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Referee’s report

on the project (N.M.Piskunov): "Measurement of analyzing powers for the
reaction 7+ CHy up to 7.5 GeV/c and 7i + A up to 6 GeV/c at the
NUCLOTRON (ALPOM?2 proposal -prolongation for 2022-2023)

The project ALPOM? is related to special measurements of the proton
and neutron electromagnetic (EM) form factors (FFs) G¥(t) and Gy (t),
N = p,n in the space-like region from the polarized outgoing nucleons to
be obtained in the polarization transfer processes €”N — e N caused by a
longitudinally polarized electron beam in JLab of Virginia (USA).

In order to rise an extraordinary role of the ALPOM2 project of JINR
in above mentioned measurements, let us remind history of the proton EM
structure shortly.

Nucleons, having "spin” 1/2, their EM structure is completely described
by the electric G¥(f) and magnetic GY(t) FFs to be defined in the region
—o00 < i< +00.

This region can be, according to the FFs properties and methods of ob-
taining data on them, split into three different regions:

- the space-like region —co < ¢ < 0, in which GY(£), G (t) are real
functions to be normalized at ¢ = 0 to the charge @ and the magnetic moment
Jun, respectively; by a first derivation of them at ¢ = 0 the corresponding
electric and magnetic mean squared radii < 12 >= 69530],_g are evaluated

- the un-physical region 0 < ¢ < 4m%, in which this day no experimental
data exist

- and the time-like region 4m% < t < +oc, in which nucleon EM FFs
are complex functions of ¢ and the data on their absolute values are found
mainly by measurements of the e*e~ — NN processes.

First at all, experimental information on the "proton” EM structure - in
the middle of 50’s of the last century - has been obtained from the elastic
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scattering of un-polarized electrons on un-polarized protons e~p — ¢~p by
means the so-called Rosenbluth method.

In all these experiments " dipole behaviors” of both proton EM FFs were
experimentally confirmed

Such situation existed until 2000, when during 11 years by means of at
least five different experiments in JLab (Virginia) with the CEBAF facility,
employing the original idea of Akhiezer and Rekalo

A.IAkhiezer, M.P.Rekalo: DAN USSR 180 (1968) 1081,

transverse P, and longitudinal P, components of the recoil proton’s po-
larization in the electron scattering plane of the polarization transfer process
&p — e have been measured simultaneously. The unexpected results
on the ratio 1, G%(Q%)/G4(Q%) up to Q* = 8.5 GeV? were obtained which
clearly demonstrate a contradiction with Rosenbluth data for higher negative
values of ¢ and the dipale behavior of the proton electric FF in the space-like
region, revealed by the Rosenbluth method, have been definitely refuted

And we would like to emphasize that this very new and important result
have been achieved at JLab in Virginia just by an utilization of the ana-
lyzing power data measurement at JINR Dubna and at Saturne National
Laboratory in France.

Tn order to strengthen this result, the JLab team is approved to continue
measurements of the FF ratio up to 12-15 GeV?. This is provided by recent
energy npgrade with availability of polarized electron beams of energy up to
12 GeV. And again this program for protons requires an extension of the data
basis for analysing powers on scintillator CH and on polyethylene CH2 at 5.3,
6.5 and 7.5 GeV, which can be measured only on Dubna NUCLOTRON in
the framework of the program ALPOM2, where polarized proton beams are
available.

Independently of this plans, investigating a consistency of the new non-
dipole behavior of the electric proton FF in space-like region with all other
existing proton and neutron data in the framework of our Unitary and An-
alytic model we have predicted an existence of the zero of G (t) around the
value Q? = 13 GeV?

C.Adamuscin, E.Bartos, S.Dubnicka, A.Z.Dubnickova: Phys. Rev. C93
(2016) 055208

In the framework of the new measurements up to 12-15 GeV?, there is a
chance to confirm an existence of this predicted proton electric FF zero

The change of the G;(t) dipole behavior to the rapid fall leads certainly
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also to the change of the mean square charge proton radius < r? >p value."

C.Adamuscin, S.Dubnicka, A.Z Dubnickova: Prog. Part. Nucl. Phys. 67
(2017) 479

All above mentioned programmes require the knowledge of the actual
analyzing power data and they can be again measured only at JINR Dubna
in the framework of the project ALPOM?2, where polarized proton beams are
available.

Recently the JLab PAC has approved seven new experiments for mea-
surement not only the proton EM FFs, but also electric and magnetic FFs
of the nentrons. Again required analyzing powers data at 6 GeV can be ob-
tained only by JINR Dubna NUCLOTRON measurements in the framework
of the project ALPOM?2, because only here are available polarized neutrons
to be obtained by breakup of accelerated deuterons

Nowadays they are highly desirable, as due to impossibility to prepare
neutron target, there is very poor experimental information on the neutron
electric FF G} in space-like region, though there are some data on the G,
up to t=-5 GeV? obtained indirectly by an elastic scattering of electrons on
light nuclei and therefore they are dependent on some model assumptions.

In time-like region there was at the beginning of 90's of the last century
only the first and the last not very successful Frascati measurement and as
a result five neutron EM FFs points have been published just above the
threshold from the e*e~ — nii process.

Therefore proposal from JLab to measure also neutron EM FFs is topi
and highly welcome.

In relation with the latter I would like to note that we have recently
elaborated unitary and analytic approach

A.ZDubnickova, S.Dubnicka: Eur. Phys. J. A (submitted for publica-
tion).

in the framework of which one can predict unambiguously the neutron EM
FFs behaviors in the whole region of their definition just by the cxisting of
more precise proton EM FFs data and in this way there appeared a possibility
to control the future neutron EM FFs values obtained at JLab by CEBAF
facility.

Now finally few words to the " Questionnaire” for projects seeking contin-
uation.

As one could see from our previous discussion, we ourselves are involved
with our theoretical investigations in the subject of new measurements of
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the proton and neutron EM FFs in JLab CEBAF facility, which can not be
realized without the analyzing powers measurements in the framework of the
ALPOM2 project on the JINR NUCLOTRON in Dubna.

From the same discussion it is clearly seen also a very large international
contribution of the results and plans in JLab of Virginia (USA) together with
the results on the project ALPOM2 on NUCLOTRON in JINR Dubna to
the world science

So, a realization of the APLOM2 project is highly desirable, therefore T
recommend it to table into category A and I strongly recommend to approve

its prolongation for another two years 2022-2023 with the ﬁrs'wxjnzit/y.

Bratislave, June 16-th, 2021. WMW

Stanislav Dubnicka
Institute of Physics
Slovak Academy of Sciences
Bratislava, Slovak Republic




