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Recommendation. The PAC supports the group's plan to pursue this experiment and recognizes that it will secure JINR’s leadership in polarimetry

equipment and study. The PAC notes the possible difficulties in allocating the requested 336h of polarized deuteron beam in 2022–2023, due to the strong

competition for, and the limited availability of, beam time in this period. The PAC recommends continuation of the ALPOM-2 experiment till the end of

2023 with ranking A.
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Will GEn also become zero?

Will GEp become zero?

Nucleon formfactors

Dyson-Schwinger approach 
for neutron predicts a (second) 
zero for GEn, also near 10 GeV2. 



pp -> pp
pd -> pn + (p)
Phys. Rev. Lett 35 (1975) 632

The existing data for Ay in np elastic 
scattering indicate that the  analyzing 
power decreases faster than the pp 
analyzing power, becoming very small, 
then negative around 6 GeV/c neutron 
momentum. 
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Charge exchange reaction

Neutron polarimetry
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pp -> Δ++ n SPD ?

- t, GeV2

(- t)1/2 , GeV
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Black circles: ANL d(p,p)n data [29, 30]; black line: linear fit. Red squares: ANL d(p,n)p data [29, 30]; red line: 
linear fit. Blue triangles [25]: p+ CH2→charged+X; blue line: linear fit [25]. Green squares [31] and circles [32]: 
p+ C→charged+X; green line: linear fit [25].

The dependence of the maximum of AY on 1/plab. 

np->pn



Polarized proton and neutron beams

ALPOM2
Protons and

neutrons <105

Deuteron beam
~ 108 per spill ALPHA counting roomsF3 polarimeter

CH2 (25cm)
target for protons

Ionization
chamber

C (30 cm)
target for neutrons
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Scheme of transportation polarized beams from Nuclotron to the ALPOM2 setup and the 
location of F3 polarimeter and production target for proton and neutron beams
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P(+) – P(-) = 0,96 ± 0,05

Beam polarization measurements

Time, s

IC_F3

About 5 hours

Left-Right

IC_F3

each point corresponds to one spill.

The polarization in one mode
is two times lower than 
the other one



Hadron 
calorimeter

CH2, C, CH, Cu target

Neutron or 
proton beam

Drift chambers

Layout of the setup

S0S1S4,S3
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At the CH2 target



Unscat
p+A elastic
p+N

Unscat
n+A elastic
n+N

n +p -> p+n

beam
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Energy deposit measurements in the hadron calorimeter,  3.75 GeV/c

Scattering angle, rad
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The asymmetry as a function of the azimuthal angle 
from the calorimeter (blue squares) and from the drift 
chambers (red circles)

A very good agreement between 
tracking and energy deposit data 
allow us in future experiments  
used one of these methods

Azimuthal segmentation available
from the hadron calorimeter 
for asymmetry measurements

Hadron calorimeter  2



Three new approaches to the development of polarimetry, 
namely: 

a) turning on the calorimeter to select high-energy nucleons
in the final state, 

b) using the charge exchange reaction, and
c) replacing the hydrogen-rich light target with heavier

nuclei, open the way to simpler and more efficient
measurements of nucleon polarization in the region of GeV
energies. 

Future experiments at Jefferson Lab, requiring recoil
polarimetry, have already integrated these concepts in
approved experiment E12-17-004, see Appendix 1 and
Figure. , which presents the current state and planned
measurements of neutron electromagnetic form factors.

The experimental data obtained in 2016 and 2017 were analyzed and the article Measurement of neutron and proton 

analyzing powers on C, CH, CH2 and Cu targets in the momentum region 3-4.2 GeV/c was published as a Special 

Article - New Tools and Techniques in Eur.Phys.J.A 56 (2020) 26

E12-17-004

The measurements of analyzing powers in nucleon-nucleus scattering at higher energies
available only in Dubna now are very important for future experiments in Jlab and JINR 



Upgrading the ALPOM2 setup

Drift chambers (plane configuration) 

Now    2X+2X+2Y+2Y                                          Future   3X+3Y+3X+3Y
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Схема расположения сигнальных и потенциальных проволочек в X и Y-плоскостях

Распределение по времени дрейфа, ширина составляет 450 ns, что соответствует

дрейфовому промежутку 21 mm.

Зависимость эффективности регистрации трека

частицы (космического мюона) от высокого напряжения

на сигнальных проволочках. Плато эффективности 200

V идет от 1.95 до 2.15 kV.

New drift chambers



2023 year
Installation of the ZDC at the neutron beam line

2024-2025 years Data taking during 336 hours at the deuteron intensity about 5*10**9 per spill.

It includes: for proton beam 168 hours

a)measurement Ay at proton momentum of 5.3 GeV/c (control point)
b)two measurements of transfer polarization, check conservation polarization at k=0.15
GeV/c at deuteron momentum of 11.2 GeV/c (proton momentum 6.5 GeV/c) and deuteron
momentum of 13.0 GeV/c (proton momentum 6.5 GeV/c)
c)measurement at deuteron momentum of 13.0 GeV/c (proton momentum 7.5 GeV/c)
for neutron beam 168 hours

measurement Ay at neutron momenta of 5.0 and 6.0 GeV/c .

Schedule of the experiment:

2025-2026 year Data analyzes and publication of the results.

Contributions in previous years from collaborators

USA side – crate VME – 8.5 k$; HV supply – 2 k$, .2 TQDC – 8
k$, hadcal modules – 10 k$, HV system SY5527 (Caen) – 14.6 k$

French side – PM XP2020 – 2 items and several electronic modules –
5 k$

Slovak Republic grants – 45 k$, HV supply, computers, electronic
modules, drift chambers
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We are planning to continue the measurements at higher proton and neutron energies
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Thank you
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