Transverse single asymmetries in 7’
production in p + p, p+Al and p+Au
collisions at mid-rapidity using the
PHENIX detector system
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Transverse Spin
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pr dependent distributions

Sivers Effect (Phys.Rev.D41,83): Collins Effect (Nucl.Phys.B396,161):
Introduce transverse momentum of Introduce transverse momentum of
parton relative to proton. fragmenting hadron relative to parton.
Sp
P
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Sq jT,n
Correlation between Proton spin (S,) and Correlation between Proton spin (S,) and
parton transverse momentum ki . quark spin (S,) + spin dep. frag. function
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Graphics from L. Nogach (2006 RHIC AGS Users Meeting)




Higher twist correlation functions

: A

“ QCD, collinear partons
“ Multiple parton scattering

Higher twist interaction contributions
expected to drop like 1/p;
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Asymmetry in mid-rapidity

P+p 15200 GeV The asymmetry of 7° and 1 in midrapidity:
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¥ reconstruction with PHENIX

20000 example plot: 3<p;<4 GeV/c Transverse asymmetry:
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Signal region

5000 (S+B) .
Signal/Background: .

| *» Estimated by mix-event z
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m,, [GeV/c?]

Background region on left and right
side of the peak

* Assuming the background A
under the ©t® mass has no mass
dependency

Extracting the signal asymmetry: * N,z =number of counts in 71° mass

window
AS = NS+B ASHB _ NB AB c N,= number of n° counts
NN A N N = Ng=number of background counts
& g in ° window




Ay In p+p
p+p— 7’ + X @ 200 GeV, hi<0.35
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* Factor of 3 increase precision in the statistical uncertainty with the previous
result, precision at low p; <3 x 10
* Higher p; reach
e A, is consistent with zero within uncertainties
* Mid-rapidity m° Ay has been used to constrain the Sivers gluon function:
* Anselmino et al, PRD 74, 094011 (2006)
 U. D’Alesio, F. Murgia, C. Pisano, JHEP 09, 119 (2015)




A, in p+Au and p+Al in midrapidi

p+Au— % + X @ 200 GeV, hl<0.35
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A\ versus A

p+A—n’+X, hi<0.35

0.01
i 3.4% polarization
_uncertainty not included
Q 0.005
> UUEE
(D) i
O] i
<t I
A *
— i
£ i
Z-0.005- —~~—
< - PH-:ENIX
. preliminary
0.0t
1 10 10°

Atomic Number [A]

Integrated A, for p; >4 GeV/c
* In pQCD region in mid-rapidity

* Combined result for p+p, p+Al
and p+Au

* The asymmetry is consistent
with zero (< 3 x 10-3)

e Potential to constrain
theoretical models using pA
collisions
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Forward and Mid-rapidity xt°

STAR Run 15 p-px. = 0.3. Vs=200 GeV STAR Run 15 p-Au_x; = 0.3. \s=200 GeV
Dependence of % Ay on the location of second Dependence of 7° A, on the location of second
forward EM particle in pp collisions at x; = 0.3. forward EM particle
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Summary

* The ni® Ay in mid-rapidity in p+p, p+Au and p+Al collisions at sqrt(s) =
200 GeV was measured by PHENIX:
All asymmetries are consistent with zero
Higher p; reach as previously measured p+p result
Factor of 3 higher precision in p+p, low-p; < 4 x 10
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precision at low-p; in p+A < 103

* nt¥ transverse asymmetry from p+p to p+A are comparable in mid-
(PHENIX) or forward-rapidity (STAR)

* The nt® production in p+p vs p+A (R,a) Will answer outstanding
guestion considering nuclear effects

* Theoretical input for the mid-rapidity t° asymmetries is needed
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Gluon Sivers function

U. D’Alesio, F. Murgia, C. Pisano, JHEP 09, 119 (2015)
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Gluon Sivers at COMPASS
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* Deuteron is zero within the uncertainties:
The central value is negative with similarly large error

* Proton is negative to 30 precision
Also comparable with the deuteron result within uncertainties




n® Ay in p+A collisions

I

P

—p+Au Kang, Yuan: PRD84, 034019

08~ // —p+Cu Kovchegov, Sievert: PRD86, 034028
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