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Outline:

O Experimental aspects: RHIC
O Recent spin highlights:

v" Gluon polarization (Jet production, m°): gluon polarization Ag
v Quark/Anti-quark polarization (W/Z production): sea quark Aq
v’ Transverse spin asymmetry (W/Z production): Sivers function

v’ Transverse spin asymmetry (Hadron production): Collins & IFF

O Upgrade plans for spin physics in 2021+ at RHIC

O Summary
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RHIC- 1st polarized proton-proton collider
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» World’s only polarized hadron-hadron collider
* Polarization direction changes from bunch to bunch
» Spin rotators provide choice of spin orientation
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AqQ(x), Ag(x)- global analysis of data
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Accessing Ag(x) in pp collision

« Longitudinal spin asymmetry: |4/
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STAR Run6 results on jet x-section and A |

* Cross section well described by STAR, PRD86, 32006(2012)
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STAR inclusive jet A | from run9

STAR, Phys. Rev. Lett. 115(2015) 92002
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» 2009 STAR data is a factor of 4
more precise than 20006.

* The A | asymmetry is small, but
clearly non-zero !

» Impact of STAR data in NNPDF:
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PHENIX results on YA |

PHENIX-Phys. ReV. D 90, 12007(2014) [arXiv:1402.6296]
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DSSV global analysis including both STAR & PHENIX data
-Observation of gluon polarization

DSSV, PRL113,12001(2014)
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New A, results at 500 GeV

« Can we further improve our knowledge on Ag(x)? Yes!
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Correlation measurements with partonic kinematics

» Access to partonic kinematics

through di-jet production
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Di-jets A, at 200 GeV at STAR

STAR, Phys. Rev. D95,071103(2017)

C _ Phys. Rev. D 95, 071103 (2017)
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Di-jets A, at 200 GeV at STAR

STAR, Phys. Rev. D95,071103(2017)
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« Mid-rapidity di-jet A | for two
topologies, allowing for
constraints on the shape of

Ag(x)

« Compared to expectations
from DSSV14 and
NNPDFpol1.1 polarized
PDFs, both containing 2009
inclusive jet results

» Systematic bands from PDF
and scale uncertainties

shown for NNPDFpol1.1
curve
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Normalized Yield

Intermediate Pseudorapidity Di-jet: STAR

arXiv: 1805.09742, to appear in PRD
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Di-jets A/, at 500 GeV at STAR
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Forward J/psi A at PHENIX
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Probing sea quark polarization via W production

» Quark polarimetry with W-bosons:
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« Spin asymmetry measurements:
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Expectation of W A at RHIC

« Large parity-violating
asymmetries expected.

« Simplified interpretation
at forward and backward
rapidity:
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STAR mid-rapidity W A, —2011+2012

 First multiple-eta-bin A results from 2011+2012 data:

At p+p > W' et + v « A, of W- shows indication
- Vs=510GeV  25<E7<50GeV . that data are larger than
0.5 ’L%_ the DSSV predictions
ata « A_of W*is consistent with
theoretical predictions
Gyt with DSSV pdf.

* Indication of symmetry

05 W'wW breaking of polarized sea.
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Global Analysis with STAR W A, 2012

STAR, PRL113(2014)72301
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Global Analysis with STAR W A, results

Big impact seen in
NNPDFpol1.1 global
analysis after includi
STAR A, data.

NNPDF1.1, Nucl.Phys. B887,276 (2014) <<

ng
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PHENIX mid-rapidity W A —more data

PHENIX mid-rapidity A, results from run 2011-2013:
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PHENIX, PRD 93, 51103 (2016)
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W A, results in the forward region at PHENIX

W — g A, in Run 13 pp 510 GeV at forward region

— 1.0 T T T T T T T T T T T T T T T T T T T T T T
< " () W'+Z—u'tet [e] Al (2012)
p+p at \EZSIO GeV E] A}l (2013) ]
B (W] PHENIX A7 (2011-2012), pf >30 GeV ]

0.5 [a] PHENIXA (2013), p >30'GeV

0.0

0.5}
o l.op—H——Ft———f
< I W+Z-op,e x STAR A[(PRL 113 (2014) 072301) ]

....... DSSV E>25 GeV

0.5}
0.0F

i B NNPDFpoll.1 :

B GRSV STD b
-0.5 =+ DSSV - DSSV 0.6 == DSSVO0.5 RN

I - - DNS KKP

I == DNS Kretzer
_1 .O -. 1 A . L L ] . L L L 1 A . L L ] .

