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Introduction

A QCD is successf(ih general). More than 90% of visible matter in nature governed by

strong interaction QCD.

Sept. 2013
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A the origin of the mass and spin. 1 10 Q [GeV] 100 1000

A the mechanism for confinement of quarks and gluons.

A Exploring the internal structure of the nucleon ise path




Introduction

A How to explore the internal structure of the nucleon?

U spin ofnucleon
u 3Dstructure
U mass omucleon

u X
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Inside the nucleon.



Facilities Landscape
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High Intensity heavyion AcceleratorFacility (HIAF)

Bl‘?ﬁfﬁffﬁlf@gi e High intensity ion beams
[rcumierence: m : :
Rigidity: 34 T for atomic physics, nuclear

physics, applied research
In biology and material
science etc.

Aaccumulation
Cooling & acceleration

Superconductingdonikinac:

Length: 180 m

Two-plane painting injection scheme Energy:17 MeV/u (U*)
Fast ramping rate operation CW and pulse modes



Location ofHIAF and EicC
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EicC accelerator complex overview

U pRing figure 8

U 2interactionregions
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Luminosity (cm™s™)

Machine Kinematics
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Spin of the Proton

Only ~30% of the proton
= spin from the quark spin,
1980s based on experiments.

1

—=S,+L,+5,+ L, Sy~ 30% S L, < 70% S 23

) q q

2 1 ! 2 — 1 : — ] G 2
Sq(Q7) = 5 AY(x,Q%)dx = 5 (Au+ At + Ad+ Ad + As+ As) (2, Q7)dx
0 0

[1] EMC, J. Ashman et al., Phys. Lett. B206, 364 (1988). [6] STAR NPA932, 500(2014),1404.5134
[2] Lattice: P. Hagler, Phys. Rept. 490, 49 (2010) [7] PHENIX PRD90, 012007(2014), 1402.6296
[3] Lattice:YiBo YangR.Sufian et. A., PRL118, 042001(2017) [8] COMPASS PLB690, 466(2010), 1001.4654
[4] EPJA52, 268 (2016&¥Xiv. 1212.1701 [9] X. Ji, J. Zhang, and Y. Zhao, PRL111 112002 (2013)

[5] D. Florian, PRL 113, 012001 (2014)
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The Longitudinal Spin of the Nucleon

1
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EicC projection with 50 fblumi.

U Improving in the low x region

U High luminosity and large acceptance.
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The Longitudinal Spin of the Nucleon
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EicCSIDS data:

U Pion(+£), Kaon(+)

U ep: 3.5GeV X 20 GeV
U eHe3: 3.5 GeV X 40 Ge\
U Pol.: e(80%), p(70%),

He-3(70%)
0 Lumi: ep 50 fi
eHe3 50 fbt

-~

EicC, precise measurements

especially in sea quark regign.

J

Fragmentation function used: DSS 12



3D Structure of Nucleons TMDs &GPDs

LY vdzl yidzy 58yl YAOaZ I + o By paititieNbysicS, the spatial ¥ dzt 4, a uIIy 0S A&

dimension along the energy transfer direction (i.e ;aXis) is ignored due to the relativistic effect.

Also at t=0, it is a 5D space.

Wi(x,b, ,k;)
Wigner distributions

Y V4

[db, ~ [k,
/ _ Fourier trf.
“a L4 b, < A
Flok-) f(xb) =—==§p H(x0,)
transverse momentum impact parameter E=—A

distributions (TMDs) distributions

semi-inclusive processes

[d’k; fdlb, [ dx
Z X -
f(x) F,(1)

parton densities form factors
inclusive and semi-inclusive processes elastic scattering

generalized parton
distributions (GPDs)
exclusive processes

fdxx"" |

-»

A, (D+4EA, (D) + ...

generalized form
factors
lattice calculations

TMD =
1D Longitudinally Momentum
+ 2D Transverse Momentum

GPD=
1D Longitudinally Momentum
+2D Transvers@osition

13




Transverse Momentum Dependent Functions (TMDs)

