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Longitudinally Polarized
Measurements

Christine Aidala, EINN 2021



Inclusive Jet and Dijet A;; for /s = 200 GeV

STAR, Vs =200 GeV
p+p — Jet + Jet + X
Anti-k R =0.6
sign(n ) = sign(n,)

STAR, Vs =200 GeV

p+p — Jet + X
Anti-k. R=0.6, Inl <1

o STAR 2015, This work
A STAR 2009, PRL 115 (2015) 092002

- DSSV14
< NNPDFpol1.1

.....

sign(f11) # sign(qz)
0 STAR 2015, This work
& STAR 2009, PRD 95 (2017) 071103

- DSSvi4
= NNPDFpol1.1

Rel. Lumi. Sys.
2015 2009

0.10 0.15 0.20 0.25 0.30 0.35 oy
ps bt Bl Lumi Sys.

""""""""""""""""""""""""" 2015 2009 |

Parton Jet x; =2p_/\s

+6.1% (2015) and + 6.5% (2009) scale

0} — 04 _
+ + + STA R’ P R D 103’ L09 1 103 ( 202 1 ) uncertainty from polarization not shown

LL 0.05 0.10 0.15 0.20 0.25 0.30
Parton Dijet M,/ Vs

Sensitive to gluon polarization at leading order: dominant processes at RHIC

gg and gqg scattering
Inclusive result will reduce uncertainty of gluon polarization for x > 0.05

m & Dijets place stronger constraints on underlying partonic kinematics:
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Inclusive Jet A;; for /s = 510 GeV

STAR p+p— Jet+ X —~—
Vs = 200 GeV: ' PH “ENIX
e 2009, PRL 115 092002 (2015) _ preliminary
= 2015, PRD 103 L091103 (2021) .
Vs =510 GeV:
+ 2012, PRD 100 052005 (2019)
* 2013, this work
- - DSSV14
22 NNPDFpol1.1 *

Inclusive Jet A

+ ,# _ : NLO + InR, DSSV14, Kang & Ringer
1

*rj: ! _ +  PHENIX 2013 pp \s = 510 GeV
o

W In|<0.15, anti-k _R=0.3
STAR 2012 (510 GeV, |n|<0.5, R=0.6)

6.5% pol. scale uncertainty not shown

0.2 0.25 0.3
Parton Jet x; (=2p_/ (s)

arXiv:2110.11020

* Higher /s pushes the sensitivity to lower x
* Inclusive jet at 510 GeV provides constraints for x > 0.015
* Agreement between /s = 200 GeV and 510 GeV and between experiments
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Dljet ALLfOV\/E = 510 GeV

New djjet results from large |
2013 data set BIRTRC TS 5 Gl
* 4 dyet topologies and range of
dijet invariant masses can

constrain Ag for different
ranges of x4, X

rrrrrrrrrrrrrrr

arXiv:2110.11020

STAR 2013 @ 510GeV
ptp— Jet+ Jet+ X
Anti-k; R=0.5

12 < My, < 14 GeV/c?

Topology A
Forward - Forward

Normalized Counts

rrrrrrrrrrrrrrrr

100 120 N
Parton DijetM  (GeV/c?)
nv
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Direct Photon and Charged Pion A;|

Photons that come directly from the hard
interaction

*  Only sensitive to initial state effects, no
effects from hadronization

*  Production dominated by quark-gluon
Compton scattering

* Isolation cut reduces contribution of
fragmentation and Bremsstrahlung photons

Isolated direct photon ALL

p+p s =510 GeV, In| < 0.25

DSSV14

3.9e-4 shift uncertainty from

relative luminosity notincluded ... [ ... . ..

6.6% scale uncertainty from
polarization not included

preliminary

Cleanly sensitive to gluon dynamics, will
help constrain Ag for 0.02 < x < 0.08
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PHENIX, PRD 102, 032001 (2020)

o w0 (Phys. Rev. D 93, 011501)
— — DSSV’14 for n* (Phys. Rev. Lett.
DSSV’14 for 113,
---- DSSV'14 forn® 012001)
[ Rel. lum. uncertainty

Data points for n* slightly shifted horizontally for legibility

6.5% pol. scale uncertainty not shown

10
P, [GeV/c]

510 GeV data probes x down to ~0.04 — 0.09
Consistent with DSSV14

Ordering of positive, neutral, and negative pion
asymmetries sensitive to sign of gluon
polarization since up and down quark
polarizations relatively well known
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Iransversely Polarized
Measurements

