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Contributions to the Proton’s Spin

Polarized DIS: ~0.3 Relatively poorly constrained
Puzzling for ~30 years but 4G coming into focus.
. —
A
& A f \

X , Proton spin sum rule: 1_ lAZ +AG+ L.+ L
0 2 2 q g

1
AG = f dxAg(x)
0

Proton momentum = Gluon’s contribution to

Proton spin = the proton’s spin
Aq(x) — Longitudinal
Ag(x) Polarization

See also Y-B Yang et al yQCD
Collaboration Phys. Rev. Lett. 118,
102001 (2017) for AG on the Lattice
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- Constraining the Gluon Polarization Distribution

" with Jet, Dijet, and Neutral Pion Probes at STAR

 STAR Detector
 Inclusive jets as a probe of Ag(x)

* Current Understanding of Ag(x)

 Pushing to Low x with Forward n%’s

In the Endcap Calorimeter

In the Forward Calorimeter
* Constraining Ag(x) with Correlated Probes: Dijets

 STAR Forward Upgrade
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STAR at the Relativistic Heavy Ion Collider (RHIC)

RHIC world’s first and only polarized proton collider

Average polarization 50-60%
“Siberian Snakes™ preserve polarization
Luminosity typically ~1x10%? cm s°!
Spin rotators provide choice of spin orientation independent of
experiment
Spin direction varies bunch-to-bunch (9.4 MHz)
SplIl pattern varies fill-to-fill NIM A499, 245 (2003)

200 and 500/510
GeV collisions
(proton-proton
center-of-mass

energy)




Solenoidal Tracker at RHIC

Inclusive hadron (e.g. 1°) measurements:
Barrel ElectroMagnetic Calorimeter (BEMC),
Endcap ElectroMagnetic Calorimeter (EEMC),

and
Forward Meson Spectrometer (FMS)

=2 Relative luminosity measurements:
. Beam Beam Counters (BBC) etc.

| .

L Jet measurements:

— TPC +

— = Barrel + Endcap EMC
d
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S Constraining the Gluon Polarization Distribution
" with Jet, Dijet, and Neutral Pion Probes at STAR

 Inclusive jets as a probe of Ag(x)
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Probing (Gluon) Polarized PDF’s With Jets

++ +—
o -0 Af A, i,
o +0"  ff, AG AG Ag AG Ba24

A, for, e.g. jets, sensitive
to polarized PDF’s (Af) and

A

LL =

partonic asymmetry, d,; % e
G++, ot
Count jets as a
function of proton Asymmetries at g 06__ gg _ 48
spin orientation different values of 3 |
(+ spin aligned with pror Vs g 0_3%_ D et
momentum, > sample different @ i AntEAT R0.6
- anti-aligned) mix of partonic | L
subprocesses . ""605""o1'"615"'zzzt'lt?d'ci:s's??i',"635'"b4"'64é"b5
Z. Chang, DNP 2013 Jetx; (=2p /Vs)
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STAR Jet Reconstruction

Jet Levels MC Jets
Jet direction
fg \> = STAR Detector has:
2 ) If—m +|—U-_-._ %  Full az1muth2.11 coverage
Coa 0l 5T p BT — * Charged particle tracking from
é | A TPC for n| < 1.3
* E/BEMC provide electromagnetic
é eV, energy reconstruction for -1 <n <2.0
3 < AR < STAR well suited for jet measurements
T, p,etc =
p > :
\ .
g Anti-Ky Jet Algorithm:
g & * Radius (e.g 0.6 for 2009 Jet A ;)

Oy 2:\134_0 *Used in both data and simulation
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2009 Inclusive Jet A

D.D?é—
O_DBE_ST'?:T; i‘,’ﬂfﬂx * 2009 results have factor of 3
005  Vs=200 GeV 1 to 4 better statistical precision
e T e than 2006 results that
~0.03 4 .
oozt informed the DSSVO08 fit
0.{}15—
N T T T * Results divided into two
15, 0920000019, pseudorapidity ranges which
WE | e emphasize different partonic
006 | _ _ lsst 0p . :
0.05 ;— - LSS10 / klnematlc S
0.042_ NNPDF 4 "‘_'_,..-""
20.030 PSR P . .
< o, Sl I -- * Results lie consistently
o.m; = | above the 2008 DSSV fit
S >
D P e e e R
0.01E P DSSV = D. de Florian, R. Sassot,
5 ST s ey e 35 35 M. Stratmann, W. Vogelsang

