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Integrated polarized proton luminosity L [pb!]

RHIC Machine Overview

Absolute Polarimeter (H1 jet) RHIC pC Polarimeters
. ~ .
Versatile ac?celerator_ N — o8 —
complex with many ions
-> o iberian Snakes
used to da‘te p, d, Cu, Au, U (@ «— Siberian Snakes Sib Snak
— PHENIX
Wide range of /s energies @9, >~
: @
studied already \ @
Spin Rotators o
(longiturc)iinal ptoi[arization) 2 '\®v\ Spin flipper
% Au+Au: 7.7 - 200 GeV ] o b S Spin Rotators
Pol. H™ Source olenoid Partial Siberian Snake (longitudinal polarization)
—> > \4 LINAC 4 ooster x Helical Partial Siberian Snake
% DD 62.4 - 510 GeV = B "
= ) AGS Internal Polarimeter
200 MeV Polarimeter el ‘
Polarized proton runs A AV AGS pC Polarimeters
500 ! z e ' ! Rf Dipole i Strong Helical AGS Snake
= 250/255 GeV |
450 [ aaa 100 QeV D L/’Zﬁl3P=52% """"""""
400 — / * Luminosity and polarization in recent years

300 // % 200 GeV: 8 pb1/week with P = 63% (2012)

250 /

200

% 500 GeV: 50 pb~'/week with P ~ 53% (2013)

2009 P=34%

150 ; ; E
L2012 P=59%

o b A S Doip-ags * Electron-lens upgrades in 2014 to provide ~2x
£2009 P=56% ! . -2 > . .
50 I 2008 Pedde 2006 PSS higher p+p luminosity
] j—“"%/ : B ' N
0 o e mmmmmm=IIi 200 Po3g%
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STAR and PHENIX Detectors
———
PH ENIX

Yor =weL

West Beam View East
RPC3
S ||
O
Z-DCSouth =] ZDCNon-h
MuD| ulD
2
* Complementary strengths in the 7
current detector systems
Y South Side View North

% Future upgrades at forward rapidity - 85m= 60T
required for some measurements
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Helicity Structure of the Proton
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Proton Spin Puzzle

1
DSSV 2008 Global Analysis (Sp) = = = §AE + AG+ L

AZ:/(Au+Ad+As+Aa+AJ+A§)d:c

[ — DSSV

. ___GRSY - DSSYAXZ/_XZ:Z%__ . —— ::I:E . Integral Of quark pOIarization is We" measured
o04 |- XAs 1 xae L1 in DIS to be ~30%; current decomposition from

SIDIS but sea not well constrained

004 :_ Q2 =10 GeV?> _: - — — GRSV max. Ag

o’ 0" x 107 T - AG — /Ag (CU) dﬁl?

PRL 101, 072001 (2008)
PRD 80, 034030 (2009) Directly probed in polarized proton

collisions at RHIC

|

| ) f (@) ]
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Gluon polarization

0.6
c’ -0 Af Af, -
ALL - T . + arr 0.5
6 +O0 Jol S
T 04 |
L qq+qq
AG AG Ag AG Ag Ag 2 0.3 Pl
Ty =200 GeV
G G 9 G 7 1 g NLO CTEQ6M R::J
g 0.2
@ ag
B 0.1
il

00 5 10 15 20 25 30 35 40 45 50
Jet Transverse Momentum (GeV/c)

% For most of the RHIC kinematics, %j::::
qg and gg dominate, making AL 7 of| — orsvzeno 4

[ DSSV #2+2% Uncert

for inclusive probes (jets, ns, etc) O e 7 ettty
sensitive to gluon polarization oo
0.01 - T

. 0 e i S A
% 2009 data from RHIC lie above 001
the DSSV 2008 curve, but what o V55200 GeV PP et 0.5<hi<t
does it mean for Ag? 1 T T =2
-0.044 5 10 15 20 25 30 35
Particle Jet p_ [GeV/c]
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02 |

0.1 |

Gluon polarization . (GeV/O)

T I T T T T I T T T

-0.1

{RHIC 200 GeV :

0 5 10 15
I I I I I I I | I I I I I I I I

® PHENIX Prelim. z°, Run 2005-2009 ; n
PHENIX shift uncertainty

[ —— DSSV++for n°

0.04- @ STAR Prelim. jet, Run 2009

STAR shift uncertainty

- ——  DSSVa+ for jet /

< 002

LL

.

