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Current Understanding of Ag(x)
STAR Detector and Datasets
Pushing to Low x with Forward n"’s

— In the Endcap
— In the Forward Calorimeter

Prospects for Very Low x with Dijets and a Calorimeter
Upgrade
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Contributions to the Proton’s Spin M

Consider proton moving right

/ Proton spin =
g Aq(x) _ Longitudinal
Ag(x) Polarization

Polarized DIS: ~0.3 Relatively poquy .constrained
Puzzling for ~25 years But AG coming into focus!
< A
- 1_1 ‘ )
Proton spin sum rule: ~=_AZ+AG+L +L
2 2 q 8
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New DSSV Fit — G Comes into Focus

%

—_ I 1 I LI L I LI l LI l LI L I LI L I-
L i -
T Sw% NEW FIT e :
< [ 90% C.L. 1‘egmn§ R =
x | ™ DSSV* ]
0 D= T 90% C.L. region :
== } i
- = | 4 DSSV
0.5 +
0 A
05 F A2_ 2 _
05T Q =10GeV ~ PRL 113, 012001 (2014) __
1 I 1 L1 1 I L1 11 I 1 1 1 1 | 1 L1 1 l 1 1 L1 I

DSSV: DIS, SIDIS, early RHIC data; 2008 fit
DSSV*: preliminary RHIC data updated to final
NEW FIT: DSSV* + 2009 STAR jets + PHENIX n°
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-0.2 -0.1 -0

(and new COMPASS results)

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
fit

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

| B QE?LFII};M g - * Integral of Ag(x) in
[ moDssve - i range 0.05 <x < 1.0
s DSSV increases substantially,
= now significantly above
I ZEero.
- Uncertainty shrinks
o | : substantially from
i DSSV* to new DSSV
- fit

05 F A2 — Cx2 Uncertainty on integral
Q" =10GeV™  prp 113, 012001 (2014) L
| I 1 1 1 | I 1 1 1 1 l 1 1 1 1 | 1 1 1 1 l 1 1 1 1 I OVer low x reglon ls

02 01 -0 01, 02 03 still sizable
[See also new NNPDF fit | dx Ag(x)

- 0.05
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Probing Low x Gluons at STAR with Forward M
Asymmetry Measurements

e STAR Detector and Datasets
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Solenoidal Tracker at RHIC M

n’ Measurements:
Barrel ElectroMagnetic Calorimeter (BEMC),
Endcap ElectroMagnetic Calorimeter (EEMC),
and
Forward Meson Spectrometer (FMS)

FPD (east) not shown

ﬁ AR ',\;\ | —
BT W R Current Jet
A Measurements:
| gamus ] Barrel + Endcap EMC
k - o 1 | ]
. e
.
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Datasets from RHIC at STAR

%

e Published results from
2006 longitudinal dataset
at 200 GeV

— ~7 pb! recorded

* Work 1n progress from
— 2009 200 GeV long. ~25 pb-!
— 2012 510 GeV long. ~80 pb-!
— 2013 510 GeV long. ~300 pb!

recorded

e Caveats

— Other datasets, publications,
for other measurements

— 2013 >450 pb! delivered

— Prescales can affect individual

measurements
p. 8

Integrated polarized proton luminosity L [pb!]
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Probing Low x Gluons at STAR with Forward M
Asymmetry Measurements

* Pushing to Low x with Forward n’s
— In the Endcap
— In the Forward Calorimeter
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Probing Low x Gluons With n A | M

PRD 80, 111108(R) (2009) PRD 89, 012001 (2014) Wissink SPIN2008

20+ X,\/S =200Ge¥V

I - e l_: 0'15:—"'GRSVAQ=9 ~-GRSV A g = std 5_*_ b’ - T[O + X ALLE STAR 2006 PRELIMINARY
0.05 T P+p—>n'+X -~ GRSVAg=-g —DSSV 0.01 r.y=37
S P VE=200GeV 1 04 gerio 15=200GeV | | F@.)=32 '
R B RIAAAp SO - - 08<n<20 F ! GRSV std
0.00 == == o of s { ........ SO o
- - ‘ 1 L F—‘ ................... C J.
=< GRSV i C [SUUTY (STTTTUUUUTUTRN NURU RRRURPPRRRRS PRRIRIIEE -0'005: |
—0.05F — - - standard 7 . T C— 0 01:
: . Dala o Ag =+g » j — . E East FPD
L DSSY —--— Ag:U § - -0.015: vy Sm
_UIIO__ P Aem—g ] _0.05: : West FRD++ Small
L -0.021
T T T .0.1— E
4 5 6 '? 8 9 ]D ]] '_llllAlllll]lAllllllllll‘llll‘ | PR '0-02%15||||02|||625||||o3|||o|35\|||04||||XF
pr (GeV/e) 5 6 7 8 9 10 ) 1[1Gev/c1]2
T

