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Motivation
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4 Nucleon Spin Structure ( from DIS and p-p )
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* Valence quark helicity distributions are well known. e e e B
* Poor knowledge on sea quarks, especially for strange quark. N IS ARA S B

<+ Why choose A ? J

Al [
 The spin of A Is expected to be carried mostly by its constituent T B 1 Ui ;
strange quark. gl TR g L
* The weak decay of A provides a way to measure its polarization. - ok sagincr0 GV
dN ~ (1 + aP \cos0*)dcosO* q t
a : weak decay parameter of A M Ag :
P, : the polarization of A | e | S :
A rest frame 2075— “lr‘ . )(“1r - ‘ L ;l..“‘.w PRI

NNPDFpol1.1, Nucl. Phys. B887,276 (2014)
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Longitudinal spin transfer D,; in p-p collisions

4 D,, is defined as the cross-section asymmetry Prediction of D;; at RHIC

i _ dop™p = ATX) —do(p*p - A7X) _ dAc” Vs=500 GeV
L do(ptp - A*X) +do(ptp » A-X)  doh . pr> 13 GeV
dAc™ = Z J'dxadxbdZA]Z(xa)ﬁ(xb)Aa(ab — ¢d)AD(z) : scen. 3 —
helicity distribution  pQCD calculable polarized FF
=) Droton spin
Afa(xa) :f;—(xa) _fa_(xa) . — .
—

momentum

4 A D, ; can shed light on both helicity distributions of

s(5) and the polarized fragmentation functions ( FF ). N 0

D. de Florian, M. Stratmann, and W. Vogelsang,
Phys. Rev. Lett. 81, 4 (1998).
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Transverse spin transfer D In p-p collisions

4 D, is defined as the cross-section asymmetry

A _ da(pr - ATX) —da(pr - AYX) _ dse™
" do(p'p - ATX) +do(pTp - AlX) do\

Polarization of A in transversely polarized p-p collisions

<0.12 ————————————————

dsch =) Jdxadxbdzéﬁl(xa)ﬁ(xb)éo(ab = cd)sD(z) a : | | -

0.1 SU(6), GRSV00(standard) S

t it d'ﬁ t QCD l| labl \|A d FE [ T SU(6), GRSV00(valence) - -

ransversity distribution p calculable polarize 0.08 [ DIS, GRSVOO(standard) i o

4 Little experimental constraint of the transversity. osk T DIS, GRSVOO(valence) 1 x7 ¢ [T

Sf.(x,) = fl(x,) — fi(x,) 0.04 [ e -

Proton spin T 0.02 |- G

(D T -

( | o 'i 0E N

v -y e - 5 :

//’y -0.02 | ~

momentum e, Kang et al (2015) e T T T

| Alllsehnino elt al (2013)l --------- | D -1 0 1 2

No constraint for Coo0r 04 0008 x1 Q. Xu, Z. Liang, and E. Sichtermann, N
strange quark Phys. Rev. D 73, 077503 (2006).

Kang, Z.-B., Prokudin, A., Sun, P. & Yuan, F. Phys. Rev. D 93, 014009 (2016).

4 A D, can shed light on both transversity distribution of 5(5)
and the polarized fragmentation functions ( FF ).
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Relativistic Heavy lon Collider

<+ RHIC as a polarized p-p collider

* The world’s first and only polarized p-p collider.

e Collides both transversely and longitudinally polarized
proton beams at \/E = 200 and 500/510 GeV.

4+ Data sets in 2015

LINAC -, N
s %EBIS af
BLIP-—#
Vs (GeV) | Liy(pb™) | Ppean o £ BOOSTER
Longitudinal 200 50 52% /
Transverse 200 52 57% /
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Solenoidal Tracker At RHIC

Relevant detectors for the D,; and D, measurements

__.» * Time Projection Chamber ( TPC))
—————— * |n|<1.3and 0 < ¢ < 2.
1 * Tracking and PID.

---------------- » 4 Electromagnetic Colorimeter ( EMC)
 Barrel EMC (BEMC ): || <1.0and 0 < ¢ < 2=.