-2 -1 0 1

St

PHENIX, arXiv: 1804.04181

Qinghua Xu (Shandong U.)



W A, results - STAR 2013

Al - £ « STAR 2013 W A results:
L p+p > W et + v
[B=510GeV  28<Er<80GeV - Jinlong Zhang @ INPC 2016

- Devika Gunarathne@ SPIN2016
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W A, results - STAR 2013

AL - . . « STAR 2013 W A results:
L p+p > W et + v
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3.3% beam pol scale uncertainty not shown - NNPDFpol1.1 (rw) @z
L [ R R R TR S S R I R ] [ -0.6 "STAB p(el. ‘(20.13)‘ —'— L ‘ E
-2 -1 0 1 2 2 15 4 05 0 05 1 15 2
lepton 1 =

E. Nocera, arXiv:1702.05077
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W A, results - STAR 2013

—
p+p > W et + v
{s=510 GeV 25 < E; < 50 GeV

0.5—

- w'w

~$— ~{~ STAR 2013 Preliminary
_— - DSSV08 RHICBOS
--- -.-. DSSV08 CHE NLO
weeee e L§S10 CHE NLO

...................

-1 DSSV08 LO Ay?/x%= 2% error
3.3% beam pol scale uncertainty not shown
C 1 1 | 1 I 1 1 | 1 I 1 | 1 | I | |

lepton 7

New preliminary A, results
at near-forward rapidity !

STAR 2013 results are the
most precise measurements

of WA, so far.
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W A, results - STAR 2013

p+p > W et + v New preliminary A, results
8=510GeV ~ 25<E<B0GeV at near-forward rapidity !

« STAR 2013 results are the
most precise measurements
of WA, so far.

« Consistent with 2011+2012
published results, with 40%
uncertainty reduced.

- W W A «  Further confirmed the
I 4 5 STAR 20132015 o’ preference of positive A.

—_— - DSSV08 RHICBOS
L -=-- -.-. DSSV08 CHE NLO

B iy + Can provide further
L l3.3|°,f'o tl)earl'n plol slcalle ulncelrta:nty[ nolt st:owln . COnStraIntS for Al_l, Ad.
-2 —1 0 1 2
lepton 7
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W A, results - STAR 2013

p+p > W et + v * New preliminary A, results
(5=510GeV  25<E;r<50Gev (™ at near-forward rapidity !

....................

« STAR 2013 results are the
most precise measurements
of WA, so far.

« Consistent with 2011+2012
published results, with 40%
uncertainty reduced.

Rel lumi
- syst

STAR 2013 Preliminary —¢— ° Further confirmed the
STAR 201142012 Data

£ LA
 PHENXZ0ES preference of positive Au.

----- DSSV08 RHICBOS

I L ISSi0 eHENLO « Can provide further

-1 DSSVO08 LO Ay/x2= 2% error i _ -
| 3.3% beam pol scale uncertainty not shown ConStralntS for Au, Ad.

1 1 | 1 I 1 1 | 1 I 1 | 1 | I | | 1 |

—2 -1 0 1 2

lepton 7
- STAR, PRL113,072301(2014)
- PHENIX, PRD93,051103(2016)

EEzE=
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Transverse Single spin asymmetry (Ay) of W boson

Sivers sign change in DIS and DY/W/Z process:

DIS: yq scattering
attractive FSI

pp: ¢/q annihilation
repulsive IST

-------------

Siversprs

= - Sivers (DY or W or Z)

-Critical test for our understanding of TMD’s and TMD factorization
* Active experimental programs at COMPASS (DY) and RHIC (W production)

Advantages of weak boson

production
» Low background

and pin down TMD-evolution by
measuring A, for all the

> High Q?-scale (~ W/Z boson mass) ~ Processes: W%, Z9, DY

STAR goal: measure sign change

Qinghua Xu (Shandong U.)
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The effects from TMD evolution on Sivers Ay

Z.-B. Kang & J.-W. Qiu, PRL103, 172001(2009)

M. Echevarria et al, PRD89, arXiv:1401.5078

after evolution

<z - before evolution <:Z 0.06 i
o3t w 0.04}
0.25 f_ 0<qT<3 GeV ) E
0.2f 10x bmalle? 2 :
0.15F :
01f 0.02
0.05F -0.04 -
0i_....|....|....|....|....|....|....|.... -0.06
2-15-1-050 05 1 15 2
Yw
z 0.15r
Very strong TMD evolution il
effects size of the asymmetry, :
still under discussion in theory Oﬁ;_
community. 0f
-0.05 |-
Strong dependence on yy, ok
-> need fully reconstruction B
-0.15 b

of W kinematics!

kllll‘llll‘llll‘llll‘llll‘ll

-2-15-1-050 05

ll‘ll
1

ll‘llll
.