* STAR has measured 7° A;; in three different pseudorapidity ranges

* Different kinematics, different systematics

* Here with data from 2006
*qg scattering dominates at high n with high x quarks and low x gluons
*No large asymmetries seen
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STAR’s Endcap Electromagnetic Calorimeter M

« Scintillating strip SMD

— ¢ segmented into 12 sectors

— Two active planes

— 288 strips per plane

 Resolution of a few mm

[T
7
[T

ML L LT

30°

217 cm radius |

i

+  Nucl. Instrum. Meth. A 499 (2003) 740. | /////
* Lead/scintillator sampling EM calorimeter tnigtgi a

— Covers 1.09 <1 <2.00 over full 2w azimuth
— 720 optically isolated projective towers (~22 X))

£
0
%
i

— 2 pre-shower, 1 post-shower layers, and an additional
shower maximum detector (SMD)

« Photon trigger places thresholds on maximum

tower energy and the 3x3 patch of surrounding

towers e
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n” Background and Cross-Section Computation
0.8 <1 < 2.0 with 2006 Dataset

%
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Al E
Inclusive n° mass distribution fit to MC S | NYResidua —— STAR data
. . 0 @© 5000 Signal Region / & -~ s
templates, in bins of ©° p; = — - Other B.G.
o B 0 - Conversion B.G.
— Slgnal —~ 4000~ 7" Py —— Template Sum
. . . 5 - 7t08GeV PRD 89, 012001 (2014)
— Conversion BG (n¥ candidate is from Q. 3000
gamma —> e+ e-) € 2000f
. Q
— All other BG (extra or missing photons, 1 O J000F-
candidate is gamma and e-, etc.) - S T T S
. . o SO = e
— Shapes from MC, relative fraction (and thus 0 005 01 015 02 025 03
signal fraction) extracted from fit to data M,, [GeV/c?]
» 0.35¢
‘g C eenene X,: 5 <p_ <6 GeVic Z
8 O%F iiix 10<p <12GeVlc
© 0 25__ """""""" X1 5< p < 6 GeVic : éé////
D . I s
. N o RS 10 < p <12 GeV/c 77
STAR n%’s at low and highp;, 5 .0 i T i 2
for SqI't(S) 200 GeV € F PRD&9,012001 (2014) 7%2;%
S 1af : U
: z 015p y
(PYTHIA, unpolarized CTEQ 5L) T wy
as grestr N\
- S NN
005 wd i S
S T N
O Eonas it \ S e L O
10? 10 1
X



n” Background and Cross-Section Computation M
0.8 <1 < 2.0 with 2006 Dataset

. . 3 ,
 Inclusive n° mass distribution fit to MC L [ NTResidual —— STAR data
. . 0 @© 5000 Signal Region / & - s
templates, in bins of ©° p; S — - Other BG.
o 0 - Conversion B.G.
— Slgnal — 4000 T Pr —— Template Sum
. ) o) 7 to 8 GeV PRD 89, 012001 (2014)
— Conversion BG (n° candidate is from Q. 3000
gamma —> e+ e-) € 2000
_ @)
— All other BG (extra or missing photons, 1° O 1000
candidate is gamma and e-, etc.) e T T S T T T T
— Shapes from MC, relative fraction (and thus 0 005 01 015 02 025 03
signal fraction) extracted from fit to data M,, [GeV/c?]
. & o5
« Lowest analyzed bin is 5-6 GeV 7" p; < = D vt p— n(: " X e ,
. . - s =200 Ge —_pQCD,
— Data-MC agreement unsatisfactory below this § 10° . 08<n<20 LacD, gp
— Large amount of passive material, not well E Stat. errors
modeled g10E shown, but
L .. negligible
» Unfolded cross section calculated with a AL
« - 9 el ARG 1
smearing matrix g 2 PRD89,012001 (2014)
— Dominant systematic is EEMC energy scale S A I N
N | S T S | I
— Consistent with NLO pQCD (thanks M. Stratmann) & |, l """ SR
o 13 « B.Jaeger et al., Phys. Rev. D 67, 054005 (2003) CTEQ 6.5, DSSFF °  ° 10 1 1: GoVid



