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Building blocks of our visible universe

[Multi-dimensional imaging of the structure of the nucleon ]
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Spin decomposition: Mass decomposition:

Stot =5 = F A +AG + Lg + £,
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[ Quark spin ] [ Gluon Spin ] [ Quark OAM ] [ Gluon OAM ]
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[ Quark energy ] [ Quark mass] [ Gluon energy ] [ Trace anomaly ]

Experimentally... we need to determine each of the above contributions @




Lepton-Nucleon Scatterings
QED tool to study QCD nature of the nucleon

® QED probe is clean
Q*=—g*=sxy
® 0o, ~1/137 with broad Q coverage

Q2
L = 5. S
pq ® One-photon exchange approximation:
— P9q ~1% accuracy
= p-l
. ® Detection scale is determined by Q:
cug.gt&;& s = 4E.Ep 200MeV ~ nucleon size
[2] AN W = (q + p)?
Observe scattered electron/muon [1] = inclusive
Observe current jet/hadron [1]+[2] = semi-inclusive
Observe remnant jet/hadron as well [1]+[2]+[3] - exclusive @




HIAF - EicC
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SR = Spin structure of the nucleon: 1D, 3D

ud 8 AYAS 1S > polarized electron + polarized proton/light nuclei

= Partonic structure of nuclei and the Parton interaction
with the cold nuclear environment

»unpolarized electron + unpolarized various nuclei

= Quarkonium with c/cbar, b/bbar

= Origin of the proton mass study via J/Psi and Upsilon
near-threshold production

Polarized Electron lon Collider in China Detector + Accelerator preliminar-y- design

45 institutes and >100 physicists @

@ Springer
.
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* EicC covers the kinematic region between JLab experiments and EIC@BNL
* EicC complements the ongoing scientific programs at JLab and future EIC project

* EicC focuses on moderate x and sea-quark region
.




See a video at:

Kinematic . ion VS phySECS http://eicug.org/

EIC 10 x 100 GeV?
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» Different x > different picture

*  Broad Q*coverage:
» QCD evolution

» Non-perturbative = perturbative

{
Gluon dominates Gluon + sea quarks Valence quarks @




Detection of Electron-ion Collision

Scattered electron

electron

10



Distributions
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Central detector
+

Far-Forward detector

Detection requiren

o
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» 41T coverage

» Strong PID requirements

<6GeVic

> Integration with accelerator

0/E~5%

o 1%

e — n
XIX<~5% %
Vtx:TBD \
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Forward detection:

ON-Endeay,




Detector conceptual

Pixel + MPGD

Coil

RICH
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ECal DIRC

ToF

EDT

design

MPGD: Micro Pattern Gaseous Detector

ToF: Time-of-Flight

DIRC: Detection of Internally Reflected Cherenkov
RICH: Ring Imaging Cherenkov Detector

ECal: Electro-Magnetic Calorimeter

EDT: Endcap Dipole Tracker

RP: Roman Pot

ZDC: Zero Degree Calorimeter

OMD: Off-Momentum Detector

=

RP

ZDC

OMD

IP
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Forward Detector

EicC interaction region

Central Detector

Small Angle

Forward Detector
™ "

RiEH o1
(15-60 mrad)

Forward Deéwctor

|

SAME POLARIZATION
First Two Dipole Magnets
Compensate Each Other

DIPOLE MAGNET FOR MOMENTUM
ANALYSIS OF COMPTON ELECTRONS
* Measurement Of Both Compton

R o2
(5-15 mrad)

Photons and Electrons
* Limit Systematic Uncertainties

~
Laser And 2
Fabry Perot Cavity ;)

e Beam

Compton Photon (V)
From IP

Calorimeter
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Compton Electron
Tracking Detector

e Beam To
Spin Rotator




EicC Central detector design

RICH

ToF+DIRC




EicC Tracking system

R(cm) Length(cm) Pitch Size(pm) X/ X% Tech.
3.3 28.0 20 0.09 MIC7
4.4 28.0 20 0.09 MIC7
5.5 28.0 20 0.09 MIC7

27.5 73.42 30 0.85 MIC6
30.0 80.01 30 0.85 MIC6
65.5 174.88 150(r—¢)x150(z) 1.50 MPGD
67.5 174.88 150(r—¢)x150(z) 1.50 MPGD
Ri,(cm) R, (cm) Z(cm) Pitch Size(um) X/ X% Tech.

3.18 18.62 25.0 30 0.45 MIC6

3.18 43.20 58.0 30 0.45 MIC6

3.47 67.50 91.0 30 0.45 MIC6

6.58 67.50 115.0 30 0.45 MIC6

6.58 67.50 140.0 30 0.45 MIC6

8.16 150.00 165.0 50(r — ¢)x250(r) 1.50 MPGD

Rj,(cm) R, (cm) Z(cm) Pitch Size(um) X/ Xo% Tech.