Parton Jet p T (GeV/c)
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S Constraining the Gluon Polarization Distribution
" with Jet, Dijet, and Neutral Pion Probes at STAR

* Current Understanding of Ag(x)
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New DSSV14 Fit — AG Comes 1nto Focus

DSSV = D. de Florian, R. Sassot,
M. Stratmann, W. Vogelsang

p. 11

| 55 NEW FIT |
~  90% C.L. region N
. m DSSV* i
90% C.L. region . &
A DSSV |
_ -

o C X2 _
- Q" =10GeV™  pRL113,012001 (2014) ~_
] I [ [ | 1 I 1 | | 1 I 1 | 1 1 | 1 1 1 1 I [ | 1 ] I

-0.2 -0.1 -0

With input from
PHENIX 7%’s and STAR
2009 jets

Integral of Ag(x) in
range 0.05 <x<1.0
increases substantially,
now significantly above

ZC10.

Uncertainty shrinks
substantially from DSSV*
to new DSSV 14 fit

First firm evidence of
non-zero gluon
polarization!
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New DSSV 14 Fit — Low x Remains Blurry

| X585 NEW FIT | | i
90% C.L. region ! S

® DSSV*
90% C.L. region -

a  DSSV

05 b A2 n 2 _
05T Q =10GeV™  pre 113, 012001 2014) ]
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
02  -0.1 0 0.1 , 02 03
[See also NNPDFpoll.1 fit
Nucl. Phys. B887 (2014) 276- O{,ﬁdx Ag(x)

With input from
PHENIX 7%’s and STAR
2009 jets

Integral of Ag(x) in
range 0.05 <x<1.0
increases substantially,
now significantly above

ZEro.

Uncertainty shrinks
substantially from DSSV*
to new DSSV 14 fit
Uncertainty on integral
over low x region 1s still
sizable
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Strategy for probing lower x gluons

Larger datasets: reduce our statistical uncertainty
— 2006 6.8 pb-! longitudinally polarized data collected at STAR, 2009 25 pb!,
2012 82 pb-1, 2013 300 pb-!, 2015 52 pb-!
Higher Center-of-Mass Energy
— For similar pt reconstructed particles, naturally probe lower x partons
— 2006, 2009, and 2015 200 GeV CoM
— 2012 and 2013 510 GeV CoM

Forward detectors
— Collisions with low x gluon, high x quark send particles to forward detectors
— Jets at STAR historically mid-rapidity — lately pushing jets further forward

— Use n’s where we have EM calorimetry, but no tracking for jets

Also, aim to use STAR detector comprehensively

— Make measurements with all subsystems
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Higher Statistics for Inclusive Jet A

Inclusive Jet A,

| pp > Jet+X

| Anti-k;R=0.5 1| <0.9
I Syst.

I UE/RL Syst.
------ DSSV'14
NNPDF1.1
NNPDF1.1 - rep

— STAR 2012 @ 510 GeV +

Inclusive Jet A

IIII|IIII|II]I|IIII|

N +6.6% polarization scale uncertainty
N not shown

[ PRD 100, 052005 (2019) |

|IIII|IIII

0 20 40

Parton Jet P, [GeV/c]

Push to lower x, w/ higher CoM energy
RHIC had very successful, high luminosity runs in 2012 and 2013

— 50 pb! at 53% avg. polarization in 2012, and ~200 pb-! in 2013 (~60% shown)
— Smaller cone, R = 0.5 reduces effect of underlying event and pileup

STAR 2012 & 2013
p+p— Jets + X
/s = 510 GeV
Anti-k, R=0.5, |n| < 0.9
s 2013 (Preliminary)

1 2012 arXiv:1906.02740[hep-ex]

[ UE/RL Syst.
—“ NNPDFpol1.1
---- DSSV14

T

o

+ 6.4% scale uncertainty

from polarization not shown

PR N TR T ST T T SO S N

(=]

~ 10 20

— Fits that incorporated 2009 results continue to describe the data well

Also, additional 200 GeV data during 2015 will reduce A;; uncertainties by a factor of ~1.6
A. Gibson; STAR Spin; WWND 2020

arXiv:1809.00923
PRI BT L

Parton Jet p_ [GeV/c]
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Spin Asymmetries in the Underlying Event?