- PHENIX / STAR scale uncertainty 07 /8.8% fn|n|n| not shown
1 l 1 1 1 1 1 1 I 1

o 10 56 30
Jet P, (GeV/c)

* DSSV++ is a new, preliminary global analysis
from the DSSV group which includes 2009
preliminary PHENIX and STAR ALL data

jo " Ag(x,0° =10GeV?)dx = 0.10737;

* First experimental evidence of non-zero gluon
polarization in the RHIC range (0.05 < x < 0.2)
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Gluon polarization: low-Xq

02

* Higher \/E and forward rapidities probe the low-x4 region

'RHIC  DIS -
500 200° "

{RHIC 200 GeV :

% Correlated probes are sensitive to the x dependence of Ag !
% 2011-2013 collected large dataset at /s = 500 GeV
0
M M3 + m = DSSV 1
T1,To = —exp | - | “ - DSsV+ |
\/g 2 0.1 B DSSV+]
. " o e
107 10"
X
WSTAR Di-jet Projection W —
STAR: east barrel - east barrel and west barrel - west barrel STAR: east barrel - west barrel 0.002 :— dmn in the MPC L] DSSV-MAX
0. 50.02 . - - - [
< ° 02: < E Scale uncertainty 0.001— [I_-l ] —Y‘
0.015} 0.015 = gg:\\,, std v e - E PH>>/\<<ENIX
P A Op=-------@r--=- +------ il
b Di-clusters
s E L =000 == Iungus pb” i _
0.005}- T RIS S BN (S - P=0.55 PrOJGCtlon
- - B H H - d H H '0.002 :—- &1 <n‘.a <3-s
0: 0: ...... g ...... ...... . ....... ‘0.0030: 21 41 . 6] L 1:)
: Py, (GeV/c)
0005 R e R e ; SN '
PR TR RO PAUUE PR FUUTEPRUUE I AL FUVIE [ VIR RO PHUTE FOTRE FUUTE PUUTE FUTRE POV Back-to-back: |d@|>Tr/2 (no jet at mid-apidiity)
20 504656667650 56" 100 110 2050455666765 56 700 110 - Central Arm ]
M [GeV/c?] M [GeV/c?] (Inj<.35) MPC(3.1<|n|<3.9)
East West East West Jet 1 (. pyy) »A
LTI = €8 renen Pl and associate (radoyin Jet2 (M pd T 1
N WS, separate jets: large forward T
RSN ) ‘\\\‘. " boost X4 >> X,
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Sea Quark Flavor Asymmetry

22F

% Flavor asymmetry d/U observed
iIn unpolarized Drell-Yan

=]

% Polarized flavor asymmetry not
well constrained

04"t

W production

S|

Ws couple directly to the quarks and
antiquarks of interest

V-A coupling of the weak interaction
leads to perfect spin separation

2t

185

16
2 14f
120
1F
08F
06

‘Fermilab E866 - Drell-Yan 0.1 5

b -
=t

005 |

- CTEQ x(d-u)

[ —— DssV
- e DNS
————— GRSV (val)
xQSM
L1 111

-0.05

= DSSV Ay =1
DSSV Ax fx
1 1 111

......