2
y

0903.3629
1401.5078
1308.5003
1112.4423
1204.1239

2 -15 -1 05 0 05 1

T A
15 2
y

Qinghua Xu (Shandong U.)
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First W, Z A results at 500 GeV from STAR

 Data: STAR 2011 transverse run @ 500 GeV, integrated luminosity ~25 pb-'

« FirstAyfor Wrand Zresults : An =

f STAR p-p 500 GeV (L =25 pb )
08F 9.5 <P <10 GeVic
0.6F
0.4F

C —_—
0.2 _—_l_‘

04 FW STy
0.6 - ___ KQ (assuming “sign change”)
r Global x2/DOF = 7.4/6

-0.8 - 3.4% beam pol. uncertainty not shown
_1 L1 L PR T N S PR |

-0.5 0 0.5
yv

ol — ot
ot + ot

STAR p-p 500 GeV (L = 25 pb™)
08F0.5 <P} <10 GeVic

_ . K@ (no “sign change”)
Global ¥2/DOF = 19.6/6

-0.8 - 3.4% beam pol. uncertainty not shown
_1 [ l L 1 A ' ' 1 1 1 l

-0.5 0 0.5
yw

STAR, Phys. Rev. Lett. 116 (2016)132301

—

o251

l-llllllllllllllllllIllllllllll

STAR p-p500 GeV (L = 25 pb")
0.5 <P <10 GeViec

3.4% beam pol. uncertainty not shown

-15 -1 =05 0 05 1 15

yzu

- Sivers sign-change scenario preferred over no-sign change scenario.

- Precision measurements from run 17, x14 times in integrated luminosity!

Qinghua Xu (Shandong U.)
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Coming measurements of W/Z Ay at STAR

« STAR collected ~400 pb-'! transverse pp in 2017:

I E STAR p+p 500 GeV (L =25 pb™)
F0.5 <P <10 GeV/e
0. 6
0.4
0.2

: ' I
-0.2}
0 4: + W. > I’ Vv
e ¢ run 17 proj. (L=350pb", P=55%)
-0. 6 — KQ - no TMD evol.

EIKV - TMD evolved
-0. 8 3.4% beam pol. uncertainty not shown

-1 0.5
yW

’—t_‘

05 0

Goal:

z
<

k: t STAR p+p 500 GeV (L =25 pb™)

05<P <10 GeV/e
06

0.4;

0.2}

02
04 TV
0.6/
0.8/

1

I v
¢ run 17 proj. (L=350pb™, P=55%)
—— KQ - no TMD evol.

EIKV - TMD evolved
3.4% beam pol. uncertainty not shown

0.5
yW

05 0

" STAR p+p 500 GeV (L = 25 pb™)
4L 0.5<P% <10GeV/e

0.5 ’ %

o i R
0 ——
05 2 >I'r
—+— run 17 proj. (L=350pb™', P=55%)
—— KQ - no TMD evol.
-1 EIKV - TMD evolved
3.4% beam pol. uncertainty not shown
.............. l..ll.llt.l.lll‘
1.5 -1 05 0 0.5 1 1.5
yZ

v Constrain TMD evolution sea-quark Sivers function
v Test sign-change if TMD-evolution suppression factor ~5 or less

Qinghua Xu (Shandong U.)
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Mid-rapidity hadron-jet correlations (Collins)

« Study proton transversity through
its coupling to Collins function:

A, ch(x) ® Hi(2],)

U

« Collins asymmetries:

Collins angle: ® =® -,

Collins modulation: sin(®¢-®,,)
jr: transverse momentum in jet
®.: azimuthal angle of beam spin

®,: azimuthal angle of hadron

PUET

-F.Yuan, PRL100,32003
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Mid-rapidity hadron-jet correlations (Collins)

* Non-zero Collins asymmetries observed from run2012 200 GeV

AyrVvs. z for x>0 Ayrvs. jrforx. >0

oosf- [m]m* >0 STAR Preliminary ‘ o0af- [=]m* o STAR Preliminary
- X, >
- E| w F = E] w F
=L ¥ } =L t '
.