2012 Inclusive Jet Analysis innovations include

— Extensive Data-MC Comparisons

— Modified Pythia Perugia 2012 tune to reproduce STAR charged = cross sections
— Jet-by-jet underlying event subtraction

Systematic uncertainty considerably reduced from 2009 measurement

. g 4 0.02 - ,nDF: 11813
 First ever measurement of A;; < - p0:-0.0005 + 0.0004
et
for underlying event 3 I
. )
* Define underlying event > 0 “W*#"*TH """"" { """""""""""
. 174] L
correction dprasymmetry: 3 i
(&)
AT _ 1 <dpy > — <dpy >~ 5_002 "_
t PaPg < dpr >*+ + < dpr >t~ el
. . - Not Corrected for Detector Effects —
e Consistent with zero at ~10level
- PRD 100, 052005 (2019)
_0-04_111111111111111111111

10 20 30 40 50

Detector Jet P, [GeV/c]
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Sl Constraining the Gluon Polarization Distribution
" with Jet, Dijet, and Neutral Pion Probes at STAR

 Pushing to Low x with Forward n®’s
— In the Endcap Calorimeter

— In the Forward Calorimeter

p. 16 A. Gibson; STAR Spin; WWND 2020 March 5, 2020



A;inm®+ X at STAR for 0.8 <n<2.0

Push to reasonably low x by going (relatively) torward
2006 Dataset in the Endcap Electromagnetic Calorimeter (EEMC)

Statistical error (bars) dominate

Systematic error (boxes)

— Signal fraction uncertainties
from template fits

— Uncertainty on background
asymmetry

Cross section and transverse
asymmetry also measured

(aV] -
(S') - Residual —e— STAR data
© 5000 Signal Region / & s
S B — = Other B.G.
o B - Conversion B.G.
— 4000[— —— Template Sum
— -
(D) C
Q. 3000
U) -
c C
S 2000F
o C
@) C
1000
0 — I £ora IS : \ I I : I I I I I I !
0 0.05 0.1 0.15 0.2 0.25 0.3
p. 17 M,, [GeV/c?]

0.15

0.1

0.05

-0.05

-0.1

--GRSVAg=g ---GRSV Ag-=std
..... GRSV Ag=-g —DSSV
® STAR n°

- [ .
E PRD 89, 012001 (2014)
| 6% Scale Uncertainty
_l 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 el | 1 1 1 1
5 6 7 8 9 10 11 12
GRSV: Older fit, without RHIC results pT [G eV/ C]
PRD 63, 094005 (2001)
DSSV: First fit to include RHIC results
PRL 101, 072001 (2008)
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Updated Prediction for 1 A;; ,0.8 <n <2.0

« NNPDFpoll.l includes jet results from STAR oas-

and PHENIX, including the 2009 STAR Ao ]
inclusive jets ' 15=200 GeV ]
» QGreater precision needed to test the fit 005}~ ‘ | -
STAR data with NNPDF &7 [ -
.. " Nucl. Phys. B887 (2014) 276-308| -
predictions / NLO QCD, NNPDFpol1.1 N
Lol bov b b b b bl
= 0.15[~-..GRSV Ag=g ---GRSV Ag=std B+B — 10+ X P, [GeV]
- ..GRSVAg=-g —DSSV
0.1 o STAR 20 I's =200 GeV
N 0.8<n<20
0.05 —+_ NNPDFpoll.l from E. Nocera, R.
_ '_‘—' ..................... . .
S R T Ball, S. Forte, G. Ridolfi, J. Rojo
R e — s — Nucl. Phys. B887 (2014) 276-308
-0.05[— | o
i 2006 data
-0.1— 6% Scale Uncertainty PRD 89, 012001 (2014)
plS_é oy by by e ey b by
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A in Endcap n’s with Larger Dataset

« 2012 dataset being analyzed now

— x10 the 2006 statistics; ~80 pb-!, ~50% polarization

— 510 GeV CoM energy w/ similar trigger and reconstruction thresholds allows
access to lower x gluons

* Pursuing a data-driven background model; skewed Gaussian for signal
— Several background models considered; comparable quality

