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Objectives

B Study of collisions of polarized protons and deuterons create an
insight into their structure, and in particular their spin structure
¢ It 1s important part of NICA collider program (SPD detector)
B Polarization o heavy ions creates another degree of freedom in
collisions of heavy 1ons

4 Shell structure

—ilp;— @ o

How to get the "clean" data for such studies? - Collide polarized beams!

«...We benchmark this method in collisions of ... uranium-238 nuclei, known for their
clongated, ... shape. Our findings show a large deformation with a slight deviation from axial
symmetry in the nuclear ground state, ... This approach offers a new method for imaging
nuclear shapes, enhances our understanding of the initial conditions in high-energy
collisions and addresses the important issue of nuclear structure evolution across energy
scales.» [1]

¢ Does nuclear spin contribute to magnetic field of magnetars [2]
[1] Nature, vol. 635, pages 67-72 (2024) STAR Collaboration
[2] e-Print: 2408.05281 [astro-ph.HE]
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How to get Polarized Heavy lons

B To support collider operation the intensity of NICA injection
complex has to be increased by ~2 orders of magnitude relative to
the intensity achieved in Run IV (Oct. 2022 — Feb. 2023)

¢ Required intensity is ~(2—10)-10° heavy ions in ~6 s accel. cycle
¢ It will be achieved by reduction of beam loss in the course of beam
acceleration and the beam accumulation in Booster

B Such intensity increase creates a possibility to
make tensor-polarized heavy ions if these 10ons
have large quadrupole moment aligned with spin

¢ Quadrupole deformation 1s described by /:

a 1++5/4xp,

b 1-5/4xp,

2
O)=7na

o, =mab
= Beam obtains tensor polarization after passing few nuclear lengths
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NICA Collider Complex Layout
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B [njection complex is already in commissioning for few years
¢ Previous Run achievement (Feb.2023): (5-8)-10° fully stripped Xe ions at the
top Nuclotron energy of 3.9 GeV/u was achieved
¢ Demonstrated accumulation of five pulses at 200 ms resulting 6-10’
¢ Collider operation needs: (2-10)-10®
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Short Experiment Description

B Send “'Ne beam on the target
¢ Use slow extraction

¢ Focus the beam 1nto small spot to reduce effect of multiple
scattering in the target

¢ Obtain tensor polarized beam at the exit after loss of >90% beam
B 1% stage collimation reduces radiation induced by fragments
B 2" stage collimation

¢ Bending magnets span particles in the momentum

¢ Collimator removes off momentum particles
B Beam comes to the second target surrounded by detectors

¢ Counts number of interacting particles. That enables to measure
cross section — 1.e. polarization

B Mecasurement of the interaction cross section in the absence of the
first target yields effect of the polarization on the cross section
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Experiment Layout
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| Place for target 2
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ELECTRONS IN MONITORS

Left detector (30 deg) Right detector (30 deg)
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Beam Optlcs
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B-functions and rms sizes in the beam-line (Nuclotron extraction to final collimator);*=80 cm
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Value of the Polarization
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Candidates for Demonstration Experiment
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Choice of Parameters

B Sufficiently large energy of the primary 1ons

¢ Reduction of 10nization loss on energy of exiting ions (>3 GeV/n)

¢ Reduction of multiple scattering
B Low Z target!!!
¢ Smaller multiple scattering
¢ Larger difference between 6 and 6.

o1/ o

LH L1 Be | Graphite
Nuclear collision length for *'Ne, A [cm] 34 20 7.1 7.3
Multiple scattering angle for d=3A [mrad] 0.43 | 0.83 | 1.05 1.47
Momentum change due to ionization loss, Ap/p [%] 3.1 5.6 6.6 8.8

1.36 | 1.28 | 1.27 1.26

B Beryllium target of 3A length is chosen, (20 cm)

¢ Compromise between contractionary requirement

B Beta-function in the target center — 80 cm
¢ Beam rms angular spread — 1.6 mrad (multiple scattering — 0.9 mrad)

¢ Beam rms beam size — 1.3 mm
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Particles Coming out of the Target
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Particle distribution in horizontal plane: left — primary beam, right — secondaries.

Collimator width — 3 cm.
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Background

10 | | I

B Bending field after the target
removes major fraction of ol
secondaries leaving only
particles with the same sl
momentum per unit charge .

¢ Major species left after i
collimator are:
“*He — 34%, 19F —29%, *H — 5
12%

Mass and charge of ions passed
through collimator
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Rotation of Polarization

B Bending field 1s required to remove secondaries but it results in
rotation of polarization relative to the beam direction

¢ For chosen parameters spin precession results in rotation of about
180 deg.; i.e. 1t does not change the tensor polarization

S1 | T IEhI
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Conclusions

B Experiments with polarized heavy 1ons open another view on the
structure of the 1ons and their interactions

B We are looking into a possibility to carry out a demonstration
experiment to validate the method
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Backup Slides
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Nuclear shapes and the corresponding electric quadrupole moments.
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QGP Under Rotation

Nuclear
7 fragments

Quark-gluon
matter

~ Nuclear
fragments

y(-L) B ~ 10'® Gauss
L~103—-10"h

1]
Nature, vol. 635, pages 67-72 (2024) STAR Collaboration
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Fig.1|Methodsfordetermining the nuclearshapeinlowand highenergies. f, The 3D profile of the QGP atthe end of the hydrodynamic expansion before it
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quark-gluon plasma (QGP), inwhichthe arrows indicate the pressure gradients.
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