A;; inn®+ X at STAR for 0.8 <1 <2.0 M

« Raw longitudinal asymmetry corrected for
— Luminosity asymmetries (small)
— Beam polarizations
— Background asymmetries

» Estimated from mass sidebands, and consistent with zero (with uncertainty ~0.01)

 Statistical error (bars) dominate

° Systematlc crror (boxes) <j 0.15—...GRSVAg=g ---GRSV A g = std B + 5) - J'ljo + X
— Signal fraction uncertainties - -~GRSVAg=-g —DSSV 5 = 200 GeV
01— o STAR n° S= e
from t.emplate fits - m 0.8 <n<2.0
— Uncertainty on background 0.05F _+_
- T
asymmetry §+ I I
Qs el 2
 Integrated across p; probably g_%_ """""""
: _ 9 -0.05 *
constrains GRSV Ag-max* = PRD 89, 012001 (2014)
« PRD 89, 012001 (2014) _0_1:_ 6% Scale Uncertainty
56 7 8 e 0 i 12
GRSV: Older fit, without RHIC results P, [GeV/c]

PRD 63, 094005 (2001)
DSSV: First fit to include RHIC results

p. 14 PRL 101, 072001 (2008) August 25,2014



Ay inn® + X at STAR for 0.8 <1 <2.0

%

F,n*

X

e Transverse asymmetries as well!

 Plotted in bins of n° p; (integrated over 0.06 < x; < 0.27), and in bins of X

Statistical error (bars) dominates over systematic error (boxes)

e Twist-3 prediction

— K. Kanazawa and Y. Koike,

— Phys. Rev. D 83, 114024 (2011)
STAR at sqrt(s) 200 GeV

PRD 89, 012001 (2014)

ZEMS: 2.5 <1 <4

AR AT
pr Dl b b b bova b b Lo o

2 4 6 8 10 12 14 16 18 20
PRD 89, 012001 (2014)  p_, [GeVic]

0.1

p'+p — a® + X

PRD 89, 012001 (2014)

u Vs =200 GeV -
[ 0.8<n<?2 [
S Gl _""‘H"'—T—* A
—OT—
STAR® Twist-3
L 4

e Xg>0 --%x>0
- - [o]Xg <0 —Xx<0
I 4% Scale Uncertainty
Lol b b b Lo 00 v v by v b v v by v b b b
-02-01 0 0102 5 6 7 8 9 10 11 12

Xg pT[GeV/c]



Updated Prediction for n° A;; ,0.8 <1 <2.0 M

« NNPDFpoll.1 includes jet results from STAR 015 /Is\n" R
and PHENIX, including the recently submitted - 1
2009 STAR inclusive jets p1e=E GeV ;

» Qreater precision needed to constrain the fit 005/~ ’ ‘ -

STAR data with NNPDF  *os_> _ -
dictions - arXiv:1406.5539 .
predic . NLO QCD, NNPDFpol1.1 E
Lol b b b b b byl

3 0.15—... — - > > p_ [GeV]
< - GRSV Ag=g GRSV A g = std p+p+n°+X T
- GRSVAg=-g —DSSV
0.1 (g STAR 20 - Vs =200 GeV
N 0.8<n<20
0.05— _+_
IR RNURY SURUPRRPY EPPISS pwy, SRR e
S SHRURPRS SN S G o S
-0.05 ! *
- 2006 data
-0.1— 6% Scale Uncertainty PRD 89, 012001 (2014)
T - B [ B T E—T August 25, 2014



n’ A, Prospects in 2012 Dataset M

« Work underway at STAR

with 2012 dataset (XlO the = 0.5 2012 Projected Statistical Uncertainties
. . < - P+P—n"+Xat (s =510 GeV
2006 luminosity) at 0.1
intermediate (endcap) oo -
. 1 .05
pseudorapidity -
— Large improvement in o —t { ¢ $ $ ¢
stat. uncertainty projected, -
as shown 005E
0.1
ey e ey by by e by e b by by
5 6 7 8 9 10 11 12
= 0.15[ B _ p, [GeV/c]
<_| = GRSV Ag=g GRSV A g=std B+Beﬂ:0+x . T
- ~GRSVAg=-g —DSSV * Higher CoM energy
0.1 (g STAR 20 - Vs =200 GeV
] 0.8 <n<2.0 e 200 - 510 GeV
0.05] —+_ * Pushes to lower x gluon
o{{-
-0.05 ! ¢
- 2006 data
_0_1:_ 6% Scale Uncertainty PRD 89, 012001 (2014)
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n’ A, Prospects in 2012 Dataset M

