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Do we understand the building blocks of our visible world ¢
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nucleus nucleon gluons

Open questions:
—->How do quarks + gluons as well as their interactions make up a nucleon?
—How can the nucleon’s emergent property be explained at quarks and gluons’ degree of freedom?
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Spin decomposition: Mass decomposition:

Stot =5 = F A +AG + Lg + £,

R

[ Quark spin ] [ Gluon Spin ] [ Quark OAM ] [ Gluon OAM ]

M — Mq ‘I‘Mm _I_Mg ‘|‘Ma
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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
Q°=—q*=szy o QED probe is clean

— Q_2 ® o, ~1/137 with broad Q coverage
r = 2p-q EM g
— Pq ® One-photon exchange approximation:
J pl ~1% accuracy
. ——»
s =4FE.FE : - - .
CURRENT €e~p ® Detection scale is determined by Q2
JET 200 MeV ~ 1fm
[2] A 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] =2 exclusive

)




Why we need an Electron-Ion Collider

1980/

1990 2000

2010 2020 Electron-lon Collider =

CERN BCDMS

FNAL E665 || Muon-fixed target |

| Muon-fixed target |

CERN EMC

[ Neutrino-fixed target |

| Electron-fixed target | Bjorken Scaling (unpO]..)

| :Muon-fixed target | “Sp I N CriSiS” (pO].:

HERA H1 & ZEUS

-l l.\leutrino—fixed target | “HER_A Legacy,, (unp01.)

| | Unpol. Electron-proton collision |

1
SLAC Polarized targets || Pol. Electron-fixed target ||

CERNSMC |
HERA HERMES

JLAB 6GeV and 12 GeV S| [ Pol. Electron-fixed target |

COMPASS | [Pol. Muon-fixed target_|
|| Pol. I%Iectron-fixedtarget |3-H structure

| Pol. Proton-proton collision |

Quotation from “Why we need an EIC” by Raju Venugopalan, 2021

Only feasible with a

polarized EIC

1. Nailing down the quark and gluon spin content of the proton

2. Three dimensional images of the internal structure of hadrons

3. Exploring the terra incognita of the nuclear quark-gluon landscape

4. Discovery and characterization of universal gluon matter?
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Electron-Ion Collider:

1. Polarized beams (first time)

2. Highlumi. (100-1000x HERA)
3. High polarization ~70%

4. Full detector coverage
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Electron Ion Collider in China...Huizhou(® M) in Guangdong province

HIAF under construction

E Electron Ion Collider in China, EicC

EIC in China
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ocation: Huizhou, Guangdong
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High Intensity heavy-ion Accelerator Facility (HIAF)
HIAF total investment: 2.5 billion RMB (Funded)

Booster Ring:
Circumference: 569 m
Rigidity: 34 Tm
Accumulation
Cooling & acceleration

7 \'

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

Superconducting Ion
Linac:

o Length: 180 m
Two-plane painting injection schenre

g i Energy: 17 MeV/u (U3*")
Fast ramping rate operation CW and pulse modes @




EicC Accelerator complex layout

> 20GeVp+3.5GeVe

> 1/S:16.7GeV
» High Lumi.:
2-4 x1032 cm2s’!

> Polarized beams

HIAF
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7 pRing
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1341.58 m
Polarized p, D, He-3
Unpolarized heavy
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ERL circulator
10.4 MeV

2.8-5.0 GeV
809.44 m
S\ Polarized electron

HFRS SRing ) j
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EicC white paper (arXiv: 2102.09222)

Published in the Frontiers of Physics (2021)
https://link.springer.com/article/10.1007/s11467-021-1062-0

o eedk s on neas " ISSN 2095-0462
T alaltdl-~1d s : :
N :‘ (0] 8 i | ; t,.;;_?-"\-' F . (J] Volume 16 - Number 6

December B = Spin structure of the nucleon: 1D, 3D

» 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
.




EicC parameters
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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 region VS physics httpi/ /eicug.org/
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EIC 10 x 100 GeV?

EicC 3.5 x 20 GeV?
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» Different x > different picture

*  Broad Q*coverage:
» QCD evolution

» Non-perturbative = perturbative

{
Gluon dominates Gluon + sea quarks Valence quarks @




x*Au(x,Q)

EicC and EIC-helicity distribution via SIDIS (1D spin)

D. Anderle, T. Hou, H. Xing, M. Yan, C. -P. Yuan, Y. X. Zhao, JHEP0S, 034 (2021)
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An NLO study

EicC white paper

complementary

EIC Yellow Report




EicC and EIC-gluon polarization (at large x)
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EicC and EIC-gluon polarization (at large x)

Aglx)/g(x)
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GPDs: deformation of Parton’s spatial distribution when hadron is polarized

TMDs: deformation of Parton’s confined motion when hadron is polarized
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EicC and EIC-Sivers TMDs . =

0.05 1
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C.H. Zeng, T. B. Liu, P. Sun, Y. X. Zhao, PRD106.094039 (2022)
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S. Aybat et. al. Phys. Rev. Lett 108, 242003 (2012)
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1. Higher Q2 smaller effect
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More words on TMDs study
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For TMDs studz: We need a moderate-energ EIC but with high luminosity