3.18 18.62 -25.0 30 0.45 MIC6

3.18 43.20 -58.0 30 0.45 MIC6

3.95 67.50 -91.0 30 0.45 MIC6

5.26 67.50 -118.0 30 0.45 MIC6

5.26 67.50 -145.0 30 0.45 MIC6




EicC PID syst

PID: ToF + (DIRC + RICH)

Forward Detector (Ion-Endcap) e/m (GeV/c) /K (GeV/c)
dRICH(aerogel n=1.03)+(C2Fg) (0.6-4)+(3.5-15) (2.0-13)+(12-50)
ToF(30 ps) <0.6 <2.1

Barrel Detector e/m (GeV/c) /K (GeV/c)
hpDIRC(quartz) <1.2 1-6

ToF(30 ps, r=0.6 m, 1.5 T) <0.3 <16

Backward Detector (e-Endcap) e/m (GeV/c) n/K (GeV/c)
mRICH(aerogel, n=1.03) 0.6-2 2-9

ToF(30 ps) <0.6 <21

—_——.

1 III||I]

PID Detector Kinematic Coverage

TOF mRICH
“DIRC dRICH

1 III|II[




EicC PID system PID: ToF + (DIRC + RICH)

p-stop Metal pads
R

PID Detector Kinematic Coverage

[T T T T L e T e e | T L oy P LI Ea

* Pirel1 Pixel 2 1 = i = TOF

psubstrate

DC-LGAD =) AC-LGAD B ” |




foam holder of aerogel

EicC PID system PID: ToF + (DIRC + RICH)

_ 3.3cm thick aerogel

Cherenkov Photon Aluminum box

Trajectories Expansion

Volume

Mirror Focussing
Particle Optics
Track

6" focal length
Fresnel lens

Focusing mirror

beam

B, | pipe  radiator
‘ gas: C4Fqo

Photon sensor

e




Eic C Ecal $y$ tem Ecal: Shashlik + CsI crystal
Shashlik

cco J oo o TR o

-181

Csl crystal




Timeline
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Puzzle of A polarization since 1976

-12 years before “Proton Spin Crisis”

p+Be

| 1 I I | 1 1 | 1
First observation( d )
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0 0.4 0.8 1.2 1.6 GeV/c

G.Bunce, et al.: Phys.Rev.Lett. 36, 1113-1116 (1976)
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In 1976 at Fermi-Lab, Hyperons were produced polarized in p + Be
collisions: 300 GeV protons on Beryllium target

A is observed to be polarized in e-¢, e-p, p-p, p-A, A-A processes
Unlike the case of “Proton spin crisis” , it is lack of systematic studies

both theoretically and experimentally
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-What is the origin of A polarization?
-What is the link between A spin structure and pelarization?

EIC: Initial state is polarized A polarization: Final state is polarized
-How do partons form up a polarized nucleon? -How do partons form up a polarized A?

Final state

Initial sta{A /

Polarized by device A serves as its own spin analyzer through the decay A° > p + 1~

Baryon spin structure: origin of nucleon spin VS origin of A polarization

—




HIAF: Allows for a multi-dimensional mapping of A polarization

Kinetic Energy of proton beam: 19Ge

80
70
60
50
40
30
20
10

Kinetic Energy of proton beam: 3GeV Kinetic Energy of proton beam: 9GeV 45

Pt,(GeV/c)
Pt,(GeV/c)
Pt, (GeV/c)

e
0 0.2 0.4 0.6 0.8 1

3GeV > 9GeV > 20 GeV

With proton beam and ion beam: p-p, p-A, A-A reactions = study A polarization systematically

e




Hyperon-Nucleon Spectrometer (HNS) . Physics:

» A production and polarization (

Silicon tracker Calorimeter

€ Medium effect ( )

Baryon polarimeter

€ Global polarization of A hyperon (

» Hadron physics via p+p
Il. Community:

» Supports both communities of hadron structure

Target

AC-LGAD TOF and heavy-ion physics

» International interests are expected: Japan

RIS, bRk, ERRE, BREK, i lll. Detector R&D

MRS SRR ILAWPEERIICI . AR s » Many parts are similar for CEPC, HNS, EicC, and
RF. FHBPCRE GRYD « KR

T ARG R: Silicon tracker, AC-LGAD, Target, Baryon
polarimeter, Calorimeter, Electronics, DAQ, Magnet, » HNS: a detector R&D platform for EicC, %z EicC

STCF. Save resources.

slow control, Beamline, Mechanics + Engineering
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CHNS
Silicon tracker ST CF

Silicon tracker
AC-LGAD (PID)
Super-conducting Solenoid

Super-conducting Solenoid

Silicon tracker
MPGD tracker
DIRC (PID)
RICH (PID)
Ecal
Super-conducting Solenoid
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Summary
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