«  Work underway at STAR Greatly magnitied:
with 2012 dataset (Xl() the <j 0.02 / 2012 Projected Statistical Uncertainties
2006 luminosity) at ! P+p—°+Xat Is =510 GeV
intermediate (endcap) 0.01
pseudorapidity

— Large improvement in
stat. uncertainty projected,

o
I|IIII|IIII|IIII|II
L 4
L 4
—_——
—_——
—_——

-0.01
as shown
-0.02
1 1 I 1 1 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 1 1 1 1 I 1 1
5 6 7 8 9 10 11 12
<:" 0.15—...GRSVAg=g ---GRSV A g = std 6 + B 0+ X P; [GeV/c]
- ~GRSVAg=-g —DSSV * Higher CoM energy
0.1 (g STAR 20 - Vs =200 GeV N
: 0.8 <n<2.0 * 2002510 GeV
oosp- —+— ____________________________________________ * Pushes to lower x gluon
(e : e
-0.05 ! ¢
- 2006 data
-0.1— 6% Scale Uncertainty PRD 89, 012001 (2014)
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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

FPD EM Calorimeter
Small cells only
Two 7x7 arrays

Forward EM Calorimetry In STAR. 0



n’ A;; Prospects in Forward Calorimeters

%

* Pushing even further forward, with the FPD and FMS
Work underway with large 2012 and 2013 datasets at 510 GeV

— Prescales lead to effectively ~50 pb! in 2012, focused at high p;
« And ~10 pb'!in 2013, focused at lower py

— An older prehmmary result also exists

ALLE
[ STAR 2006 PRELIMINARY Wissink SPIN2008 4 r — -
0,01 1881 _______________________________________________ 5 0l FMS @0 Statistical Uncertainty
= E’?"’“"i_j . . § [ Projection for 50 pb-! at 200 GeV
RNLEET St iR N S | S SO S - adi
0.005[ 5q rt(s) 566 GeV o0zl (e.g. a 2015 longitudinal run)
: . '|' . GRSV Std B
oF T T S oot FMS 2.7 <1 <4.0
_0_005} ....................... ........................ ...... i ............... " ................................... i 1L
_0.01;._ ........................... : Eas“:p[) ..................................................................................................... —0.013— STAR Note 606
- | - https:/
_0-01 5;.mstFpD++Sma" ............................................ W 0.02 — dmpal,starbnl,gOV/
n | - STAR/starnotes/
_0.02__ ........................................................................................................................................................ 003— .
| - ublic/sn0606
- STARgloballyrecorded~7pb1 = P ——
-0.025—1—| ..... T ',I ..... T ',l ..... T '| ..... [ I,I ..... T ',I ..... i ||| P‘t G V‘f
015 02 025 03 035 04 xF (BUR 15+16) o
Wissink SPIN2008
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Probing Low x Gluons at STAR with Forward M
Asymmetry Measurements

* Prospects for Very Low x with Dijets and a Calorimeter
Upgrade
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Dijet Measurements

V%

X, = %(pme’73 +pT4e’74) i
M = \/x;x,s

N, +1n, = lnz—l

|cosH*| - tanh| 2~ "4

* Inclusive measurements have been the workhorse of STAR AG program to date

* Broad x range sampled in each p 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)
p. 22 A. Gibson, Valparaiso; STAR Low x g; PANIC
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a7 m;‘{
S R N
DA AR
2t N
AR

Jet Reconstruction M

Jet Levels

Detector

Particle

Parton

p. 23

MC Jets

Jet direction

STAR Detector has:
 Full azimuthal coverage
* Charged particle tracking from

GEANT

e

TPC for n| < 1.3
* E/BEMC provide electromagnetic
energy reconstruction for -1 <n <2.0
STAR well suited for jet measurements

PYTHIA

Anti-K Jet Algorithm:
* Radius = 0.6

- _/
%4—0 » Used in both data and simulation

A. Gibson, Valparaiso; STAR Low x g; PANIC August 25,2014



STAR Di-jet Cross Section
10™

ﬂ]ﬂlﬂﬂ][ﬂﬂﬂ[ﬂ]]][m] Data STAR PRELIMINARY

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

;| Data Systematic Error

] NLO pQCD CTEQ6M (de Florian)
+ Had + UE

N
(=}
A

pp @\'s = 200 GeV
Anti-k, R=0.6, [n| <0.8

d?c/dMdJn| [ub/(GeV/d)]
(=]

