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Outline

« Motivation
« |Introduction to RHIC-STAR

- Longitudinal double spin asymmetry A, , for z~-tagged jets
. Longitudinal double spin asymmetry A, ; for A, A and Kg

. Longitudinal spin transfer D, ; of A and A
e Summary
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Gluon helicity: positive or negative?

[JAM], Phys. Rev. D 105, 074022 (2022).
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[JAM], Phys. Rev. D 105, 074022 (2022).
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E.-C. Aschenauer et al., arXiv:2302.00605.
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e Inclusive jet A;; isinsensitive to the sign of the Ag

e Di-jet A;; disfavors negative Ag solution

 nm-tagged jet A, provides an additional way to constrain the

signof Ag
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Constraining gluon polarization with 7=-tagged jet A, ,

[INNPDF], Nucl. Phys. B 887, 276 (2014).
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08, [STAR], Phys. Rev. D 100, 052005 (2019). ° Au > O and Ad < O
C .99 a9 : i :
osf- 2 « u-g and d-g scatterings are sensitive to the sign of Ag
E 3 pp—jet+X . « u quark favors z*, d quark favors z~
2 o3l NLO CTEQ6M : : :
Rt Antik. R=0.6 « ¢-g scattering is the dominated process at RHIC energy
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[JAM], Phys. Rev. Lett. 119, 132001 (2017).
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e Poor constraints on the (anti-)strange quark helicity
distributions (AS) As

o A of A, Aand K;

WA Ore T O YAf, ® Af, Q@ A6 ® Dy}
-~ i ®f;®6® D

O,, 1t 0,_

» Valence s or §inside A, A and K,

» sorsprefers A, A and Kg in the fragmentation process
» A;; of A, A and K{ can shed light on the As and A5
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Probing strange quark helicity distribution

0.04F A o+  Longitudinal spin transfer D, ; of A and A in p+p collisions
0.02} 1 oA do? PN X _ dg? PN X dAc
i < LL™ dop*r=NX 4 dop*r=AX  do
0. 02N
o0l dAc o Af,(x,)f,(x,) AP ADM(2)
| = JAMI17 + SU(3) . T
i  —— helicity PQCD longitudinally
0.17 2 Ag™ distribution  calculable polarized FFs
0.05}
ol » Polarization of A can be measured via its weak decay
—0.057 dN ~ (1 + aP, cos 8%)d cos 6* .
—0.17 a: weak decay constant
103 102 10" 04 08 P,: A polarization A rest frame

L » Large fraction of A spin is carried by its s quark
[JAM], Phys. Rev. Lett. 119, 132001 (2017).
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The Relativistic Heavy lon Collider

e The first and only polarized p+p collider in

Absolute Polarimeter (HT jet) —_ RHIC pC Polarimeters
z A/
PHOBOS G— SN B AFIMS the world

Siberian Snakes

o Collides both longitudinally and transversely

polarized proton beams at \/E = 200 GeV and
500/510 GeV

&) <«—— Siberian Snakes

——  PHENIX

Spin Rotators

A S Spin flipper
(longitudinal polarization)
_ P e Spin Rotators . . . < .
Pol H™ Souce Solenoid Partial Siberian Snake (longitudinal polarization) Long|tUd|na”y p0|al‘lzed 1% + P CO||ISIOI‘1 Samp|eS ta ken at STAR
\ LINAC  pooster /Helical Partial Siberian Snake
> AGS Internal Polarimeter L( b1 P
200 MeV Polarimeter , Year \/E (GGV) J' P beam
/ AGS pC Polarimeters
used in this analysis —» B} 5 [ 56%
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The Solenoidal Tracker at RHIC

R e Time Projection Chamber (TPC)
//,;_/5 : — » |7l <1.3and0 < ¢ <2x
/7 = » Tracking and particle identification (PID)
N\ , j " , // e . Time of Flight detector (TOF)
) | » 7] <09and0 < ¢ <2z
=3 » Particle identification
- » Electromagnetic Calorimeter (EMC)
; * \\ » Barrel EMC (BEMC): || < 1.0and 0 < ¢ <2z
> \\\\\ » Endcap EMC (EEMC): 1.086 <y <2.0and0 < ¢ <2x
i » Reconstruction of photon, JZ'O, jet ..., and serves as trigger
o ," detectors
SO ,:, . Vertex Position Detector (VPD)
! , » 424 < |n| < 5.1

