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Outline

 Helicity and spin sum rule
* Gluon polarization now
* Near future plans

* Transverse spin
* Transversity and tensor charge
 Sivers/Initial state related measurements

* Realization of these plans in fsSPHENIX
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NaTve Quark Model picture: 3 valence quarks

The Spln sum rU|e make up the spin of the nucleon:
) = :{> + :> + <}:
1

1
5 — §AZ + AG + Jaffe, Manohar

AY = / dx [(Au(z) + At(z)) + (Ad(x) + Ad(z)) + (As(z) + AS(x))]

 AX and AG can be accessed in longitudinally polarized
(S1)DIS and pp collisions

 Spin Crisis (1980s): Quark spins contribute only little

 Where is the rest of the spin? Gluons? Lower
momentum fractions? Orbital angular momentum? p
N N
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* Currently no lever arm to access gluon
helicities via DIS (lepton-proton

Inclusive DISand Ag  scattering)

* Dedicated high-Pt or charmed hadron
N — ?nalysaes statistically or systematically
I - imite

- .. g,(x,.Q") + const(x) N\ N
p 52107 (53) : | * Hadronic collisions access gluons at

leading order
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http://arxiv.org/abs/arXiv:1509.06489

Gluon spin to lower x:

* Nonzero gluon

polarization established
with RHIC Vs = 200 GeV

data

 RHIC 510 GeV data
(>2011) now confirms it
in workhorse (jet, pion)

measurements

e Extend access to lower x
by higher energy (now™

10°2)

PHENIX result;
RIKEN press release

BNL and DOE research highlights

DOE labs 2016 research highlights

report
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http://arxiv.org/abs/arXiv:1510.02317
http://www.riken.jp/pr/press/2016/20160108_4/
https://www.bnl.gov/newsroom/news.php?a=26123
http://science.energy.gov/np/highlights/2016/np-2016-06-b/
https://energy.gov/downloads/annual-report-state-doe-national-laboratories

Ag at higher x: central sSPHENIX

Vs=200 GeV n|<1.1
L=700 pb P=0.6
Theory curve and band: NNPDF
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»  High data taking capabilities bring era of high precision AG measurements:

Will crucially improve AG constraint at x>0.05

Agdx-integral at x>0.05 expected to be improved by a factor >4
Multiple channels with different theoretical and exp. uncertainites
Crucial syst. cross check
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NLO pQCD, /5 = 510 GeV, anti-ky, R=0.6, ~0.8 <y <028 <y < 3.7 NLO pQCD, /5 = 510 GeV, anti-ky, R=0.6,0 < y, <0.8.2.8 <y, < 3.7
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Transverse spin
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Transversity

* Leading twist collinear
PDF

 Chiral odd = requires
chiral odd counterpart:

* Antiquark transversity
(DY)

e Collins Fragmentation
function (TMD)

* Interference
Fragmentation function

* Polarized FF H,(z)

* Nonzero Transversity
discovered at HERMES,
since also measured at
COMPASS

2/11/2019

e CollinsFF and IFF

measured at Belle,
BABAR and Besll|

* Recently also accessed at
RHIC (both Collins and

IFF)

Aqd
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http://arxiv.org/abs/arXiv:1510.05389

STAR Collins FFs /.«
e Nonzero C.oIIins . Kang, Prokudin, Ringer, Yuan:
.asymmetnes (hadron in PLB774 (2017) 635-642
jets) at central rapidities STAR 200: Int.J.Mod.Phys.Conf.Ser. 40 (2016)
. \ 1660040
* Substantial theoretical 500 GeV: PRD97 (2018) 032004
progress for hadroninjet _
measurements S ol STAR PRELIMINARY p' p» (ot ) X
. ulnpolarized: Kaufmannet "< | Ti7Fgmseer ‘*
dal. ' e ' Vs=200GeV
\ | o w,Ys=200GeV _—
* polarized Kang et al. el I )
0
* STAR similar size for | — %\
roughly same x and kt oo 2Tl [
9 EVOIUtiOn effects —0.06 [~ without TMD evolution #
~0.08 \ | \ | \ \
moderate? 0.1 0.2 0.3 0.4 0.5 0.6
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http://arxiv.org/abs/arXiv:1707.00913
http://arxiv.org/abs/arXiv:1708.07080

hiq(z) H{" (2, M)