J Ldt =17.1 pb'+ 7.7%

-
o
3]

n
RO ¢
) )
] III|III|II—IIIII| I IIIIIII| I IIIIIII| [ II|I||I| [ |III|||| s s
4 : .‘..;“
i
]
{4
1
i

LA S S I S B S S B S S B S B S S B B I S S S S B R

B. Page DNP 2013

oooooooooooooooo

(Data-Theory)/Theory

_ro....l | | IR |

30 40 50 60 70 .80 90
Invariant Mass [GeV/c?]

100

2009 Dijet Cross Section Results

%

Thickness of vertical black
hashing represents size of
statistical error on the
measurement

Green hatched box 1s symmetric
about data point and 1s the
quadrature sum of all systematic
eIrors

Thickness of blue box represents
error on theory determined by
changing factorization and
renormalization scales by factor

of 0.5 and 2

August 25, 2014



2009 Drjet Cross Section at 500 GeV

%

10"

d’cl/dMdly|__ [ub]

10

M STAR Dijet Cross Section
PP @ Vs = 500GeV

Anti-k, R=0.6, |y|  <0.8

[ ] pQcD MRST 2004 (de Fiorian)

pQCD MRST 2004 + HAD + UE

J Ldt =8.7pb"'+ 13%

STAR Preliminary

G. Webb PoS(DIS2013) 215

(Data-Theory)/Theory

o
[\®)
W

______ B I A
O AT RIS
e S e SR INRNEE

120
Invariant Mass [GeV]

80 100

140

Also a preliminary 2006 dijet
cross section at 200 GeV

— T. Sakuma, M. Walker, Journal
of Physics: Conference Series
295, 012068 (2011).
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Probing very low x gluons with Forward M
Calorimeter Upgrade: 2020

JE ECal:
Tungsten-Powder-Scintillating-fiber
2.3 cm Moliere Radius, Tower-size: 2.5x2.5x17 cm3
23 X,
HCal:
Lead and Scintillator tiles, Tower size of 10x10x81 cm?3

4 interaction length
https://drupal.star.bnl.gov/STAR/starnotes/public/sn0605
STAR polarized p+p and p+A Lol

IS

D<o <]

i

| .-
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Dijet Projections with the Forward Calorimeter Upgrade

%

Vs =500 GeV

—1<y<2
2.8<y<3.7

https://drupal.star.bnl.gov/STAR/starnotes/public/sn0605

STAR polarized p+p and p+A Lol

108

do/dx, (do/dx,) (pb)
]
o

do/dx, (do/dx.) (pb)

-08<r|3m<0/28<q.m<37

(EAST / FCS)

2 A1
10 1

X; (%)

do/dx, (do/dx,) (pb)

do/dx, (dodx.) (pb)

10° 10" 10% 102107 1
X, (x;)

(FCS / FCS)

107 10 107 1

103

X5 (xp)

28<n3w<37/28<n‘m<37

7ox10

2

-0.15

0.15

0.1

0.05

0

-0.05

-0.1

Reone=0-7
E;>8 GeV
E.>5 GeV

(EAST/FCS)
' t
= GRSV STD
— DSSV J
30 35 40 45 50 55 60
M (GeV)
S .
(EEMC/FCS) {
| i l |
L
-« GRSV STD
DSV i
10 15 20 25 30 35 40

M (GeV)

Probe gluons to x ~ 1073
An attractive probe at rather low x before the EIC era

A. Gibson, Valparaiso; STAR Low x g; PANIC

L=1fb"
P=60%

B. Surrow PoS(D182014) 241

4 015 — 1
< . (WEST/FCS) |
2 0.1 T S ‘
x10
0.05 -
AN N
0 T 1 1
-0.05 |-

* GRSVSTD
-0.1 = pssv J
20 25 30 35 40 45 50 55 60
M (GeV)

-0.1 | == GRSVSTD
- DSSV

|
15
10111213 141516 17 18 19 20

M (GeV)
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¢RHIC and eSTAR (>2025) will offer
unprecedented reach in Q2 and x

%

.
()
(/
l’,
Energy Recovery
oherent Linac
Electron Cooler

l',’