Christine Aidala, EINN 2021
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Transverse Momentum Dependent
functions

— Initial state effects from spin-spin and spin-
momentum correlations in proton

— Final state effects from spin-momentum
correlations in fragmentation

Multiparton correlation functions: Twist-3
collinear correlation functions

— Quantum mechanical interference between
scattering off of one parton versus two partons



Spin-Spin and Spin-Momentum
Correlations in the Nucleon

_ Worm-gear
Unpolarized = (Kotzinian-Mulders)

Spin-spin correlations icity

sversit

_ Sivers

Spin-momentum h&
rrelation

correlations Boer-Mulders T

Pretzelosity

Worm-gear | a a
o w0 -

: Vo
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SIDIS Sivers Asymmetries for Pions at

- High Fragmentation z

[HERMES, JHEP12(2020)010] « HERMES charged plon Sivers
TN moments extended to high z

— Expect stronger correlation
with flavor of struck quark,
but also contributions from
exclusive p production

2 (sin(¢-0g)),




SIDIS Sivers Asymmetries for Pions at

- High Fragmentation z

[HERMES THEP12(2020)010]

2 (Sin(¢-¢s)>u n

« HERMES charged pion Sivers
moments extended to high z

— Expect stronger correlation
with flavor of struck quark,
but also contributions from
exclusive p production

* Drop in the asymmetry at very
high z previously observed by
COMPASS

COMPASS n*

HERMES &

é@@
W48

: S <0032 [PLB 744 (2015) 250]
COMPASS n* x>0.032 . L

*PRL 103 (2009)

(GeVﬂc )




SIDIS Sivers Asymmetries for Kaons at
High Fragmentation z

[HERMES, THEP12(2020)010]

See also extended 3D
analysisin x, z, p,; for
pions in same paper

2 (sin(¢0-0g))y

[PLB 744 (2015) 250]

No drop at high z for kaons

« Larger Sivers asymmetries for K* than 7™ — also seen
by COMPASS

* Remains puzzling — would expect both to be dominated IR

by hadronization of scattered up quarks. Role of sea? '
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SIDIS Sivers Asymmetries for Inclusive
p Mesons

COMPASS preliminary

02040608 1 1.2
P. (GeV/c)

Sivers asymmetry for m*, 1w~ Sivers asymmetry for 1°

[COMPASS, Phys. Lett. B 744 (2015) 250] [HERMES, JHEP 12(2020) 010]
0.2

Suggests positive
asymmetry, similar to 7°, as
expected based on valence

quarks of produced hadron

0

e
-
o

2 (Sin((b'(bs))ul

From A. Moretti, Spin 2021
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SIDIS Sivers Asymmetries for
-0 - o (Anti-)Protons

[HERMES, THEP12(2020)010]

* First measurement of
(anti-)proton Sivers asymmetries

. Pr+0t0n asymmetries positive, similar to
/[

* Antiproton asymmetries also positive?
Role of sea important?

2 (sin(0-0g))y,

* Note: In SIDIS can cleanly separate
initial-state effects due to polarized
proton structure from final-state
effects due to spin-dependent
hadronization

— Different Sivers asymmetries for
different produced hadrons must be due
to different spin-momentum correlations
in the proton for different flavor partons,
plus different mix of parton flavors
undergoing (unpolarized) fragmentation
to the different species
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Worm-Gear g, and Pretzelosity hi7 TMD
PDFs for Pions and Kaons at Large z

[HERMES, THEP12(2020)010]

12

Worm-gear g7 :
longitudinally polarized
guarks within a transversely
polarized proton

2 (cos(¢-¢g) / (1-€%)"2) |
2 (cos(¢-¢g) / (1-€)"%, |

Nonzero?

A
+

Pretzelosity hiy:
quadrupole deformation
in momentum space

2 (sin(30-0g) / &)y,
R AL L R U 'R LR R

Consistent with zero
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SIDIS Transversity PDF X Collins FF
Asymmetries for Inclusive p Mesons

COMPASS preliminary

Large at

02040608 1 1.2

Collins asymmetry for %, 7~ Collins asymmetry for 1°
[COMPASS, Phys. Lett. B 744 (2015) 250] [HERMES, JHEP 12(2020) 010]

* First measurement of Collins
TMD FF for a spin-1 vector
meson

* Suggests positive asymmetry,
opposite T, as expected from
models Poa

| V|
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From A. Moretti, Spin 2021



SIDIS Transversity PDF X Collins FF
Asymmetries for (Anti-)Protons

[HERMES, JHEP12(2020)010]

e Consistent with
7Zero

o
o

* Collins TMD
FF zero for
spin-1/2 baryon
production in
general?

