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Content of the talk

• Introdu
tion
• Review of the 
urrent status of spin physi
s at LHE

• Future plans for Nu
lotron-M
• Spin physi
s at NICA
• Con
lusions

The results obtained in di�erent experiments are given in the talks of

L.S.Azhgirey, V.I.Sharov, N.M.Piskunov, L.N.Strunov, A.A.Morozov,A.K.Kurilkin, P.K.Kurilkin, M.A.Shikhalev, A.S.Kiselev et al.
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Motivation to study spin e�e
ts in a GeV-range

The main goal of the polarization program at Nu
lotron is to inves-tigate the spin e�e
ts in the region of transition regime from nu
leon-meson degrees of freedom to the fundamental one: quarks and gluons.

• Non-perturbative QCD region
• Importan
e of the e�e
tive degrees of freedom( ∆∆, NN∗, N∗N∗ 
on�gurations - hidden 
olor )
• Threshold e�e
ts in meson-produ
tion
• Relativisti
 e�e
ts

• Medium e�e
ts for the polarization observables(χ-symmetry restoration)
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Syn
hrophasotron-Nu
lotron A

elerator Complex

• PIS on 360 kV terminal

• 10 MeV/A LINAC

• Tensor and ve
tor LEPs

• Nu
lotron Ring: 6 GeV/A
• ITS polarimeter
• Extra
tion beam line
• HE polarimeters
• Experimental setups4



Deuteron stru
ture

• Su
h stati
 properties as a binding energy ǫ, quadrupole, Qd, andmagneti
, µd, momenta, radius rd are very well measured and are re-produ
ed by the nonrelativisti
 
al
ulations using standard nu
leon-nu
leon potentials based on one-bosons ex
hange.(Moreover, µd is very sensitive to the relativisti
 
orre
tions.)

• Nonrelativisti
 deuteron wave fun
tion, obtained by the solvingof the S
hredinger equation, depends on the relative nu
leonmomentum ~q only:
Ψ = Ψ(~q)

• As the deuteron and its nu
leons energies in
rease, the relativisti
e�e
ts play more important role at short internu
leoni
 distan
es, aswell as in the dynami
s of the intera
tion.
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Relativisti
 e�e
ts

• The prin
ipal feature of the relativisti
 quantum me
hani
s is theimpossibility to separate the relative motion of the 
onstituentsand motion of the 
omposite system as a whole. This leads to thedependen
e of the relativisti
 wave fun
tion not only on the relativemomenta of the nu
leons ~q inside the 
omposite system, but also onthe total momentum ~p of this system
Ψ = Ψ(~q, ~p)

• Therefore, relativisti
 wave fun
tion is the fun
tion of the relativemomentum ~q in ea
h new referen
e system.
• However, it is enough to know wave fun
tion in the in�nite momen-tum frame, ~p → inf, where the stru
ture of the wave fun
tion simpli-�es. Namely, the dependen
e on |~p| disappears, only the dependen
eon the dire
tion of the ve
tor ~n = ~p/|~p|

Ψ = Ψ(~q, ~n)6



Deuteron wave fun
tion on the light 
oneRelativisti
 deuteron wave fun
tion on light 
one (V.A.Karmanov,J.Carbonell et al.) is de�ned by 6 invariant fun
tions f1, ..., f6 (instead of2 in the non-relativisti
 
ase), ea
h of them depends on 2 s
alar variables k and

z = cos(k̂n):
ψ(k, n) =
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2
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]
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,

x =
Ep + ppl
Ed + pd

(x ≈ xF ),where Ed and pd are the energy and momentum of the initial deuteron, respe
tively,

ppl is the longitudinal momentum of the proton, mp and Ep are the mass and energyof the proton, respe
tively. 7



Short internu
leoni
 distan
es

• When the distan
es between the nu
leons are 
omparable with thesize of the nu
leon, the nu
leon-nu
leon intera
tion is non-lo
al.