Polarized
Electron Source

\
of Intent |

eSTAR: A Letter b |

The STAR Collabora ’

l
1

1

l

li

p. 2 8 September 2013 ,‘

From AGS

https://drupal.star.bnl.gov/STAR/future




Conclusions M

Ag coming into focus, but still poorly constrained at low x
Can push to lower x with forward measurements, and higher sqrt(s)
Proof of principle result exists with 7° A;; in endcap (0.8 <n <2.0)

— PRD 89, 012001 (2014)
— Work underway with large 2012 dataset at 510 GeV

Preliminary i’ A, with forward calorimeters (~3 <n < ~4)
— Work underway with large 2012 and 2013 datasets at 510 GeV

Preliminary dijet cross sections
— Exciting prospects for very low x gluons with upgraded calorimeter at forward n

Large datasets on hand, analyses underway
— 2012, 2013

Detector upgrades continue
— Forward calorimetry: FPS+FMS 2015, FCS 2020

Continuing data taking planned
— 2015, 2016, and beyond
Stay tuned!

p. 29 A. Gibson, Valparaiso; STAR Low x g; PANIC August 25, 2014



Backup M
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DSSV++
arXiv:nucl-ex/1304.0079

and this plot courtesy M. Stratmann

xAg

02 Q=10 GeV? ]

{RHIC 200 GeV

O [ g
- 4 ----DSSV |
01 B Dssvsi
[ A 'S A ll‘ll A 'S A ll‘ll A A 'S A l‘.

-1 X

2
10 10

p. 31 A. Gibson, Valparaiso; STAR Low x g; PANIC August 25,2014



p. 32

DSSV 14
PRL 113, 012001 (2014)

02F o Q*=10GeV*
XA [

01"

=)
—
T T T T T T
Z
™
=

— FI
incl. 90% C.L. variations _J
ooooo DSSV* 4
| - - - DSSV ]
| 1 1 1 1 1111 1 1 1 1 1111 1 1 1 1 1111
0.2 3 > 5
10 10 10 X 1

FIG. 1 (color online). Gluon helicity distribution at
0% = 10 GeV? for the new fit, the original DSSV analysis of
[3], and for an updated analysis without using the new 2009
RHIC data sets (DSSV*, see text). The dotted lines present the
gluon densities for alternative fits that are within the 90% C.L.
limit. The x range primarily probed by the RHIC data is indicated
by the two vertical dashed lines.

A. Gibson, Valparaiso; STAR Low x g; PANIC
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Particle Reconstruction in the EEMC M

EM Particle Reconstruction Procedure

— Identify clusters in the u and v strips = _SMD v
—  Determine which u and v clusters to associate with incident particles & u.maz—
— Compute energy of incident particles (e.g. photons) from the towers & 0014
@ —
— Compute momentum from the vertex and SMD cluster positions & DEEE_
SMD response (right) in 7¥ candidate event from data 0.0085-

. . r ¥
—  Blue histograms show energy response per strip 0.005F
— Red triangles represent clusters drawn at mean strip position, and E’EEZ;
10% of the cluster energy E N
0 250 255 280 265 270 275 280 285
SMD clusters are found by Strip Index

—  Smoothing the histogram using the method of J. Tukey SMD V
— Identifying clusters as a strip above an energy threshold, with +-3 E o0
adjacent strips with monotonically decreasing energy Z 0025
— Setting cluster position to energy-weighted mean position of strips E 0.02[-
EM particle candidates built from pairs of u-v clusters 0.015E
—  Clusters matched by energy of u and v strips 001
— Required to have associated tower energy above threshold :
0.006
— Often have e.g. two photons from one n° deposited in one tower -

D_ L LT LI_IJ . 'HII- 1 1 1 11 1
120 130 140 150

Reconstruction difficulties include

— Upstream passive material: n° opening angle on the same order as photon conversions

60
Strip Index

— Single particles sometimes look like two particles, and vice versa
p. 33 A. Gibson, Valparaiso; STAR Low x g; PANIC August 25,2014



Prospects with 2009 Data, cont. M

— &
’ e&Jday showing a glimpse at only a tiny fraction of the 2009 datasets

+* Larger jet trigger patch allows events with more jet background, softer w
* Background somewhat higher than for photon triggers

— But can probe to considerably lower ©° pT

— Very reasonable nt° peak

— Possibility to extend reach to lower x?

«  Work remains on MC validation, understanding of n%’s in “jettier” environment, etc.