0 005 01 015 02 025 03 035

Measure single-spin asymmetry:

(Helicity flip in one beam while averaging over the other)

Oy — 00—
AL N O+ + o_

AW = o —Ad(z1)u(xe) + Au(xy)d(x2)
L d(ZIZ‘l)Z_L(LEQ) -+ ?_L(ZUl)d(iUg)
AW —Au(z1)d(z2) + Ad(z1)u(z2)
L u(z1)d(zo) + d(xr)u(zs)
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Recent Results for W AL(n)

_\USTAR > Preliminary Run 2012

-> + -
p+p = W™ —e*+v
/s=510 GeV 25 < E; <50 GeV

W+

—— DSSV08 RHICBOS
—— DSSV08 CHE NLO
—— DSSV08 L0 with Ax?=1 pdf error ——

3.4% beam pol scale uncertainty not shown
Remaining syst <10% of stat errors

T T T | T T T T | T T T T

Rel lumi
syst

-1 0 1

1
N

lepton 1

2

"
[ W+Z—-p e ]
0.5F .
: . -
| ~ ]
~ preliminary |
-10 %) x| 5 ¢ s
N,
15—
i WHtZ—put e+
[ Run 12: p+p at Vs = 510 GeV W1 P >16 GeV W-—>eP>30GeV |
0.5} [®] A] (2012) = Af (2009-2012) -
i m— DkS min ~-- 1
— DSSV ]
“ — AT 1
0.0 - p————
= ‘ .
05F | -
-10 ) 1 5 ] s
n.
Tl

* First measurement of the rapidity dependence of W A. from 2012 data

* Complementary results from PHENIX and STAR at different rapidities

QCD Frontier 2013: 10.21.13
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Sea Quark Polarization

AR |.| T
R - 1 —
A _“WSTAR  Preliminary Run 2012 P !
L - ‘ - + + AXZ ‘\ _— i'
] p+p — W* — e* +v ‘Au ]
i /s=510 GeV 25 < E2 < 50 GeV \ f
10 X " —
I ) : ]
e R R < g Jossy,
W \ ! '
i 5 ‘\\ ) -
i ‘ ’
A\
O \ /
—— syst DSSV+ \ R4
i 0'.........."T.T..............‘
i W+ 006 -004 002 O 0.021 0.04 0.06
0.5 [Au(x.Q% dx
B 0.05
I T T T IR 7
| —— DSSV08 RHICBOS “ '
- —— DSSV08 CHE NLO 15 - \ /' .
'1_ —— DSSV08 L0 with Ay?=1 pdf error —l— A 2 | 1
B 9 eam pol scale uncertainty not shown “ 7 1’
L 3R.::n/:ali)ning sy;t <1(I)% of st:tat e:ll'/orst " X “ A d 'l
C 1 | | | | | | | | | | | | | | | | | | 10 - \ / —
'2 '1 0 1 2 \ ! ) DSSV
leptonny, [ ‘f f/ """""""" | a’=2%
\ ’
* DSSV++ is a new, preliminary global analysis from the 5r \ /DSSV+ .
. . )
DSSV group which includes 2012 STAR W AL \ s
. o . _ ! “ /. Q*=10GeV*
* Higher precision data already collected in 2013 will further OF et
Improve the constraints on the sea quark polarization 008 006 -004 -002 0 002
[Ad(x,Q°) dx
0.05
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Sea Quark Polarization

A ~\USTAR  Preliminary Run 2012
L N -
I p+p = W™ —e*+v
i (s=510 GeV 25 <E; <50 GeV
05; ey
W
OL ------
—— syst
.

| —— DSSV08 RHICBOS
B —— DSSV08 CHE NLO
'1 — ——— DSSV08 L0 with Ay?=1 pdf error —l—
3.4% beam pol scale uncertainty not shown
- Remaining syst <10% of stat errors
C | | | | | | | | | | | | | | | | | | |

lepton n

* DSSV++ is a new, preliminary global analysis from the
DSSV group which includes 2012 STAR W AL

* Higher precision data already collected in 2013 will further
Improve the constraints on the sea quark polarization

