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Motivation to study spin effects in a GeV-range

The main goal of the polarization program at Nuclotron 1is to inves-
tigate the spin effects in the region of transition regime from nucleon-
meson degrees of freedom to the fundamental one: quarks and gluons.

e Non-perturbative QCD region

e Importance of the effective degrees of freedom
( AA, NN*, N*N* configurations - hidden color )

e Threshold effects in meson-production
e Relativistic effects

e Medium effects for the polarization observables

(y-symmetry restoration)
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Deuteron structure

e Such static properties as a binding energy ¢, quadrupole, Qg4, and
magnetic, 1q, momenta, radius rq are very well measured and are re-
produced by the nonrelativistic calculations using standard nucleon-
nucleon potentials based on one-bosons exchange.

(Moreover, 14 is very sensitive to the relativistic corrections.)
e Nonrelativistic deuteron wave function, obtained by the solving

of the Schredinger equation, depends on the relative nucleon
momentum g only:

¥ = ¥(q)

e As the deuteron and its nucleons energies increase, the relativistic
effects play more important role at short internucleonic distances, as
well as in the dynamics of the interaction.



Relativistic effects

e The principal feature of the relativistic quantum mechanics is the
impossibility to separate the relative motion of the constituents
and motion of the composite system as a whole. This leads to the
dependence of the relativistic wave function not only on the relative
momenta of the nucleons g inside the composite system, but also on
the total momentum p of this system

¥ = ¥(q,p)

® Therefore, relativistic wave function is the function of the relative
momentum g in each new reference system.

e However, it is enough to know wave function in the infinite momen-
tum frame, p — inf, where the structure of the wave function simpli-
fies. Namely, the dependence on |p| disappears, only the dependence

on the direction of the vector n = p/|p|



Deuteron wave function on the light cone

Relativistic deuteron wave function on light cone (V.A.Karmanov,
J.Carbonell et al.) is defined by 6 invariant functions fi,...,fs (instead of
2 in the non-relativistic case), each of them depends on 2 scalar variables k and

z = cos(lz;l):
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where E4 and pg4 are the energy and momentum of the initial deuteron, respectively,
pp1 is the longitudinal momentum of the proton, m, and E, are the mass and energy

of the proton, respectively.



Short internucleonic distances

e When the distances between the nucleons are comparable with the
size of the nucleon, the nucleon-nucleon interaction is non-local.

e Fundamental degrees of freedom in the frame of QCD are the quarks
and gluons. These degrees begin to play a role at the internucleonic
distances comparable with the size of the nucleon.

(AA, N*N, N*N*, 6q components in the deuteron)

e At high energies s and large transverse momenta pr the constituent
counting rules (CCR) are working. For the binary reactions:

do F(t/s)
E<AB — CD) ~

Spart— 2

(Matveev, Muradian, Tavkhelidzhe, Brodsky, Farrar et al.)



do/dt, ub/(GeV/c)’

do/dt, ub/(GeV/c)’

Quark degrees of freedom

Yu.N.Uzikov

e For the reaction dp — pd

np +ng+nc+np—2=16

e For the reaction dd —3 Hen

nA +ng+nc+np—2 =22

e The regime corresponding
to CCR occurs already at
T; ~500 MeV.



Three nucleon forces manifestation

e During last several years a new generation of NN potentials are built
(Nijmegen, CD-Bonn, AV-18 etc.). These potentials reproduced the
NN scattering data up to 350 MeV with very good accuracy.

e But these potentials cannot reproduce triton binding energy (under-
binding is 0.8 MeV for CD-Bonn), deuteron-proton scattering and
breakup data.

e Incorporation of the 3 nucleon forces (3NF), when interaction de-
pends on the quantum numbers of the all three nucleons, allows to
reproduce triton binding energy and unpolarized deuteron-proton
scattering and breakup data.

e However, the 3NF cannot reproduce polarization data intensively
accumulated during last decade.

Energy dependence of 3NF spin structure via dp elastic
scattering measurements



Experiments on the deuteron breakup at large transverse
proton momenta at the SPHERE-setup

e Deuteron beam intensity:
I; ~5x10°+2x 10”/spill

e Targets: Hy — 30 cm; "Be — 16
and 20 cm; 2C — 7 and 16 cm.

e Particle identification: TOF on
the baseline 28 or 34 m.

collimator

e Beam polarization:
Psz| ~ 0.7 — 0.8 and
ps| ~0.15 —0.25
Tensor: dA — pX at P, =2/3- Py
Vector: pp- quasielastic scattering at
CH,

50m



Ayy for the reaction A(d,p)X versus pr
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e The strong variation of Ay, ob-
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e The value of Ay, is positive at

small pr and changes the sign at
pTr~600-650 MeV /c.

e The deviation of the data on the
calculations with the use both
standard and covariant DWEFs is
observed.
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V.P.Ladygin et al., Phys.Lett. B629 (2005) 60



NP versus PP data
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Red - are the PP data
Blue - are the NP data (practically absent at T, > 1.1 GeV)



LHE neutron channel
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-The unique neutron channel with the energies 0.55-3.7 GGeV equipped
by the polarized proton, liquid and nuclear targets.