1200
2009 Data

1000 . .
Lower py jet trigger

800
1 pr 2 to 3 GeV
600
400

200

lllIIIIIIII]IIIIIII]IIIII

1 1 | 1 L1 1 | 1 P PR L1 1 | IR 1
0 0.1 0.2 0.3 0.4 0.5 0.6

M,, [GeV]
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Solenoidal Tracker at RHIC M

et RHIC as Spin Collider

| » “Siberian Snakes” > mitigate depolarization resonances
* Spin rotators provide choice of spin orientation
independent of experiment

Spin direction varies bucket-to-bucket (9.4 MHz)

Spin pattern varies fill-to-fill

PHOBOS J4

e A Inclusive hadron measurements:
e (NG yoLs Barrel E/M Calorimeter (BEMC),
Endcap E/M Calorimeter (EEMC),
Forward Meson Spectrometer (FMS)

- \ FPD (east) not shown

Jet and W/Z
measurements:
TPC + Barrel + Endcap

EMC
p. 35 A. Gibson, Valparaiso; STAR Low x g; PANIC August 25, 2014

NIM A499, 245
(2003)




Relativistic Heavy lon Collider as a Spin Collider

/g‘bﬂ/ ®

T Concert of Facilities

\\ * OPPIS - LINAC - AGS - RHIC

a

Wil

i
il \ Polarlzed -proton Collider

TR PHOBOS AN
§,€/'v.‘}"} \ y ™ Mitigate effects of depolarization resonances with “Siberian
:,.;',,f]! \ Snakes”
\ * Polarization measured with CNI polarimeter

A *  Spin rotators provide choice of spin orientation independent of

experiment

RHIC Beam Characteristics

*  Clockwise beam: “blue”; counter-clockwise beam: “yellow”
« Spin direction varies bucket-to-bucket (9.4 MHz)
* Spin pattern varies fill-to-fill

“TANDEM VAN DE GRAAFF

p. 36 A. Gibson, Valparaiso; STAR Low x g; PANIC August 25,2014



STAR Detector M

Time Projection n= 0 Endcap Electromagnetic
Chamber (TPC) : Calorimeter:

Charged Particle | /: 1<n<2 P
Tracking n|<1.3 [
V.1
! \ = - In(tan(6/2))

/

=

Barrel Electromagne '

Calorimeter (BEMC): =]

<
ml 1 A. Gibson, Valparaiso; STAR Low x g; PANIC August 25,2014




STAR’s Endcap Electromagnetic Calorimeter M

Scintillating strip SMD

- BEMC L .
,\[EEMC — ¢ segmented into 12 sectors
. f TPC g - — Two active planes
z“ i IR — BBC — 288 strips per plane
j %ﬂ Resolution of a few mm

1.086 Shovgrm § 30°

Pb/iis‘nc<p°s" . ] 217 cm radius

e Nucl. Instrum. Meth. A 499 (2003) 740. s 1 e

s s . . u- "’//7/'“ ;

« Lead/scintillator sampling EM calorimeter SI’DMD
tie-rod”~ i~
— Covers 1.09 <n <2.00 over full 2 azimuth notohes._ ¥,

— 720 optically isolated projective towers (~22 X))

%

— 2 pre-shower, 1 post-shower layers, and an additional
shower maximum detector (SMD)

« Photon trigger places thresholds on maximum

\
1 y 70
tower energy and the 3x3 patch of surrounding | A
\\\ y (extruded strips)
' 77.7cm

towers
radius
p. 38 A. Gibson, Valparaiso; STAR Low x g; PANIC August 25,2014




STAR Detector in 2014

A—

Trigger/DAQ
DAQ1k

DAQ10k

o

HLT

N

[wo | [trc] [eEmc] [eemc] — 2014

7

FT: Heavy Flavor Tracker, MTD: Muon Telescope Detector

August 25, 2014-



STAR Detector in 2015-2016

2015-16 )

EEMC
I_I pp/pA/AA

BEMC

TOF

| FMS(HCAL)+FPS

VPD

i

RP II* i

[reir]

Trigger/DAQ

DAQ1k

e

DAQ10k

Existing i New
Reinstrumented
=~

MS: Forward Meson Spectrometer, FPS: Forward Preshower, RP II*: Roman Pot Phase II* 41

HLT

.

m



STAR Detector in 2018-2019

A—
i [wo ] [trc] [BEmc] [Eemc] 20;%—;?:
e T BESII

Fixed Target

Trigger/DAQ

DAQ1k

e

DAQ10k

)

iTPC: inner TPC, EPD: Event Plane and Centrality Detector, ETOF: End-cap TOF, Fixed Tarqe%2

HLT

.




