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Run 52 of the Nuclotron planned: 02.06.2016 – 08.07.2016,

the main ring in fact: 02.06.2016 – 01.07.2016

The ultimate goal of the run was twofold:
1) to revive the polarized deuteron beams in the multi-GeV energy region

(the immediate consequence is the appearance of polarized 

quasi-monochromatic beams of neutrons and protons in this energy region, 

available for users);

2) to revive physical measurements with polarized nucleons and deuterons

(within the framework of the JINR topical plan (theme 1097)).
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New!

SPI→RFQ →LU-20   →Nuclotron

All this has to be done:
1) with the new Source of Polarized Ions (SPI),

2) with the upgraded injection complex:

This run was the “technical one” first of all.
FROM:  IV Workshop of the Nuclotron beam users, 06.10.2016E.A.С., 5-е Сов. потреб, 05.10.2017



Physics part of the run (in case of a good luck) 
Experiments at extracted beams: 5 experiments:

Data taking for physics: 1 experiments (ALPOM-2) (polarized beam!)

R&D and calibrations: 4 experiments (FAZA, BM@N, MPD, HyperNIS)

Time requested  by users (total, d): ≈768 hours

Time scheduled for users (total, d): ≈ 456 hours 

Time obtained  by users    (total, d): ∼ 120 hours 

(including unexpected machine stops)
Good results:

SPI (unpolarized mode)→RFQ →LU-20 →Nuclotron OK!

Polarimeters were prepared for measurements
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Polarimeters were prepared for measurements

(the Low Energy Polarimeter (after LU-20) and the ITS polarimeter

at the internal beam).

SPI (vector polarized mode) →RFQ →LU-20 → LEP → OK! 

(01.07.16 - 7.07.16) 

vector polarization – as expected ∼ (+/- 0.5), but:

one sign – direct measurements,

another sign: indirect measurements 

(by measurements of the tensor polarization).
FROM:  IV Workshop of the Nuclotron beam users, 06.10.2016E.A.С., 5-е Сов. потреб, 05.10.2017



01.07.2016

Run 52 of the Nuclotron (02.06.2016 – 08.07.2016)

Main ring

cooling 

preparationaccelerator physics

and R&D of user

The total run duration: ≈ 670 hours

4

repairing 

and R&D of user

users: ∼ 1/3 of this time

(unpolarized d)

“ALPOM-2”, “Test-beam MPD”;

unexpected machine stop after BM@N started…

FROM:  IV Workshop of the Nuclotron beam users, 06.10.2016E.A.С., 5-е Сов. потреб, 05.10.2017



Run 53 of the Nuclotron (27.10.2016 – 25.12.2016):

The ultimate goal of the run was 

physics with polarized deuteron beam

1) ALPOM-2 with vector polarized deuteron beam: 

measurements of analyzing powers for polarized protons and neutrons

in the multi-GeV energy region
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2) measurements of cross sections and analyzing powers of 

deuteron scattering at CH2 and C targets (tensor polarized deuterons)

(the DSS project)

3) Works with unpolarized deuteron beam (methodics)

All the works were performed according  

the JINR topical plan.

E.A.С., 5-е Сов. потреб, 05.10.2017



accelerator physics

and R&D of user

cooling
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repairing

Beam time
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Run 53 of the Nuclotron (27.10.2016 – 25.12.2016)

The total run duration: 

≈ 1400 hours
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field, Gsintensity

Use of beam (hours): in fact/planned

BM@N
Intern.

targ.
MPD

ALPOM-2 HyperNIS Accelerator 

physics

date

field, Gsintensity
field

← polarized deuterons   →

(including polarimetry)
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Selected results
(all the data are preliminary, data analysis is in progress)
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Measurement of analyzing powers for the reaction p + CH2  up to 7.5 
GeV/c and n + CH up to 4.5 GeV/c at the Nuclotron

(ALPOM2 proposal)
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ALPOM-2 in the run 53 Data status: preliminary; reported at DSPIN-2017

neutrons  new

Azimuthal angle
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More – in talk by N.M.Piskunov
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Polarimeter at the extracted beam (F3 focus)

More – in talk by R.Shindin
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Polarimeter at the extracted beam (F3 focus)

Deuteron beam momentum: 3 GeV/c

More – in talk by R.Shindin
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P
z
(+) = 0.652 ± 0.004 ± 0.052 P

z
(–) = – 0.343 ± 0.005 ± 0.027  

Vector polarization of the beam (preliminary!)