-Neutrons are obtained from deuteron breakup (Ap/p ~3%).



Results

on Aoy, in np elastic forward scattering
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e The measurements of the np and
pp elastic scattering allow to ex-
tract the amplitudes with I =0

e The significant variation of
Aoy(I = 0) versus energy:

e Structure at T, ~0.5-1.0 GeV
e Structure at T, ~1.7 GeV 777
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Results on Toq in p(d, p)X reactions

e The T57 behavior for the reac-
tions dp — pd and dp — pX
cannot be reproduced by the
standard DWFs.

e Asymptotic value of Ty ~ —0.4
at large internal momenta is in
agreement with QCD-motivated
model prediction.

(A.P.Kobushkin)

e Relativistic effects, nonnucle-
onic degrees of freedom, three-
nucleon forces manifestation de-
pends on the initial energy.




Current LHE SPIN-program

e Spin structure of few-nucleon systems
LNS, PHe3-CUPID, TPD

e Spin structure of nucleon-nucleon interaction
Ao, STRELA, SMS-MSU

e Spin effects in meson production
DELTA-2

e Development of the polarization techniques
PPT, ALPOM

Postponed experiments

PIKASO, A,,, KAPPA, BES, PP-SINGLET, DP-®



Joint CNS-JINR experiment at Internal Target Station at
Nuclotron (LNS-PHe3-projects)

Upper hull, stainless steel,

Input and output
NUCLOTRON
vacuum tube flanges

The insert

Flange branch with glass window
for scanning, 4 pieces

New Internal Target Station is very well suited for the measurements

of the dp- elastic scattering observables at large angles in the cms.



Ay and Ayy In dp- elastic scattering at 880 MeV
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e Solid lines are the multiple scattering model calculations using CD-
Bonn DWF

(N.B.Ladygina, arXiv:0705.3149v1 [nucl-th]);

e Dashed lines are the Faddeev calculations using CD-Bonn DWF
(H.Witala, private communication);

e Dott-dashed lines are the optical-potential calculations using Dibaryon
DWF (M.Shikhalev, to be submitted in Yad.Fiz.)



Cross section in dp- elastic scattering at 880 MeV
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® The results of the multiple scat-

tering model are in agreement
with the cross section data in the

range 30 — 130°.

Faddeev calculations (without
usual 3NF) fails to reproduce the
data at the angles larger than
90°

Double scattering dominates
over single scattering at the
angles larger than 70°

The deviation of the data on the
calculations at backward angles

are related with the s — type of
FM 3NF.



Energy dependence of Ayy in dp- elastic scattering
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e The strong variation of Ay, ob-
tained at the fixed values of the

cms angles 60°, 70°, 80° and 90°
versus pr.

e The values of A, are positive at
small pr and changes the sign
at pr~600-650 MeV /c as in the
case of deuteron breakup reac-
tion.

e Negative asymptotic of Ay, at
large pr?



Tensor polarizability of the deuteron passing through the
matter (TPD-project)
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e The strong variation of ten-
sor asymmetry versus the target
length is observed for unpolar-

1zed deuterons with the momen-
tum 5.5 GeV.

@ The effect of the deuteron
spin rotation and oscillations
in the matter is predicted by
V.Baryshevsky. Another ex-
planation of such effect is the
Glauber multiple scattering.

e The experiment is planned for
continuation in 2007-2008.
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Measurements of the ¢(nd — pX)/o(np — pX)-ratio
(Aco-project)
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e Strong deviation from the re-
sults of current PWA (even tak-
ing into account FSI).



Investigation of charge-exchange process dp — pp(lSo)n at
Nuclotron (STRELA-project)
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The main goal of the project is the study of charge-exchange np in-
teractions by measuring the dp — pp(!Sg)n reaction in collinear kine-
matics. A new setup was built to register two protons at emitted angles
less than 3 degree and relative momentum less than 100 MeV /c. As the
detected protons have a momentum close to half of incoming deuteron
momentum.



Measurement of n-mesons yield in polarized NIN collisions
(DELTA — 2-project)

Schematic View of DELTA Detector Positions
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Main Characteristics of the DELTA - Installation
1. Fiber-optics Multi-AE Spectrometer 2. Two-arms Ph-Glass Specirometer
1. Number of plates: 14 1. Number of modules: 2 arms * 150
2. Plates dimensions: 160 to 270 mm 2. Material: F§- type glass (45% PhO),
3. Plates thidkness: 20 to 40 mm light absorption <0.03%/cm
4. Structure: 2 polystyrene 3. Module dimensions:
scintillators ghied together plastic 22(front)x36(end)x4 mm (12r.L)
fiber optics wires 4. yEnergy resohution:
5. Light yield: N,;..= 21*AE(MeV)-10 o= 1.62%(E(MeV)1?
6. Uniformity of the light collection over 5. yCoordinate resolution:
the area: >95% ©,=0,=3 mm (at 600 meV)
7. Particle energy interval: 6. Energy interval:
wt i 30- 150 MeV ' 0.03-2GeV
K : 80-280 MeV n: 0.03-5GeV
p = 100-320 MeV 7. Effective accepted solid angle:
d : 200-600 MeV AQ < (8 - 12) mster (for /X/<0.3)
8. Energy resolution: < 5% (FWHM) 3. Energy resolution:
~(5-10) Mev (FWHNM)

e Due to strange content in the 7-
meson the spin correlation Cy,
in the np — nX reaction is ex-
pected to be sensitive to the po-
larized ss content of the nucleon.

e The detection of 7-mesons will
be done by 300-channel lead-
glass spectrometer via n — 77y
decay.



