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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)).

All this has to be done:
1) with the new Source of Polarized lons (SPI),
2) with the upgradeLd}jection complex:

SPI - RFQ - LU-20> - Nuclotron
%

New!

This run was the “technical one” first of all.

E.A.C., 5-e CoB. notpe6, 05.10.2017 FROM: IV Workshop of the Nuclotron beam users, 06.10.2016 2




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
(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 [1(+/- 0.5), but:
one sign — direct measurements,
another sign: indirect measurements

(by measurements of the tensor polarization).
E.A.C., 5-e Cos. notpe6, 05.10.2017 FROM: IV Workshop of the Nuclotron beam users, 06.10.2016
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Run 52 of the Nuclotron (02.06.2016 - 08.07.2016)
Main ring | > 01.07.2016

The total run duration: =670 hours

cooling
| 8%
accelerator physics preparation
and R&D of user 10.9%
27 6% repairing
users: [11/3 of this time : ENT

Ypolarized d)

“ALPOM-2", “Test-beam MPD"”;
unexpected machine stop after BM@N started...

E.A.C., 5-e Cos. notpe6, 05.10.2017 FROM: IV Workshop of the Nuclotron beam users, 06.10.2016 4



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

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.C., 5-e Cos. notpe6, 05.10.2017



Run 53 of the Nuclotron (27.10.2016 — 25.12.2016)

Beam time .
cooling

(hours)

. reparation
The total run duration: prep

=~1400 hours

accelerator physics
and R&D of user

repairing
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Selected results
(all the data are preliminary, data analysis is in progress)

E.A.C., 5-e Cos. notpe6, 05.10.2017



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

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

(ALPOM_Z proposal)
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ALPOM-2 in the run 53. Data status: preliminary; reported at DSPIN-2017
More - in talk by N.M.Piskunov

ALPOM2 p+CH?2 3.75 GeV/c
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Polarimeter at the extracted beam (F3 focus)

More - in talk by R.Shindin

beam line

E.A.C., 5-e Cos. notpe6, 05.10.2017



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

Deuteron beam momentum: 3 GeV/c

Asymmetry, P =3 GeV/c Asymmetry, P =3 GeV/c
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Polarimeter at the extracted beam (F3 focus)

More - in talk by R.Shindin

Deuteron beam momentum: 7.5 GeV/c

Asymmetry, P = 3.75 GeV/c
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P (+)=0.593 £ 0.005 £ 0.047
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Some R&D results
(preliminary)
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“MPD test-beam” in the run 53

FFD1 - FFD2
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The first beam test of the microstrip detectors (STS) for BM@N and CBM

Cluster size on STS station 0, n-side 14:26:27 2016-12-16 Analysis/Histograms/STS/ClustSizeOn Cluster size on STS station 0, n-side 17:37:16 2016-12-16 Analysis/Histograms/STS/ClustSizeOn
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Since the 2016 year
JINR has again, at the LHEP Nuclotron,
the polarized deuteron beam
with kinetic energy up to 5 GeV/nucleon

«OnNATb ecTb NONAPU30BaHHbIe AeUTPOHbI Ha HyknoTpoHe!» (2016r.)

H SKE 16.12.2002
&B GonryIECTRD
IAIIH IEJIbBHUK I]—.l llIIIIIIII I lll| IIII IA }l IIIIIII\II Il l JBAHMH
HUC 6 Ill).\ll'/’
Ects nonupusoBaHHble p,empoubl Ha nynovpoue'
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Dubna newspaper about acceleration
of polarized deuterons in the Nuclotron

o B cimdo LAy .
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Cmamucmuka o pabome HyKaompoHa 3a 5 nem

Bcero B T.u. MNopgrotoBka + |®Pu3uka notpebuteneis,

I'o.a. Ceanc ﬂ.aTbl yacos oxnaxgeHue PEMOHT YCKOpUTEe/ibHaA ¢M3MKa
2012 45122.02-24.03 700 15% 25% 60%
46(15.11-24.12 940 13% 18% 69%
8ce20 3a 200 1640 14% 21% 65%
2013 47120.02-28.03 870 14% 18% 68%
48|14.11-27.12 1060 10% 16% 74%
8ce20 3a 200 1930 12% 17% 71%
2014 49|10.02-9.03 640 18% 23% 59%
50|20.05-16.06 650 18% 22% 60%
8ce20 3a 200 1290 18% 22% 60%
2015 51|26.01-15.03 1150 11% 19% 70%
8cea20 3a 200 1150 11% 19% 70%
2016 52(2.06-1.07 670 18% 24% 58%
53127.10-25.12 1400 7% 13% 80%
gce20 3a 200 2070 11% 17% 73%
ecez20 3a 5 nem 8080 13% 19% 68%

E.A.C., 5-e Cos. notpe6, 05.10.2017




Run 54 of the Nuclotron

(total duration: =1008 hours)
10.02.2017 — 24.03.2017

E.A.C., 5-e Cos. notpe6, 05.10.2017
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Run 54 of the Nuclotron (10.02.2017 — 24.03.2017):

1. Works with SPI:
O Data taking (to complete measurements started in the run 53):
= DSS project
=  ALPOM-2 project
d Accelerator physics: acceleration of polarized protons in the
Nuclotron.

