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Content of the talk

• Introdution
• Current status of the beam polarimetry Nulotron

• Coneption: absolute alibration, permanent monitoring et.

• Polarimetry at Nulotron-M and NICA
• Conlusions
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Spin-NICA ativity

• Spin ontent of nuleon from DY andharmonium.

• Spin struture of old dense matter.

• Both �xed target and ollider experi-ments.
• E�ient polarimetry.

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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New Polarized Deuteron Soure for LHEP

• New soure will provide up to

5 · 1010 ppp and higher values ofpolarization than POLARIS.

• Part of the IUCF soure an beused for the onstrution.

• 400 k$ is required to put intooperation new soure.

• First operation was planned in2010 y.

Figure of merit will be inreased by a fator ∼ 103
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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 setups5



Vetor polarization of the deuteron beam (2002)
• 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.6



Vetor and tensor polarizations measurements at 270 MeV(2005)

ADC deut ∆TDC

ADC prot deut%prot
hannel

Pol. Mode Mode2-6 3-5ITS T 0.619± 0.023 -0.532± 0.019ITS V 0.210± 0.013 0.193± 0.011LEP 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).7



Coneption for deuteron beam polarimetry at Nulotron-M

• Absolute alibration of the beam polarization.

• E�ient alibrated polarimeters. Polarization standard.

• Permanent monitoring of the beam polarization.

• Loal polarimetry.

σ = σ0(1 +
3

2
py · Ay +

1

2
pyy · Ayy)If the analyzing powers take known from the theory values one an obtain the beamvalues polarization avoiding systemati error due to unertainty of the analyzingpowers of the polarimeter -absolute alibration of the beam polarization

Ayy = −1

2

for 12C(d, α)10B∗[2+] reation (K.Suda et al.)8



Joint CNS-JINR experiment at Internal Target Station atNulotron (DSS-projet)

New Internal Target Station is very well suited for the measurementsof the dp- elasti sattering observables at large angles in the ms.Main deuteron beam polarimeter at Nulotron.9



Measurements of the deuteron beam polarization at ITSusing CNS detetion system
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Ay, Ayy and Axx in dp- elasti sattering at 880 MeV
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Long-term stability of beam polarization at 270 MeV

0 100 200 300

0

0.5

1
yy

p "2-6"

Time, hours
0 100 200 300

0

0.2

0.4

y
p "2-6" Time, hours

0 100 200 300

-1

-0.5

0
"3-5"yy

p

Time, hours
0 100 200 300

0

0.2

0.4

"3-5"y
p

12



Ay and Ayy in dp- elasti sattering at 2000 MeV
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The values of Ay and Ayy are large enough to use for the polarimetry.
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Permanent monitoring of the beam polarization

The asymmetry stability during several days of the beam time.The knowledge of the e�etive analyzing power give the possibilityto obtain the beam polarization values.14



High energy tensor polarimeter based on A(d,p)X

The e�etive analyzing power taken from di�erent experimentswas T20 = −0.84± 0.05. Small admixture of deuterons!But! serious problems with dead-time for analyzing power.15



dp- elasti sattering at 1600 MeV at extrated beam
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Feasibility of the dp- elasti sattering events seletion using informa-tion on the energy losses in the sintillators and timing information wasdemonstrated at Td=1600 MeV and θlab ∼ 8◦.
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CNI polarimeter based on the dC elasti sattering.
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• pC elasti sattering in CNI region is usedfor polarimetry at AGS and RHIC.

• The experiene to detet slow nulearfragments at ITS exists.

• Spin struture of dC elasti sattering isompliate: 5 omplex amplitudes.Energy dependene for analyzing powersis not lean.Serious theoretial analysis is required.
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In-�ight onlusions for deuteron polarimetry atNulotron-M

• The main polarimeters for deuterons must satisfy to the following requirements:a) to be able to measure both tensor and vetor polarizations due to mixed spinmodes of new PISb) to measure the diretion of the polarization vetor) analyzing powers must be obtained by the absolute method of the beam po-larization measurementsSuh a polarimeter exists at ITS
• In the nearest run with polarized deuterons--measurements of the beam polarization at 270 MeV at ITS.-alibration of ITS polarimeter at 270-2000 MeV.-simultaneous alibration of ITS, F3 and T20 polarimeters at 1600 MeV. Polar-ization standard for Nulotron-M.

• This proedure will provide the error of ∼ 3% at the energies of 270-2000 MeVand better than 5% at higher energies.
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In-�ight onlusions for deuteron polarimetry atNulotron-M

• Permanent monitoring of the beam polarization:-the use of 2 �attops of the Nulotron �eld: one of them for ITS polarimeter.-small sattering angle polarimeter at F3.- CNI polarimeter.
• Loal polarimetry:-main polarimeters are based on the sintillation ounters and an work in theounting mode.- DELTA setup - asymmetry in π0 prodution
• Low energy polarimeter for new soure should be hanged.Instead of 4He(d,d)4He and 3He(d,p)4He reations at 10 MeV the reations hav-ing both tensor and vetor analyzing powers should be used: d(d,p)t or d(p,p)d.In any ase silion detetors must be hanged for new ones.
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Beam polarization measurements at NICA

• Main question:Wheather we need an absolute polarimeter at NICA?(Polarized Jet Target = PIS in ost).
• pC CNI polarimeter at ITS at Nulotron should work (experiene ofAGS). If it is alibrated, one an reprodue the same inside olliderNICA.

• dC CNI polarimetry - no experiene.The main problem is the tensor polarization of the beam.
• Huge amount of theoretial work on the pp, dd, pC, dC elastisattering in CNI region is required.

Speial point for polarimetry inside ollider ring is required!
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Permanent nuleon beam polarization monitoring at NICAfrom ~N + ~N → π + X proess

• The perturbative regime in SSA formeson prodution ours already at

TN =22 GeV (√sNN ∼ 7 GeV).Large analyzing powers for inlusivepion prodution at NICA energies.

• For dd and dA ollisions neessaryto have spetator detetor.

• The detetion of π0's is preferable.(no momentum reonstrution).

• However, �gure of merit for π± ishigher!
• Serious problem is the possible ini-tial energy dependene.
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SSA in π prodution in ~d~d ollisions
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

-6

-4

-2

0

2

4

6



SCG1 sintillating glass from PINOT spetrometer(JINR-INR-Italy ollaboration)

30 bloks 15 × 15m2 (0.675 m2) of 14X0 thikTests at Nulotron beam have been performed in Marh 2010
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Conlusions

• The proposed oneption of the polarimetry will provide the prei-sion in the determination of the deuteron beam polarizations ∼ 3%in the energy range 270-2000 MeV and better than ∼ 5% over wholeenergy range of Nulotron-M.
• Strong feed-bak with aelerator team and theoretiians is requiredto hoose the sheme of the polarimetry for NICA.

• Speial interation point is required to provide measurement of thebeam polarization and permanent monitoring of the beam at NICA.

Collaboration:LHEP-JINR, DLNP-JINR, CNS, INR, MSU(?) RCNP, Italy
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