» ® L L
P S S o R A T T
%5 L . P a5 | ¥ > »

< { <

I p'+p —jet+ x*+Xat Vs =200 GeV I~ p'+p —jet+ "+ Xat Vs =200 GeV
-0.04|- 5.6% Scale Uncertainty Not Shown -0.04—~  5.6% Scale Uncertainty Not Shown
| R R |

L 1 L L 1
10 < Jet p, < 31.6 GeV/c 10 < Jet p_<31.6 GeV/c {

ffffffffffff Tohd b

Jet
IIIIIIITII[IIII
-
+

+ |
IIIIIIITIIITIII

L 1 1 1 1 L
0.125<iv<4.5 GeV/c 01<z<06
1.5 0.75[

R T S S A o D, S S

1 1 1 1 1
-1
0 0.1 0.2 0.3 2 0.4 0.5 0.6 0.7 10 jr [GeV/c]

2012 data, 20 pb! at 200 GeV, Pb=61%, anti-k; jet algorithm, R = 0.7
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Collins asymmetries at 500 GeV

* New results on Collins asymmetries at 500 GeV (run11):
0<l]m<1 -1<nm<0 . 0<niet<1 1<njet 4
A= n Lk
B G e B R A R R
-0.05; -0.05 — 5
: — E— S R R S ——
0.05- ; + Y % . 0.05¢ é:f E&T \F F5>oo iBeV £
R R LA T | I e e e :Jf
-o.osf— s _0.055_ -_ g
0.05;— % + T - ; - o.osf— | s
Hap it WH LR gt ml .............
-0.05% o ‘% l b _0.055_ S :+ '=1L g g
10 20 30 40 50 10 20 30 40 [ ! . P A S S N R
Particle- jetp [GeV/C] 0.2 0.4 . 0.2 0.4 0.6 ,
STAR, Phys. Rev. D 97 (2018)32004
Qinghua Xu (Shandong U.) 35



Sivers asymmetries- jet SSA

New results on jet spin asymmetries at 500 GeV (Run 11):

& - - ! -
£ B | p tp—ojet+X
-%('5 0021 4 |[ Vs=500Gev

o++++++;++++++++++”++++ -----

002~ -1.0<n <-05 - 05<n <00

..................................................

o
—
-—-I-—-:+

-

- —
s ¥

-

-
—

——
———

++++++*++*++ _____ L

—0-02_— 0.0< njet <0.5 i 0.5< njet <1.0

Particle-jet o [GeV/c]

STAR, Phys. Rev. D 97 (2018)32004

Qinghua Xu (Shandong U.)
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Collins-like Asymmetries at 500 GeV

sin(¢s-2¢H)

uT

A

sin(¢,-26,,)

Collins-like asymmetry 4, ,
provide sensitivity to gluon linear
polarization.

First measurement on 4,

0.02

-0.02

Gluon helicity density matrix

l l + P i _1)””(;_3'."5
P== ,
2| =P ™ 1-P

lin cire

sin(¢,-2¢,,)

i pT +p— Je *+ X Vs =500 GeV
B n J<1 @)=
- AN =&
B :\\\ |
L DMP+Kretzer
- [+]STAR 2011 [ ]DMP+DSS
MR B R Lo o b o o b o by o b b b by gy
7 8 9 10 11 12 13 14 15

Particle-jet P, [GeV/c]

STAR, Phys. Rev. D 97 (2018)32004

Subprocess Fraction

0.6
- g9 qg
]
0.4f
- pp—jet+X
0.3 NLO CTEQ6M
- Anti-kT R=0.6
0.2 nl<1
01 Solid: §=200 GeV
B Dotted: s=500 GeV
PPN B EPEPEEPS PP EPUPEPTE EPUUPEr EPEPITEP EPEPETITS ETSEEr AP
% 005 03 015 02 025 03 035

Z. Chang, DNP 2013
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0.02

0.01

0

U. D’Alesio, F. Murgia, and C. Pisano,
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t(n V. \ = 500 (.(\

Jet xT (= 2p /\s
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Asm (¢s 2¢1