Unpolarized Density Function: Quark Polarization
o) U L T
x)= [d°k X,k
fl() f .Lfl( ; J_) . ; @ H @_@
Helicity Function: S npotarizd Boer Malders
v
_ 2 = i (), _(: ), - _
gl (X) B f d kJ_ glL ('X:7kJ—) % L g hjLlun"i—truu“crsit\-
. . oy helcity (:\t)rm-ﬁear-) .
Transversity Function: g h, _
k2 ‘—g T fir @ - Q gar ® - @ transversity
h] (.)C) — dekJ_ [h’]T (xakJ_) —I_ ﬁ hf-T (xﬂkJ_)] 2 — trans-helicity hi =
A it o pretzelosity
Q> Nucleon spin *>  Quark spin
da = Y (7 <(Fypyp +&Fy, )%
dxdvd=dBLdp,dy | xvQ* 2(1-g)| 2x )| VT TS
[1+cos @, » ,/:g(1+g).4;;??‘~ +c08 (20, ) x eA ™) +|
1/’.\111 @, X+2€6(1—¢€)A4;, }

AsymmetriesA TMDs

A.Kotzinian, Nucl. Phys. B441, 234 (1995). Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel JHEP 0702:093 (2007)
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SIDIS Observables

e
U perform multidimensional
analyses to disentangle all the
relevant kinematical dependencies
SIDIS: Detect scattered electrons and U provide hadron identification to
produced singlehadron in the final state. access the parton flavor

Measuring different hadrons, as flavelagger U large and uniform acceptance

to probe the internal quark structure of U with high luminosity.
nucleons.
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EicC projections on Sivers

u/d SiversEicCrs 4 Preliminary ,s Plot Courtesy of Tianbo Liu
LO analysis /

EicC SIDS data:

U Pion(+£), Kaon(+)

U ep: 3.5GeV X 20 GeV

U eHe3: 3.5 GeV X 40 GeV
U Pol.: e(80%), p(70%), FB{70%)
0 Lumi: ep 50 fi#, eHe3 50 fbt
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0/ A4
L 0 \ / x=0.04
/ x=0.02
| / x=0.01

Up quark Sivers function -fir(x,kr)

/ / / / EicC Statistic erroronly
EicC, precise measurements, x=0.005

especially In sea quark region- Quark transverse momentum kr (GeV)

1
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Generalized Parton Distributions (GPDs)

Eight GPDs fogjuarksor gluons

Quark Polarization
Unpolarized | Longitudinally Polarized Transversely Polarized
) L (m

v H 2H r+E;
s [
8L H E
| r
g -
; T E E H T H 1

U GPDs encode information about the spatial distribution pértonsinside a hadron,
correlated with their distribution in longitudinal momentum

U GPD is related tojuark angular momentum.

1

WA Q&uledldzY /@)= 5 lim [ dea [H(0.6,0.Q%) + B/(2,6,6.07)],

—1

U Exclusive reactions, such as DVCS, can get access to GPDs

17

[1] X.-D. Ji, Phys. Rev. Lett. 78 (1997) 610.



Probe GPD via DVCS

U Detect the scattered electron, real photon antlcleon

e
U Absolute Cross Section: = / J
ds |

dQdcldr Foves +1 4t E%C)\E

, ,:;1H(X,X,'[)dX: P +1H (x,x,t)dx

t N - 1pH(° X, x,1)
DVCS LA
n X° X @e n X° X
Polarization Asymmetries CFFs
i Asymmetries with polarized target Longitudinal Bean Aw e
and/or polarized beam: {3, 7, )
Longitudinal Target AuL Im{7e 1"8 % )
+ - n<nn
_ I — S -5 Il__ang._l?eam A, Re{#,,H, }
2 2 + - + Long. larget e  Enr En
‘fDVCS‘ + | +VBH‘ S +s Re{H,, €4, &)
Transverse Target Ayt Im{3p, €}
Im{3,}
" */-: Beam or/and Target Polarization .ong. Seam At Re(3, £}
+Trans.Targt Re{H .}




GPD-- EicC Projections

T T T
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Proton Mass

it - ‘tr'1 2 hold ' ' '
Proton mass decompositioH: T geus 1see
! A H12000
10°k . ® ZEUs2009
_ (P|H,P) 3 b | w LHCb2015
_ _ _ M. — ) m CMS2013
¢~ pp)y 4\ T4y, 9 :
(PIHJIP) 301 -0 Couk quk aqgr) |
~ 3(l —a ~ Qu uark a41n1l
g = J = M, Energy M =107 F )
! <P‘P> 4 339 112? g :
/- = ,
” (P|H,|P) bd+y, s ‘ 1 : Favart: W°
M, =-——"—"=— , / & ! Gryniuk
(P |P > 41 +ym | Trace Gluon © 10'2 - : Bgdsky: 2-gluon E
Anomaly = Energy E —— dipole Pomeron Q%> =0 GeV> ]
\ / .
M — m — L-b M h 2 4% J i EicC-l - — —dipole Pomeron Q? = 10 GeV?
a PP 4 > ey dipole Pomeron Q” = 50 GeV/?
(PIP) | 14
10-3.|If : R | : syl
10’ 10 10°
a. related to PDFs, well constrained W (GeV)