 Endcap EMC (EEMC ): 1.086 <y <2.0and 0 < ¢ < 2=.

e Jet reconstruction, direct photon ...

e Can serve as the trigger detectors.

“* 4 Time of Flight Detector ( TOF )
. [nl<1.0and 0 < ¢ < 2x.

* PID.
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Reconstruction of A and A

<+ Apply a set of topological cuts to reduce the background A —-p+ 7

( below 10% ) A = D+ a7t e
< Side-band method is used to estimate the residual
background.
Invariant mass
< Require hyperons to be associated with a jet.

30000 [

« Reconstruct jets with anti — k; algorithm with R = 0.6.

25000 |

raw bkg
D" —rDypy

Dy, =

20000 |

L AR = [y = 1 + (B = ) < 0.6
- . L o 7k r : the background
» Jet axis is used to determine the transverse polarization direction. so00f ,
ke E— fraction
08 1.09 1.1 1.11 1.12 1.13 1.14 1.15 1.16
mass (GeV)

A Invariant mass
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Measurements of D, ,

< DLL iS measured thrOugh the asymmetry Of the A ylelds Adam, J. et al. [STAR Collaboration], Phys. Rev. D 98, 032011 (2018).
with different beam helicities in small cos6* bins fara oL Dot ozt
D' 0.020 +0.026
. i N o RN- A t l d . : ?- y2indf 21.0/19
— © 3 Ol 0 . P, W P el N oy 2O g
L= P < cos0* > N+ + RN- —ge- Acceptance cancele S Ope=: M&ﬁ ﬁ:&- ot
- Nt are the A yields with positive and negative beam helicities, respectively. _oF
* R is the relative luminosity measured by the VPD. L[ b)A e
- D, -0.019 =0.018
« a =0.732 is the decay parameter of A hyperon. . [ éindf 10.7H9
. . ] © 3 Oww*hi#mww
. P, is the beam polarization. Qo 1
2
O _
+ o7, of K¢ as a null check. T E— o
 Same method as D,; measurement, with an artificial decay parameter a = 1. L7 s g;nd;o.:)gbig}.ou
_ yéindf 11.711
* Results are consistent with zero as expected. S 0%%#%
—2._ o 12<.“<0 e D0<n<12
SR b L Dl E
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4+ Previous measurement with 2009 data

Adam, J. et al. [STAR Collaboration], Phys. Rev. D 98, 112009 (2018).

01_ ° A A K
0.05
=4 0
Q
-0.05—
--.--. DSV A+A, scen. 1 s XLS A, SU6
-0.1 — — DSV A+A,scen.2 XLS A, SU6

——— DSV A+A, scen. 3
| | |

2 4
o [GeV/c]
e The results are consistent with zero

* [n agreement with several models

2021-07-28

Previous result with STAR 2009 data

4+ Theoretical studies, when fit to data, show indications of
asymmetry of strange quark and anti-quark polarization

X.N. Liu, B.Q. Ma. Eur. Phys. J. C 10 (2019).

0.10F oy =-1.20 + 1.31 0.10 o, = -0.24 + 0.49
0.05F 0.05
5 S S L
< 0.00 P 000'_____;@:-"@ ————— o
; : e
005F 005F A A %
010 L - - = AN with As = AsPSSY [ - - Af with As = AsPSSY
O AM with As = o, AsPSY 010k AN with AS = 0,,AsPSSV
2 3 4 5 6 7 2 3 4 5 6 7
pr[GeV/c] pr [GeV/c]
(a) Longitudinal spin transfer to A. (b) Longitudinal spin transfer to A.
Coefficient Value As As X:%nn
o1 ~ 1204131 (—0.014£0015 ) 0.37
@ —0.24 + 0.49 (—0.003+0005 ) 248
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New D,, results with STAR 2015 data
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+p— A+ X, Vs=200 GeV, STAR Preliminary