» Monitor the relative luminosities and determine the
primary vertex
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Part I: Longitudinal double spin asymmetry A, ; of 7—-tagged jets
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Jet Reconstruction

o High-prjettriggers (JP1and JP2) are used based on
energy deposits in EMC

o -
» Jet reconstruction (TPC tracks + energy deposits in EMC) g s
» Anti-k; algorithm, with R = 0.6 A =
» Simulation: PYTHIAG + GEANT3 + Zero-bias events
- Jet was reconstructed at parton, particle and detector level
» Jet p,.was corrected back to particle level .
. + . pyz' ) pjet %
o Jetstagged with z=withz > 0.20rz>03 z1=—— 2
— ‘pjet‘ E S
o T - Data o =
-~ ~MC e
1072 —o— Q.
107° - -
- @)
1074 e t
. S
107 *"‘_:: Q.
T R — Q> <O
j S———— V

-5 10 15 50 55 30 35 20
jet P (GeV/c)
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7+ PID

e 7~ are identified based on their energy loss inside the TPC

| dE/dx
no(mw) =
o,

In
exp dE/ dxﬂ,cal
» Particle purity is estimated with multi-Gaussian fitting of the nos,_ distribution

e 3 particlerichregions (z*, K* + p(p), e™)

M. Anderson et al., Nucl. Instrum. Methods

.~ dE/dx Vs. P
Phys. Res., Sect. A 499, 659 (2003).
12 R e - 1.2
: - YE @ — L (b)
10 Y 106 ;— - K+ 1-_ ¢ T
55_ proton ?00’ ¢ ¢ ¢ 0+ ¢ [0 K+p

. o 10 % . €+ 0.8 - ¢ e

5 10" = :

% N E 0.6 -

f 103 = /‘ -

0 " - | 0.4} + . :

s 4 12 b - 7T—-rich region

o— 1 l | | 1 1 1 | 1 1 l : Il | ] ] ] ] ] ] ] ] | | | | | | | | | | | | | O-I‘I’Ilzlzl I‘II?I I‘II I‘II ] I‘II ] II‘I L1 1 I’I | |
P -10 -5 0 5 10 15 10 15 20 25 0. §>e5wc)
1 P (GeV/c) ! no, jetp(
o K+p e 1 r raw

A _ 1 (N+ + N— — ) R3 (N+ — N— +) fﬂrich fﬂrich fﬂrich A T Aﬂ' rich

LL — :

PrPy (N,., + N R.(N, + N raw __ I T K+p e _ raw
B~ Y ( ++ __) + 3( o _+) ALL N ﬁALL fK+prich ‘fK+prich fK+prich AK+p o K+p rich

+( — ) denotes the beam helicity 7,K+p,e - K+p o A ATaw
N +4 etc are the jet yields for different beam helicity configurations f €pich fe”- h f €rich | € €rich

Py and Py are beam polarizations
R; is the relative luminosity calculated with the VPD

Apr. 09, 2024

Yi Yu from Shandong University

11



ALL

Apr. 09, 2024

Results of A;; vsjet p,

- D+p—jet+ i+ X

- STAR, Vs =200GeV Preliminary

[ Anti-k,R=0.6,Inl<1.0,7*2>0.2
- + STAR, PRD 103 (2021) L091103

= vt — NNPDFpoll.l for m*
— o ;1 — NNPDFpoll.l for

_ STAR, Vs=200GeV
- p+p—jet+nt+ X

ol Anti-k,R=0.6,Inl<1.0,72>0.3
- + STAR,PRD 103 (2021) L091103

= 1t — NNPDFpoll.l for m*

— o 1 — NNPDFpoll.l for &

: : Tt
e Indication of >

" PR T
30
jet P (GeV/c)

» NNPDFpol1.1 predicts A%, > A7, with positive gluon helicity Ag

o Theresults are close to the predictions

Yi Yu from Shandong University
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- Anti-k ,R=0.6,Inl<1.0

