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Content of the talk

• Introdution
• Review of the urrent status of spin physis at LHE

• Future plans for Nulotron-M
• Spin physis at NICA at √sNN = 4 ÷ 12 GeV/

• Conlusions
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Motivation to study spin e�ets in a GeV-range

The main goal of the polarization program at Nulotron is to investigatethe spin e�ets in the region of transition regime from nuleon-meson degrees offreedom to the fundamental one: quarks and gluons.

• Non-perturbative QCD region
• Importane of the e�etive degrees of freedom( ∆∆, NN∗, N∗N∗ on�gurations - hidden olor )
• Threshold e�ets in meson-prodution
• Relativisti e�ets

• Medium e�ets for the polarization observables(χ-symmetry restoration)
3



Synhrophasotron-Nulotron Aelerator Complex

• PIS on 360 kV terminal

• 10 MeV/A LINAC

• Tensor and vetor LEPs

• Nulotron Ring: 6 GeV/A
• ITS polarimeter
• Extration beam line
• HE polarimeters
• Experimental setups4



Relativisti e�ets

• The prinipal feature of the relativisti quantum mehanis is the impossibilityto separate the relative motion of the onstituents and motion of the ompositesystem as a whole. This leads to the dependene of the relativisti wavefuntion not only on the relative momenta of the nuleons ~q inside theomposite system, but also on the total momentum ~p of this system

Ψ = Ψ(~q, ~p)

• Therefore, relativisti wave funtion is the funtion of the relative momentum

~q in eah new referene system.
• However, it is enough to know wave funtion in the in�nite momentum frame,

~p → inf, where the struture of the wave funtion simpli�es. Namely, thedependene on |~p| disappears, only the dependene on the diretion of thevetor ~n = ~p/|~p|
Ψ = Ψ(~q, ~n)5



Deuteron wave funtion on the light oneRelativisti deuteron wave funtion on light one (V.A.Karmanov, J.Carbonell etal.) is de�ned by 6 invariant funtions f1, ..., f6 (instead of 2 in the non-relativisti ase), eahof them depends on 2 salar variables k and z = cos(k̂n):
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(x ≈ xF ),where Ed and pd are the energy and momentum of the initial deuteron, respetively, ppl isthe longitudinal momentum of the proton, mp and Ep are the mass and energy of the proton,respetively. 6



Short internuleoni distanes

• When the distanes between the nuleons are omparable with the size of thenuleon, the nuleon-nuleon interation is non-loal.

• Fundamental degrees of freedom in the frame of QCD are the quarks andgluons. These degrees begin to play a role at the internuleoni distanesomparable with the size of the nuleon.(∆∆, N ∗N , N ∗N ∗, 6q omponents in the deuteron)

• At high energies s and large transverse momenta pT the onstituent ountingrules (CCR) are working. For the binary reations:
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 reation dp → pd

nA + nB + nC + nD − 2 = 16

• For the reation dd →3 Hen

nA + nB + nC + nD − 2 = 22

• The regime orresponding to CCRours already at Td ∼500 MeV.
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Three nuleon fores manifestation

• During last several years a new generation of NN potentials are built (Ni-jmegen, CD-Bonn, AV-18 et.). These potentials reprodued the NN satter-ing data up to 350 MeV with very good auray.

• But these potentials annot reprodue triton binding energy (underbinding is0.8 MeV for CD-Bonn), deuteron-proton sattering and breakup data.

• Inorporation of the 3 nuleon fores (3NF), when interation depends on thequantum numbers of the all three nuleons, allows to reprodue triton bindingenergy and unpolarized deuteron-proton sattering and breakup data.

• However, the 3NF annot reprodue polarization data intensively aumulatedduring last deade.