—— DSV A + A scen. 1 * *

------ DSV A + A scen.2

------ DSV A + A scen.3 a)0<=m<12
i PP P P B PP

mA

o A

Il l . B I} Il l . | B I} l Il . . ' |

5 6 7 8

4 Dy;; as a function of hyperon p;, with small offset applied for
better visibility.

4 The results are the most precise measurements to date with
twice the statistics of the 2009 data set.

4 The hyperon p; range is extended up to 7 GeV/c.

4 Results show consistency between A and A.

4 The data are also in agreement with various models within
uncertainties.

For model calculation see
D. de Florian, M. Stratmann, and W. Vogelsang, Phys. Rev. Lett. 81, 4 (1998).
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Measurement of D ;

Normalﬂkdirection . Tndl = 64779
. Parton polarization direction 0.4:_ gx:;:ndl =. 0.01316:8?'?375
+ D, measures the spin transfer to the T N " oft | i s 200w s bty
final state polarization along the M ‘ g “T;‘;jﬁ.to—
polarization direction of outgoing quark. __,[ & , ozf-| .
| = 0.4:—
+ Jet axis is required to determine the /7 i ' | -l A
transverse polarization direction. = Seatiering plane - b = agon - ooes
0--o + * H -
i | !
+ D, is measured with cross-ratio method in small cos6* bins. ‘
0.5 . (b) A
1 \/NT(COSH*)Nl(—COSQ*) —\/NT(—COSH*)Nl(COSQ*) ) W T P ST SO e e
Dyr = '2__ ’»n mf -0.00277';%'0%1
APy < c0S6* >\ [NT(cos0NH —cos0%) + 1/NT(—cos*)NHcos) S G T 0007 & G008
The relative luminosity and the acceptance are both canceled. & ;w. +
+ 5,7 of K| as a null check. T o Comerz
] C) R " 12<n<0
* The results are consistent with zero as expected. TT0TT02 03 04 0808 07 08 09

Adam, J. et al. [STAR Collaboration], Phys. Rev. D 98, 091103 (2018).
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Previous result with STAR 2012 data

Adam, J. et al. [STAR Collaboration]. Phys. Rev. D 98, 091103 (2018).

(a) 0<n<1.2
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—0.05_— A A
- -- XLS, A, SU6 :
- XLS, A, SUB  Hyperon prrangeis up to 7 GeV/c
- (b) -1.2 0 . .

oosf- ) TSNS - e The results are consistent with the

) o, ¢ model prediction.
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New D .. results with STAR 2015 data

[ STAR2015,  Y8=200 GeV STAR Preliminary
005 P HPA +X
: am-io.nz $ .m.-
& of bty T
i - ==« XLS, A, SU6 '
—  ssssss XLS, A, SU6 +
~0.05— w A
: ° (@) 0<n<1.2
: : L l PO T T T T B |
0.05+
- 4 + ..... L;w-.~wjn(
d: 0 C i; ----- s meress e mere e Py
: + » ﬁ
~0.05—
i (b) -1.2<n<0
- e | 2 3 & 1 e e 1. PR | .
1 2 3 5 6 - 5

< D, as a function of hyperon p,, with small offset
applied for better visibility.

4 The new results have a factor of ~ \/5 improvement
In statistical precision.

4 The results are consistent with the model prediction.

4 Indicate small transversity distributions and/or small
polarized FF.

2021-07-28
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Summary

+ The measurements of D;; and D in the polarized p-p collisions can provide insights into
the polarized PDFs for strange quark and also polarized FF.

4 Polarized p-p data taken in 2015 at STAR provide about two times the statistics as
compared to previous measurements.

<+ New results are consistent with previous measurements and also consistent with zero,
which indicate small polarized PDFs for strange quark and/or polarized FF.

+ STAR forward detector upgrade will enable A measurements in the forward pseudo-
rapidity region (2.5 < n < 4). More transversely polarized p-p collisions will be collected in
2022 at 510 GeV and in 2024 at 200 GeV.
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