Proton mass study

Lattice QCD calculation
Phys. Rev. Lett. 121 (2018) 21, 212001

Proton Mass Decomposition

23(L)(1)% ——— 9(2)(1)%

36(5)(4)% 32(4)(4)%

® Quark Mass

w Quark Energy

™ Gluon Energy 41QCD Trace Anomaly

* Quark energy and gluon energy constrained by PDFs
* Quark mass via TN low energy scattering

Q One of the hot topics under discussions

Near threshold ]J/Psi production
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Near threshold Upsilon production
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EicC detector design

SR




R(cm)

3.30

435

540
34.85
38.15

65.50

67.50

In R(cm)

3.18
3.18
347
5.08
6.58
8.16

In R(cm)

3.18
3.18
3.18
3.95
5.26

EicC detector design

Material Budget
(X/X0 %)

Length(cm)

28.0
280
28.0
90.61
90.61

174.88

174.88

Out R(cm)

18.62
36.50
55.00
67.50
67.50
150.00

Out R(cm)

18.62
36.50
55.00
67.50
67.50

Pixel Pitch(um)

20
20
20
25
25

150(rh)x150(z)

150(r¢p)x150(2)

Z(cm)

25

49

73
103.65
134.33
165.00

Z(cm)

-25
-49
-73

-109.0

-1450

Pixel Pitch(um)

Pixel Pitch(um)

25

25

25

25

25
50(r¢h)x250(r)

25
25
25
25
25

0.05
0.05
0.05
0.85
0.85

0.40

0.40

Material Budget
(X/X0 %)

Material Budget
(X/X0 %)

0.42
0.42
042
0.42
0.42
0.26

042
0.42
0.42
0.42
0.42

Tech

MIC7
MIC7
MIC7
MIC6
MICE

MPGD

MPGD

Tech

MIC6
MIC6
MIC6
MICE
MICE
MPGD

Tech

MICE
MICE
MICE
MICE
MICE

Tracking: Silicon + MPGD




EicC detector design ~ PID: ToF + (DIRC + RICH)

PID Detector Kinematic Coverage




EicC detector design ~ PID: ToF + (DIRC + RICH)

p-stop Metal pads
e

* pixel1 Pixel2

psubstrate |

DC-LGAD

AC-LGAD

PID Detector Kinematic Coverage




EicC detector design ~ PID: ToF + (DIRC + RICH)

foam holder of aerogel
_ 3.3cm thick aerogel

Cherenkov Photon Aluminum box

Trajectories

Mirror Focussing
Particle Optics
Track

Expansion
Volume

6” focal length
Fresnel lens

Focusing mirror

beam >
pipe  radiator
gas: C4F 4o

Photon sensor

@




EicC detector design Ecal: Shashlik + Csl crystal

Shashlik
R

m Pixel + GEM m



Pixel + GEM m




EicC organization

Accelerator:

EicC Accelerators
lon Sources

lon Machine

Electron Machine

Polarization

Cooling
IR

Common System

J

Trackin }
J Inclusive B 25 B T B 5
Southern Center for Nuclear-Science Theory
PID
SIDIS
Calorimetry
Heavy Flavor
IR+Magnet
Exclusive
Luminosity and polarimetry
Far-Forward detector
DAQ Software: EicCRoot
Simulations Computing (at SCNU):
' Southern Nuclear Science Computing Center @




Timeline
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18 (19120 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30 |31 |32 |33 |34 (35|36 |37|38|39]40
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Accelerator - . HIAFU |
> CEE
CEE*

CHNS

Detector <

EicC




EicC: Multi-dimensional imaging of the
structure of the nucleon

nucleus nucleon

EicC: QCD dynamics that can affect
the identity of nucleons in a nucleus




Physics: Understand the inner structure of the visible world

Detector: Push for the development and application of cutting-edge technology

quarks

N
\

nucleus nucleon




Backups




US EIC at Brookhaven National Laboratory

EIC website:

ePIC collaboration (15t interaction point):
EIC User group:

EIC whitepaper:

EIC yellow report:

EIC Conceptual Design Report:



https://www.bnl.gov/eic/
https://wiki.bnl.gov/EPIC/index.php?title=Collaboration
https://www.eicug.org/
https://arxiv.org/abs/1212.1701
https://arxiv.org/abs/2103.05419
https://www.osti.gov/biblio/1765663/

Open Questions driving the spin physics

= How do quarks/gluons + their dynamics make up the proton spin?

f

D

‘ T

Helicity distributions + orbital contribution

= How is proton’s spin correlated with the motion of the quarks/gluons?

x (X, K, St)

ky(GeV
ky(GeV)

k (GeV)

GeV)

Deformation of parton’s
confined motion

dquark
. )
When hadron is polarized?

= How does proton’s spin influence the spat1al distribution of partons ?

Deformation of parton’s
spatial distribution
When hadron is polarized?

m) GPDs!




Unified view of nucleon structure

W,u(x,ky,r) Wigner distributions (X. Ji)

[TMD PDFs
f,Y(%,K7), ..
h;"(X, k)

|d2kT
PDFs

f,4(x), .. hy4(X)

dar \dszdrz

GPDs/1PDs

drs

5D Dist.