STAR IFF results STAR

510 GeV: PLB 780, 332 (2018)
200GeV: PRL 115 (2015) 242501

* Now both 200 and 510 GeV
results finalized : %
. . 0.02; F % + +
 Both with substantial o'--liﬂ---é;i;; ----------- i bl f-}--i---?- ----- -
nonzero effects at: o B | o p T
* Forward rapidities N L Y ek
* Higher Pt w1 * o
* Masses around 1 GeV %hi _______ b ﬁT“% __________ 8 -
* First global fit using R TS ST
SIDIS+Belle+STAR
9 h elps improve & Y o, oo (5= 500 0o
transversity uncertainties
- but gluon DIFFs not well
-
known o
> 1 e Minz\, (GeVic?)
Radici and Bacchetta, PRL 120, 192001 (2018)
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http://arxiv.org/abs/arXiv:1504.00415

The tensor charge and BSM

* Many new interactions
would require Tensor

couplings

of the tensor

charge/transversity

e Confident Lattice
calculations to look for

discrepancies
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* These could be indirectly -
visible via measurements
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* Currently still large
uncertainties due to
knowledge on
fragmentation functions

* High and low x data missing
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Jets and Polarized Jet Structure
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Future high luminosity
measurements will allow Forward measurements will cover previously

detailed differential study of unmeasured high—x region (>0.3) and at really
spin—dependent fragmentation perturbative scales
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Transverse spin asym

Large single spin asymmetries in
forward region at many collision
energies

Origin of ANs:
* pQCD predictions small
TMDs not directly applicable

Higher Twist functions related to
TMD moments (Sivers function,
transversity x Collins FF, BM x
Collins)

Current understanding: final
state contribution dominating
(Transversity x Collins)

First truly global fits of SIDIS
Collins, e+e-Collins and RHIC AN
datal)ongoing (Kang, Gamberg,
et.a

Adds sensitivity to high-x!
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Q’[GeV?)=( EIKV=2.4, TC18=1.2, PV11-19=1.0 } Qy?[GeV?)={ EIKV=2.4, TC18=1.2, PV11-19=1.0}

Initial state ANSs

xfi (%)

° FO rwa r‘d je.t “09%01 00z 005 o).(io 020 050 “%01 00z o0s 0;10 020  0.50
asymmetries mostly
sensitive 1o initial state Charge—tagged measurements
effects ( Qiu Sterman = would allow u/d enhancement
kt moments of Sivers
functlon) :'H‘.l"w""w'w'”‘|""\"'w"-1"w: :"'.‘wH|""\H'w""\""\""\"-1"|‘
. 001} Antl-kT'R:(.).T P> 5 GeV/c, n = 1.7-3.3, P=50%, 488 pb { 001} Anti-k, R=0.7 P> 5 GeV/c, n = 1.7-3.3, P=50%, 488 pb i
* Measured asymmetries - - e

® Al jetsw/z > 0.5 leading h' - oAl

Sma” due tO U'p and 0'0055 » Ay jets w/z > 0.5 leading It _E O'Oosz_.AﬁoM )
down quark Sivers TP W GN 0—/\#%
o < r — ] 7] r <
cancellation ; == | <::\+L P h
-O-OOSj R _O.OOSj Gamberg, Kang, Prokudin: n =325 7

M

* Use high-z ; 1 FeN

.y . . -0.01- 4 -0.01—a7
OSItlve/negatlve :lm\|\|H||\|\|H|\‘|H\||\||‘|\|\‘||\|‘\\: :\:\Aﬁwjuluu\u.d.u.\.u.\.u\\uul\
adron requirement to 0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 0.7 0.8

enhance yp/down XF:pZ/pbeam XF=pZ/pbeam
contribution —>Nonzero asymmetries expected
= Indirect test of the Sivers sign
change
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* Direct test of Sivers sign

change in similar x as
SIDIS data

Full simulations show
fsPHENIX well suited to

obtain clan DY sample in

PP

_I‘é T T T I T T T [ T T T [ T T . T I T T T [ T T T ;
S — all pairs -
< 10° — QCD background =
o " J/¥Y and ¥ 3
a —— Upsilon states ]
g 10 Pl — Drell Yan
<] =
o
5 10° ' 5
o
E o
g 10° L W
10 L
w
0 2 4 6 8 10 12
mass [GeV]
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Measurements with A = 56 (1'e)