Energy dependene of 3NF spin struture via dp elastisattering measurements
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Tensor analyzing power Ayy for the reation A(d,p)Xversus pT

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

• The value of Ayy is positive at small

pT and hanges the sign at pT∼600�650 MeV/c.
• The deviation of the data on the al-ulations with the use both standardand ovariant DWFs is observed.
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NP versus PP data

Red - are the PP dataBlue - are the NP data (pratially absent at Tn ≥ 1.1 GeV)The unique neutron hannel with the energies 0.55-3.7 GeV equippedby the polarized proton, liquid and nulear targets. Neutrons are ob-tained from deuteron breakup (∆p/p ∼3%).
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Results on ∆σL in np elasti forward sattering

• The measurements of the np and ppelasti sattering allow to extrat theamplitudes with I = 0

• The signi�ant variation of ∆σL(I =
0) versus energy:

• Struture at Tn ∼0.5�1.0 GeV

• Struture at Tn ∼1.7 GeV ???
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Vetor polarization of the deuteron beam at Nulotron

• Vetor polarimeter is based on the left-right asymmetry measure-ment in quasi-elasti pp sattering (5% of systematis ).
• Measurements of the deuteron beam vetor polarization have beenperformed at 3.5 and 5.0 GeV/c.

• There is no depolarization at Nulotron.13



Vetor and tensor polarizations measurements at 270 MeV

ADC deut ∆TDC

ADC prot deut%prot
hannel

Pol. Mode Mode2-6 3-5ITS T 0.557± 0.026 -0.555± 0.022ITS V 0.215± 0.012 0.221± 0.015LEP T 0.69±0.13 -0.67± 0.16

• Polarimeter is based on the asymmetry measurement in dp elastisattering. (2% of systematis).
• Measurements of the deuteron beam vetor and tensor polarizationhave been performed at 270 MeV (RIKEN data).
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Joint CNS-JINR experiment at Internal Target Station atNulotron (LNS-PHe3-projets)

New Internal Target Station is very well suited for the measurementsof the dp- elasti sattering observables at large angles in the ms.

15



Ay and Ayy in dp- elasti sattering at 880 MeV
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• Solid lines are the multiple sattering model alulations using CD-Bonn DWF(N.B.Ladygina, arXiv:0705.3149v1 [nul-th℄);
• Dashed lines are the Faddeev alulations using CD-Bonn potential(H.Witala, private ommuniation);
• Dott-dashed lines are the optial-potential alulations using DibaryonDWF (M.Shikhalev, to be submitted in Yad.Fiz.)16



Cross setion in dp- elasti sattering at 880 MeV
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=880 MeVdT • The results of the multiple satteringmodel are in agreement with the rosssetion data in the range 30 − 130◦.

• Faddeev alulations (without usual3NF) fails to reprodue the data atthe angles larger than 90◦

• Double sattering dominates over sin-gle sattering at the angles largerthan 70◦

• The deviation of the data on the al-ulations at bakward angles are re-lated with the s−type of FM 3NF.
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Energy dependene of Ayy in dp- elasti sattering

• The strong variation of Ayy obtainedat 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 sign at

pT∼600�650 MeV/c as in the ase ofdeuteron breakup reation.

• Negative asymptoti of Ayy at large

pT?
18



New Polarized Deuteron Soure for LHE
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• New soure will provide up to 1010ppp and higher values of polarizationthan POLARIS.

• Part of the IUCF soure an be usedfor the onstrution.

• 350 k$ and 2 years are required toput into operation new soure.

• First operation is planned in 2010 y.(see talk of V.D.Kekelidze atJune-2007 JINR PAC-meeting)

Figure of merit inreasing by a fator ∼ 103
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Polarization studies at Nulotron (Fixed Target)Experiments with NEW PIS and upgraded PPT at Nulotron:

• Spin struture of NN and 3N fores(relativity and transition to non-nuleoni degrees of freedom)

• Polarization e�ets in meson prodution (spin risis).

• Medium e�ets for polarization observables(χ-symmetry restoration)
• Development of polarization tehniques(beam and foal plane polarimetry)

In 2008-2009 experiments with POLARIS and unpolarized beams
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Tensor polarizability of the deuteron passing through thematter (TPD-projet)

• The strong variation of tensor asym-metry versus the target length is ob-served for unpolarized deuterons withthe momentum 5.5 GeV.