*1
o
~
w
—_—
—
[72]
=
+
=
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£
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Midrapidity ©° and n Transverse
Single-Spin Asymmetry Ay in p+p

PHENIX, PRD 103, 052009 (2021)

——— qgq Contribution

—_ = GPM
CGI-GPM Scenario 1
CGI-GPM Scenario 2

 (Consistent with zero

* Factor of three increase in precision compared to
previously published results and higher reach in pp

* Sensitive to spin-momentum correlations in the proton and O; — Op
in hadronization for quarks and gluons A N =
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Midrapidity Charged Pion Ay in
ptp

S PHENX
° Mldrapldlty ' Prelimina ry
mt Ay consistent with B - o st i s il
zero and with the m°
asymmetry
 Hint that 7¥ might
behave differently
(potential flavor
', this result
dependence) n*, this result
n° from PRD 103 (2021), 052009
| VY
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Midrapidity Open Heavy Flavor Ay in p+p

pH—p —Set+ X Vs = 200 GeV, il < 0.35 pT+p —e+X E= 200 GeV, |n| < 0.35

G o % ~—
PH ENIX —e— Open Heavy Flavor e : PH _ENIX
preliminary PRD7S, 114013 preliminary

=0.07 GeV (D) — €)
.07 GeV (D) — €’
.00 GeV (D" — e*)

—e— Open Heavy Flavore’
PRD78, 114013

-0
-0

[TT INI TTI TTT 1[ TII TTT ]lT I]I [T]

(=il II TTT ITI I'

Il 1 Il 1 1 1 1 1 1 1 1 1 1 I 1 1
3 4 5 6
P, [GeVic]

AP +p — HF(e™) + X)
Vs = 200 GeV
Il < 0.35

*
X ¥

K}

Cleanly sensitive to gluon spin- "SR S T
momentum correlations in the proton |

OO KX X KK
FRXAKAKAK XXX

+ 4+ 4+ 4
. b4+ttt

i K WA KA e i

FHEXXXXXKK XXX
22 32X H XK AKX X W

— Dominant process gg fusion

i o e i B 0 B M B W

b,
KXRKKXXEXXX A+ +++++++++++ + X XXX XX X XX ***

K 20 XX XX XK AKX

¢ 3 36 HE 0 0 3K K 0K
W

44+

Provide constraints on the twist-3
collinear trigluon correlation functions

— Calculations for D mesons from PRD7S, P e

1 14013 x2cCL Theory: PRD78, 114013

) 0’0’ - e

3) f _ 3) d _ _g.ql=3octL AD (Ahy)

¢! )’g (%, x)= Agk), o (6 x)= A, g(x) 202-0.15-0.1-0.05 0 0.05 0.1 0.15 0.2
)\’f [GeV]

il Wl

KK K KKK

o+ +
* ¥

33 3K
0 K

EXXAKKK KK KK KKK KKK KX XX KX X

XXX*XX)(XXXX)<+++XX)()'(XXXXXXKXXX--‘-‘#*

4 000990000 ] K
L EE PSSP PSSP SSSSSSSELE T

)

XX

MK K0 3K KKK KK MK KKK KX XXX X
e

- )-(XX*XXXXXXXXXXXXXXXXXXXXXXXXKK-=
3K MK DK D€ 0K 0K 0K 0 XK XK KKK K 0K

X XXOOCCK XX +
KXXXXXEX+++++++




Midrapidity Direct Photon Ay in p+p

Measured for the first time at
RHIC

Cleanly sensitive to gluon
spin-momentum correlations
in proton

— Dominant process quark-

gluon Compton scattering

Consistent with zero to
within ~2 X 1072
Will help constrain the
trigluon correlators

— In particular in conjunction

8 9 10 11 12
p. [GeV/c]

PRL 127, 162001 (2021)

with new PHENIX
midrapidity open heavy * qggq contribution — Kanazawa, Koike, Metz, Pitonyak,
flavor electron results PRD 91, 014013 (2015)
* Already constrained by other measurements to
be very small
* ggg contribution — Koike and Yoshida, PRD 85, 034030
(2012)
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Exploring Origin of Large Forward Asymmetries in p+p:
Isolated w° and w°-in-Jet Ay

STAR, PRD 103, 92009 (2021)

STAR p +p->n®+X Isolated 7° 200 GeV
p.>2 GeVic Isolated n° 500 GeV
y ¢  Non-isolated =° 200 GeV

STAR p' +p->EM-jet+ 1%+ X

$ 200 GeV
Jet algorithm: anti-kT R=0.7

27<n<4.0 i 0 :
3.0/3.4% b oS0 ated 500 GeY p*'>2GeVic + 500 GeV
S .0/3.4% beam pol. scale uncertainty not shown N Ote T

[ Theory 200 GeV 29 < njel <3.8,2.7 < n,< 4.0

[ Theory 500 GeV : axis 3.0/3.4% beam pol. scale uncertainty not shown

ranges!

