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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 deuteron

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

(Bspp) = 0 Ny = [PoPrl/|[PbPxll

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



Description and variables

Edo/dp = Eday/dp + (SN)Edag/dp

Edo/dp = doy(Xg, p1,5) (1 + Ay(Xp, p1,S)Pcose)

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

Ay - Single-Spin Asymmetry (analyzing power A,)

Feynman variable xg

Xp = Pet/Pemax P.; — momentum in c.m.

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



Kinematic region

pT +p(A) =+ X

pion is detected 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 1Dp(200 GeV) + 4, = T+ X; A, = p;/s = 19.4 GeV
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Low energy data

(p Dp(22GeV)+ A, =+ X; A, = p;\/s = 6.6 GeV

60 E925 Collaboration (AGS BNL)
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Variables; distributions

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

> number of recorded pions per polar angle interval dN,./d¢ ; dN_/de; dN,/de;
» corresponding luminosities Ly;L_; Ly

> normalized distributions along the polar angle n;(¢@) = (dN;/de)/L;

n;(@) = oo(1 + P;Aycosg)

N
2T h 4
(n;) = j n;(@)de = z n;( ;) = 2moy;
0 =
2T Ne
(n;cos@) = J n;(¢)cos@de = z n;(@;)cos@; = oy ;ANP;
0 .
j=1
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Asymmetry and experimental data

3 P_(n,cos@)+ P . (n_cose)

A= P ()t (ng) + (mn)

for simplicity

— 3(n,cosp)— (n_cosp)
NT P (nl)+(ng) +(ny)
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Errors estimations

n; = (N;)/(L;)

No = N. = N_

AAy ~ g \/ ((8Ng)? + (8Lg)?)

AAN ~ AN6P
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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 » X) + wpdo(dp + p - X)

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

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

o ~ 0.85 — shading factor
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Reid DWF

Deuteron Wave Function (DWF)
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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 —» X)) = ado(dgp — TX)

+adog,(1+ PLAy(n)cosg)

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

1
321

co(d/p) = [(n,(d/p)) + (ne(d/p)) + (n_(d/p))]

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

An(p/d) = P.P. (n_(p/d))+ (nyg(p/d)) + {n,(p/d))

oo(d)Ay(d) — aoy(p)Ay(p)
oo(d) — aoy(p)

An(n) =
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Conclusion I

The report shows that the study of transverse
asymmetry at MPD@NICA allows to obtain new

data like Ay for nT +p(A) = m + X.
But you need to know the absolute luminosity.

Further studies can be connected with the central

region and spin correlation measurements.
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Fixed target - luminosity

pe(g - cm™3)](cm)
A¢

L(cm™2s 1) = Ny - Na

f(s™H)

Npm —the number of particles in the burst

N, = 6 - 10?3 — Avogadro number
pt —the density of the target

l; —target length along the beam

f — repetition rate

estimations

v' carbon target

{Npyy=101%1, =10cm,f=0.1s5"1} > L ~ 1033cm?s7!
v beryllium target

{Npm= 101%1, =10cm,f=0.15"1} > L =~ 1033cm?s7!
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Possible set up

4B channel (building#205)

collimator

F, Fi
Cy, G,
HT,HOXY, HOUV
M;
L
IC
T

the scintillation counters

the threshold Cherenkov counters
the scintillation hodoscope
the bending magnets
a doublet of quadrupole lenses
ionization chamber 22
target



Acceptance
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Time-of-Flight spectrum

Run K90Be251, K—trigger SF6xCgel*anti.Cgas

10°L 2.5 Ge\//C

Protons

Events

102

Kaons

Pions

I L

20 40 60 1 OO 120 1 4O
100ps/channel

protons are suppressed by using aerogel Cherenkov counter
(n=1.035) and pions are suppressed by gas Cherenkov counter
(anticoincidences, CO,,P = 12 at.)
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Deuteron

N_|_1 +N0 + N—l —
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Deuteron fragmentation into cumulatve pions

DT +p(A) =n(0) + X

3 1
do = dO'O (1 + EAypy + EAyypyy)

Ayy

1
V2

Tz0 = —




Deuteron fragmentation into cumulatve particle
Polarization observables

ﬁ+p=n‘(00)+x

Invariant Spectrum jl
D+p->n(0)+X; P,=9 ( W
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In Impulse Approximation do depends
strongly on pyy= do(NN - ¢)

Tensor Apalysi gf" ower Ty,
o+ p }1‘[|’} + X P, —f‘rl‘-‘( Ve

In Impulse Approximation T,o depends
weakly (AT,y < 0.2) on pyy= do(NN - ¢)

AYu.lllarionov, A.G.Litvinenko, and G.l.Lykasov. Eur.Phys.J., A 18,313, (2003).
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production of m under a zero angle
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production of m under a zero angle
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Conclusion ITI

The study of tensor analyzing power with the beam
intensity 10'°would allow us:

1. to obtain more accurate data (in factor 3)

2. to reach to the region of higher internal momentum
Pine Up to 0.75 GeV/c (lyy = 0.3 fm)

3. to include into study new particles (positive and

negative kaons)
—
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Backup slides



Asymmetry in the central region
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protons are suppressed by 100 times
using aerogel Cherenkov counter
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Reaction plane

1—l)R.p o [ﬁbﬁn]/l[ﬁbﬁn]l
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Reaction

pT +p(A) =+ X
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Reaction
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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 Jy ((P-n.(@) +P,n_(¢))cosp) de

"R PN, () + no(@) + n_())dep

for simplicity and clarity

N

3 fozn ((n+ (@) —n_ (‘P))COS(p) de
- f02ﬂ(n+ () + ng(@) + n_ ((p))d(p
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MPD pion acceptance (xs,p1) |
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P=-0.7,A ~0.4

Polar angle distribution
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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)

a0l AN a0 AN
= 0,E., < Eq(= 1.6 GeV); ‘

AN = | K(Eo — Eo(~ 1.6 GeV))

(O

NICA energy (http://nica.jinr.ru):
% Collider mode (ions A>1) ,/Syy < 11 GeV €= Fix.targ. E, < 5.5 GeV/N
< Collider mode (protons) ./Syn < 22 GeV ¢mm) Fix.targ. E;, < 11 GeV

Fix.targ

Ep <5.5 GeV/N é=) /Sy <3.5GeV ) Ecmn < 1.25GeV; Ay =0 u

Ep <11GeV ¢mm) /S\y<4.7GeV mmd) Ecpn<2.0GeV; Ay <0.13


http://nica.jinr.ru/

Conclusion ITI

There is no obvious reason why the study of
transverse asymmetry in the fixed target
experiment is interesting both for a beam of
transversely polarized protons and deuterons.
(proton beam Ay =4, < 0.13,

deuteron beam Ay = 4, =

45




Cross section

V.S.Barashenkov, N. V.Slavin, PEPAN, v.15, p.997, (1984)
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Deuteron fragmentation into cumulatve particle
Polarization observables
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P.A.Rukoyatkin, V.V.Fimushkin

«Monitoring of the Tensor Polarization of High Energy
Deuteron Beams»
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