15

10

L) /.
DSSV+ \\ . P 4 \.\ 5 w/ STAR data |
-

LA A ] DSSV
’ [ | Ax=2%

/
P / DSSV++ |

o o
- ~ o —

-0.06 -004 -002 O 0.021 0.04 0.06

[Au(x.Q% dx

0.05

\
- DSSV++ \.\
[~ w/ STAR data

1 I 1 1 1 I l! 1 I 1 1 '

' ]
\ ; DSSV
""""" \‘« ] »/: AX2=2%
\ !
\

‘e’ &8 - —

4
v y
J 74 -
/
% , /7 Q*=10GevH

-0.04 -0.021 0 0.02
[Ad(x,Q°) dx

0.05
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Sea Quark Polarization

UM T UL U I
- 15 1 ‘\ DSSV++ : ,' _
(_f: g N + + “ \. w/ proj. " !
bl ;l+p > W+ X 5 ™+ X 25GeV<Ee<50GeV AXZ ; L |W daa ; i
i + + e \ — 3 i
0.6 o0 p4+p S>WE+X - F+X 15Ger<EY “‘\Au \ ; ;
B 17T T 10 | ; ]
[ STAR PHENIX L \ Y A
0.4- ° e o wmeelbl- e . .‘. """"""" ! """"""" -1
[ Projections <€ P
: s L i
0.2F ‘ +_l /
i = ﬁ S DSSV++ |
4 /7 w/STAR data |
O_ /
3 0 — oo ]
i vl by by by by by 1
- -006 -004 -002 0 0.02 0.04 0.06
—0.2F L
™ . [Aux,Q") dx
[ —H.__ __h__ 005
—0 4F | = = L DL AL B B
s - i I
_ L1 i -
[ Ly =630pb T, P =55% PLLV L | v /
—0.6f W+ AX2 i
[ ioN
— - —— CHE-DSSV (25 GeV<E ") S
o CHPDSSV (15 GeVIf-E:"j . 10 - \ \
Vo
—2 -1 0 2 N | Dssv
T]lepton .\'\ ------- fi : AX2=2%
i [
* DSSV++ is a new, preliminary global analysis from the ST v
DSSV group which includes 2012 STAR W AL DSSV-+Y
[~ w/ STAR data \, .
* Higher precision data already collected in 2013 will further 0 TN
Improve the constraints on the sea quark polarization 008 006 -004 -002 0 002
[Ad(x,Q%) dx
0.05
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Transverse Spin Structure of the Proton

Left @ .....
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Transverse Spin Asymmetries: An

T 1 -1 11 °l=' = 0.25 <tz 008_
) N . =19, ic? . — .
0.4 E704 ‘i — < - {5=19.4 GeVic’, ET04 0.07E A, vs p, (0.16 < x| < 0.24) (Isolation 70 mR)
I @ + 0.2 0= {5=62.4 GeVic’, PHENIX 3.1<n<3.7 Preliminary 0.06 E_ /s =500 GeV n° Energy 50 GeV (XF ~0.20)
0.2 9 B ~ [ & 6°2000eVic, STAR <33 0.05E- STAR Run 11 PRELIMINARY
i . ¥ )I( b 0.15:— * 5=200 GeVic?, STAR <n>=3.7 0.04;
0 fs-x j * - {5=500 GeVic?, STAR 2.7<1<4.0 } 0 035
% 01— Preliminary + + FE +
J 0 ] : 0.02F- +
% - {} - ~H~ ++++ —*—_+_.—~}—
e > | 0.05 ‘f’ ;F 0.01E
i B — _%.. - , E}l
170_:! + B OE_ + "%" I)-:-L[H —_—— lj_'_‘%_‘
-04- ™ =° . 0_—+ ------- }ﬂf{i{i{&* ________________________________________ _0_01;_ Xp < 0
e N B L Co b L Lo b b L b _0.02;111111|1111||111_1 T . .
0 020406 0.8 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 2 3 4 5 6 7
| | . . xF p._ ! GeV
Xf

* Large An for inclusive hadrons observed at forward rapidity from fixed
target energies up to /s = 500 GeV at RHIC, with no indication of 1/pt
falloff as initially predicted

* To understand these large asymmetries, one typically looks beyond the
collinear, leading twist framework (ie. TMDs and twist-3):

* New observables needed to disentangle effects from initial state spin-
kT correlations, spin-dependent fragmentation in the final state, or ...?
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Understanding An