2. Works with the Laser Source (nuclear beams: C and Li)
O Carbon beam
= BM@N: start of data taking for commissioning (and R&D for

other users)
d 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.C., 5-e CoB. notpe6, 05.10.2017 20



Run 54 of the Nuclotron (10.02.2017 - 24.03.2017)

The total run duration: =1008 hours

cooling
preparation
accelerator physics
and user’s works repairing
\ unexpected stops e
polarized protons:
[153 hours (5.2%)

E.A.C., 5-e Cos. notpe6, 05.10.2017
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Use of beam (hours): in fact/planned

240
240

233
180

120

&0

BM@N Intern. HyperNIS Accelerator
targ. / physics
including R&D for other \

users including polarized protons
and polarimetry of d and p

E.A.C., 5-e CoB. notpe6, 05.10.2017 23



In general, users are satisfied by the machine work.

E.A.C., 5-e CoB. notpe6, 05.10.2017 2



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;

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

few next slides.
(all the data are still preliminary, data analysis is going on)

E.A.C., 5-e CoB. notpe6, 05.10.2017 2



ALPOM-2 in runs 53 and 54:

reminder (from N.M.Piskunov)

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

CH2

n(p)

one charge
particle

JINR-Slovakia-USA-France-United Kingdom

E.A.C., 5-e Cos. notpe6, 05.10.2017

(From the run 53)
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(From N.M.Piskunov) ALPOM-2 in the run 54: new
unique result, observed at first time in the world:

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
(ALPOM_Z proposal)

JINR-Slovakia-USA-France-United Kingdom

pﬁr’ricle“rflifh Il—ladr'o: nt + Cu wepcharge "1" particle + X
cy Charge calorimeter 0.12 -

Ep> '3.75 GeV/c

nm >l

o

o

[+
1

Drift
chambers

m
3
S
asymmetry

an

1) The observed asymmetry is unpredictably bigger than in the T se : ———————— -
np elastic scattering, usually used for neutron polarimetry 1 1
2) The length (thickness) of the copper target is only 4 cm in
comparison with the CH one (> 30 cm) used in the elastic np
scattering, what makes it possible to improve the accuracy of
determining the interaction vertex and the scattering angle. _
3) Registration (inclusive) of charged particles moving forward : \
is much easier than detection of the recoil proton in the np 00 02 04 06 08 10
elastic scattering p,, GeV/c

The inverse reaction p+Cu (W), with detection of a neutron in the forward direction by a
hadron calorimeter, can be used for measurements of the proton polarization at the
NICA collider.

E.A.C., 5-e CoB. notpe6, 05.10.2017 27



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.

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 T, =1 and 2 GeV (kinetic energy)

( very preliminary estimation!).

E.A.C., 5-e Cos. notpe6, 05.10.2017
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reminder

Polarimeter at the extracted beam (F3 focus)

beam line

E.A.C., 5-e Cos. notpe6, 05.10.2017



Polarimeter at the extracted beam (F3 focus)
Deuteron beam momentum: 7.5 GeV/c

(preliminary, Nuclotron run 54)

RUNs | Tar P.(+) P.(—)
35-62 | CHy | +0.64240.008 | —0.508 +0.007
63-69 | CH, | +0.644+0.011 | —0.497 +0.009
71-78 | CHy | 4+0.656+0.012 | —0.51940.01
80-89 | CHy | +0.648+0.011 | —0.52240.009
90-141 | CH2 | +0.632+£0.008 | —0.515+0.007
152-164 | CHy | +0.746+0.01 | —0.567+0.009

E.A.C., 5-e Cos. notpe6, 05.10.2017

P, (1,1)

Pz=+2/3, Pzz=0
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E.A.C., 5-e Cos. notpe6, 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

130

Signal
amplitude (mv) 1=©
in the layer 100
80

detected Bragg peak

(carbon beam) o s 10 15 =28 25 30
Layer’s number

I

Example of event with / 40
20

O
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Next beam test of the microstrip detectors (STS) for BM@N and CBM

Test setup

» One STS test station

» Trigger system based on two scintillators counters
» 3 FEBs with nXYTER v.2.0 ASIC

» SysCore v.2 based readout

» Online Analysis based on DABC & Go4

Test station with “baby” sensor 7 —_—
Test station with CBM06C4-DM

Two types of demonstrators were tested:

