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Motivation

v Collisions of polarized beams are part of the NICA project

v Dubna has unique possibility to collide polarized proton
and deutron

v At the moment MPD@NICA is oriented to study heavy ion
collision and has no proposal to use polarized beams

v One of the possibilities — to study transverse asymmetry

of pion production




Reaction

pT +p(A) =+ X

Geometry
Left Right

Reaction plane

(ﬁSﬁb) =0 NRpp = [ﬁbﬁn]/l[ﬁbﬁn]l

R.Machleidt, K.Holinde, and Elster.Phys.Rep., 149, 1, (1987).



Description and variables

Edo/dp = Edo,/dp + (SN)E dog/dp

Edo/dp = doy(xp, p1,S) (1 + Ay(Xg, pr1, S)Pcose)

W .Haeberli. Ann. Rev. Nucl. Sci., 17, 373, (1967)

Ay - Single-Spin Asymmetry (analyzing power )

Feynman variable xg

Xp = pc,l/pc,max Pci; — momentum in c.m.

R.P.Feynman. Phys. Rev.Lett., 23, 1311, (1969).



Kinematic region

pT +p(A) =+ X

We are considering pion production in
the fragmentation region of a polarized
proton xg >0

The experiments indicates a large asymmetry
(Ay up to 40 %) in a wide range of collision energies




High energy data

(p Mp(200GeV) + A, = w+ X; A; = p;\/s = 19.4 GeV
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FNAL E704, Phys. Lett. B 264, 462 (1991)
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Low energy data

(p Mp(22 GeV) + A, = T+ X; A, = p; /5 = 6.6 GeV
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MPD pion acceptance (xs,pr) |
Barrel part |
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Variables; distributions

» measurements with three polarization values P,>0;P.<0;P,=0

» number of recorded pions per azimuthal angle interval
dN,/dg;dN_/de;dNy/de;

» corresponding luminosities Ly;L_;Lg

» normalized distributions along azimuthal angle n;(¢@) = (dN;/d¢)/L;

n;(¢) = 0¢(1 + PjAycose)

N
2T e
(n;) = f n;(@)de = 2 n;(@;) = 2moy;
0 =1
2T Ne
(n;cos@) = j n;(¢)cospde = 2 n;(@;)cos@; = oy ;ANP;
0 .
j=1
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P=-0.7,A ~0.4

Polar angle distribution
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Asymmetry and experimental data

3 P_(n,cosp)+ P, . (n_cosp)

AN = b P T )+ (ng) + ()

for simplicity

3 (n,.cos@) — (n_cosy)
NTP (o) + (ng) + (ny)
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Cross section

V.S.Barashenkov, N. V.Slavin, PEPAN, v.15, p.997, (1984)

xp=0.4 p+p=7T+X;\/§=6GeV
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Asymmetry for p T p - X at MPD
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Unique possibility to obtain asymmetry
of collision of polarized neutron
from collision of polarised deuteron

dT +p(A) =+ X

S Wave D Wave
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| Structure of the cross section |

Cross section

do(d + p » nX) = w,do(dg + p — nX) + wpdo(dp + p — nX)

do(dg T +p - X)) = ajdo(p T +p » nX) + do(n T +p — X)]

do(dp T +p » X)) = aldo(p | +p - nX) + do(n | +p - X)]

o ~ 0.85 — shading factor
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Reid DWF

Deuteron Wave Function (DWF)

o, =/ (p?) =0.09 GeV/c
p
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R.V.Reid. Ann.Phys. (N.Y.), 50, 411, (1968)



Thus, we can ignore D-wave in cross section

(wg > wp) — do(dp — nX) = ado(dgp — nX)

d0'+’d((P) = dGO,d(l + P,

+O£d0'0,p(1 + P m

+adog,(1+ P Ay(n)cose)

And we can obtain Ay(n) from Ay(d) and Ay(p)
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Asymmetry Ay(n) for nT4+p=m+X

oo(d/p) = [(n.(d/p)) + (ng(d/p)) + (n_(d/p))]

3:2m

3 P_(n,(p/d)cosg)+ P,(n_(p/d)cosgp)

An(p/d) = P,P. (n_(p/d))+ (no(p/d)) + (n,.(p/d))

oo(d)AN(d) — aoy(p)Ayx(P)

An(n) = oo(d) — aoy(p)
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Errors estimations

n; = (Ny)/(Ly)

No = N. = N_

2
AAy = %\/((SNO)Z + (SLO)Z)

AAN ~ AN6P
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Conclusion

The main idea of my proposal is to use unique
possibility of the beams of polarized deutrons and
proftons

The report shows that the study of transverse
asymmetry at MPD@NICA allows to obtain new
data like Ay(n).

Further studies can be connected with the central

region and spin correlation measurements.
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Asymmetry in the central region
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DUALITY — HOW IT IS LOOKS LIKE

| TN

Vg

i } .._ i

hom



Reaction plane
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Reaction

pT +p(A) =+ X
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Reaction

pT +p(A) =+ X
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Approximation from energy at the center of mass

A.N. Vasilievand V. V. Mochalov,
Physics of Atomic Nuclei, Vol. 67, p. 2169 (2004)
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Asymmetry in the central region
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Asymmetry and experimental data

3 " ((P-n+(<p) + P+n_(<p))cosq>) de

"R (@) + no(@) + n_(¢))de

for simplicity and clarity

N

. E fozn ((n+((P) a n—((P))COS(p) deo
P [™(n,(g) + no(¢) + n_(¢))dep
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