Sivers: asymmetry in the forward Collins: transversity with

jet or photon production asymmetry in the jet fragmentation
do" o< fip(x, k%) - Dy(2) do’ o< Ar q(x) - Hy(z, k7)
y k.,  Sivers Function y Collins FF

% Jets, direct photons, Drell-Yan all proposed to T itv: chiral odd
access Sivers effect directly (no fragmentation) ransversity. chiral oda,

| can be compared to tensor
% Collins mechanism can be probed with hadron

azimuthal distributions within a jet charge from lattice QCD
% Access to transversity through Collins and é -
Interference Fragmentation Functions Ar q(z) =

QCD Frontier 2013: 10.21.13 Justin Stevens, Mir 16




T

SIVGFS P +p—>jets, vs=500 GeV
< |

- o jet A, (statistical errors)
o _ . _ 005 A, (systematic error)
* Inclusive jet production only sensitive to Sivers : +
0.01
% Mid-rapidity jet and 1° consistent with zero, and 0.005]
constrains gluon Sivers function i L4
of v, .
% Recent ANDY result at forward rapidity: small, but non- _0'0055_ ‘
zero asymmetry (naively expected due to An(TT*) = -An(TT)) AnDY: 1304.1454

N e
-0.4 -0.2 0

0.2 0.4
. <xe(jet)>
PH:- “ENIX 2015 Projection
_ 0.12__[ Expected Asymmetries of Prompt Photons | % Forward prompt phOton prOdUCtion
SR o 12081062 * Direct photons sensitive exclusively to Sivers, but
0.05F" j{jﬁ QID1S new fragmentation photons contain some dilution
PUE o Top SIDIS 0ld from Collins
0.02(—
—— % Sivers extracted from pp and SIDIS give
= significantly different predictions for Ax due to
_0_04__ . .
ook 15200 Gev, o, Liea0 i picioem process dependence of Sivers function
P S R R R )
" Toa o5 0e 07 o5 % Pre-shower upgrades to forward EM calorimeters
o o (2015) in progress for PHENIX and planned for
L . . . g
9T, (2, 2) = — / kL= fi7 (2, k] lsors STAR should differentiate these predictions
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S ive rs Current PHENIX DY Ay Projection

J_ Expected asymmetries in DreII-Yan_]_

* Drell-Yan type reactions (y*, W%, Z) provide cleanest < O*f;i‘g’ gev.
approach to verify the sign change (luminosity hungry) ot 4<m, <8 GeVic”

% Caveat: no TMD evolution! (talk later today)

SIDIS N -0.04:
AN q}}? (z,k1) = —A" %T(x,kl)

-0.06

[ Projection, Let=500 ph !
OO8- @ PHENIX

- Xy 09121319

04

L L L l L L L I L L L I L L L
4 2 0 2 4

SIDIS = - DY Y.
Phys.Rev. D81 (2010) 054020

Current STAR W Ay Projections SPHENIX Upgrade DY An Projection

- Expected asymmetries for W '-bosons_]_ _ -_[_Expected asymmetries for W +-boscns_]_ z i
< Vs =510 GeV < ) Vs =510 GeV
“F 0<q <3GeVic eer 0<q. <3GeVic
T NEG:ET . & @ o - o o __
0.35 Projection, Lct=500 ph ! - Projection, Lat=500 ph ! :
& STAR i & STAR -
03 m— Xy 09033529 m— X iy O903.3629 _0'02 [
0.5 o.os:- i
y : -0.04 -
A el ety - i + Forward sPHENIX
0.16 o —0.06 - 300 pb™', eff.=0.5, no backgd.
0.1 R - v5=510 GeV, Pe,n,=0.6
s Wb —0.08 - 4<M<L8 GeV
0---1--.__1-_7--1--_:- _015: N I N I N l N _0'17\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
2 -1 0 1 2 -2 -1 0 1 2 _4 _3 _2 _1 0 1 2 3 4
yw yw y
Theory: PRL 103, 172001 (2009) Theory: PRD 81, 054020 (2010)
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Collins: Transversity