E.A.С., 5-е Сов. потреб, 05.10.2017



Polarimeter at the extracted beam (F3 focus)

Deuteron beam momentum: 7.5 GeV/c

More – in talk by R.Shindin
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P
z
(+) = 0.593 ± 0.005 ± 0.047 P

z
(–) = – 0.302 ± 0.006 ± 0.024

Vector polarization of the beam (preliminary!)

E.A.С., 5-е Сов. потреб, 05.10.2017



Some R&D results
(preliminary)
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“MPD test-beam” in the run 53

T0 detectors tested;

achieved time resolution: 49 ps

RPC prototypes tested:

achieved time resolution: ∼60 ps
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Θ= 0 degr. Θ= 9 degr.

Θ= 19 degr. Θ= 27 degr.

The first beam test of the microstrip detectors (STS) for BM@N and CBM

1082

Dependence of the cluster sizes upon the

beam inclination angle Θ

2-strip cluster amplitude on the STS station 0
(P-side)

Θ= 19 degr.

2 8 10

Θ= 27 degr.

16
E.A.С., 5-е Сов. потреб, 05.10.2017



16.12.2002

Since the 2016 year

JINR has again, at the LHEP Nuclotron,

the polarized deuteron beam

with kinetic energy up to 5 GeV/nucleon 

«Опять есть поляризованные дейтроны на Нуклотроне!»  (2016 г.)
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16.12.2002

Dubna newspaper about acceleration 

of polarized deuterons in the Nuclotron

E.A.С., 5-е Сов. потреб, 05.10.2017



Статистика о работе Нуклотрона за 5 лет 
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Run 54 of the Nuclotron

(total duration: ≈ 1008 hours)
10.02.2017 – 24.03.2017
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Run 54 of the Nuclotron (10.02.2017 – 24.03.2017):

1. Works with SPI:
� Data taking (to complete measurements started in the run 53):

� DSS project

� ALPOM-2 project

� Accelerator physics: acceleration of polarized protons in the

Nuclotron.

2. Works with the Laser Source (nuclear beams: C and Li)
� Carbon beam
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� Carbon beam

� BM@N: start of data taking for commissioning (and R&D for

other users)

� 7Li beam

� HyperNIS: start of data taking for commissioning (and R&D for

other users)

All the works are included in the JINR topical plan.
In parasitic mode: R&D works for accelerator physics and other approved projects 

(SCAN-3 etc.) at MARUSYA setup.
E.A.С., 5-е Сов. потреб, 05.10.2017



Run 54 of the Nuclotron (10.02.2017 – 24.03.2017)

The total run duration: ≈ 1008 hours

cooling 

preparation

accelerator physics
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repairing 

accelerator physics

and user’s works

polarized protons: 

∼ 53 hours (5.2%)

unexpected stops

E.A.С., 5-е Сов. потреб, 05.10.2017



field, Gs
intensity Field, Gs
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Use of beam (hours): in fact/planned
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BM@N Intern.

targ.

HyperNIS Accelerator 

physics

including polarized protons

and polarimetry of d and p

ALPOM-2

including R&D for  other

users

E.A.С., 5-е Сов. потреб, 05.10.2017



In general, users are satisfied by the machine work.
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BM@N results will be presented in the talk by 

M.Kapishin;

results from ALPOM-2 and DSS projects

were presented at the DSPIN-2017 Conference

and will be reported in respective talks;and will be reported in respective talks;

Some results about beam polarization (in the run 54):

few next slides. 
(all the data are still preliminary, data analysis is going on)
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Measurement of analyzing powers for the reaction p + CH2  up to 7.5 
GeV/c and n + CH up to 4.5 GeV/c at the Nuclotron

Hadron
calorimeter

n (p) 
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JINR-Slovakia-USA-France-United Kingdom

ALPOM-2 in runs 53 and 54: reminder (from N.M.Piskunov)

protons

a
sy

m
m
e
tr

y

(From the run 53)

neutrons  new
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ALPOM-2 in the run 54:

unique result, observed at first time in the world:
new(From N.M.Piskunov)
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SPI performance for deuterons was investigated. In particlular, 

the tuning of the SPI in the “tensor” mode was studied (using 

polarimetry at the Internal Target Station

for monitoring of the tensor polarization of deuterons) and 

value of Pzz ≈ -1.5 was observed.