3D Imaging

dx &
Fourier
Transformation

Ge(Q?),
1D GM((QZ))

Form Factors




Unified view of nucleon structure

W,u(x,ky,r) Wigner distributions (X. Ji)

Experimentally

dar \dszdrz

5D Dist.

P 'TMD PDFs GPDs/IPDs
fii(xkr), - 3D Imaging
hlu(X,kT) dx &
Fourier
| d2k der Transformation
T

PDFs Ge(Q?),
f,u(x), .. hy4(x) 1D Gu(Q?)

Form Factors




Structure functlons and PDFs : Polarized case

(t dAc et |
l /(:'/ =\ ; {1 917 ; 2-92

T iﬂzm N dxdy 41%Q
q \ L |
P—— \-:%RE“}%%NT \\ do =do + dAo beamitarget helicity flips
CUIJ{ETENT A
A Only scattered leptons are detected
Experimental observables PDFs
A, A+ @ALA) Ak e e Polarized pdfs
Helicity distribution
QZ << MZZ
Aq—qT (%) - ql(x)
Polarized structure functions
g1(z) = Z Aq(z

J1, 9>
@




Flavor decompositions

«  With pure y exchange in inclusive DIS: Hmm ... No third kind
of nucleon ... No...
p_ 1[4 N AT L L _
n =3 a(&u + Au) + a(ﬁd + Ad) + g(As + AS)

gl = % (%{ﬁu + Au) + %(ﬁd + Ad) + é(ﬁﬂ + &EJ)

 Assumption: SU(3) flavor symmetry
v'  Additional inputs from [3-decay of neutron and hyperons

Au + Ad -2 As Au + Ad

A way out:

SIDIS measurements: with the initial quark flavor tagged
Fragmentation Functions needed




SIDIS processes for flavor decompositions

Electron-proton scattering

Pion/Kaon

%
K
- » A " a N
"NANANNAN »
{ % ¥ 'AYAYAVA' f"’
g VIV UV VL P
e - 2
) | ) —
P :'
\',

Fragmentation
Experimental observable: polarized structure functions gl Functions

: 1 : . .
h 2 2 2 I 2 - 3 . .
g1 (2, Q% 2) = 5 Z €q lﬁi}’(éf'- Q )D;(f‘—'- Q°) + Aq(x. QE)D.?(T—'- QQ)] Leading Order picture
q
Extracted nucleon structure information: polarized PDF's (helicity distribution) @




0.02

x*Au(x,Q)

-0.02F

- T

AU(x,Q) at Q> =10.0 GeV? 68%C.L.

DSSV14

£ DSSV14+EicC50fb':DIS
79 DSSV14+EicC50fb™ SIDIS
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0.01

0.00

—0.01

—0.02

—0.03

S T T N T T R T

Ad(x,Q) at Q> =10.0 GeV? 68%C.L.
DSSV 14

Spin of the nucleon-helicity distribution

ool CAKQ) zils 832\711 00 GeV2 68%CL. '_ A NLO impact study
| © DSSV14+EicC30fy | DIS See arXiv:2103.10276
,,,,, - DSSVILERCSO SIDIS JHEP08(2021)034
EicC white paper

DSSV 14
+EICDIS F =
+EICSIDIS /5
+EIC SIDIS
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https://arxiv.org/abs/2103.10276

do ,
Ohaa dp

Multiplicity:

/ (GeVic)'

0

Multiplicity measurements at BESIII

1

do(ete” - h + X)

Oior(€Te™ = hadrons)

N b O 0

2.2324 GeV

. NNFF1.0 NNLO

MAPFF NLO
=== AKRS NNLO

=== ARS NNLO

3.0500 GeV

N B O

N b O

3.4000 GeV

d Py,
h is a particular type of hadron such as n?, m*/-, K*/- ...
03 2.2324 GeV _ 3.0500 GeV
E + - NNFF1.0 NNLO
0.2}
i ++
0.1 +. +
% 1 1 |
S . 2.4000 GeV r 3.4000 GeV
(aDJ 0.3} -
Sy 3 +
24 P +
'8 |'8' 0.1 ++ q
3 it
‘_bz 1 el Y . S A B AT A B s i

3.6710 GeV

3.6710 GeV

o(e'e— qq)o(ee— u'n)

R =

at LO

» First precision measurements at
BESIII: Phys. Rev. Lett. 130, 231901 (2023)

» Analyses of many other final states
are ongoing = provide inputs for
future EIC

e

B x pluto :

KEDR

4 _ ...................................

B vovy
o) - MM i 1 .f...‘."..’.‘...'.’ .........