Kretzer FF —— |
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PRD 83, 34021 (2011); 1307.4880
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Di-hadron spin asymmetries at STAR

« Di-hadron correlation provides access to IFF& transversity:

1 doT — do?
Pol doT + do?t

AUT sin (d)RS) —

Apit?®) oc b, @ HE
®rs = Or — Ps

?h = ?h,l ar ?h,z

— —
ﬁh: Phil1— Ph2

—“Interference Fragmention Function”
Bacchetta, Radici, Phys.Rev. D70 (2004)

Qinghua Xu (Shandong U.)
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Di-hadron spin asymmetries at STAR

« Significantly non-zero di-hadron asymmetries from run6 data:
4’50.08;_ p'+p — n*+ x, Vs= 200 GeV <5 0-04:_ pl+p — n*+ 1, s= 200GeV
F = ()=+05 ' s
0.06F 0 ()=-0.5 0.03¢ +
0.04f~ . 0.02-
. . o -
002 - i - . , 0.01- * +
i ? I\ -
I T | of +
-0.02— .
. — : : : . -0_01I;1...1A,,1 1 | | 1 1 1
osf °@ osf _ o@
0.5 *(X) o o °
04F- X 0.4 *(X)
03i 04 .
0.2::-_ = @ o i ¢ 0.2 . . °
"k . : : : ‘ . 0.1
0 0.2 0.4 0.6 0.8 1 1.2 14 ) . . . . ) . ) .
M (GeV/c?) 08 -06 -04 -0.2 0 02 04 06 038
n
STAR, PRL 115(2015)242501
Sign of non-zero signal for di-hadron transverse single spin
asymmetries-> constraints on transversity!
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Di-hadron spin asymmetries at STAR

Di-hadron correlation provide NT - NY (B — By) = AP sin(Bs — Bp)
access to IFF& transversity: Nt N 5 F uT s~ ®r)
=S A I B l TTT T 1 I I |
<= . 04:_ (p,) =4 GeVic o0 _ (p,)=5GeVic - (p,)= 6 GeVic
ol <0

-0.02
U ST T W S ST T ST S AN T T S S S SRS (M Loy v b by vy by g ah oy b by by vy by
5 L TT T [ I L TT T I I 0.5 1 1.5 2
< . ] M, , (GeVic?)
L (p,)=8GeVic L (p,)=13GeVic
0.04r [ STAR
: T ? ? pT+p ST+ X
0.02[ B ?
Vs = 500 GeV

- |
of.w}_i__ﬁ _______ bt ]

from beam polarization

M, (GeVic?) M, (GeV/c?)

STAR, Phys. Lett. B780(2017)332
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Future RHIC Spin in 2021+

for 2017 to 2023
A Portal to the EIC

)

Forward
detector
upgrade
required

Year v’s (GeV) Delivered Scientific Goals Observable Required
Luminosity Upgrade
2017 p‘p @ 510 400 pb'l Sensitive to Sivers effect non-universality through TMDs Ayfory, W, ZU, DY A,VD Y. Postshower
12 weeks and Twist-3 T, p(x,x) to FMS@STAR
Sensitive to sea quark Sivers or ETQS function
Evolution in TMD and Twist-3 formalism
sin(¢ps—2¢p) ,sin(ps—dp)
Transversity, Collins FF, linearly pol. Gluons, Ayr T Ay ) " modula- Nome
Gluon Sivers in Twist-3 tions of A* in jets, AZ'.;' @) for jets
Ay for J/W in UPC N
. First look at GPD Eg o one
2023 p'p@ 200 300 pb™ subprocess driving the large 4y at high xrand 5 Ay for charged hadrons and flavor Yes
8 weeks enhanced jets Forward instrum.
evolution of ETQS fct. Ayfory None
properties and nature of the diffractive exchange in Ay for diffractive events None
p+p collisions.
2023 | p'Au@ 200 1.8 pb™! What is the nature of the initial state and hadronization in R,,, direct photons and DY R,1{DY):Yes
8 weeks nuclear collisions Forward instrum.
Nuclear dependence of TMDs and nFF AZ‘;’W’S‘%) modulations of 4* in None
jets, nuclear FF
Clear signatures for Saturation Dihadrons, y-jet, h-jet, diffraction Y.es
Forward instrum.
2023 p'Al @ 200 12.6 pb™ A-dependence of nPDF, R,,: direct photons and DY R,4(DY): Yes
8 weeks Forward instrum.
A-dependence of TMDs and nFF AZ‘;‘(%‘%) modulations of A* in None
jets, nuclear FF
A-dependence for Saturation Dihadrons, y-jet, h-jet, diffraction =
Forward instrum.
202X pp@ 510 11" TMDs at low and high x Ayrfor Collins observables, i.e. Yes
10 weeks hadron in jet modulations at > 1 || Forward instrum.
and
quantitative comparisons of the validity and the limits of mid-rapidity None
factorization and universality in lepton-proton and proton- observables as in 2017 run
proton collisions
202X pp@ 510 1.1 fb! Ag(x) at small x Ay for jets, di-jets, hfy-jets Yes
10 weeks atn>1 Forward instrum.