[:]Theory 200 GeV : : Theory (Evo.) 200 GeV
¢~ Theory (Evo.) 500 GeV

Q
>
[}
S,
-
Q
~

0.6 0.7

ZEm

 Large forward % asymmetry is larger for isolated ° (left; filled points)
— Larger contribution from diffractive processes?
— Nonisolated 7°%s considered to be part of a jet

Forward m-in-jet transversity X Collins asymmetry consistent with zero
within ~0.002 (right)

[ Y |

MICHIGAN
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Exploring Origin of Large Forward Asymmetries in p+p:
Electromagnetic-Jet Ay

Ay slightly smaller for EM-
jets with higher multiplicity

STAR p'+p->EM-jet + X ¢ 200 GeV
Jet algorithm: anti-k_R=0.7 $ 200 GeV Multiplicity>2
P > 2 GeVic 4 500 GeV o

T 4 500 GeV Multiplicity>2

jet
29<n" <38 + A,DY 500 GeV
3.0/3.4% beam pol. scale uncertainty not shown

|| Theory 200 Gev
E Theory 500 GeV

Q)
>
Q
S,
e

-

STAR, PRD 103, 92009 (2021)

[ Y |

MICHIGAN

il W/l

Inclusive forward jet
asymmetries reach ~0.02

— Sensitive primarily to initial-state
effects from proton structure

Compare to ~0.10 for isolated

¥ in same pseudorapidity

STAR p +p->n°+X Isolated 7 200 GeV
p.>2GeVic Isolated 7° 500 GeV

- T > Non-isolated n° 200 GeV
27<n<40 4+ Non-isolated 7° 500 GeV

3.0/3.4% beam pol. scale uncertainty not shown

[1Theory 200 GeV
' ] Theory 500 GeV

f

aarea

(p,) [GeVic]




Exploring Origin of Large Forward Asymmetries in p+p
wt-in-Jet Ay

i e Sl e »  Forward m*-in-jet transversity X
15=200 Gev Collins asymmetries reach
i magnitudes of ~0.03

— Opposite sign for ™, ™

AR, > 0.05

b e Compare to ~0.002 for 7°-in-jet in

same pseudorapidity

= DMP+2013: nt*
— DMP+2013:

STAR p' +p->EM-et+ 10+ X
Jet algorithm: anti-kT R=0.7
P*'>2 GeVic 4 500 Gev
29< niu <3.8,27< N,< 4.0

3.0/3.4% beam pol. scale uncertainty not shown

$ 200 GeV

15 20 25
Particle jet P, [GeV/c]

[/]Theory 200 GeV 1. Theory (Evo.) 200 GeV
DTheory 500 GeV :-: Theory (Evo.) 500 GeV

MICHIGAN
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Transversity PDF X Dihadron
Interference Fragmentation Function
(IFF) Asymmetry in p+p

Dihadron interference FF

e Twist-2 collinear 3 o <M, > =076 Gev/e
framework ’

e Correlation of transverse
spin of fragmenting quark
and momentum cross-
product of hadron pair

p?"{GeV/ c)

* Measured in py and ) STAR Preliminary 2015
invariant mass of the pair PlAp = e Xat 52200 Gey
+ 3% scale uncertainty from beam
¢ La rger asym metry for polarization (not shown)
Mipy, = Mp
. * M, refers to invariant mass
* Can further constrain the T e A

P27 (GeVie) of xtx™ pair.

transversity spin-spin
correlation in the proton

MICHIGAN
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Dijet Sivers Asymmetry in p+p

[ Transverse Plane ]

pT 4+ p - Jet + Jet + X, /s = 200 GeV

Non-zero kr leads to
spin-dependent tilt of
di-jet opening angle in
transverse plane

-e- u-quark STAR Preliminary
-»- d-quark 2012+2015

-+ glpon+sea +z/-z Combined
stat.uncert. only

Dijet pT > 6 GeV/c & 4 GeV/c

[average]

(54
o

*  First non-zero Sivers asymmetries in di-
jet production in polarized pp collisions
— Expect no effect on average:

enhance contribution of u or d quarks by
sorting jets by their net charge

— (k) for dopposite in sign, twice as large
as average (ky) for u quarks

*  (Constraints for the Sivers function at a
high Q2 scale (Q? > 160 GeV?)