W.2" pPbvs = 5 TeV:

== LHCb CMS/ATLAS == ALICE
1 vA DIS

eA DIS JLab-12 GeV

-4 -3 -2 -1
10 10 10 10 X 1
o COMPASS[2015]data with stat. & sys. errors
—— DGLAP
[ B== TMD-1
0.1} T™MD-2
g ' o
=]
7
< 0
-0.1}
I 0.5 0 0.5 XF

* Further benefit: baseline for
PA measurements to cleanly
measure nuclear
modification factors for sea
and valence quarks
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Physics Goals From Cold QCD Plan

* Key Physics Measurements:

 Jets in polarized p+p (510 GeV):

e Kinematics limited in p+p 200 (transverse), better kinematic reach at
510 GeV

* Jet A, angular distribution in jets (h- good proxy for 7w~ w/o PID)
* Di-letA
nEF’s in p+A:
* Important measurement on the road to the EIC
DY and Direct Photons in p+A:
* Measurements of saturation, A-scan required
Diffraction in polarized p+p (200 GeV):
* A, from single-diffractive events (pol. proton breaks up).
Ultraperipheral Collisions in p+Au:
* p-shine (unpolarized): gluon impact parameter distribution via J/'¥

* Au-shine (polarized): access GPD E, via J/'¥' production (A)
* Set the scale for a program to measure GPD E, at the EIC

For many of these measurements
RHIC offers wnigue capabilities

IQIIICISGLG /YO LUlO NL.OTTUT. TNTITC SMITT




Forward fsPHENIX

* SPHENIX detector (-1.1<n<1.1):
e 1.4T Babar magnet
» Central TPC + MAPS vertex tracker
e EM+HCAL
e« CD1/3ain Fall 2018

e fSPHENIX (2<n<4):

* Reuse PHENIX MPC, EMCal or cut up
E864 Calorimeter (energy
measurement of electrons and
photons)

* New HCAL (joint development for
STAR/fsPHENIX/EIC led by UCLA —
energy measurements for hadrons,
needed for jet measurements)

» Tracking detectors(GEMs or sTGCs:
momentum measurement)

* Most detectors directly useable for
eRHIC

2/11/2019 R.Seidl: RHIC

For spin and CNM interest in Forward
rapidites:
origin of large asymmetries,
high/low x reach
jet transverse asY_mmetries (flavor
i

enhanced or Collins),

DY/photons in pA for nuclear /gluon
PDFs

Hadronization in medium
18 O
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Forward Arm Developments

ADC(12)

L NS [Y—
I'Ilﬂng:y—‘ % " ¢ consit

Early look at |~
-resolution

e Cut E864 module for use as a hlgh granularity EMCaI

cosmic tests ongoing at lowa State University

* Hadronic calorimeter test beam recently finished by

RIKEN




fsSPHENIX detector 2ePHENIX detector

Flux return

Central tracker

Pj_

Field sha
2

Bl Magnet and flux return [ Central tracking
Bl Hadron calorimeter 3 = GEM
I Electromagnetic calorimeter

PID and electron
side are added

0 1 2 3
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The general strawman EIC
detector

/

Fine

tracking i

3/11/2019 R.Seidl: Spin and fragmentation

Large area
tracking




summary

* The knowledge of the * Two new methods to
nucleon as the simplest access transversity
bound state of QCD (and * Interesting nuclear effects
visible matter) still needs Lo/NaNNENSAasyIametties
to be improved to e Future at fsPHENIX:
understand QCD * Access higher/lower x

e RHIC provides substantial EIaQns ,
insights: * Precise Transversity

measurements = Tensor

. Nonz.ero.gluon charge (BSM)
Polarization, now + Origin of large

extracted until x>0.001 asymmetries

* ﬁsyhlinmetrlc polarized * Detector well suited as
ALY zero-day eRHIC detector!
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