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Deeply Inelastic Scattering ik

Precision microscope with superfine control

07 : Resolution/scale

y : Scattering inelasticity

X : Momentum fraction of struck quark

s . center of mass energy
hadrons

Q* = sxy

Inclusive events: ¢ + p/A - ¢’ + X
Detect the scattered lepton only

Semi-Inclusive events: ¢ + p/A — e’ + h(x, K, p, jet, etc) + X
Detect the scattered lepton + identified hadrons/jets

Exclusive events: ¢ + p/A — e’ + p'/A"+ h(n, K, p, jet, etc)
Detect everything



Questions expecting EIC to answer
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Proton
’ @0 -Q00.
Q‘G" Quarks
- "!' 'f' —

- How does the spin of proton arise?
- How does the mass of proton arise?

- How does gluon bind quarks and gluons inside proton?
- What are the emergent properties of dense gluon system?
- Can we map the quark and gluon inside the proton in 3D?



Proposed Electron-ion colliders ik
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Electron-ion colliders in China E
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HIAF under construction

&R wEs HUNAN

Nisgyas 2
™ e 2 YO Wrn < N
B A N i JIANGXI Dangping
Bt Pl
= 2\ Lisws T -
1?\ 1 l '\f—.;',\___\ s Woapeng /
4 £ ) Wit >

155

1 1 1 32
FUJIAN Chasgus
WO S I T S
Neweg  Zhangrhoy
il e
Praghe Loage

‘>‘i A oA
: Prangre
\'ﬁ' ERR /-/ i

i‘l Yoo
i a})
=y s
l—vu‘;/m il 34

Oongihan

s )

Zongctoeg -+

w
L1

3 =
Zhadgns? e ) \ * \ P -
o v it - AW = A
- s :
LR
Shangpet
2 LU Xinad
¥ ~ 5 5
TN Ximbat . Y o Moy AR in Islands
N Ky P B =
[}
frilyty 7 \ <o B ooy R
Toidhas  * X e -
[ Vo
~ i 7
) s \ H el L B R T B
1 | s Wanshan Arch.
|Gaolan Ixiands
i E I
s Shanpcbuse Ivand
» Xooivwen bslend o g8
laling ldasd Chuanshan Arch

1ns e nr

sSEERO (W9, ANW)  Deswew 58 B Rabey

= Provincial Capial K o)

= (Mong Kong Macso) _ 2 sashaxs [ ——

2 2QHRSO Ciry Downdary wy(Under Commraction)

=] Mesn el Seat RaKrBExEn . —

é Cousy Bo Xl beerstae | ghuay
aAankero BANHEREN N /s A
Cuounty/Distiot Somt i A N e e o] RE Aot

EEBIR 11 2500000 200455 117
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HIAF > EicC: Take use of facility under construction



HIAF - High Intensity heavy-ion Accelerator Facility E

- Funded 2.5 billion RMB, under construction

- for atomic physics, nuclear physics, applied research in biology and
material science etc.

- Upgrades to EicC taken into consideration during the design stage

Booster Ring:
- Circumference: 569 m
- Rigidity: 34 Tm
- A accumulation
- Colling & acceleration
- Two-plane painting injections scheme
- Fast ramping rate operation

Superconducting lon Linac:
- Length: 180 m
- Energy: 17 MeV/u (U34+)
- CW and pulsed modes