- z.>02

a - W
{4 OW -----------------

0.1

Results of A;; vsjet p,

- STAR, Vs=200GeV

STAR Preliminary

01 P+P—=jet+n"+X

Byt — JAM A g <0+ PYTHIA for &t

[JAM], Phys. Rev. D 105, 074022 (2022).

jet P, (GeV/c)

- STAR, Vs=200GeV

0.1__ ]3>+ﬁ%jet+n*+X
Anti—kT, R=06,In1<1.0
z.>03

STAR Preliminary

5 10 15 20 25 30 35 5 10 15

JAM+PYTHIA predicts different trends of A7
e The measurements are not consistent with the JAM+PY THIA prediction with Ag < 0

Yi Yu from Shandong University
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Part II: Longitudinal double spin asymmetry A; ; of A, A and Kg

Apr. 09, 2024 Yi Yu from Shandong University

14



A and K{ Selection & Jet Reconstruction

. A and K. selection

» AA) = p(p) + 7 (n), Kg St 4 H::ZZZ masspeak | 3 <P <4GeVie
» p(p) and 7™ tracks were measured with the TPC il i side band
» Sets of topological cuts were applied to reduce background 200001~
» Residual background fraction r was estimated with side-band method 5000:
o Jetreconstruction i

» Jet reconstructed with anti-k, algorithm with R = 0.6

30000

counts

» A and Kg candidate as input for jet reconstruction

25000

» In-jet A and Kg are used to make sure they are originate from the hard
scattering

Background ) AP = rALE
subtraction AL =

5000

I=r ¢

Apr. 09, 2024 Yi Yu from Shandong University

A mass distribution

mass (GeV/c?)

K{ mass distribution

3 <piS <4Gevre

S ] iy
42 044 046 048 0.5 052 054 0.56 0.58
mass (GeV/c?)
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A, vs prfor A, A and K

_ STAR, Vs =200 GeV
0.05—ﬁ+ﬁejet+V0+X

ALL

oA =mA ng

"~ Antik,,R=06,lpl < 10,p" >5 GeV

Preliminar : - :
*| o First measurement A, vs prfor A, Aand K¢ in

polarized p+p collisions
e The results are independent of particle p;

e [heresults are consistent with zero

e Indication of small helicity distributions of s and §

L0085 b L L
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A, A and K. tagged jet A, ,

- STAR, Vs =200 GeV

- 1‘9’+13’ejet+VO+X

- Anti-k,.,R =0.6,1n1 < 1.0
C p,'>1GeV

Preliminary

AN .y ++’" ________ N -

: i A | +

E_QA A QK(S)

?..", om ,

B ¢ ’ .5 o,u % = ¢ = ue

i | . | ' ITET I BN AR AT AP AN N AT AT A AT
8 10 12 14 16 18 20 22 24 26

jet P, (GeV/e)

A subset of inclusive jets

No jet pr-dependence

Results are consistent with zero

Provide constraints on strange quark
helicity distribution
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Part lll: Longitudinal spin transfer D, ; of A and A
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D, ; in p+p collision

Prediction of D, ; at RHIC energy

MR D. de Florian, M. Stratmann, and W. Z.-B. Kang, K. Lee, and F. Zhao, Physics
¢ Defl n Itlon Vogelsang, Phys. Rev. Lett. 81, 4 (1998). Letters B 809, 135756 (2020).
+ + + — 0.4 T I I 0 I Scenario 1
do? PN X _ ds? PN X dAo AN T Vs=500 GeV - | Scenario 2
DA — —_— . > 13 G V - 3 - RHIC kinematics Scenario 3
LL o d p+p_>A+X d p+p_)A—X o d 0.3 __ pT c __ [ /s =200 GeV, R=04
O + O O 4 _ sl <1.2,10 < pyjr <15 GeV
0.2 — scen. 3  —— . —
ab—cd A ' o
dAoc x Af, (x )fp(x,)Ac AD™(z) =
0.1 | - 53
helicity pQCD  longitudinally ~

distribution calculable polarized FFs

—x -
----
-~
~

. D, can shed light on both polarized fragmentation ' 2) | -
functions (FFs) and the helicity distributions of s(s) 2 0

ZA

° DLL VS ZCan prowde direct probe to the polarlzed FFs scenario 1: only s quark can contribute to A polarization.