- | BESIII energy coverage
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EicC and EIC-gluon polarization (at large x)

arXiv:2211.15587 _ D. Anderle, X. Dong, ..., E. Sichtermann, ..., F. Yuan, Y. X. Zhao Phys. Rev. D104, 114039 (2021)

g(x) from global fit:

—— NNPDF4.0
++ +— : i i i
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Unified view of nucleon structure
W, U(x,k.,r ) Wigner distributions (X. Ji) 5D DlSt _

dar \dszdrz

TMD PDFEs GPDs/IPDs

P k), - /, 3D Imaglng

h;"(%, k)

Experimentally
R




Leading-Twist TMDs

Quark polarization

Unpolarized Longitudinally Polarized
(U) (L)

U f1:® hll:® - @

Boer-Mulders

L C ) | i@
Helicity Worm Gear

T flTl:é ) Q ngzé - é

Sivers Worm Gear

Transversely Polarized (T)

Nucleon Polarization

Pretzelosity

Q» Nucleon Spin @ Quark Spin O Survive the k; integration, yield 1D pdfs @




TMDs in SIDIS Cross Section « @

N\ [
do __ o 2 yo © e_-yN/@\/]V\fLi
dxdyd sdzd¢,dF;,  xy0~ 2(1-¢)

»
<

= "'.. F T +...
h= s Unpolarized
Boer-Mulder h~= 7 = (| T+ £ CDS(z‘;ﬁh) . FL?E.}{E%} +...
b= (A= (= ). o) o
' : . — |
Transversity b= (4 - (1 +S-[esin(g, + ¢, ) Fnerss) Polarized
i : in(, —gc ) Target
Sivers fir= | * - . +5m(¢h _gﬁS} ) (FLE;,I R } -
i . - 5l..ﬂ.|:3|;.'5' —ni.'fl :|
Pretzelosity }-,."J- = i -t + & Sm(‘1¢h o ‘;ﬁS) ) FUT SR ]
o = Polarized
' : : Beam and
Gri= el = - ]} Target

5., 5;: Target Polarization; A_: Beam Polarization

Target SSA, beam-target DSA measurements ©




Separation of Collins, Sivers and Pretzelosity

through azimuthal angular dependence

1 N T N \’ , \_\\\\\
AUT (qoh (05) B P N T +N \: 7 mtr Sj qbs Y
= 'A\(J:?”ins Sin(¢h + ¢s) + Ajyers Sin(¢h - ¢s)

+AJ Pretzelosity S n(3¢h ¢s )

UT: Unpolarized beam + Transversely polarized target

Colllns <Sln(¢h 4+ ¢s)> oC h1 X H . =2 TMD: Transversity

Slvers <sm(¢h ¢S)>UT oc £ ®D, >TMD: Sivers

PTfetze'OS'W o (sin(3¢, — ), o hy ® Hi >TMD: Pretzelosity




0.15 - — Q=

EicC and EIC-Sivers TMDs . =

0.05 1

()

0.00 1

C. H. Zeng, T. B. Liu, P. Sun, Y. X. Zhao, PRD106.094039 (2022)

L(0)
zfir

Fit world data ~0.05 -

B EicC (stat.)
EicC (stat.+syst.)

—0.10

(x,k1)

L
1T

w quark Hj_g'her Qz

1072 107! 10"

=0.005 —0.15 1

x=0.01

0.2

x=0.02

0.15

S. Aybat et. al. Phys. Rev. Lett 108, 242003 (2012)

0.04 Eicc

0.03 HERMES, COMPASS
©

0.1

Up quark Sivers function -xfit(x,k) )

0.05

Down quark Sivers function xf;

0.5 1

sin (6 -0,)

uTt

Quark transverse momentum k, (GeV) Quark transverse momentum k, (GeV) < 0.02 RHIC

0.01

x=0.005

-0.01 1 1 1 | |
20 40 60 80 100

_ Q* (GeV?)

1. Higher Q2 smaller effect
2. Smaller x, smaller effect

x=0.01

x=0.16

Quark transverse momentum k; (GeV) Quark transverse momentum k; (GeV) Complementary @
.

Anti-up quark Sivers function xfir(x,k1)
\g
- |
In'g
|
Anti-down quark Sivers function xf #(x,k 1)
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Spin structure of the nucleon-GPDs

The extraction of CFF with neural network methods [Kumericki, 19]

NS~ ===1 JLab-HERMES-2 15
. zzzzzz1 JLab-HERMES-EicC

< 104 »
a

Polarized beam, unpolarized target (SSA) —10- eSS N NN N 7 —304 ! NN N S

)’Vl—)" —f - T % 9 ] T T T T 8 g T T LI A EAL B LA | T 7 ooy T T L | T T LN B IR L |
o3y Vg X eI [FH G P H =P+ (1, 0) 1072 10t 10° 1072 10! 10°

Unpolarized beam, longitudinal target (ITSA) g o :EB/(Q _ CI?B) 5 s .TB/(Q _ IB)

\2/ 1_; y yz;éz x xplm [Fl‘f—-{ + xp(F) + Fo)(H + ;—g) — k€ + ] (Cpt. 0P,
Unpolarized beam, transverse target (ITSA) . . . .
T Only with this azimuthal angular modulation

ly (~ EE —_ ,’~ 2
Ty N0 X xgdm [F1H+§(F1 + Fo)(H + 5 E) — EkFLE + ] (xg, t, 0,

App o

Polarized beam, longitudinal target (DSA)

(A + Beosg) Re [F,‘H FECF, + F2)(H + %8} + } , @
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EIC 10 x 100 GeV?

EicC 3.5 x 20 GeV?