b: related to quarkoniumproton scattering amplitudeM. , near-threshold

[1] X. Ji, PRL74, 1071 (1995) & PRD52, 271 (1995) 20



U Pion/Kaon structure

U Hadronization

U Hadron Spectroscopy

ity

R

Y 2 NB X

Other interesting topics
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EicCdetector conceptual design

e-FWD

<

proton/ion

<

[EMCaIJ [ ToF ] [ COIL ] [Cherenkma

Solencid (1~2 Tesla)

Very first design; detector options are open.

22



EicC Status

4 pre-Collaboration meetings
up to now.

Discussions on:
physics programs,
simulations
accelerator, detector.

EicGvhite paper
Chinese Version bthe
end of 20D,

English Version by the
middle of 2020.

23




U Complementary.

U Start from quantities
both can do:
(Un)polarizedPDFs

Good greement between

extracted moments of helicity

distributions and lattice
calculation

G[FGGAOS OFtOdzZ I GUAZ2Y 27
U Lattice calculation offMD parton distributiongpossible[5,6]

[1] Lattice: P. Hagler, Phys. Rept. 490, 49 (2010)
[2] Lattice:YiBo YangR.Sufian et. A., PRL118, 042001(2017)
[3] Lattice: YiBo Yang, etcarXiv. 1808.08677

EicC and Lattice QCD

LN L B L L L L B L B

atticeds

Polarized moments N2t
lattice QCD At 9a
global fit +---e----
JAMAT s awee
<1)AU+£I
PDFIz
’°1'-. <1)&d+ aI‘Xi\[
/ {(Dast ':‘:..:
Xau- Ad'T:
e M5Q%4 GOV
08  -04 0 0.4 0.8 1.2 1.6

L R B B R B e IR RN RN AR AN AR RAREE R R LA RAREERES RS

L N|-2
OA % N=2+1+1
3

Dav* 8
pcument,
079% (Dpg "o
L) TP RPN & orvevort -t

——i

XAu-Ad

_Ratio to lattice

-3 -2 -1 0 1 2 3 4 5

LIN2E G2y Yl &aax

U And more,X X

[4] D. Florian, PRL 113, 012001 (2p14
[5] X. Ji, Phys. Rev. Lett. 110 (2013)
[6] X. Ji, P. Sun, X. Xiong and F. Yuan, Phys.Rev. D91 (2015) 24
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Southern Nuclear ScienceComputing centerGNS{E

U A specialized computing center for contemporary nuclear physics problems: Experimental and
Theoretical activities

U Computing power: 5~10Petaflops (GPUs dominate + some CPUS)

U Scientific interests:
A Lattice QCD
A Lattice EFT
A Machine learning
A Heavyion physics
A Lightfront quantization
A dataanalysis (CEE, HIARcX 0
AEE

U EXxpected to start running in 2021.

nmonnon

S
’ T
H
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Electron Ion Collider in China

Yutie Liang(ZJJ4k)
Institute of Modern Physics, CAS
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Summary

EicC has been proposed based on the HIAF facility
-- polarized electron beam (3.5 GeV)

-- polarized proton beam (20 GeV)/ion beam (20 GeVY/u

High precision measurements for 1D (helicity), 3D (TMDs/GPDs) nucleon structure study

with flavor separation in the valence and sea quark dominatesdjion.

Other interesting physics topics will be delivered as well, not mentioned hereatails.

Input from Lattice Community will be helpful. Welcome to join us

EicC@impcas.ac.cn
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EicGdetector requirements

SIDIS: very general DVCS: detection
requirement of proton at
forward direction
/ " § A S\ % TBD
;.-" j v S §2 \%_LS Barrel G ”{E g‘i
:r“- 1 _____ { i <
IT f -
(orw) )
Pion/Kaon structure:
detection of neutron
at forward direction.
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High Intensity heawon Accelerator Facility

Booster Ring: Spectrometer Ring:

Circumference: 569 m
Rigidity: 34 Tm N
Aaccumulation HFRS _=

Cooling & acceleration

Rigidity: 15 Tm
Electron cooler
Stochastic cooler
Deacceleration

)/W\ \
s, T r'r_ ("\ ."' \
W \) ""‘_v \

Superconducting lon Linac:
Length: 180 m
Energy: 17 MeV/u (U3%")
Two-plane painting injection scheme CW and pulse modes
Fast ramping rate operation

Circumference: 270.5 m
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Transverse Momentum Dependent Parton Distributions

f,9(x, k), unpolarized probability

of finding a quark carrying x, and a

transverse momentumTk

0,.9(%, k), longitudinal polarized.