Layout of EicC

pRing

ERL Circulator

2.8 GeV ~5.0GeV
809.44 m
Polarized Electron

Electron Injector
2.8 GeV ~5.0 GeV

Need to be built for the EicC

19.08 GeV (p)
1341.58 m
Polarized p, D, He-3

Depolarizd Heavy lons

48 MeV ~2 GeV (p) \
‘ Polarized p, D, He-3
\ Depolarizd Heavy Ions |

el iLinac
[ 2 Polarized
Ion Source

HIAF under construction

- Polarized electron injector + racetrack eRing + Figure 8 pRing

- 2 interaction regions
- 3.5 GeV (e) x 20 GeV (p)
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EicC Parameters ik
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% x (Q*=2GeV?) 5x107° 5x107* 5x10°° g T 10°
B . 2 - EIC 10 x 100 GeV?
= = E S EicC 3.5 x 20 GeV/?
— . " E - ~ B IC O X e
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L Be = [ . 5 10°E JLab 12 GeV
= o o LHeC 3 0 -
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- 3 e L
- doubly polarized beams unpolarized beams . §
i lll1|0 | | | | I1I1I|OO | | | lII1VIOIOO "] 15_ . I IIIIII| |IIII| IIIII . ) L1
107 107 1072 10~ 1
Center of Mass Energy Vs (GeV) Fraction of Momentum x
Facility CoM energy lum./10°°cm™ s Ions Polarization
EicC 15-20 2-3 p —U e, p, and light nuclei
EIC-US 30 - 140 2-15 p —U e, p, He, Li

- EicC covers the kinematic region between JLab experiments and US-EIC.
- EicC complements the ongoing scientific programs at JLab and future EIC project.

- EicC focus on moderate x and sea-quark for spin, exotic hadrons and nuclear modification.

- EicC can systematically study Y near threshold and shed lights on proton mass origin.



EicC white-paper
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Highlighted physics topics ik

1D spin structure of nucleon

3D and 2+1D tomography of nucleon

Partonic structure of nucleus

Proton mass

Exotic hadron states
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Exotic hadrons
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1D spin structure of nucleon

NLO EicC SIDIS projection:
- Pion(+/-), Kaon(+/-)

- ep: 3.5GeVx20 GeV

- eHe-3: 3.5 GeV x 40 GeV

- Pol.: e(80%), p(70%), He-3(70%)
- Lumi: ep 50 fb-1, eHe-3 50 b

Significantly reduce uncertainties of
spin contribution from the sea

1

A Quark spin AG gluon spin

1

Jatfe-Manohar 1990
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Up quark Sivers function -fir(x,kt)

3D spin structure at momentum space

Access to quark Sivers function, especially the strange quark Sivers via SIDIS

Quark Polarization

LO analysis of EicC projection

Unpolarized Longitudinally

- Pion(+/-), Kaon(+/-) f . ® e

- ep: 3.5GeV x 20 GeV npetanzes B0

- eHe-3: 3.5 GeV x 40 GeV o Nucleon helicity

- Lumi: ep 50 fb-1, eHe-3 50 fb-1 f Gs) SENCHO
IVELS trans-helicity

Stat. Error vs Sys. Error
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GPDs

- Spatial distribution of partons encoded in GPDs
- GPD is related to quark angular momentum [Ji, 95]
- Access to GPDs via exclusive reactions DVCS, DVMP, etc

- Flavor separation and sea quark GPD in DVMP

Extraction of CFF with neutral network methods [Kumericki, 19]
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Understanding Proton Mass ik

Mass decomposition [Ji, 95]

M=M,+M,+M,+M,

Mq : quark energy

M, : quark mass (condensate)
Mg : gluon energy

M, :trace anomaly

- Mq and Mg : constrained by PDFs

- M, via N scattering

- M, via threshold production of J/y
(8.2 GeV, JLab) and Y (12 GeV)

- Threshold requires low CoM energy
(low y at EIC)

- Complementarity between EicC
(and EIC) and Lattices.

0., (nb)

quark mass

_Quark energy

Lattice QCD,

Yang et al 2018
QcD
trace anomaly glue energy
1 03 i Favart et al.: W*
F Gryniuk et al. i .
2 - Brodsky et al.: 2-gluon l —= +iF
10 F —— Martynov et al.: Q% =0 GeV? _/,/-/"‘
[ ———- Martynov et al.: Q% =10 GeV? ./"'/./’.Y/p—)bEX
101 IEe Martynov et al.: Q2 =50 GeV? |
100¢
101t
1 ()-2 EMC(1981) Wi H1(2000) -
i o W H1(1999) 1 ZEUS(2009) 1
[ /] KBl  ZEUS(1998) HH CMS(2016) |
1 O-BOi 5 l X X s " i 1 R

1

102

w., (GeV
EicC coverage w ( )
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Partonic structure of nucleus E

- Use heavy nuclei to study parton energy loss in cold nuclear medium
- Hadronization inside and outside medium. (Nucleus as a lab at the fm scale)
- Medium madification of light meson and heavy meson in SIDIS.