Highlighted physics topics
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JLab 12 GeV

10

Momentum Transfer Q? (GeV?)
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107 1073 1072 10~ 1
Fraction of Momentum x

= Partonic structure of nuclei and the parton interaction with the nuclear environment

»unpolarized electron + unpolarized various nuclei




“old” and long standing problems for cold nuclear matter effect

o BCDMS (Fe)

| 2_' e SLAC E139 (Fe)

*x EMC (Cu)

e | X8y }

E e s

SRE: F1g

iiij {
| "
0.8
h"—_.‘_' h 0 011 012 0.13 014 015 0f6 Of7 018 019 1
- @ *
-0 fon (%, k1, Qo)

Rl‘?/l; (x, ki, QO) =

fu/p (JC, kJ-) QO)

e |nitial state parton distribution in nucleus (NPDFs)

® Intermediate state parton propagating in nuclear
medium (energy loss, broadening... )

e Final state hadronization (hadron transport, FFs...)

arXiv:2107.12401 @




Nuclear PDFs study with ion beam

nPDF relative uncertainty
0.5 1.20
s NNNPDF2.0 / > 5
m—— NNNPDF2.0 reweighted 1.15 - Q = ]_OOGeV
0.4 ZJ no pseudo-data '
R 1.10 A
0.3 - EicC coverage 105 - /
1.00 b Z
0.2 - "/,
0.11 0.90 4
0.0 + / 0-85°
10-3 1072 107t 1073 10~2 1071
XB XB

With only a few hours of running




Nuclear medium effect for parton propagation and hadronization

h
(Pb/D) R".

1.6
i 2
4 W2>4 GeV , 0.1<y<0.85 EicC pI’Oj
. : Q2>1 Gevz, 0.25<.7CB<0.35 <+t
1.2 b
29 [ L dr=50fbo-1/A )
1 -
0.8-
0.6-
0.4 0.2<z,<0.4 _23;3%%38
0.2 b——m l T ! | o
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EicC 3.5 x 20 GeV?

Highlighted physics topics
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= Exotic states with c¢/cbar, b/bbar (BESIII community in China)




Quarkonium as a probe
Gluon GPDs

Spectroscopy

Quarkonium Gluon TM DS

N

Nucleon mass ? Nuclear medium effect

\ ©




J/Psi production at EicC

3
10°3 ,,I.ffﬁf ——
1024 :
= :
NS
s 1074
© ] I CIF (1979)
. € Fermilab (1980)
1004 ¥ EMC (1982)
E & SLAC (1986)
: T CERN/WAS58 (1987)
1 @ Japp data before 2002
10-15 ¥ GlueX (2019)
l 1 I 1 I T 1 T 1
101 102

Wyp (GeV) Figure from D. P. Anderle et al. Front.Phys.16(2021)64701
For W=10-20 GeV,

® Photoproduction: a(yp — J/Yp)~ 0(10 nb), (no resonant enhancement considered),

a(yp = ccX)~50a(yp — J/Yp)
® Leptoproduction: cross sections are roughly two orders of magnitude (a) smaller

® For an integrated luminosity of 50 fb?, no. of J /i is ~ 0(107 — 108); many more open-

charm hadrons D and A, @




Upsilon production at EicC

103 5 Favart et al.: W
3 Gryniuk et al. i B
5] Brodsky et al.: 2-gluon : P T
10 J — Martynov et al.: 0* =0 GeV? ’_,,/"’
1 ---- Martynov et al.: 02=10 GeV? =70, pFx
101 ] | Martynov et al.: 0? =50 GeV?
= 3
g 0]
& ]
10-1
10-2-; @ EMC(1981) e H1 (2000)
E M H1 (1999) @ ZEUS (2009)
10-3 1 /7. B ZEUS (1998) M CMS (2016)
- U 1 1 1 1 ! 1 U | 1
10! 102

Wyp (GeV)  Figure from D. P. Anderle et al. Front.Phys.16(2021)64701
For W=15-20 GeV,
® Photoproduction: a(yp = Yp)~ 0(10 pb) (no resonant enhancement considered),
o(yp — bbX) is about two orders higher
® Electroproduction: roughly two orders of magnitude (a) smaller, ~ 0(0.1 pb)

® For an integrated luminosity of 50 fb', no. of Y is ~ 0(10%); @
I —




Exotic states production at EicC

® Cross section estimates for exclusive reactions assuming VMD (highly model-dependent)
» Estimated events for EicC (50 /fb )

Exotic Production/decay Detection Expected
states processes efficiency events
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Highlighted physics topics

= Mass of the nucleon
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Momentum Transfer Q? (GeV?)
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Proton mass study

Mass decomposition [Ji, 95]

Proton Mass Decomposition
23(1)( —~

Lattice QCD
calculation by
Yang et al, 2018

32(4)(4)%

36(5)(4)%

® Quark Mass ®Quark Energy = Glue Energy .1 QCD Trace Anomaly

M — Mq ‘|‘Mm‘|'Mg ‘I’Ma
~ ' - ~ v - 3 =
Quark Gluon 1 O
M, : quark energy '
1 02 I

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

M, : trace anomaly

m M, and M, constrained by PDFs.
m M, via wN low energy scattering,.

m M, via threshold production of J /W
(8.2 GeV; JLab) and T (12 GeV);

m Threshold requires low CoM energy.

f —— Martynov et al.: Q2 =0 GeV?
[ --—- Martynov et al.: Q2 =10 GeV?