» With “baby” sensor Hamamatsu
» With CBM06C4-DM by CiS

red — p-side
blue — n-side

Dementev Dmitrii, CBM workgroup meeting at JINR 22.05.2017

E.A.C., 5-e Cos. noTtpe6, 05.10.2017 3



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

Clusters amplitudes measured with the d beam

) =4
é 16000(— — all cl_usters E 22000? all clusters E 100005 ,
— e | e =i | 10 f\ e
= = M - 3-strip clusters ? 180001 3-strip clusters 5 8000— f — 2-strip clusters
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2 10000 - E 14000 = [ z L {
E [ 12000 — ‘ — /
8000 P = ‘ f
E | ! 10000 A r /
6000~ I \ 8000~ / \ 4000 r/ ‘
4000 ; / x €000 ? j \ \ r f ‘
- / L 4000 / X 2000 !
2000 — / \ = L% L f
E‘ P (R4 {5 \ :::"“‘*-r—-aﬁ ZDOU; ‘ J . \‘S&*\\;‘E&*— : [ /"’
0 100 200 300 400 500 0 o 300 400 500 Dot il e TS e
Cluster amplitude, ADC units Cluster amplitude, ADC units 950 0 50 100 150 200 250 300 350 400
Cluster amplitude, ADC units
Clusters amplitudes on the P side of Clusters amplitudes on the N side of Clusters amplitudes on the
baby sensor baby sensor P side of CBMO06C4-DM
_ _ sensor
Areas with no masked and noisy channels was selected.
Coincidence with trigger was applied
Deficiency of 2-strip clusters for the CBM06C4-DM is due to high value of comp. threshold (reg 18 val 42 )
Dementev Dmitrii, CBM workgroup meeting at JINR 22.05.2017
34
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Next beam test of the microstrip detectors (STS) for BM@N and CBM

Cluster size dependence on th

Cluster size on STS station 0, n-side 16:12:34 2017-05-19 Analysis/Histograms/STS/ClustSizeOn

Cluster size on STS station 0, n-side 16:17:48 2017-05-19 Analysis/Histograms/STS/ClustSizeOn
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Dementev Dmitrii, CBM workgroup meeting at JINR 22.05.2017
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 New physical results were obtained, important for intermediate
energy polarimetry of neutrons (above pion production threshold) .

* JINR has restored (in 2016, run 53) polarized deuteron beam
with kinetic energies up to 5 GeV/nucleon;

J 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
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.C., 5-e CoB. notpe6, 05.10.2017 3



for discussion

(1)
Few examples and some remarks
about polarization observables:
what has been done and might be done in future
for physics of few nucleon systems
and
“short range correlations” in nuclei...

E.A.C., 5-e CoB. notpe6, 05.10.2017 3



Polarization effects in cumulative particle production.

Example: pion production by polarized deuterons. L.Zolin et al, Nucl. Phys. A689 (2001) 414c¢
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Cumulative mesoproduction by polarized d (example)
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Data by L.S. Zolin et al.

E.A.C., 5-e Cos. notpe6, 05.10.2017

39



Inelastic (d,d’) scattering of polarized deuterons
JINR Rapid Comm. 6 (1998) 35

SCALING BEHAVIOUR OF TENSOR 1.0
ANALYZING POWER (4,
IN THE INELASTIC SCATTERING
OF RELATIVISTIC DEUTERONS 0.5
P. P. Korovin', L. V. Malinina, E. A. Strokovsky
-0.0
| Am 1 ’
v m - )
i -0.5 + - 8
ot p(d,d")X :

in the target rest frame

1) Pa3Hble yrabl BbleTa pacceasHHOM YacTuubl (geiTpoHa): kak 0°, Tak u 85 mpaga;
2) Pa3Hble 3Hepruu cHapaaa...

He3asucumo oT Ha4aNnbHOU 3HEepPrun n Hezasucumo (?) ot yrna paccesaHus,
MaKCMMYM TEH30PHOI aHaN3NpytoLeir cnocCobHOCTU — Koraa npumepHo 60% notepAHHOMK
CHapAaaom aHeprum yxoaut B 3¢dd. maccy «otgaum» X... Mouemy?

E.A.C., 5-e Cos. notpe6, 05.10.2017



Structure of lightest nuclei: general conclusions

* Good and well recognized data set was obtained. * “Meson content” of deuteron

* LFD seems to be an adequate framework for was probed by polarization.
theoretical interpretaiton. * There is an impressive

¢ In all 3 cases (d, 7, a) disagreements with simplest similarity with results obtained
theory occur at distances when constituents start to by electomagnetic probes.
touch each other. * Significant influence for theory

* Best studied is the deuteron case. of relativistic composite

* First polarization observables were measured for systems has taken place.
the T case.

New possible perspectives for future
(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, 7, a cases): in QIA must be absent

* Verification of data-to-data correlations

e Backward elastic scattering (7, @ cases) including spin-
spin correlations

* Spin-dependent observables in cumulative production of
strange and vector mesons etc.....

O =4He
T =3He

E.A.C., 5-e CoB. notpe6, 05.10.2017 41



(11)
Polarized proton target
should be exploited again!

This is a call to user’s community ...

E.A.C., 5-e Cos. notpe6, 05.10.2017

for discussion
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