• Fundamental degrees of freedom in the frame of QCD are the quarksand gluons. These degrees begin to play a role at the internu
leoni
distan
es 
omparable with the size of the nu
leon.(∆∆, N ∗N , N ∗N ∗, 6q 
omponents in the deuteron)

• At high energies s and large transverse momenta pT the 
onstituent
ounting rules (CCR) are working. For the binary rea
tions:

dσ

dt
(AB → CD) ∼ F (t/s)

snpart−2

npart = nA + nB + nC + nD(Matveev, Muradian, Tavkhelidzhe, Brodsky, Farrar et al.)
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Quark degrees of freedom
Yu.N.Uzikov

• For the rea
tion dp → pd

nA + nB + nC + nD − 2 = 16

• For the rea
tion dd →3 Hen

nA + nB + nC + nD − 2 = 22

• The regime 
orrespondingto CCR o

urs already at

Td ∼500 MeV.
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Three nu
leon for
es manifestation

• During last several years a new generation of NN potentials are built(Nijmegen, CD-Bonn, AV-18 et
.). These potentials reprodu
ed theNN s
attering data up to 350 MeV with very good a

ura
y.

• But these potentials 
annot reprodu
e triton binding energy (under-binding is 0.8 MeV for CD-Bonn), deuteron-proton s
attering andbreakup data.
• In
orporation of the 3 nu
leon for
es (3NF), when intera
tion de-pends on the quantum numbers of the all three nu
leons, allows toreprodu
e triton binding energy and unpolarized deuteron-protons
attering and breakup data.
• However, the 3NF 
annot reprodu
e polarization data intensivelya

umulated during last de
ade.

Energy dependen
e of 3NF spin stru
ture via dp elasti
s
attering measurements10



Experiments on the deuteron breakup at large transverseproton momenta at the SPHERE-setup

• Deuteron beam intensity:

I~d ∼ 5 × 108 ÷ 2 × 109/spill

• Targets: H2 � 30 
m; 9Be � 16and 20 
m; 12C � 7 and 16 
m.

• Parti
le identi�
ation: TOF onthe baseline 28 or 34 m.

• Beam polarization:

|pzz| ∼ 0.7 − 0.8 and

|pz| ∼ 0.15 − 0.25Tensor: dA → pX at Pp = 2/3 · PdVe
tor: pp- quasielasti
 s
attering at

CH2
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Ayy for the rea
tion A(d,p)X versus pT

V.P.Ladygin et al., Phys.Lett. B629 (2005) 60

• The strong variation of Ayy ob-tained at the �xed values of x ∼0.62, 0.67, 0.72, 0.78 versus pT.

• The value of Ayy is positive atsmall pT and 
hanges the sign at

pT∼600�650 MeV/c.

• The deviation of the data on the
al
ulations with the use bothstandard and 
ovariant DWFs isobserved.
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NP versus PP data

Red - are the PP dataBlue - are the NP data (pra
ti
ally absent at Tn ≥ 1.1 GeV)
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LHE neutron 
hannel

-The unique neutron 
hannel with the energies 0.55-3.7 GeV equippedby the polarized proton, liquid and nu
lear targets.-Neutrons are obtained from deuteron breakup (∆p/p ∼3%).
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Results on ∆σL in np elasti
 forward s
attering

• The measurements of the np and

pp elasti
 s
attering allow to ex-tra
t the amplitudes with I = 0

• The signi�
ant variation of

∆σL(I = 0) versus energy:

• Stru
ture at Tn ∼0.5�1.0 GeV

• Stru
ture at Tn ∼1.7 GeV ???
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Results on T20 in p(~d,p)X rea
tions

• The T20 behavior for the rea
-tions dp → pd and dp → pX
annot be reprodu
ed by thestandard DWFs.

• Asymptoti
 value of T20 ∼ −0.4at large internal momenta is inagreement with QCD-motivatedmodel predi
tion.(A.P.Kobushkin)
• Relativisti
 e�e
ts, nonnu
le-oni
 degrees of freedom, three-nu
leon for
es manifestation de-pends on the initial energy.
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Current LHE SPIN-program

• Spin stru
ture of few-nu
leon systemsLNS, PHe3-CUPID, TPD
• Spin stru
ture of nu
leon-nu
leon intera
tion

∆σ, STRELA, SMS-MSU
• Spin e�e
ts in meson produ
tionDELTA-2

• Development of the polarization te
hniquesPPT, ALPOM
Postponed experimentsPIKASO, Ayy, KAPPA, BES, PP-SINGLET, DP-Φ
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Joint CNS-JINR experiment at Internal Target Station atNu
lotron (LNS-PHe3-proje
ts)