Favart et al.: W° 3
Gryniuk et al. ]

Brodsky et al.: 2-gluon

.t
R

EMC(1981) H1(2000) 4

A

(Low y at EIC).

m Complementarity between EicC (and
EIC) and lattice. Guideline

EicC coverage

il H1(1999) W ZEUS(2009) 3
Kl ZEUS(1998) HH CMS(2016) |
102
w., (GeV)
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Proton mass study R R

W (x,b, k,) GPDs ﬁﬂ: 9"’__?"

Wigner distributions

Mass decomposition [J1, 95] fd's, [k, - =~
Fourier trf.
M — Mq ‘|‘Mm‘|‘Mg‘|‘Ma A 4 b, <> A /§=o N\
N P J \ P J f(x'k[ ) f(x,bT) \ 3 H(.\‘,O,{) I c ! ‘
Quark Gluon transverse momentum impact parameter #=-A \ generalized parton /
distributions (TMDs) distributions \ distributions (GPDs)
M . quark energ semi-inclusive processes ~ exclusive processes
q - y < > r N _——-
My, : quark mass (condensate) [dk, [an, [dx [ dxx
. 4 N - -
My - gluon energy f(x) F(t) A, () +4E A, () + ..
parton densities form factors generalized form

M, : trace anomaly

factors
lattice calculations

inclusive and semi-inclusive processes elastic scattering

m M, and M, constrained by PDFs.

= M), via7N low energy scattering. Gravitational Form Factors

Defining Ma related observables...ongoing efforts @
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Working groups

8) Common System

(2) Heavy flavor observable
(3) Fragmentation function

Accelerator Physics Detector
1) EicC Accelerators 1) 1D spin 1) Vertexing + tracking
2) Ion Sources 2) 3D spin (TMDs + GPDs) 2) PID
3) Ion Machine 3) Exotic states 3) Calorimetry
5) Electron Machine 4) EHM and proton mass 4) IR + Magnet
5) Polarization 5) Nuclet 5) Luminosity and polarimetry
6) Electron cooling 6) LQCD 6) Forward detector
7) IR 7) DSE 7) DAQ
8) New ideas:
(1) Jets

8) Simulations

Software: EicCRoot

EicC CDR Volume I

EicC CDR Volume II
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EicC detector considerations

Detailed full Geant4 simulation is ongoing




Subsystem simulations---an example

Tracking with all-silicon or Si+MPGD design

arXiv:2102.08337

-
s - Calorimetry system @




sTGC detector

~55cm * 55¢m pentagon

Detector R&Ds

* 25cm x 25 cm Micromegas
mass production
* R&D on 0.4m x 0.4m

Clean rooms of ISO6 and ISO7 (in total of
200 m?) for detector assembling

: x ﬁﬁ-ﬁg
1m x 0.5 m GEM (self-stretching) e

Inner frame

Window(Mylar) Main frame

s ™ AN , DIRC prototype

GEM foils




Timeline l First version of EicC CDR

o 1819 |20 21 [22 |2 24 |25 |26 |27 |28 |29 [30 |31 [32 ]38 |34 |35 |

S-year-plan S-year-plan S-year-plan S5-year-plan

UL

R&D

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

R&D and construction

.. In operation

)




To follow our regular meetings/workshops

» For subscription to the eicc. member mailing list, please do it in the following link:

http://lists.ustc.edu.cn/sympa/subscribe/eicc member?previous action=info

» For subscription to the eicc_physics mailing list, please do it in the following link:

http://lists.ustc.edu.cn/sympa/subscribe/eicc physics?previous action=info

* For subscription to the eicc_detector mailing list, please do it in the following link:

http://lists.ustc.edu.cn/sympa/subscribe/eicc detector?previous action=info

» For subscription to the eicc_accelerator mailing list, please do it in the following link:

http://lists.ustc.edu.cn/sympa/subscribe/eicc accelerator?previous action=info

©



http://lists.ustc.edu.cn/sympa/subscribe/eicc_member?previous_action=info
http://lists.ustc.edu.cn/sympa/subscribe/eicc_physics?previous_action=info
http://lists.ustc.edu.cn/sympa/subscribe/eicc_detector?previous_action=info
http://lists.ustc.edu.cn/sympa/subscribe/eicc_accelerator?previous_action=info

Thanks
and
you are more than welcome to join the effort!
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EicC Detector Overview

10-20 m

(ToF ] [EMCal] [ ToF ] ((COIL] (RICH] (HCal) [HCal) E
l

~3m ~5m ~30m

Fig. 4.10 Conceptual design of the EicC detector.