The capability of the Nuclotron to accelerate polarized 

protons was investigated at first time in JINR.

28

Polarization  of  the internal  beam  of  polarized protons

was measured at 500 MeV. 

Polarimeter at the extracted beam (F3 focus):

Polarization of extracted polarized protons  was seen at the level 

of |P|≈(0.1÷0.15) at Tp = 1 and 2 GeV (kinetic energy)

( very preliminary estimation!).
E.A.С., 5-е Сов. потреб, 05.10.2017



Polarimeter at the extracted beam (F3 focus)
reminder
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Polarimeter at the extracted beam (F3 focus)

Deuteron beam momentum: 7.5 GeV/c

(preliminary, Nuclotron run 54)
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Pz=±2/3, Pzz=0

E.A.С., 5-е Сов. потреб, 05.10.2017



Few R&D results
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“NUCLEON-2” project: tests of the Si-Calorimeter prototype

(26 layers, thickness of the layer ≈1 mm) 
Carbon beam,

T≈2 GeV/nucl.
Degrader (Pb)     

Detector  prototype

32
Layer’s number          

Signal 

amplitude (mV) 

in the layer

Example of event with 

detected Bragg peak

(carbon beam)

E.A.С., 5-е Сов. потреб, 05.10.2017



Next beam test of the microstrip detectors (STS) for BM@N and CBM
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Clusters amplitudes measured with the d beam

Next beam test of the microstrip detectors (STS) for BM@N and CBM
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Next beam test of the microstrip detectors (STS) for BM@N and CBM
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• JINR has restored (in 2016, run 53) polarized deuteron beam  

with kinetic energies up to 5 GeV/nucleon;

� now, at first time, JINR has also the relativistic polarized 

proton beam, accelerated in the Nuclotron.

This is the most important result of the run 54 for external 

• New physical results were obtained, important for intermediate 

energy polarimetry of neutrons (above pion production threshold) .  

36

This is the most important result of the run 54 for external 

users, taking into account that 

accelerated polarized proton beams of intermediate energies 

do not exist at other world centers at present.

� The acceleration of polarized protons in the Nuclotron

is very important result for the NICA project as well…

E.A.С., 5-е Сов. потреб, 05.10.2017



(I)

Few examples and some remarks 

about polarization observables:

what has been done and might be done in future

for physics of few nucleon systems

for  discussion

37
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for physics of few nucleon systems

and

“short range correlations” in nuclei…   



E.A.С., 5-е Сов. потреб, 05.10.2017
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Inelastic (d,d’) scattering of polarized deuterons

JINR Rapid Comm. 6 (1998) 35

40
E.A.С., 5-е Сов. потреб, 05.10.2017

1) Разные углы вылета рассеянной частицы (дейтрона): как 00, так и 85 мрад;

2) Разные энергии снаряда… 

Независимо от начальной энергии и независимо (?) от угла рассеяния, 

максимум тензорной анализирующей способности – когда примерно 60% потерянной

снарядом энергии уходит в эфф. массу «отдачи» Х… Почему?



Structure of lightest nuclei: general conclusions

• Good and well recognized data set was obtained.

• LFD seems to be an adequate framework for 

theoretical interpretaiton.

• In all 3 cases (d, τ, α) disagreements with simplest

theory occur at distances when constituents start to

touch each other. 

• Best studied is the deuteron case.

• First polarization observables were measured for 

the τ case.

• “Meson content” of deuteron

was probed by polarization.

• There is an impressive

similarity with results obtained

by electomagnetic probes.

• Significant influence for theory

of relativistic composite

systems has taken place. 

New possible perspectives for future

(new source of polarized ions is available now; beams of 4He and 3He are needed!)
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(new source of polarized ions is available now; beams of 4He and 3He are needed!)

• Measurements of polarization transfer in d case by other

method (check energy dependence)

• Polarization transfers from target to projectile fragments

(d, τ, α cases): in QIA must be absent

• Verification of data-to-data correlations

• Backward elastic scattering (τ, α cases) including spin-

spin correlations

• Spin-dependent observables in cumulative production of

strange and vector mesons etc…..

E.A.С., 5-е Сов. потреб, 05.10.2017

α ≡ 4He

τ ≡ 3He



(II)

Polarized proton target

should be exploited again!

for  discussion
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This is a call to user’s community …