New Internal Target Station is very well suited for the measurementsof the dp- elasti
 s
attering observables at large angles in the 
ms.
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Ay and Ayy in dp- elasti
 s
attering at 880 MeV
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• Solid lines are the multiple s
attering model 
al
ulations using CD-Bonn DWF(N.B.Ladygina, arXiv:0705.3149v1 [nu
l-th℄);
• Dashed lines are the Faddeev 
al
ulations using CD-Bonn DWF(H.Witala, private 
ommuni
ation);
• Dott-dashed lines are the opti
al-potential 
al
ulations using DibaryonDWF (M.Shikhalev, to be submitted in Yad.Fiz.)19



Cross se
tion in dp- elasti
 s
attering at 880 MeV

0 20 40 60 80 100 120 140 160 180
-310

-210

-110

1

10

=880 MeVdT • The results of the multiple s
at-tering model are in agreementwith the 
ross se
tion data in therange 30 − 130◦.

• Faddeev 
al
ulations (withoutusual 3NF) fails to reprodu
e thedata at the angles larger than

90◦

• Double s
attering dominatesover single s
attering at theangles larger than 70◦

• The deviation of the data on the
al
ulations at ba
kward anglesare related with the s − type ofFM 3NF.
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Energy dependen
e of Ayy in dp- elasti
 s
attering

• The strong variation of Ayy ob-tained at the �xed values of the
ms angles 60◦, 70◦, 80◦ and 90◦versus pT.

• The values of Ayy are positive atsmall pT and 
hanges the signat pT∼600�650 MeV/c as in the
ase of deuteron breakup rea
-tion.
• Negative asymptoti
 of Ayy atlarge pT?
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Tensor polarizability of the deuteron passing through thematter (TPD-proje
t)

• The strong variation of ten-sor asymmetry versus the targetlength is observed for unpolar-ized deuterons with the momen-tum 5.5 GeV.

• The e�e
t of the deuteronspin rotation and os
illationsin the matter is predi
ted byV.Baryshevsky. Another ex-planation of su
h e�e
t is theGlauber multiple s
attering.

• The experiment is planned for
ontinuation in 2007-2008.
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Measurements of the σ(nd → pX)/σ(np → pX)-ratio(∆σ-proje
t)

• The ratio Rdp is expe
ted to besensitive to the ratio of spin-dependent to spin-independentparts of np-ba
kward elasti
s
attering amplitude.

• Additional observable to ∆σL,

∆σT, Aookk and Aoonn.

• Large values of Rdp at high en-ergies re�e
t the signi�
an
e ofspin-dependent part of np- am-plitude.
• Strong deviation from the re-sults of 
urrent PWA (even tak-ing into a

ount FSI).
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Investigation of 
harge-ex
hange pro
ess dp → pp(1S0)n atNu
lotron (STRELA-proje
t)

The main goal of the proje
t is the study of 
harge-ex
hange np in-tera
tions by measuring the dp → pp(1S0)n rea
tion in 
ollinear kine-mati
s. A new setup was built to register two protons at emitted anglesless than 3 degree and relative momentum less than 100 MeV/
. As thedete
ted protons have a momentum 
lose to half of in
oming deuteronmomentum.
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Measurement of η-mesons yield in polarized NN 
ollisions(DELTA− 2-proje
t)

• Due to strange 
ontent in the η-meson the spin 
orrelation Cyyin the ~n~p → ηX rea
tion is ex-pe
ted to be sensitive to the po-larized ss̄ 
ontent of the nu
leon.

• The dete
tion of η-mesons willbe done by 300-
hannel lead-glass spe
trometer via η → γγde
ay.
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Measurement of the in
lisive ~pCH2 analyzing power athigh energies (ALPOM-proje
t)

The main goal of the proje
t is to obtain the analyzing power for

pCH2 → pX rea
tion at large momenta for GEp/GMp experiment atJLAB. Also these data are ne
essary to develop the proton fo
al-planepolarimetry at hadroni
 fa
ilities.
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New Polarized Deuteron Sour
e for LHE
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• New sour
e will provide up to

1010 ppp and higher values of po-larization than POLARIS.