« Subsystems to realize the EicC physics goals:

1)
2)
3)
4)
S)
6)
7)

Vertex & tracking detectors

PID detectors

Calorimeters ‘
Far Forward detectors

Luminosity monitor & Polarimetry

DAQ

Simulation & software

o

* Questions need to be addressed:

» Targeted resolutions

» Technology candidates
» Simulation results

» R&D activities or plan
» Inputs to DAQ




1.Vertex and tracking detector

Yuming Ma, Aigiang Guo, Yutie Liang, Yuxiang Zhao (IMP)

* Physics requirements for EicC tracking:

»Assume B ~ 15T
e Barrel (-1 <n < 1.6):
« a(p)/p ~ 1% @ 1GeV; X/X0 <5%
e E-endcap (-3 <n < -1):
« a(p)/p ~ 2% @ 1GeV; X/X0 <5%
¢ P-endcap (1.6 < n < 3): =
« a(p)/p ~ 2% @ 1GeV,; X/X0 <5%

Front. Phys. 16(6), 64701 (2021)




Evolution of the EicC tracker design ~Yuming Ma

Det_vO0 Det_v1/2 Det_v3

» All-silicon based on ITS2 » Silicon+MPGD Hybrid design » Silicon+MPGD Hybrid design
» Silicon: vertex ITS3 + tracker ITS2 » Silicon: ITS3
» Only the pixel size is different for vi/v2 > Geometry is Optimized

v" Further dedicated optimization of the scale and structure recently based on Det v3 Q




Performance with new tracking design -Yuming Ma
The New Design

+ Size of silicon detector: Solved.

Barrel MPSD — « Radius of Barrel: 77.56 cm -> 55 cm
T e 340 - Barrel MPGD : 4 Layers -> 2 Layers

« The size of Si: ~70%

+ The size of MPDG: ~35%
+ Only optimized by single track events: Solved.

+ Inclusive MC sample was applied
+ The Layer number and radius (position) are not optimized properly:.

+ Optimized for lower momentum tracks based on EicC physical
requirements.

Forward Pixel
Trackers 5+5

Forward MPGD
Tracker 1

Vertex resolution

400

Performance

400

2023/5/03 *"5oi o2 om0 ooz ool




2. PID detectors
RAEICCERFTHEE. AHELEAGF LT LA

- Xin Li (IMP)

<6GeVic

=y
. ) < S GE-TED
> PR R N AeAR B - HE |

wwwwww

> MR, RER

PIDRM B 7 & - i
> ARER: AR e RIEME (DIRC)

> k& WA A RIEMNE (mRICH, dRICH)
> k&% (<1GeV/c): MPRC. LGAD 3l o

| DIRC dRICH

PID Detector Kinematic Coverage

10}

PID momentum coverage: f
<4 GeV/c at e-Endcap; i
<15 GeV/c at ion-Endcap ;
<6 GeV/c at Barrel

p (GeV/c)

107

4 3 =2 -

o 1 2 3 4
n
REFE T EAIRN B F EH) 2 EH




3% £ PIDIEMN] B

Modular RICH & —#7 £ T 2 £ A 69 b7 & AF K38 3
CHARFEEFEGSAERBEENAURSET 9 (3
EHEEREENER AR KB LA RFER, TR
FIBAARE) « HEMBEARE, TUERBZEESHE
PMTH| = ¥ATA A 13 8, 3R HPIDA 7,

Dual RICH| &4 M A R Bl 3 4t F a9 fa 414K, B ae 95
BEPRAHTHLE. 9 TARERENATELZRAIZTRX,
EvEHEX 5 hEHERELTCAES, HIILIRICHN
TR BEANAAETE “RaR7

T HA B AR

» Modular RICH%: #.30 /K% #% 7e B ~6 GeV/c (f2iF
A 5 #¥~1mrad)

> R RF LB+ AR AR (C,F) dRICHIRM 5, A
= £ 15GeV/ct930 /K5 #% .

> B AT FRA

n/K separation (o)

- Xin Li (IMP)

foam holder of aerogel

_ 3.3cm thick aerogel

6" focal length
Fresnellens

mirror se

erogel Gas spherical Mirror _, : _ Hits on detector

7. Photon impact on mirror(s)

10
Momentum (GeV)




A ERPIDIX M) B - Xin Li (IMP)

R RS A XEME (DIRC) :

TR T H A oA RkiEdAarR, ETX Cherenoy Photon

— BRI ADIRCIRM FiB I M Z AB AT EEA I ESH  Trajectories /- Expansion g
KA M SRR BT S, \\ neg

AR B AR Mirror A e FOClés;‘,tiir;g
> K RS ER G AR A oA KB 4R, MPC-PMT#E Track
A AR ED] | AR R AT AR AR B R L i S DIRC 1y %

e (1~6GeV/c) 89k %'V' A
> AE E~Imrad®y A 9P, AR KA =R
I'ﬂ fi% (<100ps)

»
o

> 57 )’l)iﬁ /riﬂ—j— %%?é«ﬁ ﬁa‘ézﬂ:ﬁ % Track Cherenkov g
'E . angle resolution =4
. §m | —osmad | | !
ATAR: 1l = (BN
% # PANDAF=EIC#9 AR 3FDIRCIE M B 1% 3t, A IME & ) e R0
DIRC#7 ¥ 77 %, +]s R~I DIRC/R A& ] 4F e = 2 5" 4 € B &

particle momentum (GeV/c)

PANDA FfIEICH)DIRC #I F % 738




#DIRC T £ - Xin Li (IMP)