* Access through hadron azimuthal asymmetries in jets by

reconstructing the jet (quark) thrust axis

* Studied at mid-rapidity by STAR, with hints of an asymmetry
observed at 200 GeV (expect much improved precision with

data from 2012+2015)

* Forward rapidity measurement needed:

% Possible jet surrogate from PHENIX MPC-EX upgrade
clustering charged track hits

* Comprehensive forward detector upgrade needed for full
jet reconstruction, charge discrimination and hadron PID

Collins Asymmetry A= 2 <sin(¢s— ¢h)> VS. Z

0.1}
L m n*Asymmetry

- A 7T Asymmetry

+t
T

systematic uncertainties

0.05—

2 <sin(<|>s - <ph)>
(=]

-0.05—

- Systematic effects contributing to <1% of total uncertainty excluded

STAR Preliminary

‘0.1_lllllllllIIIIlII[IIIIIIIIIIIIIIIII|IIIIIII1I|IIII

I NS N EEEEE NS R RS NN SR R
01 02 03 04 05 06 07 08 09 1
Z

0 01 02 03 04 05 06 07 08 09
z

Number of Counts

PJeT

PRL 100, 032003 (2008)

N
PH:-ENIX MPC-EX 2015 Projection

8200

50pbL, P=0.6

7800

7600

7400

||II|NI| T

—
—
—
—
—
—
—

3
S
‘III|I|I
.
.
.
.
.
.
.
N
[
[ S
.
—
.
.
.
.
.
.
.
.

Charged clusters
with >=3 tracks,
single-track n%s
1 | | 1 | 1 1

‘ 1 Il 1 1 ‘ Il 1 1 1 | Il

ST

1

2

3 4 5 6

Collins ¢ Angle (radians)
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Interference FF: Transversity

* Spin dependence of di-hadron azimuthal

distribution sensitive to transversity

doyr o< Ar q(x) - Hy (2, M)

% Results at mid-rapidity from STAR show
significant asymmetries (first significant

measurement that isolates contributions

from transversity in To’+To’)

* Upgrade to STAR TPC rapidity coverage

extends reach up to xg ~ 0.4

* Forward rapidity upgrades would provide

access to even higher xg

04 —

0.2 -

0.1

X Ay u(x)

02 04 06 08

br0s

ey
X
e AT
p,S e 6' b N\
el
ay -
- 0.14

0.12

—— pp — 1ttt Preliminary

F =05 | —=— pp > m*r Projection
0.1 —~— pp = *n® Projection |
0.08- I
B S + &
006 WSTAR * 1
0.04 -
0.02f .} §
. [ [ ] l
A O t t }
0.02 :I | | | | | | | | |
03 04 05 06 07 08 09 1 11 1.2
Wed M 8 23:27:58 2013 Mlnv [GeV]
- 3.1<n<39,n - -0.35<n<0.35, 1"
—U.02ZL —U.022
0.02 0.5<p <1.0 .
~0.018 —-1.0< p, < 1.5
= 0.016 15« p, < 2.0
3 gg:; —20<p <25
P —-25< p, < 3.0
0008 —3.0<p <3.5
0.006 —35< p, < 4.0
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Polarized p+A

p+p
N

AMA

* The ratio of forward inclusive
hadron An at low pr Is expected
to be sensitive to the saturation
scale Qs

pA—h 2
Ay o8 tate

—~

P~

pp—h 2
AN thJ_ << SZA QSA

PRD 84, 034019 (2011)

% First p+Au run planned for 2015
with STAR and PHENIX forward

EM calorimeter upgrades

% A unique capability of RHIC!

PH

NN ] ]
~“ENIX 2015 Projection

=
0
[

0.6/
0.4

0.2

.