- Precision study of nuclear PDFs with heavy ion beams.

nPDF relative uncertainty
0.5 1.20
—— NNNPDF2 % 5 E
— | d 1.15 4 Q - 10-OGeV
0.4 ZJ no pseudo-data )
£ 8§ '
54 W 1.10 -
° ~~~‘_>‘~ .
, . 0.3 - EicC coverage 1.05 4
N )
0.2 1.00 A
0.95 A
. e 0.1 0.90 A
... § rési.,;/,.
0.0 - / 0.85 A /
1073 1072 107! 1073 1072 107!
XB XB

With only a few hours of running
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Exotic hadron states ik

Exotic states | Production/decay processes | Detection efficiency | Expected events
ep — eP.(4312)
P.(4312) P.(4312) — pJ/y ~30% 15-1450
JIy — It
ep — eP.(4440)
P.(4440) P.(4440) — pJ /¢ ~30% 20-2200
JIy — It
ep — eP.(4457)
P.(4457) P.(4457) — pJ /¢ ~30% 10-650
JIy — Il

Exotic hadrons

o)

. ep — ePp(narrow)
hybnd Pp(narrow) Pp(narrow) — pY ~30% 0-20
Y — It
ep — ePjp(wide)
Pjp(wide) Py(wide) — pY ~30% 0-200
Y — It

ep — exc1(3872)p
xe1(3872) Ye1(3872) — ntn~J |y ~50% 0-90
JIy — Il

ep — eZ:(3900)*n
_ Z.(3900)* Z+(3900) — n*J /ur ~60% 90-9300
hadronic molecule glueball Iy — 1M

- Complementary to e+e- and pp collisions.
- Larger acceptance, exotic hadrons produced at middle rapidity.

- Heavy-flavor exotic hadrons, in particular to charmonium-like states and hidden
charm pentaquarks.

- Polarization helps to determine the quantum numbers.
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Towards Conceptual Design Reports E
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Conceptual design of the EicC detector E

[ ToF | [EMCal][ToF][cclu_][Rlcn] E

|

proton/ion | f k g
— e
e ] —— —— L PR .
| - i
| l
e-FWD
‘ion-FWD\
[Cerenkov] [Cerenkov] [ VTX ] [ TRK ] ToF
10~20 m ~3m ~5m ~30m
Can - = > > +7

A general purpose detector with:

- Vertex detector;

Detailed full Geant4

- Tracking detector; simulation is ongoing

- Particle Identification detector (ToF & RICH);
- Calorimeter (EM & Hadron)
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Detector R&D

Clean room (200 m?) for detector assembling Micromegas 25cm x 25¢m GEM 1m x 0.5m

ner frame

Window(Mylar)

DIRC prototype @IM

- s
-t S

. | Shashlik and W-powder+SciFi EMCal
- St >
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Timeline ik

Tech driven schedule

Now
HIIEEEEEEEEEEEEEEEEI

5-year-plan 5-year-plan 5-year-plan 5-year-plan

U

R&D

EicC
Vs ~17GeV, 2x1033/s/cm?

R&D and construction

.. INn operation

- HIAF construction is near complement
- Aiming to finish EicC CDR by 2023

- Hope to get support in the next 5-year-plan and first collision in 2032
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Summary ik

ISSN 2095-0462

: - - - : Frontiers of vy
- Electron-ion collider in China — EicC 9

PhySICS

- Focused on sea-quark/gluon at
moderated/large-x region

- Complements EICs at higher energies
- Conceptual design report by 2023
- Geant4 simulations and detector R&D

- More physics topics under development

EicC white paper: Front. Phys., 2021, 16(6): 64701

Thanks for your attention and welcome to join us!
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