scenario 2: u and d quarks have the same contribution to polarized
/\ but with an opposite sign from s quark.

scenario 3: u, d and s quarks have the same contribution to the
polarized A

Apr. 09, 2024 Yi Yu from Shandong University 19



D, ; Extraction

o D;,; is measured with the asymmetry of A(A) yields as a function of cos 6*

D, = 1 N™ — RN~ Acceptance
LL —

aP,,... <COS€*> N+ 4+ RN- canceled
firstly used in STAR, Phys. Rev. D 80, 111102 (2009).

raw bkg
D LL D LL

I —7r

Background subtraction DLL —

» N*(): the A yields with positive (negative) beam helicity
» R: relative luminosity measured by the VPD

» a: decay parameter of A, ay, = 0.732, ay = — ax

» P, . the beam polarization

Apr. 09, 2024 Yi Yu from Shandong University

- O0<n _<12,3<p _<4GeV/c
i AA) T, AN)
I- | oA
i A
SRITESPNCE I S WP —
i o
-1 D" 0.003+0.009, x?/ndf: 17.7/19
- D5 0.016x0.009, x*/ndf: 20.5/19 (a)
B ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ]
-1 —0.5 0 0.5
cos 6*
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Previous D, ; vs p,results with STAR 2009 data

« Theoretical models, when fit to data, provide
constraints to (anti)strange quark polarization

STAR, Phys. Rev. D 98,112009 (2018).

X.N. Liu, BQ. Ma. Eur. Phys. J. C10 (2019).
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DSV A+A, scen. 1 s XLS A, SU6
— — DSV A+A, scen.2 e XLS A, SU6
—— DSV A+A, scen. 3
| | |
2 4 6
p_ [GeV/c]

o Statistically limited.
» |n agreement with models

0-10:- o, =-1.20 £ 1.31
0.05 :-
< 0.00F---z==fdonas # _____ % _________________________
: | :
-0.05F
L o A
-0.10 — - - = AN with As = AsPSSVY
' A with As = o, AsPSSV
op a, = -0.24 + 0.49
0.05
<
< 0.00 -t
| A
-0.05 - A A
[~ - AK with Ag = ASDSSV
-0.10 | A* with As = o,AsPSSY
2 3 4 c . :
p, [GeVic]
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New results of D;;vs p;

[STAR], Phys. Rev. D 109, 012004 (2024).

0.1 STAR
D+ p%A+X\(_ 200Ge\70<77A <12
A(A)
0.05 aA(K)

+0.732, i > 5 GeV ¢ |

LEL
— (-
Illllllllllllllllllllll
5
i
=nrd
o3
-Fo
O~

-0.05
mA2015 0 A 2009
e A 2015 oA 2009
_0.1 R T I NN N NN MO T TR TN TN N NN TN NN SR S N SN S SN N N .ga?
2 3 4 5 6 7
" A2009+2015 O< nA(K) <1.2
005 o R 2009 +2015
B 1]
3 ol—- 2 W Bl f?&?ﬁoﬁo!o!oﬁ%ﬁgg‘:‘:z 0&33‘3’3’3‘3‘332&% o
S IR s O TOTOT e OO0 SO i o
B R R O RS
B PN LM A AR OGO OO 000000 Eh R ICRK XA I
_0.05F LM A
. e A+ A2009+2015 O<77 <12 T
0.05— R -t
j O:_.-E---EHET—:.::.::.-.-L-;-L -E ------ F oo
5 ot A Fof
I DSV A + é scen.l
_0.05— - DSV A+ A scen.2
TR -- DSV A + A scen.3
- (b)
1 2 3 4 5 6 7
_ (GeV/e)
T, AR)
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Twice statistics larger as STAR 2009 data

Most precise measurements up to date.

Consistent results between A and A

Two year's results are consistent

Results are consistent with LM calculation

Strong disfavor of the scenario 3 for the polarized FFs

Model predictions:
X.N. Liu, B.Q. Ma. Eur. Phys. J. C10 (2019).
D. de Florian, M. Stratmann, and W. Vogelsang, Phys. Rev. Lett. 81, 530 (1998).
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First measurementof D;; vs 7

[STAR], Phys.Rev.D 109, 012004 (2024).