T

Ly |
O
—
>
Q
=
Nl
~~
4
g
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Sivers Asymmetries for W= and Z in p+p

STAR 2017 data

" bolarization uncertal : STAR p+p 500 GeV STAR Preliminary
N Ve — E10) (T u 8 + 14% polarization uncertainty not shown Y ) DL al)
ptp —>]'jV f-f: ;05 —;110 GeV . < 0.5 <P% <10 GeVic 7
int—2Y PO | IR Vs

L. adamczyk et al. (STAR), PRL 116 (2016) 132301

Bury, Prokudin, Viadimirov, PRL 126 (2021) 08384 -1 [ arXiv:2103.03270

run 11) .
—L - - - - - - —— —— - - - —— — .. beam pol. uncertainty not shown
-08 -06 -04 -02 0 02 04 06 08 2 6 8 % (run 17) P ’

-15 -1 -05 0 05 1

* Ay of weak bosons sensitive to Sivers sign-change and TMD evolution effects,
complementary to Drell-Yan (DY)

* Test of nonuniversality of Sivers function
5
fir ) fir SIDIS
* Greatly improved uncertainties using STAR 2017 data

MICHIGAN
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Nuclear Dependence of Ay for Forward Hadrons

In 2015 RHIC took
transversely
: PHENIX forward X% PHENIX £o. PHENIX ©
polarized data for charged hadron | RS EESANEE TR AN ey
T T T A , 1.-4<nF<2..4 ’ 1..4<nF<2'.4
pp,pAlandpAu 1.AILV<;7<2.4 ' T

01 < xp < 0.2
1.8 < pr < 7GeV/c

Noticeable Ay
SU\opression in pA
collision

0.17<x  <0.21 0.21<x  <0.27 0.27<x  <0.37

STAR Fit to Ratio=A" STAR Fit to Ratio=A" STAR Fit to Ratio=A"
——— P=-0.075+0.036 (Typel) ——— P=.0.058 +0.010 (Typel) ——— P=.0.037 £0.007 (Typel)

STAR forwa r d T[O AN 1 = = ' P=-0.049 +0.042 (Type2) 1 = = ' P=-0.054+0.012 (Type2) 1 = = ' P=-0.026+0.008 (Type2)
26 < n <40 '
02 < xp < 0.7

1.5 < pr < 7GeV/c

Less striking A dependence

STAR, PRD 103, 072005 (2021)

W A
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Nuclear Dependence of Ay for Forward Neutrons

arXiv:2110.07504

BBC Veto
s =200 GeV, n>6.8

3.4 % Polarization scale .-

Large nuclear dependence - "N uncrsts nt s
previously measured in pp, ' ‘ :
pAl and pAu

— PHENX, PRL 120, 022001
(2018) _
Now measured in pA as a T N
function of py and xp M= [
Enhancement of E T e UpcaorE Y

contributions from
ultraperipheral collisions
(UPC) over one-pion
exchange (OPE) as charge of |
the nucleus lncreases 0.02 004 006 008 0.1 0.2 014 0.16 0.18 D.Zp_ri)ﬁlzez\i,’c] 0.02 004 006 008 0.1 012 014 0.16 0.18 D.ZpT[DG'ZeZV,’c]

— Leads to sign flip in
asymmetries for pp vs. pA

— Generally described by See also PRD 103, 032007 (2021)

calculations qualitatively

W A
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Summary

Lots of measurements of proton spin structure in
the past two years!

Complementary collision systems and
observables allow us to probe and disentangle
different aspects of nucleon structure

Still plenty to learn about spin-spin and spin-
momentum correlations within longitudinally and
transversely polarized protons

See the following talks today and the Imaging &
3D Structure session on Friday for more
information

Christine Aidala, EINN 2021 31
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Backup

Christine Aidala, EINN 2021
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. Sivers amplitudes

) 1
gL ’i"'u_

multi-dimensional analysis

0.00<P,, [GeV] <0.23 0.23 <P, [GeV]<0.36 0.36<P,, [GeV]<0.54 0.54<P,, [GeV]< 2.00
- . - 4
E E A

0.2F E FITHEP12(2020)010]| |

0.1 ; ; ; E .
i: 3 @ 3d analysis: 4x4x4 bins in (x,z, Pn.)