STAR

sPHENIX

* RHIC is the world’s only polarized hadron hadron collider
* Unique physics opportunities in pp and pA

EIC
detector

Qinghua Xu (Shandong U.)
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sPHENIX plan

- talk by Gunther Roland

A solid foundation for EIC physics - LOI requested

SPHENIX Implementation [bvesaw.

* EIC-sPHENIX detector

* HCal/Flux return

* Solenoid

* Extended Central EMCal

* Central hadron PID

* TPC

* MAPS

* Forward fand backward tracking

* Forward and backward hadron PID
_ * Backward crystal EMCal

} ~ | * Forward EMCal

Cold QCD program enabled by
early realization of some EIC-
SPHENIX detector components!

* Forward HCal

-J.Lajoie

6/15/2018 RHIC/AGS Users Meeting 2018 15



Looking Forward at STAR beyond 2021

-more on STAR upgrade by Jiangyong

Beam Energy Scan i Forward Physics
2019~2021 2021+

iEfﬁ'cyéﬁivﬂﬁl The Phases of QCD A Tale of Initial State:
b s «.Nucleon to Nuclei

Temperature

Critical Point

H /
adron Gas Superconductor

Nuclear

/ Vacuum Matter Neutron Stars
-
0 MeV— — -~— 1 1 —

0 MeV 900 MeV
Baryon Chemical Potential

v Forward Tracking System

v Forward Calorimeter System

https://drupal.star.bnl.qov/STAR/starnotes/public
/sn0669

IiTPC, eToF, EPD

Qinghua Xu (Shandong University)



Summary & Outlook

O Observation of positive gluon polarization from RHIC:

- Probes with jets and pion, are providing important constraints on AG.
Global analysis indicates non-zero gluon polarization (0.05<x<0.2).

- Correlation measurements (di-jet) with access to partonic kinematics
O Unique probe of sea quark polarization via W production:

- RHIC/STAR 2012 results on W* A, provide important constraints on Au, Ad.
- New high precision A results for W* from RHIC run 13 datal

O Successful transverse run completed 2017 at 500 GeV

- A\ for W,Z at STAR: 15t results obtained, run 17 to study Sivers sign change.

O Future RHIC spinin 2021+ -- Cold QCD plan

- Unique physics opportunities in pp and pA, essential to fully realize
the scientific promise of the EIC.
- Forward detectors upgrade required-> evolve into EIC detector.

Qinghua Xu (Shandong U.) 44



Impact of 2013

W A results

NNPDFpol1.1 reweighting
ALt p+p > W e+ v 008 | yAG(y u2) o NNPDFpOIT. =
{s=510 GeV 25 <ES <50 GeV v Au - XAU(X,1%) NN,FpoI1 A (rw) s
0.5_ 0.02 SN
— : 0.01
(A2 2001£004| o
(Aﬁ>£&01’0.2]=0‘02i0'03 00T T —
0 ' 0.02 | Gyu -
- o Q?=10GeV?) oo1f
0 ol sl .\N‘_.u
NNPDFpol1.1 —— 0.01 0.1 1
NPDFpol1.1 (rw) A -
_ i XAd(X,].L2) : 0.01
Ad E
w«l’ w' _:> '001
B STAR 2013 Prelimi - 1-0.02
T Dieves micaoe (A0 < 40,04
_ --- -.-. DSSV08 CHE NLO B 1-0.03
1— ng:/%g['g Nal;cgf- 2% error AJ [04L02] 0.05£0.03 T
B 3.3% beam pol scale uncerta_inty not shown ( >"W ===l Oxad - 3 0.02
C 1 1 | 1 I 1 1 | 1 I 1 1 1 1 I 1 | 1 | = - \’__\_\ 0'01
92 1 0 1 2 (Q%=10GeVv?) N
lepton 1 0.01 0.1 10
_ X
-Provided further constraints for Au, Ad! E. Nocera, arXiv:1702.05077
Qinghua Xu (Shandong U.) 45



RHIC performance with pp collisions

» Long runs with
long. polarization
at 200 GeV in
2005, 2006, 2009,
2015.

