, 053012 (2006); E. M. Henley and J. Jalilian-Marian, Phys. Rev. D 73, 094004 (2006); K. Kutak and J. Kwiecinski, Eur. Phys. J. C 29, 521 (2003); R. Fiore, L. L. Jenkovszky, A. V. Kotikov et al., Phys. Rev. D 71, 033002 (2005); Phys. Rev. D 68, 093010, (2003); J. Jalilian-Marian, Phys. Rev. D 68, 054005 (2003); D 70, 079903(E) (2004); A. M. Stasto, Int. J. Mod. Phys. A 19, 317 (2004); D. A. Dicus, S. Kretzer, W. W. Repko, and C. Schmidt, Phys. Lett. B 514, 103 (2001).

5. A. Connoly, R. Thorne, and D. Waters, Phys. Rev. D 83, 113009(2011); A. Cooper-Sarkar, P. Mertsch, and S. Sarkar, JHEP 1108, 042 (2011).

6. E. A. Kuraev, L. N. Lipatov, and V. S. Fadin, Sov. Phys.

JETP 44, 443 (1976); 45, 199 (1977); Ya. Ya. Balitskii and L. N. Lipatov, Sov. J. Nucl. Phys. 28, 822 (1978).

7. N. N. Nikolaev, B. G. Zakharov, and V. R. Zoller, JETP Lett. 59, 6 (1994); Phys. Lett. B 328, 486 (1994); J. Exp. Theor. Phys. 78, 806 (1994).

8. N. N. Nikolaev and B. G. Zakharov, J. Exp. Theor. Phys.

78, 598 (1994); Z. Phys. C 64, 631 (1994).

9. N. N. Nikolaev and B. G. Zakharov, Phys. Lett. B 332, 184 (1994).

5 Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 1 { 2 2012

10. V. Barone, M. Genovese, N. N. Nikolaev et al., Phys.

Lett. B 328, 143 (1994).

11. R. Fiore and V. R. Zoller, JETP Lett. 82, 385 (2005);

Phys. Lett. B 632, 87 (2006).

12. V. Barone, M. Genovese, N. N. Nikolaev et al., Phys.

Lett. B 292, 181 (1992).

13. I. P. Ivanov and N. N. Nikolaev, Phys. Rev. D 65, 054004 (2003).

14. V. N. Gribov and L. N. Lipatov, Sov. J. Nucl. Phys.

15, 438 (1972); L. N. Lipatov, Sov. J. Nucl. Phys. 20, 181 (1974); Yu. L. Dkshitzer,Sov. Phys. JETP 46, 641 (1977); G. Altarelli and G. Parisi, Nucl. Phys. B 126, 298 (1977); R. G. Roberts, The structure of the proton, Cambridge Univ. Press, 1990.

15. R. Fiore and V. R. Zoller, UHE neutrinos: current nonconservation, mass scales, saturation, talk at Di¸raction

2010, Otranto (Lecce), Italy, September 10{15, 2010; arXiv:1011.2611 [hep-ph]; JETP Lett. 92, 654 (2010).

16. K. Symanzik, Commun. Math. Phys. 34, 7 (1973); T.

Appelquist and J. Carazzone, Phys. Rev. D 11, 2856 (1975).

17. R. Fiore and V. R. Zoller, JETP Lett. 87, 524 (2008);

Full of charm neutrino DIS, in 08 QCD and High Energy Interactions, Proc. of 43rd Rencontres de Moriond on QCD and Hadronic Interactions, La Thuile, Italy, 2008; e-Print: arXiv:0805.2090.

18. R. Fiore and V. R. Zoller, Phys. Lett. B681, 32(2009);

Current non-conservation effects in νDIS diffraction, in AIP Conf. Proc. 1105, 304 (2009).

19. R. Fiore, N. N. Nikolaev, and V.R. Zoller, JETP Lett.

90, 319 (2009); N. N. Nikolaev and V. R. Zoller, Phys. Atom. Nucl. 73, 672 (2010).

Ŕĺśĳňă ć ĘİŠŤ šőň 95 ćżŕ. 1 { 2 2012