-0.1 | E E - f

0.2 E

2 (sin(0-0g))y,

@ reduced systematics

02f
ot @ disentangle correlations
01 F

: _ i B . @ isolate phase-space region with large signal
02 strength

0.1

of

@ allows more detailed comparison with calculations

-0:22 I | : | ' @ accompanied by kinematic distributions to guide
o1 : phenomenology™

o

041 F

02E

*) see, e.g., backup slides or supplemental material of JHEP12(2020)0210

Gunar Schnell SPIN 2021
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subleading twist — <Sln(¢s)>UT

0.14
0.12
0.1
0.08
0.06
0.04
0.02
0
-0.02
-0.04

0.04
0.02
0
-0.02
-0.04
-0.06
-0.08
-0.1
-0.12
-0.14

2 (sin(¢g) / (2a(1+a))"2>m

@ clearly non-zero asymmetries with opposite sign for
charged pions (Collins-like behaviour)

@ striking z dependence and in particular magnitude

[HERMES, JHEP12(2020)010]
E 3 E —
- N }{/
8 8 8 rmes
¢¢'
4 2 E
S TR TLIN |PO L LY T L SO
- S !
= :
T Ead T EY e .
SAAHETL IR | A TR
LG s
= ? =
0.1 0.2 05 10 0.5 1
X z P, [GeV]

@ hint of Q suppression

2(sin(og) / (2e(14€))'"?),,,

@ similar z behaviour seen at COMPASS

Gunar Schnell
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[HERMES JHEP12(2020)010]

K+

[l L L LAY LU AR AL L L
i %
5 '-
| »
‘I-

3_‘5
w

hed

X ' z PM [GeV]

L 008
2 b m Q%x) >{Q%x))
“» 0.06 - i i
£ F A2 2
£ oo0af O Q(x) <{(Q%(x))
@ E
~ 002 +
0 oo + —————————————————————
0.02F Jf + # +
0.04F % % +
-0.06
-0.08 -
& 10F : ‘
> L ]
Q
Nc | | o o (@] I
S 1 L L L L L 1

e |
eh COMPASS preliminary | Proton 2010 data  oGarpade
ah z=0.1 :

002 . . N
o . ~—
,'{ 0 a_ & sy WLl 5a % L]
o Tqle \" o it _ e, e
* st ¢ 2 L os 4 4 s g
=002 a : Iy )
;——ﬁ —— P—— |
— - | - e——
1 i | |
10 ' i 04 06 0K 0.5 1 1.5
X z p. (GeVie)
20 SPIN 2021




Inclusive direct photon Ay from
Fermilab E704

e /s =19.4 GeV < ag TM"E

Ay (%)

-
- —————
-

16.7:+30.0+7.4
—0.6121.6%5.7

E704,
PLB 345,  1f.ow

02 <0.1
569 (1995)

01

Fig. 5. Single transverse spin asymmetry, Ay, for direct photon
production in pp collisions at 200 GeV/c as a func(ion of xr.
Statistical errors are indicated as ervor bars and systematic errors
are indicated as squared brackets. Solid and dashed curves show

theoretical predictions at /5 = 30 GeV and pr = 4.0 GeV/c
assuming two types of the quaik-gluon correlation strength | S].

[ Y |
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Direct photon background.:
Hadron decay photons with missing partner

Sometimes only one of the photons from a h = yy decay is
measured and the second photon is missed
* 7 decays tend to be more asymmetric because they are ~4 times

heavier than %s
. # West Arm

- 0 - ¢+ East Arm
Estimate number missed using

ones that were tagged:

From data: Ratio of number isolated decay
photons to direct photon candidate sample

PHENIX

|

From simulation: Converts between tagged
decay photons to missed decay photons PRL127,162001 (2021)




Direct photon background.:
Merging of ©° decay photons

Photon merging - sometimes the two photons from a 7° — yy

decay are so close together that the EMCal cannot resolve them
as separate photons

Simﬂar to the background fraction From Data: Ratio of number isolated

. . decay photons to direct photon sample
due to missing one of the decay
+

hotons iso,h
P r . Nbg . Nmerge Ntag
merge — N4 N. N N iso
Found to be sig —~ *bg tag
.. y
negligible after a
From Simulation: Converts between tagged
cluster shower decay photons and merged m° photons
shape cut