• Part of the IUCF sour
e 
an beused for the 
onstru
tion.

• 250 k$ and 2 years are requiredto put into operation new sour
e.

• First operation is plannedin 2010 y. (see talk ofV.D.Kekelidze at June-2007PAC-meeting)

27



Polarized Proton Target Upgrade

• Main purpose of the PPT up-grade is to provide the protonpolarization normal to the beamdire
tion.

• The upgrade of PPT is plannedfor 2007-2009 yy. The 
ost of up-grade is 50 k$.

• Putting into operation isplanned together with new PIS.(see talk of V.D.Kekelidze atJune-2007 PAC-meeting)
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Strategy of polarization investigations at Nu
lotron-MShort-term: 2007-2009 yy.
• unpolarized: LNS-PHe3, STRELA, ∆σ, DELTA-2, TPD

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

• Commision runs with New PIS and PPT:(∆σ, DELTA-2, LNS-PHe3, STRELA, ALPOM)Goals: physi
s, polarimetry for NICADuring these years:

• New PIS installation and PPT upgrade
• Revision of the s
ienti�
 polarization program and wide international
ollaborations around PPT, ITS et
.
• International spin 
ollaboration for NICA29



Long term studies at Nu
lotron-MLong term (after 2009 y).Experiments with NEW PIS and PPT at Nu
lotron:

• Spin stru
ture of NN and 3N for
es(relativity and transition to non-nu
leoni
 degrees of freedom)

• Polarization e�e
ts in meson produ
tion (spin 
risis).

• Medium e�e
ts for polarization observables(χ-symmetry restoration)
• Development of polarization te
hniques
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Spin-NICA a
tivity

• Spin 
ontent of nu
leon.

• Nu
lear and 
olor transparen
yin spin observables.

• Polarization e�e
ts in hyperonprodu
tion

• Single and double spin asymme-tries in meson produ
tion

• Deuteron short-range spin stru
-ture (Ayy measurements)

New fa
ility is planned to work at √
sNN = 4 ÷ 9 GeVSerious advantage is the polarized deuterons (neutrons).
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Spin physi
s using at NICA with polarized deuterons

• The perturbative regime in SSA formeson produ
tion o

urs already at

TN =22 GeV.

• Single and double spin asymme-tries for 
harged mesons in po-larized neutron-proton 
ollisions
an be measured using polarizeddeuteron. Neutrons are produ
edfrom deuteron breakup with theproton spe
tator identi�
ation.

• The same motivation for PN, ANand DNN for Λ0 and Ξ− produ
tion.

Unfortunately, MPD will dete
t only 
harged hadrons and will havepoor PID at large xF 32



Nu
leon spin 
ontent at NICA with polarized deuteronsSee A.V.Efremov et al.Drell-Yan pro
ess: NN → e+e−X and pd → e+e−X

• Sivers e�e
t in Drell-Yan pro
ess (having opposite sign to SIDIS)
an be studied in SSA
• Transversity ATT measurement: h1

• ALL measurement: ∆ū − ∆d̄

• Tensor stru
ture of the deuteron in ~p~d Drell-Yan pro
ess. Totalnumber of stru
ture fun
tions is 108 (S.Kumano et al.).

These studies are additional to U-70, J-PARC and FAIRspin programs.
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Other spin physi
s at NICA

• Deuteron short-range spin stru
ture (L.Azhgirey et al.).

• Charmonium produ
tion (A.Vasiliev et al.).

• Nu
lear and 
olor transparen
y (S.Shimansky et al.).

Double wide apperture arms spe
trometer (like DLS) at the se
ondintera
tion point at NICA is required!This spe
trometer has to dete
t and identify both leptons and hadrons.
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Con
lusions

• The 
urrent spin program at Nu
lotron-M brings new insight onthe spin e�e
ts in the region of non-perturbative QCD where thetransition from nu
leon-meson degrees of freedom to the quark-gluonones o

urs.
• The putting into operation new PIS and upgrade of the existing PPTwill signi�
antly in
rease the potentialities of Nu
lotron-M as a spinfa
ility in a GeV range. This development is also the key point forNICA.

• The development of the setup with the possibility to dete
t bothhadrons and leptons at the se
ond intera
tion point at NICA is ne
-essary to have ri
h spin physi
s.
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