—p+Au

L”": 50 pb”|z|<40 cm, P=60%
LP*A% 150 nb ' |z|<40 cm, P=60%

[ I I 11l
1 15 2 25 3 35 4 45

P, (GeVic)

10 107 1072 107 1
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GPDs at STAR

From p+Au to y*+p

Au ‘@ Au * Measure An for exclusive ultra-peripheral
(large impact parameter) di-lepton production

V* * Select very small t1, to get quasi-real photon
P ~ P from Au beam

* Provides access to GPD Eg (TCS)

Au ‘@ Au % First p+A run expect a few hundred J/{
% 7 (decay leptons at mid-rapidity)
- * Ensure exclusivity with Roman Pots upgrade
P - p

Phase-1I* (with existing RP)

stz s % ]
Phase | , Yyl V4 ase |
N e / / Phase ll
Ry 1 ey 4 ' Vo
¢ k3

Phase Il

i AW/ANAN g VANIA\Y/A .
< Vi, et U0 > . |
A \Y/A » “ Ly
>—UNT \VARV/I\Y, . o .
s e
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Detector Upgrade Strategy

% Current plan is for B+B and B+A running in 2015-16, followed by
accelerator down time and Beam Energy Scan runs for ~4 years

* Recent charge from BNL-ALD Bernd Mueller to provide LOI from the
collaborations on polarized p+p and P+A running in ~2021-2022

* Physics case being developed together for the p+p and p+A
programs and the detector upgrades they require

% Upgrades serve PP/PA/AA as well as 8A/8p program for an eRHIC

Observable Tracking Hadron PID| HCAL | ECAL |Preshower
Drell-Yan X B X X
Direct y B B X B

Jets (Sivers and AG) X X
Jet+Hadron (Collins) X X X X

IFF (Transversity) X X X

Lambda Dy (As) X X X X X
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sPHENIX Upgrade Concept

100 —

300 —

200 —

100 —

N~-1Neo

) " : - - - '
AR N » - - - = = \

\.
Central silicon-tracking

|
=400 =309

— 400
V7 Y — 300
R g e = = e
== MulD
= = P = S
————— N — 200
.'~. “l...
/) e ol
| 7 “Aerogel
PSS '#:-'\;_\il\'/lczll&f_l?r—e_sﬁower Yo pod. o
1~ = - — - . ‘/_- - !
. e e e e e e o T %
N = p—— T n~4
—~l b e —— L,
T T T 1
100 200 360 400 500 500
Silicon GEM GEM GEM z (cm)

Stationl Station2  Station3 Station4

% Central rapidity upgrade (arXiv:1207:6378) focused on jet physics in
A+A collisions, MIE submitted to DOE (April 2013)

% Forward detector concept covers a larger range in rapidity (1<n<4)

* Considering magnetic field shaper for very forward tracking
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STAR Upgrade Concept

proton nucleus
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* Build off of current mid-rapidity capabilities with upgrades focused
on the forward rapidity region

* R&D for forward W powder calorimeter and forward tracking
concepts already underway
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Summary

* RHIC is a versatile machine with unique capabilities in E+B and B+A

* Recent longitudinal results are having a significant impact on our
understanding of the gluon and sea quark helicity distributions, with
more data to be analyzed

% Current plans for transverse E+B running in the next few years will
provide new insight into the large An observed at RHIC through
direct photon, Collins asymmetries, and other measurements

* The first polarized p+A collisions will provide new access to
saturation physics and GPDs at RHIC

* Longer term upgrades are planned to capitalize on the unique
capabilities of RHIC and transition to an EIC
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Backup
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Polarized PDFs
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Strange Quark Polarization

Mid-rapidity: n|<1

0.1+ imi — Forward Rapidity: 2.5<n<3.5
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* A-Hyperon spin transfer D is sensitive to strange
S DIS, GRSV00_val_lo
sea quark polarization | 1 1 1 1
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* Current measurements limited to mid-rapidity, P [GeV]

without hadronic calorimetry to directly trigger on As PRD 81, 057501 (2010)

* With hadronic calorimetry/tracking could extend to
forward rapidity with a dedicated trigger
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SPHENIX Mid-rapidity
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Use jets as a tool to investigate the
constituents and dynamics of the sQGP
in the region of strongest coupling
through its transport coefficients
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