Christine Aidala, EINN 2021 37



Dljet ALL

Di-jets give stricter constraints to
underlying partonic kinematics 101" STAR, (s = 200 Gev

p+p — Jet + Jet + X

Anti-k, R =0.6

May place better constraints on the x- sign(n) = sign(r,)
dependences of Ag(x, Q?)

sign(n,) = sign(n,)

19.0 < M < 23.0 GeV/c® Sign(l]1) = Sign(nz)
j 84 <p, <11.7 GeVic

Normalized Yield

sign(f11) # sign(qz)

0 STAR 2015, This work

& STAR 2009, PRD 95 (2017) 071103
- DSSvVi4

1 = NNPDFpol1.1

xGluun

n=-1 nl=0 n=1

sign(n,) # sign(n.) e
i n) # n,

h]l,nz| <0.8

s =200 GeV

Rel. Lumi. Sys.
2015 2009

Normalized Yield

+6.1% (2015) and + 6.5% (2009) scale
uncertainty from polarization not shown

0.05 0.10 0.15 0.20 0.25 0.30 0.35
Parton Dijet M,/ Vs

STAR, PRD 103, L091103 (2021)
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Single-Spin Asymmetry for W
Production

Sensitive to antiquark helicities

PHENIX, PRD 98, 032007 (2018) STAR PRD 99, 051102(R) (2019)  1ear evidence for a

o W Voo S WEAX et X polarized flavor asymmetry
p+pat vs =510 Ge "(2013) B
;Hél\‘“'\ A, 001012, 30 Gev é: 51@ GeV 25 < E% <50 GeV of the Quark sea

PHEN[\A (2013), p° > 30'GeV

. Significant preference
> | i e Nl  for Al over Ad

Rel lumi

syst ) Sea Asymmetry

g T
*  STAR A(PRL 113 (2014) 072301) X(AU - Ad)
e DSSV E;325 GeV

W+

S e . & STAR 2011-2013 :§j
"""""""" BS15 CHE NLO
e DSSV14 CHE NLO
‘ DSSV14 RHICBOS
D < ey < NNPDFpoI1 1 CHE NLO
p ~7 DSSVO6 -- DSsVOS s

--= DNS Kretzer

Q% = 10 (GeV/cY
NNPDFpol1.1

W A

MICHIGAN
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Cross Section Ratio for W Production
Sensitive to the unpolarized d(x) /tu(x) quark distribution

imi —+— STAR 2017 prel. * - _ .1
STAR Preliminary 2013 p+p — WX — e=+X —4— STARprel. [ L= 360pb
[] systematic’uncertainty

p+p, Vs =510 GeV, L = 350 pb™" - CT14NLO (FEWZ): 90% CL ] MCFM-CT10

NNPDF 3.1 NLO (FEWZ)
oo MMHT 2014 NLO (FEWZ) | | CT14 NLO (FEWZ)
25 GeV < E; < 50 GeV CJ15 NLO (FEWZ) $=500/510 GeV NNPDF 3.1 NLO (FEWZ)

BS15 (CHE)
+ RHICBOS-BBS
+ JAM19 (FEWZ)
W —ev g RHICBOS-CT10

W™ /W™ cross section ratio at STAR complementary to
the Drell-Yan data

* Data cover overlapping region of 0.1 < x < 0.3

W A
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Charged Pion A;;

PHENIX, PRD 102, 032001 (2020)

pp — m+X [n|<0.35 PHENIX

m ©" Vs=510 GeV

e = Vs=510 GeV : g w° (Phys. Rev. D 93, 011501)

A m (s=200 GeV (Phys. Rev. D 91, 032001) — — DSSV'14 for n* (Phys. Rev. Lett.
v s=200 GeV (Phys. Rev. D 91, 032001) . DSSV1dform 113,

[ 510 GeV rel. lum. uncertainty ---- DSSV14forn®  012001)
W 200 GeV rel. lum. uncertainty ‘ ‘ [ Rel. lum. uncertainty

Data points for r* slightly shifted horizontally for legibility Data points for n* slightly shifted horizontally for legibility
510 GeV / 200 GeV pol. scale uncert. 6.5% / 4.8% , 6.5% pol. scale uncertainty not shown

10
P, [GeV/c]

* 510 GeV data probes low x range, down to x = 0.04 — 0.09
e Consistent with DSSV 14

* Ordering of the positive, neutral, and negative pion asymmetries 1s
sensitive to the sign of the gluon polarization since the up and down quark

= polarizations are relatively well known

MICHIGAN
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Longitudinal Spin Transfer to Lambda
Hyperons

Ptp— A+X, Vs=200GeV, STAR Preliminary

- +0.732

do(p*p = A*X) —do(p*p - A°X)  dAc™
- Y = AR

do(ptp — A*X) + do(ptp — A~X)  do?