— Chebyshev polynomial current default

| Invariant Mass - pi0s - pT=8.5 | hiM_pi0_s5_pT8 [ Invariant Mass - pi0s - pT=8.5 | hiM_pi0_s5_pT8 Invariant Mass - pi0s - pT = 8.5 | hiM_pi0_s5_pT8
Entries 107106 Entries 107106 Entries 107106
o : : : . : : Mean 0.1776 - 3 : H . : : Mean 0.1776 - : . : : . : Mean 0.1776
4000__....;......,: .... RE Bl bk s [ 0.08847 4000: i d g - ; ' RMS 0.08847 4000: : H ' i H . RMS 0.08847
- : : ) : - : 2 E 2 / ndf .3/85 - 2 [ ndf 113.9/81
E : : : ¢t | ¥/ ndt 219.1/85 C X 154.3 E X
3500+ -veenriee : ' | po 3462 + 22.7 3500f po 3363 + 22.8 3500 po 3175 + 25.2
F : : : it 0.1342 + 0.0003 E p1 0.1351 + 0.0003 E p1 0.1353 + 0.0003
3000 —----iooeeeis : : oo p2 0.0273 + 0.0002 3000f—----: p2 0.02712 + 0.00016 3000f---- p2 0.02531 + 0.00020
C : : 3 : : ¢ | p3 4.33 +0.13 C : p3 2.474 + 0.141 - : p3 3.901 £ 0.186
2500f—----3oeoeeo il : : i p8 4.252 + 0.039 2500 ---- P9 0.8505 + 0.0073 2500 ---- pa ~0.03996 +0.00032
- : : F : : : : ] ; F : : . F ps5 0.3602 + 0.0006
E : : : : : : : : o | | I : : : : : : s
R ¢ B | Sovese Siasasisuionnid janss i ereeas Seeanes 2000F—----i----- q.... 5 |, . ORI H R Seiises §iisees o pé 0.008145 = 0.000331
e TR ) : : : : : : o [ : ] : : : : : o - p7 1.845 + 0.009
- : : : : : : . . C : | : . : : : : : - : : : . : p8 2.093 +0.030
1500 ----3-----1 - SRLE AR | SRR Peosorefennensd ARRIELE Pereees feesees 1500 —----1----- oo s | & heades R MRS iessisas Feeeees Jresese 1500 —----1--ooc g fe-ee 0 | SRR IR RO T Faaeens R
woo:—~-@~~- ------- TS | N I SR S S R | RSt | U S S S S 1000f—-- R i s S T R
T IO e o A N 077 T N
00005 01 015 0.2 025 03 035 04 045 05 %005 01 015 0.2 025 0.3 035 04 045 05 09005 0.1 015 0.2 025 0.3 035 04 045 05

Invariant Mass in GeV/cA2 Invariant Mass in GeV/cA2 Invariant Mass in GeV/cA2

Polynomial in 1/x Chebyshev polynomials Planck function

B=c + €2 1 83 L 54 Bocori(x)+ca(2X2-1)+Ca(4X3-3x)+Ca(8X4-8X2+1) B = L _
x  x%  x3 (x —cy)® (exp (x —Zc ) — c4)
3
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n’ A Prospects in 2012 Dataset

* Not ready to show 2012 Greatly magnified!

:II 0.02 - 2012 Projected Statistical Uncertainties
A yet, but can show < %% B+5 -0+ Xat (s =510 GeV
projections 0.01
— HT trigger above 7 GeV -
. 0— » ¢
— JetPatch trigger 5-7 GeV - * \
* QOur 2012 analysis focuses on -0.01
High Tower (HT) triggers, for - Jet Patch High Tower Triggers
-0.02—
now 00_..| Ll Ll | N R IR AU R
5 6 7 8 9 10 11 12
= 0.15:—_..222Xig=g __.(;SR:,\\//Agzstd 6+6% J'EO + X . pT [GEV/C]
F o g=-g — .
01 g o /s < 200 GeV Large 1mproyement n
- 0.8<n<20 stat. uncertainty
0.05 .
l SR E SN projected, as shown
0_"+ ----------------------------------------------------------------------- e And ~4 times the
0051 { o0ed — statistics available 1n
N ata
_0_1:_ 6% Scale Uncertainty PRD 89, 012001 (2014) 20 1 3!
I - T B T T E—T March 5, 2020



FMS
Pb Glass EM Calorimeter
pseudo-rapidity 2.7<n<4.0
Small cells: 3.81x3.81 cm
Outer cells: 5.81 x5.81 cm