~ STAR
005 B +p—>A+X, Vs=200GeV . , ,
C a5 = 20732, pi> 5 GeV » The results directly probe the polarized fragmentation
3 oL s functions
QYL
: e e Results are comparable to model predictions within
—0.05— e KLZ A + A scen.2 I I
| 0< M < 1.0 - KLZ A + A scen.3 (a) uncertalntles
e » Indication of small helicity distributions of (anti-)
005~ oA strange quark and/or small polarized fragmentation
- functions
SKUs
-0.05:—
SIsE
> F .
< 10F ..
%Q/? :....l....I.....I.....I.....I......I.....l.(.c.).

Model predictions: Z.-B. Kang, K. Lee, and F. Zhao, Physics Letters B 809, 135756 (2020).
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Transverse spin transfer D in p+p collisions

. . . b xh(xQ?
« [ransversity: least known leading twist parton >
distribution functions
Proton spin T 5F(x) = F1(x) — F1(x) O(;: |
@ - @ Poor constraints on u and d ER N\ — angetal a0y
momentum Little info about s quark i S S
- D,-can probe transversity new D, measurements vs p-and z at STAR

[STAR], Phys.Rev.D 109, 012004 (2024).

T T T 3
do?'P=AX _ dop'P= N A6

DYZ}T — — - STAR - " A201242015 0<p <12
do?'P—>AX 1 der'p—oAX do 005 p'+p — Al +X, V5=200GeV 00s- * K2012+2015
i a, = +0.732, pjTet > 5 GeV i L
ab—cd A - i e
dAzo o« of (x )y (Xp)oor ™A D (2) L s N B s oot . % ________
- pPQCD transversely ; - .
transversit -l . _ ~ below prediction at high
Y calculable  polarized FFs o5 directly probe polarized FFs oosf- - XIS A sU8 NPt
[ 0<n, <10 (a) - ---XLS, A, SU6 b)
O”..Ol.ll...OI.2....()I.3....()I.4....OI.S..”OI.6””OI.7””O.8 l_éIISLILSIé7l8
¢ p _ (GeV/c)

T, AR

model prediction
Q. H. Xu, Z. T. Liang, Phys. Rev. D 70, 034015 (2004).
Q. H. Xu, Z. T. Liang, and E. Sichtermann, Phys. Rev.D 73, 077503 (2006).
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Summary
. n-tagged jet A;; in p+p collisions at \/E = 200 GeV at STAR

» The results support positive Ag
» A;; Is consistent with the prediction with NNPDFpol1.1 (Ag > 0)
» A;; disfavors the prediction of JAM Ag < 0

. A,AandK A;; and D,

» First measurements of A, ; in polarized p+p collisions at \/E = 200 GeV
» |ndication of small strange quark and anti-quark helicity distribution
» D, ; disfavors the extreme scenario about the polarized FFs

» First measurement of D, ; vs z provides direct access to the polarized FFs

e Larger data samples of p+p collisions at 510 GeV taken in 2012 and 2013 will improve
the precision and extend to lower x region

Apr. 09, 2024 Yi Yu from Shandong University
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Impact of the 7~ tagging

nt-tagged jets with z > 0.2

2.5
 eg+u—>g+u

of *gtg—gtg
- f+u—="~f+u
1.5F

E o 6 | 4
0.5 e+t —L
|
|

L1 L1 L1 I R
0 10 20 30 40 50
jet P (GeV/e)

m-tagged jets with z > 0.2

2'5: +g+d—=g+d
2__ +g+g%g+g
! f+d =f+d

1.5F .

L1 L1 L1 TR B B R SR
0 10 20 30 40 50
jet P (GeV/ce)

nt-tagged jets with z > 0.3

2.5
 eg+u—>g+u

oL *gtg—gtg
! f+u—=~1f+u

1.5F

0.5F e 4 |

L1 L1 L1 TR R B
0 10 20 30 40 50
jet P (GeV/ce)

m-tagged jets with z > 0.3

2'5: *g+d—>g+d

of *g+g—g+g
[ f+d =f+d

1.5F

L1 L1 L1 R R B
0 10 20 30 40 50
jet P (GeV/c)
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