
Additional Polarization Studies in
Neutrino-Nucleon Interactions

◆ In addition to the intriguing polarization studies presented by Beata Kowal 
(questions/discussion follows directly).  The study of the production and polarization of 
hyperons produced in n + N interactions and their subsequent decay :

can also yield considerable information on the value of MA (independent of cross section)  
and axial vector nucleon-hyperon transition form factors.  One can also look for the existence 
of pseudoscalar form factors and 2nd class currents and even search for any violations of t-
invariance.
◆ Hyperon production has been studied since the earliest neutrino experiments such as 

Gargamelle in 1972: Observation of 'Elastic' Hyperon Production by Anti 
neutrinos: Phys.Lett.B 40 (1972) 593-596.

◆ DUNE should be able to make more accurate higher-statistics study of these hyperon 
production channels.

◆ The group from Aligarh Muslim University (F. Akbar, S. Athar, A. Fatima, S.K. Singh) 
have updated the theoretical expectations of hyperon production.  Atika Fatima will give 
a flash talk on the Aligarh studies of hyperon production tomorrow. 1

Chapter 9

⌫̄µ + p �! µ+ + ⇤

⌫̄µ + p �! µ+ + ⌃0

⌫̄µ + n �! µ+ + ⌃�,



Tension in low-x (<0.1) in combined n A and l± A fit:                   
Shadowing in Neutrino Interactions: Difference expected compared to l± A

Nuclear Shadowing in Electro-Weak Interactions - Kopeliovich, JGM and Schmidt arXiv:1208.6541

◆ Several theoretical models successfully describe the shadowing 
effects observed in charged-lepton nucleus scattering.

◆ Most are based on hadronic fluctuations of 
the g (or W/Z for neutrinos)

◆ These fluctuations then undergo multiple 
diffractive scattering off leading nucleons
in the the nucleus.

◆ The multiple scatters interfere destructively.
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behavior of leading-twist nuclear shadowing and antishadowing effects for charged and neutral
currents 5.

The physics of the nuclear shadowing in deep inelastic scattering can be most easily un-
derstood in the laboratory frame using the Glauber-Gribov picture. The virtual photon, W
or Z0, produces a quark-antiquark color-dipole pair which can interact diffractively or inelasti-
cally on the nucleons in the nucleus. The destructive and constructive interference of diffrac-
tive amplitudes from Regge exchanges on the upstream nucleons then causes shadowing and
antishadowing of the virtual photon interactions on the back-face nucleons. The coherence
between processes which occur on different nucleons at separation LA requires small Bjorken
xB : 1/MxB = 2ν/Q2 ≥ LA. An example of the interference of one- and two-step processes in
deep inelastic lepton-nucleus scattering is illustrated in Fig. 1. In the case where the diffrac-
tive amplitude on N1 is imaginary, the two-step process has the phase i × i = −1 relative to
the one-step amplitude, producing destructive interference (the second factor of i arises from
integration over the quasi-real intermediate state.) In the case where the diffractive amplitude
on N1 is due to C = + Reggeon exchange with intercept αR(0) = 1/2, for example, the phase
of the two-step amplitude is 1√

2
(1 − i) × i = 1√

2
(i + 1) relative to the one-step amplitude, thus

producing constructive interference and antishadowing. Due to the different energy behavior,
this also indicates that shadowing will be dominant at very small x values, where the pomeron
is the most important Regge exchange, while antishadowing will appear at a bit larger x values.

Figure 1: The one-step and two-step processes in DIS on a nucleus. If the scattering on nucleon N1 is via pomeron

exchange, the one-step and two-step amplitudes are opposite in phase, thus diminishing the q̄ flux reaching N2.

This causes shadowing of the charged and neutral current nuclear structure functions.

2 Parameterizations of quark-nucleon scattering

We shall assume that the high-energy antiquark-nucleon scattering amplitude Tq̄N has the Regge
and analytic behavior characteristic of normal hadronic amplitudes. Following the model of
Ref. 6, we consider a standard Reggeon at αR = 1

2
, an Odderon exchange term, a pseudoscalar

exchange term, and a term at αR = −1, in addition to the Pomeron-exchange term.

The Pomeron exchange has the intercept αP = 1 + δ. For the amputated q̄ − N amplitude
Tq̄N and q − N amplitude TqN with q = u, and d, N = p, and n, we assume the following pa-
rameterization, including terms which represent pseudoscalar Reggeon exchange. The resulting
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Shadowing - continued

◆ Why low x?
▼ The lifetime of the hadronic fluctuation has to be sufficient to allow for these 

multiple diffractive scatters: 

tc = 2Ehad / (Q2 + m2)

▼ For a given Q2 need large Ehad to yield sufficient tc which implies small x.

◆ m is larger for the vector current than the axial vector current  à for 
a given Q2 you need more Ehad for the vector current than the axial 
vector current to have sufficient tc.

◆ Speculation is that in addition to this difference, the frequency of 
hadronic fluctuations depends on the mass of the IVB.  

◆ NEW DIRECTIONS: What do the concepts of “factorization” and “universal 
(nuclear) parton distributions” mean in the nuclear environment?

3



universal

,

extracted by applying global analysis methods

Theoretical 
Calculations

What do the concepts of “factorization” and “universal (nuclear) 
parton distributions” mean in the nuclear environment?