W

Forward EM Calorimetry In STAR.



n’ A in Forward Calorimeters: FMS

ALL = G:: — O:: o AfaAfb &LL 0.006 ;—STAR pp—nl+X 2.65<1<3.15
O +0 1.1 0.004:_\/§=510 GeV 30 <E <70 GeV
* g scattering dominates at highn with  ~ 0002
high x quarks and low x gluons i’j 0 o o=

* Highest n calorimeter at STAR recently 1s  _g o2
lead-glass Forward Meson Spectrometer

~0.004 -
(FMS) - PRD 98, 032013
—0.006 (2018)
« After prescales, effectively 46 pb b 0.006 | | | 3I s I 390
| . — . <n<aJ.
2012, 8 pb 1in 2013 : 30 < E < 100 GeV
0.004
=~ 0.002= E= IR
= ]

—0.002

=== NNPDF
= = DSSV14

—0.004

—0.006

16.7% polarization scale uncertainty not shown
| | | |

i 4 5 6 7 8
p. 22 LN p. [GeVic]

A
N 45\\_]:
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Sl Constraining the Gluon Polarization Distribution
" with Jet, Dijet, and Neutral Pion Probes at STAR

* Constraining Ag(x) with Correlated Probes: Dijets
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Dijet Measurements

— 1 73 4
X = (pT3e + Pra€ ) & _ _
S 1055 STAR 2009 Di-jet Cross Section
. % % - Data
1 ( —173 174 ) ‘i;: 10,2? %w NLO pQCD CT10 + UEH
x2 —_— pT 3 e + pT 4 e % E ‘ UEH Systematic Uncertainty
/ S ERTES e
_g" E Lo
& 1o [
M = x1x2S 5 1 E pp@ Vs=200Gev ‘
qg T Anti-k;, R=0.6, Inn | <0.8 ey
10_5?11 dt =18.6 pb” = 8.8%
i i —
n,+n,=1n— ~ y

Xy

(Data-Theory)/Theory
|

8 100

70 qQ
Di-jet Invariant Mass [GeV/c?]

Phys. Rev. D 95, 071103(R)
(2017)

30 40 50 60

‘cos o *‘ = tanh‘%

* Inclusive measurements have been the workhorse of STAR Ag program to date
* Broad x range sampled in each py bin
* Dijet or other correlation measurements which reconstruct the full final state are
sensitive to initial kinematics at leading order
* Prospect of mapping out the shape of Ag(x)
» Aside: STAR has a complementary program of unpolarized QCD e.g. the dijet

cross-section along with the A spin asymmetry
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2009 Dyjet Asymmetries and x Reach

Normalized Yield Normalized Yield

19.0 < M < 23.0 GeV/c?

0.8 84<p <117 GeV/c

0.7
0.6
0.5
0.4
0.3
0.2
0.1

..........

........

...........

Junnns

...........

Sign(n) = Sign(1,)

-------
..........

..........

—— Di-jet X,
............... Inclusive x (/20)

..........

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

S

Jmnund

...........

Junnns

...........

........

T'E!

Sign(n) - Sign(n,)
In1,n2| <0.8

I's = 200 GeV

..........

Phys. Rev. D 95, 071103(R) (2017)

e Di-Jet A,

— DSSV 2014

— — NNPDF Pol 1.1
] Scale Uncertainty
{88 PDF Uncertainty

0.08
STAR Barrel

: 0.06)
0.04
_ J/ 0.02

=1 =0
n n 0
-0.02
STAR Barrel 0.08
/N i 0.06

W\

<\
LI 0,04

~( )

U .02

n:-l r]:O
~0.02

; [ Rel. Lumi. Uncertainty

b

o Sign(n) = Sign(n,)
- STAR 2009 Sign(n,) = Sign(n,)
C p+p— Jet + Jet + X

- s =200 GeV

-

=

+ 6.5% scale uncertainty
from polarization not shown

30 40 50 60
Di-jet Invariant Mass [GeV/c?]