Measurement of the inclisive pCHo9 analyzing power at
high energies (ALPOM-project)
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The main goal of the project is to obtain the analyzing power for
pCH,; — pX reaction at large momenta for Gg,/Gnp e€xperiment at
JLAB. Also these data are necessary to develop the proton focal-plane
polarimetry at hadronic facilities.



New Polarized Deuteron Source for LHE

e New source will provide up to
10'° ppp and higher values of po-
larization than POLARIS.

e Part of the IUCF source can be
used for the construction.

e 250 k$ and 2 years are required
to put into operation new source.

e First operation is planned
in 2010 . (see talk of
V.D.Kekelidze at June-2007
PAC-meeting)



Polarized Proton Target Upgrade

e Main purpose of the PPT up-
grade is to provide the proton
polarization normal to the beam
direction.

e The upgrade of PPT is planned
I for 2007-2009 yy. The cost of up-
grade is 50 k$.

~ e Putting into operation is
planned together with new PIS.
(see talk of V.D.Kekelidze at
June-2007 PAC-meeting)




Strategy of polarization investigations at Nuclotron-M
Short-term: 2007-2009 yy.

e unpolarized: LNS-PHe3, STRELA, Ao, DELTA-2, TPD

e polarized based on the use of POLARIS:
(LNS-PHe3 at ITS, STRELA, ALPOM)

e Commision runs with New PIS and PPT:
(Ao, DELTA-2, LNS-PHe3, STRELA, ALPOM)

Goals: physics, polarimetry for NICA

During these years:

e New PIS installation and PPT upgrade

e Revision of the scientific polarization program and wide international
collaborations around PPT, ITS etc.

e International spin collaboration for NICA



Long term studies at Nuclotron-M

Long term (after 2009 y).
Experiments with NEW PIS and PPT at Nuclotron:

e Spin structure of NN and 3NN forces

(relativity and transition to non-nucleonic degrees of freedom)
e Polarization effects in meson production (spin crisis).

e Medium effects for polarization observables

(X-symmetry restoration)

e Development of polarization techniques
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Spin-NICA activity

e Spin content of nucleon.

e Nuclear and color transparency
in spin observables.

e Polarization effects in hyperon
production

e Single and double spin asymme-
tries in meson production

e Deuteron short-range spin struc-
ture (A,, measurements)

New facility is planned to work at /syny =4 = 9 GeV

Serious advantage is the polarized deuterons (neutrons).



Spin physics using at NICA with polarized deuterons
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® The perturbative regime in SSA for

meson production occurs already at
TN —22 GeV.

e Single and double spin asymme-
tries for charged mesons in po-
larized mneutron-proton collisions
can be measured using polarized
deuteron. Neutrons are produced
from deuteron breakup with the
proton spectator identification.

e The same motivation for Py, Ay
and Dny for A? and =~ production.

Unfortunately, MPD will detect only charged hadrons and will have

poor PID at large xp



Nucleon spin content at NICA with polarized deuterons

See A.V.Efremov et al.
Drell-Yan process: NN — e’e X and pd — e"e X

e Sivers effect in Drell-Yan process (having opposite sign to SIDIS)
can be studied in SSA

e Transversity Apr measurement: h;
e A;; measurement: Au — Ad

e Tensor structure of the deuteron in f)’a Drell-Yan process. Total
number of structure functions is 108 (S.Kumano et al.).

These studies are additional to U-70, J-PARC and FAIR

spin programs.



Other spin physics at NICA

e Deuteron short-range spin structure (L.Azhgirey et al.).
e Charmonium production (A.Vasiliev et al.).

e Nuclear and color transparency (S.Shimansky et al.).

Double wide apperture arms spectrometer (like DLS) at the second
interaction point at NICA is required!

This spectrometer has to detect and identify both leptons and hadrons.



Conclusions

@ The current spin program at Nuclotron-M brings new insight on
the spin effects in the region of non-perturbative QCD where the
transition from nucleon-meson degrees of freedom to the quark-gluon
ones OCcurs.

e The putting into operation new PIS and upgrade of the existing PPT
will significantly increase the potentialities of Nuclotron-M as a spin

facility in a GeV range. This development is also the key point for
NICA.

e The development of the setup with the possibility to detect both
hadrons and leptons at the second interaction point at NICA is nec-
essary to have rich spin physics.



