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Nucleon structure PH-“ENIX

e Constituent-quark model
— Quarks with the effective mass (caused y

by the gluon) y
— Explains the magnetic moment of the y ’

nucleons
— But, the quark spin cannot explain the
nucleon spin (“spin puzzle”)
e Quark-gluon model
— Current quarks and gluon interaction
— Initial state of high-energy hadron
colliders
« Understanding the differences (or
gap) of these models
— Chiral symmetry (breaking)
— Confinement
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A

Origin of the nucleon spin 1/2 PHENIX

* EXxpected to be explained by the quark spin (from
the constituent quark model)

e EXperiments

— CERN-EMC experiment (polarized DIS experiment)
* Quark-spin contribution
AY = Au+ Ad + As =12 £ 9(stat) £14(syst)%
« Combining with neutron and hyperon decay data
» Total quark spin constitutes a small fraction of the nucleon spin

« Integration in x = 0 ~ 1 makes uncertainty X: Bjorken’s x
_ SLAC/CERN/DESY/JLAB experiments “longitudinal
P momentum fraction

* More data to cover wider x region with more precision

« Based on the quark-gluon model

l — lAZ + Ag + [ Orbital angular momentum

2 2 Gluon spin contribution

Quark spin contribution
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Helicity structure of the nucleon PHENIX
« Longitudinally polarized experiment :}:’<: }1

— Polarized in beam or collision direction

ALl

_do,, —do,_

do,., +do,_

Versus

==

— f,(X) or q(x): parton distribution function (PDF)
« “universal” property of the nucleon — same in all reactions
Deep Inelastic Scattering (DIS)

/e

unpolarized
structure function

polarized
structure function
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p+p Collision

Af_(X) or Aq(x): polarized PDF
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RHIC polarized proton collider  PHTENIX
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RHIC polarized proton collider  PHTENIX

e Luminosity accumulation

Polarized proton runs
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PHENIX detector PHENIX

o al * 4 * Philosophy

. __ | :'.‘:' e — high resolution at the cost of
/- DETECT!

o SR ) ; acceptance

il DAyl e s high rate capable DAQ

el " LR — excellent trigger capability for

CHAMBERS

rare events

e Central Arms
— In| <0.35, Ap = /2 X2

— Momentum and energy
measurement, particle-1D

— Detecting electron, photon,
hadron

— Small amount of material to
reduce conversion background

ELECTROMAGNETIC |
CALGRIMETZR

 Global detectors

e Muon Arms
— beam-beam counter (BBC), — 12<|n|<2.4
zero-degree calorimeter (ZDC) — Momentum measurement and
e Minimume-bias trigger muon-1D

e Luminosity measurement

. — Hadron absorber (muon piston)
e Local polarimeter
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Polarized gluon distribution

» A | measurements
— midrapidity

Neutral pion

—~——
PH-<ENIX
Neutral and charged pion
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Polarized gluon distribution PH<ENIX

A | measurements Phys. Rev. D87,
Single electron 012011 (2013)
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QCD global analysis PH-ENIX

« DSSV group analyzed world data of polarized DIS,
SIDIS and p+p collision

 RHIC p+p collision data significantly constrained gluon

helicity distribution at 0.05 <x < 0.2
Quark . .sluon
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QCD global analysis
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Polarized sea-quark distribution PH7ENIX

o Flavor-sorted helicity distribution
— Weak-boson production at Vs = 500-510 GeV
— Parity-violating single-spin asymmetry measurement

Cross section (midrapidity) Asymmetry A,
o 10—
10* = Theory: FEWZ and MSTW08 NLO PDFs P < L WhZ—ut et ]
E e f" Run 12: p+p at Vs =510 GeV W—uP >16 GeVW—eP>30GeV 1
F . e 3l 0.5- 81 AL (2012)  ®  AS (2009-2012)
e T .»‘r’ [ —_ 17 i
3l . LT r —_ BI%SS“max --- .
107 0ol -t — GRSVval --- 1
E Th T 4___._._._|—'—'_-_7
CoppoW : S
L ® STAR * UAT 0 S; e B
0= W P A Phenix * UA2 et ]
E PP o v ATLAS ¢ CDF : -
I - P ] CMS L Du _ _‘ | . . . L | L L L L 1 L . L . 1 . . M| 1 ‘_
- PP W 10723 1 0 1 2
10 = n.,
2 10— —
10° < I W+Z—u e
f 0.5
102 |-
3 =
- p_ — Z‘f'\‘r* o —\’—_ 1
a Phys. Rev. D85, 04 PH ‘ENIX -
10 r imi ]
= op o Ziy 92010 (2012) : preliminary :
| = e e T
N,

Vs (GeV)
November 7 2013 13



—~——
Transverse structure of the nucleonPH ENIX
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e Single transverse-spin )
asymmetry [ iz
X
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— EXxpected to be small in hard
scattering at high energies

mgoeg
PT

~ 0.001 Kane, Pumplin, Repko {iﬁ[]__.l —

AN ~ PRL 41 1689 (1978) B L L R

* FNAL-E704 ofesomnx. 3 i} ;*5
— Unexpected large asymmetry found | ]

- Development of many models ~ f 1)
based on perturbative QCD R e e
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Transverse-spin physics elusive <0 PHZENIX

L = 0251 -
. - 1s=19.4 GeVic’, ET04
¢ For eStab“Shment Of TMD and f_ 5=62.4 GeVic’, PHENIX 3.1<n<3.7 Preliminary

higher-twist approach o sy ’

. . 0.15— ¥5=200 GeVic’, STAR <r>=3.7
— Single transverse-spin asymmetry L o sz |