70

Dijets probe a much narrower range of x, than inclusive jets

Asymmetries consistent with predictions from global fits, albeit this is a ~subset of
the dataset used to extract polarized PDF’s

.25
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2009 Dayjets into the Endcap

« As with 7°’s, pushing to forward rapidity (here to 1 < 1.8) probes lower x

oA Barre Phys. Rev. D 98, 032011 (2018)
n f : 0.08 .
3 05/ 16.0<M<19.0 Gevic! STAR 2009 [0 oijet A STAR 2009
2 F pep— Jet + Jet + X - DSSV 2014 pep—s Jet + Jet + X
r:,n F /s = 200 GeV ’ ~— NNPDF Pol 1.1 /s = 200 GeV
a 04} 08<n, <0;08<1, <18 08<n <0;08<1n <18
S F 0.04—
© 03} -
E - 0.02 el
n=-1 n=0 n=1 n=2 02}~ ‘ Iy
ot [ 7 . +
¢ i - -0.02
| — N PRREPRRPURPEPP B . SS— { " 1 1 1
O'SE_ 0<1 <08;08<n <18 [ Scale Uncertainty
STAR Parrel F 3 - I ) POF Uncertainty
: - - I Rel. Lumi. Uncertainty
4 3 0<n,<0808<n, <18
> >
m %
] E
(2]
Y]
°
n=-1 n=0 n=1 n=2
08« N, < 1.8
*
STAR Barrel
' q
>
2
m
3
o
[« D ol (N [ S SO,
Q
© 1 1 1 J
1 20 30 40 50 60 70
n=-1 n=2 - Parton Level Diiet Invariant Mass [GeV/c’]

p. 26 A. Gibson; STAR Spin; WWND 2020 March 5, 2020



Dijet Impact On Latest Global Fit

« STAR 2009 Inclusive Jets already included in DSSV-14

* A new global fit, with a MC reweighting technique, also incorporates all STAR
2009 dijet results; thus, only 200 GeV data included thus far

« Uncertainty remains
large at low x

Before reweighting:
[ Ag(x)dx = 0.133 +0.035

After reweighting:
1

j Ag(x)dx = 0.126 + 0.023
0.1

1
j Ag(x)dx = 0.296 + 0.108
0.01

p. 27

0.2

0.15

0.1

0.05

0

g STAR 2009 dijet impact

de Flogian et al. D(L)SS\] Phys. Rev. D IIOO. 114927 (2019
xAg(x,Q°=10 GeV?)

— sign(n,) = sign(n,) ————

7 g’ . MC-average ===
_ L2 W T ) eeees sign(n,) # sign(n,) R i
0.05 ==+ cast barrel-endcap MC-rgpllcas
¢ =+=+=+ west barrel-endcap combined impact ==
,j ............ endcap-endcap and 1-o contours
_O . l 1 1 1 |
0.01 0.03 0.1 03 05
B X
A. Gibson; STAR Spin; WWND 2020 March 5, 2020
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Dijets at \/s= 510 GeV

o
N
o
LLLJ LLLLI LLLE) LLLY LAY LLLL LALEI LLLL LA LA

H
i3

-
=]

o
N
o
LU LLLL LLLR) LAY LU LLLEE LLLL) LAY LAY L L

0.35

0.25
0.2
0.15
0.1
0.05

L) LAY L LLLLN LLLL) LAY LLLL LLLLI LLLL) LA

1

0.45
04
0.35
0.3
0.25
0.2
0.15
0.1
0.05

L LA L L LLALY LLLL L] LALL L LAkt

p. 28

Dijet A
(18

0.06

0.04

0.02

0.06

0.04

0.02

IIl]lll]lllllllllllllllllIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIII

1;

Topology C
Central - Central

.|.

+ 6.6% polarization scale un

certainty not shown

[ == NNPDFI1

20 30 40

-0.02 :—
" 1 1 1 1 1
0.06|—
0.04— *
[~ Topology D
[ Forward - Backward
0.02—
: T ,l, -------- =
o 1 + ] i
T T b | -
_0.02}— = +DSSV2014

50

60 70

80 90 100 0
Parton Dijet Mlnv [GeV/cL]

A. Gibson; STAR Spin; WWND 2020

Dijets at \/s= 510 GeV
from 2012 recently
published

PRD 100, 052005 (2019)

Four 1 topologies narrow
the sampled x ranges

A/Forward-Forward:
03 < |T]3’4| < 09

N3-M4 >0
B/Forward-Central:
N34/ <0.3

03 < |T]4’3| < 09
C/Central-Central:
N34/ <0.3
D/Forward-Backward:
03 < |n3’4| < 09