Quark Polarization
U L T
O SNONO,
a|U
=] polarized Boer-Mulders
o
8
5|1 g (- e (Br-(n
'_Q' . longi-transversity
A helicity (worm-gear)
g
S h; =
é T f- = @ gWT - transversity
Givar trans-helicity h @ - @
IS (worm-gear) i .
pretzelosity

h,9(X, k), transversely polarized.

do
dx dy diy dz dopy, dP, th

2 2 2
xyQ? 2(1 —¢) 2
X {F{*(*.T + EF(--"'L-',L + /2 C(l + C) COS (f)h F[C?:b Ph

b X Y

*>  Quark spin

A.Kotzinian, Nucl. Phys. B441, 234 (1995). Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel JHEP 0702:093 (2007)
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Leading

Twist
TMDs

fink) @

Unpolarized

3D Structure of Nucleons
U Probe TMD using SIDIS

nek) @ - @

Boer-Mulders
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Pretzelosity
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Present status of TMDs extraction

Sivers

2 2
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Transverse Momentum Dependent Parton Distributions
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Extract TMDs from asymmetries
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A. Kotﬁir:iarr, Nucl. Phys. B441, 234 (1995). Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel JHEP 0702:093 (2007)
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With recent progresses in [5, 6] it is possible to
calculate the TMD parton distributions with
Lattice QCD.



Transverse Momentum Dependent Parton Distributions
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Generalized Parton Distributions (GPDs)

Eight GPDs for quarks or gluons

Quark Polarization

Unpolarized | Longitudinally Polarized Transversely Polarized
V) L (m

H 2!;.,. +E,

Nucleen Polarization
o)
M=

A x A Longitudinal quark momentum fraction (not experimental accessible)
A 3A Longitudinal momentum transfer. In Bjorken limig= Xg/(2-Xg)

A tA Total squared momentum transfer to the nucleon: tB @) omentum
J9 = %/ dex [H (2,6t =0) + B2, &, t = 0)]

X.-D. Ji, Phys. Rev. Lett. 78 (1997) 610.
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Critical Points

Design

Construction
and
Installation

Commissioning

HIAF Timetable
| 20-[oo|10)11|12[13]14[15] 1617 |18 |19 20 21 22|23 |24
\ 4 v \ 4 \ 4 \ 4

Plan Approval

s Preliminary design

Construction Commissioning
Operation

Key technology R&D

Conceptual design

Approval s

sssssssssss Detailed design & prototype

Civil construction =

Fabrication

Installation e—— s s s —————

Sub-system commisSioning ee—
Facility commissioning e

Operation
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AN 'I 4

N\
N 7.6GeV/iu(L4)
// 5. 10'%pp, 50100ns

20 GeV

- pRing

C: 1347 mPolarized proton
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-HERA: " EIC

A RingRing (polarized) LeptoifProton
collider with 320GeVCM energy

1981 Proposal
1984 Start construction
1991 Commissioning, first Collisions
1992 Start Operations for H1 and ZEUS,
C 1Istexciting results with low luminosity
1994 Install East Spin Rotators
C Longitudinal polarized leptons for HERMES
S _~ 1996 Install® Interaction region for HERB
——76336 m long 1999 High Luminosity Run with electrons

HERMES

HERA

—a— Polarized Electrons
== Protons

2000 High efficient luminosity production:1Qfb/y

_- 2001 Install luminosity upgrade,

Energy GeV 275 Spin Rotators for H1 and ZEUS

Intensities mA 60 180x101 2003 Longitudinal polarization in high energy collisions
o 2007 End of a highly successful program

Magnetic field T 0.15 1.5

Acc. voltage MV 130 2

e-polarization % 50to 70 --

Final luminosity
(1.5 to 5)x16% cnrést
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-BNL: eRHIC

E ERLI NSFFAG

. 255GeV/pt 15.9GeV/e
VE126GeV

. 4.4 10%3cnrsti f
1.0 10°**cm3si-1
~ E 202220257
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