STAR Detector in 2021-2022

P eee—)

7

2021-22)
pp/pA/AA

| EEMC |

Trigger/DAQ

DAQ1k

e

DAQ10k

| Existing " Newl

7

HLT

FCS/FTS: Forward Calrimeter/Tracking System, RP ll: Full Roman Pot Phase Il 43



STAR Detector in 2025+

PA ——)

2025+
E C P

VPD

a

Trigger/DAQ

DAQ1k

DAQ10k

e

| Existing " Newl
40!
.

=~
CEMC: Central EM Calorimeter, eTRK: electron Tracker, TRD: Transition Radiation Detector 4

4



eSTAR Detector in 2025+

4

H

[

cSTAR i B

= v -

JAN. 28, 2014

LOE[LM | lr JI EMC ELECTRONICSEJ{ A.V :
| 7 [ —
| / 7 Z oo
|
[ o T ] M>Qliﬂ®@| e <] n
| ENC ;J:w | H
B HCAL
FTOF ' | WITH HYDRAULICS
‘ TO MOVE EACH
[T e AL
= SECTOR -
- . cemc—[] i’//\ - rd
oarSleS, r ‘ e |1/ L
S |l
il )
I:l I = i ——
| || EASTEEC—/ ] =
I L FORWARD_V
: TRACKING
— e - e SYSTEM Q%\

i /ﬁ e
©

T ”MTD

WALL R/ Z_ / | L f
= ‘ E ijNHXWH\DQIX [[L<lfee)

1 ——— ——
I :

The very successful STAR detector will evolve into an EIC detector 61



8

g,(x,Q?) + const(x)
Jt

Proton Helicity Structure

b

-

2.1x10%(+11) =

xu5.2x10°(+52)

?

— 8.2x10” (+43)
1.3x10" (+36)
o—-’-o

2.1x10* (+31)

LR |

T

—— DSSV+

EIC:

TrTTTTYTY

v 5GeVon 100 GeV
+ 5GeVon 250 GeV
20 GeV on 250 GeV

Dedicated detector

og—0—"0—2 3.3x10" (+27)
(*___o.,_o——o——-" 52x10* (+24)

o0 1.3x107(+19)

-.—«—-H—’*—""’ 2.1x10° (.17)

- —Fr—0s—0—0 52:10 (414)

> = <o - “
-

O

o

> = - Tw

33x10° (010) .
52x10° (+9) . .
8.2x10°(+8) » .
1.3x107(47) »

o ow

g

© 8.2x10 (013)

© 1.3x10°(+12)
PO —O0—0
~a—g—"—4Sre—Co

Al ©

g — O Ge—Oe O
. OO0
2.1x10 7 (48) P &

3.3x10" (45) »—n

52x10" (44) »

PR R e | PR

soa s ssal

.

-

- .

T e s

i

i

sos s aasl

A

1

A

10

Q2 (GeV?)

2

10

3

T — m e
0.04 XAU JE xAd ]
all uncertainties for Ay%= 9
0.02_— | 7]
of 1 -
-0.02f === DSSV _‘V .
| W DSSVand 1F ]
.0.041 EIC 5 GeVon100 GeV [ ]
S & 5 GeV on 250 GeV 1+ R
i PTTTY BT BT | BT BT BT

- e B [ e e e s e ™
0.04 XAS aF XAQ E
0.02F . ]

-0.02f

0.04F Q2= 10 GeV?

Ev o Lo u | ve s

MR | [ . P | o
102 10” 1 10 107 1
X X
1
L QP =10 GeV? .
0.5 - —
: 5x100
r I EIC o -
I EIC 20x250 |
L all uncertainties for Ay’=9 _|
_1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1
0.3 0.35 0.4 0.45
AY

0.04

0.02

-0.02

-0.04

53



THE Beauty of Colliders: Kinematic Coverage

novel electroweak
$ = &
==Q2>=6400 GeV? ; -Wi<
v
probe

10 3L Current data for Sivers asymmetry:
e COMPASS h*: Pr<16GeV, z>0.1

O HERMES  «%* K% P, <1GeV,02<2<0.7
m JLab Hall-A =" P,;<0.45GeV, 0.4<2<0.6

Planned:

102k B9 JLab 12

Q° (GeVZ)

10
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