
ISSN 0021-3640, JETP Letters, 2021, Vol. 114, No. 10, pp. 561–564. © The Author(s), 2021. This article is an open access publication.
ISSN 0021-3640, JETP Letters, 2021. © The Author(s), 2021. This article is an open access publication.
Russian Text © The Author(s), 2021, published in Pis’ma v Zhurnal Eksperimental’noi i Teoreticheskoi Fiziki, 2021, Vol. 114, No. 10, pp. 631–634.

FIELDS, PARTICLES,
AND NUCLEI
Parity Violation in the Scattering of a Proton by Carbon and Oxygen
A. I. Milsteina, b, N. N. Nikolaevc, *, and S. G. Salnikova, b

a Budker Institute of Nuclear Physics, Siberian Branch, Russian Academy of Sciences, Novosibirsk, 630090 Russia
b Novosibirsk State University, Novosibirsk, 630090 Russia

c Landau Institute for Theoretical Physics, Russian Academy of Sciences, Chernogolovka, Moscow region, 142432 Russia
*e-mail: nikolaev@itp.ac.ru

Received November 3, 2021; revised November 3, 2021; accepted November 3, 2021

The effects of parity violation in the interaction of relativistic polarized protons with  and  nuclei are
discussed. Within the Glauber approach, estimates are obtained for P-odd asymmetries in the total and elastic
scattering cross sections, the dissociation cross section, and in the inelastic scattering cross section with
meson production. Our calculations show that asymmetry should be most noticeable in the elastic cross sec-
tion and in the dissociation cross section.
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INTRODUCTION
At present, the effects of P-parity violation in the

scattering of leptons by nucleons at not very high ener-
gies have been studied in detail both theoretically and
experimentally. The obtained experimental data are
well described within the Standard Model. There is
much less experimental information on parity viola-
tion in nucleon–nucleon scattering, in nucleon–
nucleus scattering, and in nucleus–nucleus scattering
[1–7]. The theoretical predictions for these processes
are very different [8–18]. Polarization experiments at
the NICA collider [19, 20] can make an important
contribution to understanding the phenomenon of
parity violation in the nucleon sector. Possible experi-
ments at NICA to search for parity violation in the
interaction of longitudinally polarized protons or deu-
terons with an unpolarized target were discussed in
[21, 22]. Estimates of the P-odd asymmetry in
nucleon–nucleon scattering at NICA energies are
given in [23], and in proton–deuteron scattering
in [24].

The total nucleon–nucleon scattering cross section
is the sum of the elastic scattering cross section and the
cross section for inelastic scattering accompanied by
the production of mesons. Quasi-elastic scattering
accompanied by the emission of nucleons or the exci-
tation of nuclei also contributes to the total cross sec-
tion for nucleon–nucleus and nucleus–nucleus scat-
tering. Since the effects of parity violation are small,
when planning experiments, it is necessary to find
processes in which these effects are enhanced.

From an experimental point of view, dense nuclear
targets, such as carbon or water [4], are convenient.
Therefore, it is of undoubted interest to study the

effects of P-parity violation in the scattering of polar-
ized protons by nuclei from the point of view of the
possible enhancement of the P-odd effect by the num-
ber of nucleons in the nucleus. In this work, we inves-
tigate the P-parity violation in the scattering of a
polarized proton by the 12C and 16O nuclei.

WEAK INTERACTION EFFECTS
IN PROTON–NUCLEUS SCATTERING

In our work, we use the Glauber approach [25–27].
In this approach, in a frame where both particles are
relativistic, the amplitude  of elastic scattering of a
proton by the  and  nuclei has the form
( )

(1)

Here,  and  are proton–proton
and proton–neutron scattering amplitudes, respec-
tively, and  is a form factor, which in the shell
model equals

(2)

where Z is the charge of the corresponding nucleus.
For carbon we used the value  fm, and for oxy-
gen  fm. The elastic cross section  and the
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total cross section  for the scattering of a proton by
a nucleus are given by the formulas

(3)

The cross section  for dissociation with excitation
or emission of nucleons from the nucleus and the cross
section  with production of mesons have the forms

(4)

Note that .

We represent the amplitudes  and 
as the sum of the contributions of the strong and weak
interactions, , where

. At NICA energies, the following parametri-
zation can be used for the contribution of strong inter-
action [28]:

(5)

where  and  are the helicities of the initial particles
and  and  are the corresponding helicities of the
final particles ( ). Using this parametrization,
we find the contribution of strong interaction to the
cross sections for proton–nucleus scattering:
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The effects of parity violation are a consequence of the
interference between the amplitudes of weak and
strong interactions. They are linear in the contribution

 of weak interactions to the proton–nucleon scat-
tering amplitude, which was considered by us in [23]:

(7)

The corresponding contribution  to the
function  in Eq. (1) is purely imaginary,

, where

(8)

Here, the factor 1/2 in front of  appears
because the amplitude  of the weak interaction is
nonzero only for protons of the nucleus with the same
helicity as that of the incident proton ( ).

The correction  to the function  in
Eq. (4) due to weak interactions has the form

(9)

As a result, we find the corrections to the cross sec-
tions due to weak interactions:

(10)

DISCUSSION OF THE RESULTS
We pass now to numerical estimates of the cross

sections and the corresponding asymmetries
 for the scattering of a polarized proton
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with  by carbon and oxygen nuclei. Using the
above formulas, we find for 12C:

(11)

For , we obtain:

(12)

It is seen that the asymmetry is most noticeable in the
elastic cross section and in the dissociation cross sec-
tion. As we noted in [23, 24] when analyzing nucleon–
nucleon and nucleon–deuteron scattering, the sup-
pression of asymmetry in inelastic scattering is a con-
sequence of the unitarity condition. Therefore, from
the experimental point of view, it seems advantageous
to measure the asymmetry either in elastic scattering
or in the sum of the elastic cross section and the disso-
ciation cross section, for which

The general conclusion from the comparison of pC
and pO scattering with  and  scattering studied
in [23, 24] is the following. The expected P-odd asym-
metries in the pC and pO scattering cross sections are
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from the analogous values in the scattering of protons
by unpolarized deuterons. This is due to the fact that
the contributions of the strong and weak interactions
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nuclei grow approximately the same with an increase
in the number of nucleons in the nucleus. An excep-
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rections to the cross sections due to the weak interac-
tion partially compensate each other, so that in scat-
tering by nuclei the P-odd asymmetry is less than in

 scattering. However, from an experimental point of
view, both proton (hydrogen) and deuterium targets
can be less convenient due to their low densities.

CONCLUSIONS
We have analyzed the effects of parity violation in

the scattering of polarized protons by the nuclei 12C
and 16O at energies of the NICA collider. Using the
Glauber approach, we obtained estimates for the weak
interaction corrections to the total, elastic, inelastic
and dissociation cross sections, as well as the corre-
sponding spin asymmetries, see (11) and (12). Accord-
ing to our results, experiments on measuring the
asymmetry in the cross section  or  are pref-
erable. The results obtained should be taken into
account when planning experiments at the NICA col-
lider.
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