» Collisions at 500

GeV with long. pol.

in 2009, 2012 and
2013.

» Long runs with
trans. pol. in 2006,
2008, 2012 at
200GeV and 2011

Integrated polarized proton luminosity L [pb!]

600

500

400

300

200

100

Polarized protons

= 250/255 GeV
=== 100 GeV

______________________________________________

1T
Y 4

2015P=55%
#2009 P=34%

2013 P=53%

_ 2009 P =56%2006 P =55%

2005 P=47%

U S ——

2017 at 500 GeV. 0
0 2 4 6 8 10 12 14 16 18 20
Time [weeks in physics]
Qinghua Xu (Shandong U.) 46



Forward neutron Ay -

BBC Vetoing

@oc -\ et 1 LTe —/-n1DE

e Tt boosted toward beam
e enhance EM interactions

BBC Tagging

04r PHENIX ® ZDCinclusive
i B ZDC®BBC-tag
p'+A — n+X at \/s,,=200 GeV
. X>0.5,0.3<6<2.2mrad A ZDC®BBC-veto
3% scale uncertainty not shown
0.2
A
p_Al Au
o * ~ .
- ﬁ -
| 1 1 1 1 | 1 , | .
0 100 200

A (atomic mass number)

recently published : Phys.Rev.Lett. 120,
022001 (2018) PHENIX collaboration

* suppress EM interactions

J.Bok

Qinghua Xu (Shandong U.) 47



Probing sea quark polarization via W production

Ws naturally separate quark flavors
> backward/forward region probe sea & valence quarks
Ws are 100% parity-violated
> select only one helicity of the coupled (anti)quarks
Ws are clean theoretically
> no fragmentation function involved
Complementary to SIDIS: high QZ?, test universality of pdf

e
probing

quark sum (U+d)

e-

w G+ - 0'_ probing probing
AL = U quark d quark
O, ,+0_
polarized unpolarized
beam

beam
proton proton

e-

collision zone

Qinghua Xu (Shandong U.)
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W selection at STAR : Jacobian peak

W — e 4+ v Candidate Event: L N j
® |[solated track pointing to isolated ., '
EM cluster in calorimeter .
® Large "missing energy’' opposite | |
the electron candidate " ’ .
Electron |n_|<0.5 ] Electron 0.5<n_|<1.1
& 5o e — e
N 100 [] Data-driven QCD i Bl zZ > ceMC
Signal of Jacobian £ W-
. . . >
peak with E; distri. W S0 L
after selection : 300l , T ,
- Positron |ne|<0.5 Positron 0.5<|na|<1 A
S 20 W
2
3 100 -

L 1 i, 1
10 20 30 40 S0 60 10 20 30 40 S0 60

STAR, PRL113(2014)72301 E7 (GeV) ET (GeV)
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W selection at PHENIX

Analysis

- Ecandiate 0
<10 (%)

candiate

Utilize Jacobian peak

[(GeV/c)T

e
T

dN/dp

(data-fit)/o
NDNON

PRD93, 051103 (2016)

—+— Data

10°F — Jacobian peak with=£ background 3
F GPR fit : R Y E
r Background Z —e'e
1 02 E— e"" 4
: 44 4
10F e <

[ (b)

Uncertainty in |

pi [GeV/c]

10720 30 40 50 60

10 20 30 40 50 60
p$ [GeV/c]

— 1st background suppression by isolation cut, with cone R=0.4innand ¢
— Estimate residual backgrounds in signal region (p; > 30 GeV)

by extrapolating backgrounds in 10 < p; <22 (GeV) by using GPR
(Gaussian Process Regression)

— Contribution by Z, : 7 % (e+) and 25 % (e-)

Qinghua Xu (Shandong U.)
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