N3-MNg <0

March 5, 2020



More Dijets at /s = 510 GeV

Study of large 2013 dataset well advanced < 004
— ~60% incorporated so far 5 oo
Here A;; shown for two topologies o

Final systematic studies are underway 001

Studies of endcap dijets (n > 0.9)

-0.01
at /s = 510 GeV are also underway arXiv:1809.0092 nN
‘gz NI EEEEEN BRI BFETETEN BT B S
sign(n,) = sign(r,)
Probe lower x, with dijets by moving to 0.03 ;

forward rapidities and higher CoM energy o0
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S Constraining the Gluon Polarization Distribution
" with Jet, Dijet, and Neutral Pion Probes at STAR

 STAR Forward Upgrade
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STAR Forward Upgrade for the 2020’s

Forward Calorimeter System (FCYS)
— Refurbish a portion of the PHENIX ECal, new Fe-scintillator HCal
— Forward di-jets will extend gluon polarization to x <~ 10-3
Forward Tracking System: Silicon discs and sTGC wheels (following ATLAS design)
An extensive suite of measurements in transverse spin and p+A collisions

First physics planned for 2021
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w Institutional Support for STAR Forward Upgrade

* Broad Range of Institutional Interest and Support
sTGC Silicon ECal HCal DAQ / Readout Software Integration

BROOKHFIAEN BROOKHFIVEN BROOKHFIVEN

AT CHICAGO

N?T'[‘o?glsgg‘k‘!soﬂv H/EIRSIQ % UCLA NATIONAL LABORATORY NATIONAL LABORATORY NATIONAL LABORATORY
OF ILLINQIS

T P EN’NEIRS(”E Calibration

KENTUEKY INDIANA UNIVERSITY OF ILLINOIS
M TEXAS ASM AT CHICAGO
P VALPARAISC i1} % 1] RIVERSIE
UNIVERSITY INDIANA UNIVERSITY INDIANA UNIVERSITY
INDIANA UNIVERSITY KENTUCKY IFEVNEIRPSII‘E

N\
BROGIMAVEN, Ry B RUTGERS

gﬁ L ABILENE '@J ATM Slow Controls

< CHRISTIAN TEXAS A&M

v"%.«,u < \\\\\\\\\\\\ ABILENE UNIVERSITYs M
§) f f; g ;’ CHRISTIAN AI‘M '@J’
& wewye  CHRISTIAN

VALPARAISO ABILENE
TEXAS AMM UNIVERSITY ~ CHRISTIAN

« Fully approved and funded, on track for first 500 GeV polarized pp data taking in
Fall 2021
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Forward Dijets with STAR Upgrade

EM calorimeter: 18 X, PbSc, resolution ~10% /vVE

Hadronic calorimeter: 4.5 A FeSc, resolution ~60% /VE
Dijet A;; with one or both jets in the forward (2.8 <n < 3.7) region

_ -3
— Probe x, ~ 10 RHIC Cold QCD Plan
* An attractive low x probe before the EIC era arXiv:1602.03922
LO pQCD ® CT14lo, v/s = 510 GeV, 2.8 < y1 < 3.7,2.8 <y, < 3.7 NL% %%CD, /5 =510 GeV, anti-kr, R=0.6,2.8 < y; < 3.7,2.8 <y, < 3.7
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Constraining the Gluon Polarization Distribution

" with Jet, Dijet, and Neutral Pion Probes at STAR

After 30 years, significant gluon polarization in the proton
— Inclusive jets at STAR have played a major role
— Large datasets reduce uncertainties, higher sqrt(s) pushes to lower x

n’s with forward detectors probe lower x as well
— 0.8 <1 <2.0 in the EEMC Endcap Calorimeter
— 2.5<1<4.0 in the FMS Forward Calorimeter

Map Ag(x) as a function of x with dijets

STAR Forward Upgrade under way
— Polarized pp run in 2021/22... activity planned through 2024 and EIC
— Forward dijets will probe Ag(x) to x ~ 10-3

Large datasets being analyzed, upgrades underway, new data
taking planned; stay tuned!
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Backup
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RHIC Luminosity

p. 36
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Probing (Gluon) Polarized PDF’s With Jets

o -0 AN, p
++ +-—
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to polarized PDF’s (Af) and
partonic asymmetry, d,
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FCS dijets

do/dIn(x), pb

do/dn(x), pb

CT14lo @ LO pQCD
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