A — o

—— DSV A + A scen.1
--== DSV A + A scen.2
DSV A + A scen.3

dAc" =) JdxadxbdzAfa(xa)fb(xb)Ao(ab — ¢d)AD™(2)

* Sensitivity to strange
helicity distributions
and polarized
fragmentation
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Partonic Fractional Contributions to
Central Jets at STAR

STAR, PRD 100, 052005 (2019)

pp—jet+X
NLO CTEQ6M
Anti-k_. R=0.6

Inl<1

c
O
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o)
>
()]

Solid: {s=200 GeV
Dotted: {s=500 GeV

01 015 02 025 03 035 04
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Partonic Fractional Contributions to
Midrapidity ©° and n Mesons at PHENIX

200 GeV ptp

Midrapidity
In| < 0.35

18 20
P, (GeV/c)




Partonic Fractional Contributions to
Midrapidity Direct Photons at PHENIX

0 O o

c
o
=
=
o]
=
fren)
c
o
o
©
c
o
=
Q
o
| .
(I8

© © © © ©
N

PHENIX, PRD 82, 072001 (2010)
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Midrapidity neutral pion Ay

e (Consistent with zero to
within 10~* at low py

e Definitive results from
PHENIX, from final

p' + p data taken in

“@@{[?% ...................... - 2015

o PRD 90, 012006 (2014)

« This Result PHENIX e Factor of 3

improvement 1n
statistical uncertainty
with respect to

PRD103, 052009 (2021) previous result, and
higher reach in pr
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Midrapidity m° and n Ay in p+p

0: Consistent with zero to within
10~* at low pr 0.04PHENIX p' + p, 's = 200 GeV, n|<0.35

ep'+p - n0+X
-pT+pﬁn + X

1n: Consistent with zero to within
5 x 1073 at low pr

Any differences in 7° and 7
Ay could be due to effects of
strangeness or 1sospin in hadronizat

\/2 (uu — dd)
n= (uu +dd — Zss)

T[

PRD103, 052009 (2021)

Or to mass effects in hadronization:
myo ~ 135 MeV/c* m,, ~ 548 MeV/c?
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Comparing forward n° and n results

® STAR p' 0 X at \s = 200 GeV
. n ((n)=352, \,_5=ZOOGGV) p -+ p — T ’“ + at \/s e

PHENIX o 70 (3.1<[n<3.7, 5=62.4GeV)
* ((m)=3.3, \IE:ZOOGEV) o n° no center cut, <n>=3.7 PRL 101 (2008)
P 1 (M)=3.7, \s=200GeV)

E704 [ ° (1.0<n<4.6, {s=19.4GeV)

STAR

n® center cut, <n>=3.68

n center cut, <n>=3.68

1
;‘

PHENIX, PRD 90, 072008 (2014) STAR, PRD 86, 051101(R) (2012)

* Forward rapidity: Large contribution of quarks coming from the polarized
proton

* Results hint that AZ may be larger than Aﬁo at forward rapidity. Further
studies required.

W A
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Midrapidity AK,O :
Theoretical predictions

pl+p = 10+ X, \'s = 200 GeV, |n|<0.35

—— qgq Contribution
—— GPM
CGI-GPM Scenario 1
CGI-GPM Scenario 2

IIIIIIII

10

12 14
p. [GeV/c]

Very small qgq correlator
contribution predicted

— JAM Collaboration, PRD
102, 054002 (2020)

Results can help constrain
gluon spin-momentum
correlations

— Twist-3 trigluon correlators
(Beppu, Kanazawa, Koike,
Yoshida, PRD 89, 034029
(2014))

— Gluon Sivers function — in
the Generalized Parton
Model (GPM) (D’Alesio
Flore, Murgia, Pisano, Taels,
PRD 99, 036013 (2019))



Iransversity PDF X Interference
Fragmentation Function (IFF)
Asymmetry in p+p

STAR Preliminary 2015 [ Radici et. al.
pl+p — a'm +Xat Vs=200GeV —e— Run 15, Cone < 0.7
. . (p, )=525GeVic
Dihadron Interference FF —e Run 06, Cone < 0.3

(p, )=6GeV/c

|:| Syst. Error

>0

M. " (GeV/c?)

[ Y |
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