(SSA) of inclusive hadrons o {1

— Sivers effect 0061 Q {

 Sivers distribution function (initial state) Gf_JT_____‘_} Mﬁ*

— transverse-momentum dependence 555265 -[,_'4- - b_‘g s 6T bs

of partons inside the transversely-
polarized nucleon
— Collins effect
» Transversity distribution (initial state)

— correlation between transversely-
polarized nucleon and transversely-
polarized partons inside

» Collins fragmentation function (final
state)

— Higher-twist effect
» guark-gluon & multi-gluon correlation

Kk
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Transverse-spin physics

A, Measurements
Forward EM cluster at Vs = 200 GeV

TN
PH <ENIX

no decrese at high p; expected
from higher-twist effect
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3-dimensional nucleon structure PHENIX

* Nucleon structure beyond the simple parton picture

 Many-body correlation of partons
— To describe the orbital motion inside the nucleon
o Parton distribution in transverse direction
— Extended/generalized picture of the parton distribution
— Transverse-momentum dependence (TMD)
— Space distribution (tomography)

-06

Phenomenological model
with GPD data
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MPC-EX upgrade PHTENIX

Phys Rev. D 83 094001 (2011)
arXiv 1208.1962v1 (2012)

- Twist-3 p+p n=3.5
Ay il prediction MPC—EX Two—Arm
05|  49pbt, P=0.6
« MPC (Muon Piston Calorimeter) R —— = + ----- * """"" I
_ Electromagnetlc Ca|0rlmeter -005:_ () ...........
95" SIDIS (TMD) p+p
* MPC-EX - prediction
— Preshower detector e o .Y A
— Commissioning in 2014 X¢
— Experiment in 2015-2016 [ T p— i res |

e 3.1<|n|<3.8
— Installed in the muon piston

e Direct photon asymmetry

Number of Counts
2]
[ %]
(=]
o

o
(=3
(=3
(=]
T
—

— To distinguish the Sivers effectand ™' TTEEEEENTEEEEETT
the higher-twist eff_ect_ ™ Charged clusters
e Collins asymmetry in jets ro with >=3 tracks, |
— 7V correlation with jet-like clusters ° sirgle-track M8 cone angie raatns
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sPHENIX upgrade PHTENIX

SPHENIX

— Barrel upgrade
— Forward upgrade

— Partial installation and
commissioning in 2018-2019

— Completion and experiment in
2021-2022

e Barrel upgrade baseline

— Compact jet detector

— Using upgraded RHIC accelerator
— For precision measurement of jet,

dijet, photon-jet correlation to
understand the nature of QGP

e Barrel upgrade extension

— Additional tracking layers
— Preshower detector

— For heavy-flavor and internal jet
structure measurements

November 7 2013
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SPHENIX forward upgrade PH ENIX

« Open geometry

— Wide kinematic coverage of photon, jet, leptons and
identified hadrons

 Compatible design for eRHIC detector (ePHENIX)
— Constraint from IR design of eRHIC (|z| < 4.5m)

| . . . _/‘/.I’]Nl -
1 — Hermeticity for exclusive measurements . 10
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300 — / — 300
N ' : | MulD
200 — flrfﬁ;(f(i;;} i - .' _g\.\t\j.:f-._\\;:-.\ 4 G . I 200
1 o S X S ~ \X] p
100 — ;h EMEal&ERreshower —fﬁ?:% : <14\ & — 100
. . tlk "\\_ %7\ ~ — L ;‘4 | . e
U x\\}\\ . |
. silicontracking . | n~4
Central silicon=tracking~=—==- !’ __________
0 —| R T e e S e S gj'iﬁ%ﬁ-—- = = e [Py i — 0
-4‘00 -3|UO -2|0E| -1|00 (li 1':|)U leilﬂ 360 4(['!0 5i|]0 560
Silicon GEM GEM GEM z (cm)
Stationl Station2 Station3 Station4
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sPHENIX forward upgrade PHENIX

o Sivers effect in Drell-Yan process ¢4 +++

— Valence quark region at X~0.2 with L,
< m < 4 coverage

e Jet asymmetry

-0.04 -

+ Forward sPHENIX

—0.06 - 300 pb™*, eff.=0.5, no backgd.

— Sivers effect or higher-twist effect [ Jes0 0 Pums
] ) . -0.08 e
 Asymmetry inside of jets
o b b b b b b b e
— Collins effect -4 =3 -2 -1 o0 1 2 3 4

0.1~ Collins Contribution to A
\[§=200 GeV —y=38.7

twist 3

“Fit of SIDIS " /
00 \/S =200 GeV 31[)13 oId G; .
-0.04 |- - y= —=3.3 jEtS _o.osi_jet — h+X

7006 L | 1 1 1 | 1 1 1 | 1 1 1
0.2 0.4

i l 1 1 1 L | L 1 1 1 | 1 L 1 L ] 1 1 L L ]
0.2
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Su mm ary PH--ENIX

 Origin of the nucleon spin 1/2
— Gluon-spin contribution
A/ measurements
— Anti-quark contribution
e A, measurement of W-boson production
e Understanding of transverse-spin phenomena
— Sivers effect / Collins effect / higher-twist effect
— 3-dimensional nucleon structure
— Many-body correlation of partons
« Ay measurements
e The forward sPHENIX upgrades toward
understanding of the 3-dimensional nucleon
structure

— Polarized Drell-Yan measurement / jet asymmetry and
asymmetry inside of jets

— Evolution to ePHENIX toward electron-proton collisions at
eRHIC
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