• The e�et of the deuteron spin rota-tion and osillations in the matter ispredited by V.Baryshevsky. An-other explanation of suh e�et is theGlauber multiple sattering.

• The experiment is planned for ontin-uation in 2008.
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Measurement of the inlisive ~pCH2 analyzing power athigh energies for JLAB-12

The main goal of the projet is to obtain the analyzing power for

pCH2 → pX reation at large momenta for GEp/GMp experiment atJLAB-12. Also these data are neessary to develop the proton foal-plane polarimetry at hadroni failities.
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Spin-NICA ativity

• Spin ontent of nuleon.

• Nulear and olor transpareny inspin observables.

• Polarization e�ets in hyperon pro-dution

• Single and double spin asymmetriesin meson prodution

• Deuteron short-range spin struture(Ayy measurements)

New faility is planned to work at √
sNN = 4 ÷ 12 GeV for deuteronsand up to √

sNN = 27 GeV for protons.Serious advantage is the availability of polarized deuterons (neutrons).
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Spin physis at NICA from ~d~d ollisions

• The perturbative regime in SSA formeson prodution ours already at

TN =22 GeV (√sNN ∼ 7 GeV).

• Single and double spin asymme-tries for harged mesons in po-larized neutron-proton ollisionsan be measured using polarizeddeuteron. Neutrons are produedfrom deuteron breakup with theproton spetator identi�ation.

• The same motivation for PN, ANand DNN for Λ0 and Ξ− prodution.MPD an be used for V0 partiles detetion.
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SSA in π prodution in ~d~d ollisions
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At √sNN ≥ 7 GeV di�erent SSA sign is expeted for the neutron andproton spetators.
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Other physis at NICA with polarized deuterons

• ANN puzzle in NN elasti sattering.

• Deuteron and 3He(3H) spin struture from ~dd → pX and

~dd →3 Hen(3Hp) reations (L.Azhgirey, V.Ladygin et al.).

• Nulear& olor transpareny in ~dA ollisions.Short range 2N and 3N orrelations in nulei.

• Sivers e�et in Drell-Yan proess (having opposite sign to SIDIS)an be studied in SSA (A.Efremov et al.)
• Transversity ATT measurement: h1 in DY-proess.
• Tensor struture of the deuteron in ~p~d DY-proess. Total numberof struture funtions is 108 (S.Kumano et al.).

These studies an be omplimentary to U-70, J-PARC and FAIRspin programs. 26



Color and nulear transpareny

• ANN puzzle in pp elastisattering in some models arelosely related with the problemolor and nulear transpareny(S.Brodsky et al.).

• At NICA one an measure ANNfor the both pp and np hannels.

• Additional measurements of

DNN at 90◦ will allow to sepa-rate 2 spin-singlet amplitudes.This an be done at NICA.

The data from Nulotron are neessary to develop foal planepolarimetry for NICA. 27



The 1H(d,p)X reation ross setion at 40 GeV/c

• The deuteron internal struture an be probed up to pT∼ 2�3 GeV/c.

• x and pT dependenes given by two models are very di�erent.

• Hidden olor in deuteron: N(d,pπ)X vs N(d,p)X.
• NICA will provide the opportunity to measure Ayy and Ky

y.28



Conlusions

• The urrent spin program at Nulotron brings new insight on thespin e�ets in the region of non-perturbative QCD where the transi-tion from nuleon-meson degrees of freedom to the quark-gluon onesours.
• The putting into operation new PIS and upgrade of the existingPPT will signi�antly inrease the potentialities of Nulotron as aspin faility in a GeV range. This development is also the key pointfor NICA.

• First stage of spin studies at NICA an be done using ~d~d ollisionsat √sNN = 4 ÷ 12 GeV.
Thank you for attention
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