NLAK33B/PbF

DIRC prism

— Signal
— Crosstalk

MCP-PMT
array
R10754/H1370
0

— Signal
— Crosstalk

Focus Lens
& F 52 4R 13mm x 35mm x 2600mm
#6551 (30mm+220mm) x 320mm x 300mm

MCP-PMT: /£ 4 R10754 (5.75mm, 4x4 Pixel) / H13700 (3mm, 16x16 Pixel)

# & % %5¢: 3-layer lens (fused silica + NLAK33B glass) curvature radius: 30°, 30/7.5cm, /& & lcm

WA X F: F-FHAF(FE2~3mm)E T L F A EANPMTHRE & £ T, HIRPMTAE L X Fom )y & K vh

2024/8/4 @
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¥ 32 DIRC f 2 #% A=PIDME A8 4L 4

- Xin Li (IMP)

iDifferenll transit time cut &
icorrelation for forward &
ibackwatd photons

1
1
1
1
I
I
I
[
1
¢

= T
o i I
S :'
0 - 1
Q08— 1
BT i
g 6 o i
ﬁ‘ Forward photons . [ - 5’1
ESR E — e r I
film — . C I
g 6GeV/c Pion - i;
— - 1
o C ki
Backward photons Oy itasikl
Og. (mrad)
5__ —
3 12—
8, o SR
5 | -
o 3 B
O af C
e o,s_—M
S i
‘E 21— _ 0.6—
g ¢ Black: o, = 120ps - Green: 5.75mm PMT
A 1 Red: 0, = 70ps = pixel
- C Blue: 3mm PMT pixel
A T R - — 7 T — o2 '4|ollla|n"'a|o'"1n|0"'12|0|'|1110"|

Polar Angle (°)

Polar Angle (°)

70 80 90 100
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> AT ) B AR T T AT A fred
[ R A Aty oA K Fe A A 32

R4z E 5 # PMT (R10754/
13370) *t & &9DIRC f 4%
(~Imrad); A5 #~1mradif, 1~
5] B 1] 5~ 9% 2+ &2 69 6GeV/c i/k 5 9%
At 71 AT NAT A 89 TAL(>30).
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MRPC/TOF PID at low momentum -YiWang
(Tsinghua)

Standard parameters:
Read out P

Resistivity of glass: ~10!2Q.cm

+HV

A Working gas: 90%Freon+5%iso-butane+5%
SF6

Insulator

Carbon = Resistive

plate Time resolution <100ps
E / Efficiency >95%
Insulator T Charge: a few PC
Read out Dark current: a few nA

MRPC structure Noise ~1Hz/cm?

Rate <100 Hz/cm?
TOF PID: Large area, low cost

n/k ~1.6 GeV/c,
(m,k)/p ~ 3.0 GeV/c




Toward 20ps resolution: narrow gap MRPC

-YiWang
} . O Simulation indicates proper ways to
poeeeeey A design the gap thickness and arrange the
u | l__;_ pohepeiedhpe P I . StaCkS Time resolution for different MRPC: Electronics Noise ~20fC
Vo : | E.| ‘f| | | + ADC 32: —‘!'-:— 2<tap:ktsgap : | ﬂ‘
J — | I - —4— 3stack*6gap
ii— L LLLLd o A NP VA
m_/ ! I TSJ};M;EP_T I - —&— 4stack*2gap %
} L Z 281 v~ 4stack*4gap A /
Ll e 26: —4-— 4stack*6gap /,/ . ad
.S‘ - —#— 4stack*8gap / / o =
H 5 24f-4 %
N, = P
n ) ) i - ] E \Mh///ﬁ}/ / L b
}ﬁ(j{ﬂ‘g iﬁ%?ﬂ'ﬁﬂﬁ U 22 > i M/-é
MRPC N e T
2 20 =
N | S S
—t : Narrower gap
. 16 — T .. el thickness
GTOF o \/GMRPC T Gelectronics o L . required | ]

0.1 012 0.14 0.16 0.18 0.2 022 0.24
oror <20 ps, the intrinsic resolution of narrow gaps Gap Thickness [mm]
MRPC is around 15ps, so the time jitter of readout omrec <20 ps, the gas gap: <0.18mm

electronics <13~195 ps, gap number: >16




LGAD Reference

R & % B & W & (LGAD): — il fR W &
Rl Go BIF¥SUTRBEHRAFERE
AL GES o, #TEEE RO
T4, HUWMRPC, THAHWER &, W&
KW m2zZARmefanfi ricdiEfR

by O

il 3 El A5 -

> KWK HE (0.1~2GeV/c) il H B AL T £ 5

> R ERM & W 7H# (~30ps) o

> LGADH R F K W B x K W ik JL T um,
et ER THRBEERE R

Standard LGADs

= o _;{)’-ttop— . top ;netal
I ( |
P SOl'lm : : : no-gain region :E :"L
: / : : : : p -epi-layer
i :
”r transition region : 1 pt-substrate

«

b - ——

® CMS Endcap Timing Layer

e Size: 1.3x1.3 mm2

© Sensor and chip are bundled together
¢ Timing resolution: ~30-50 ps

© Last for the whole HL runs
¢ Radiation-hard: ~2x1015 ngg/cm?
¢ Thickness: 2.25cm/layer

» EicC Barrel
Radius ~80cm (try to
achieve 50cm)

Time resolution ~20ps

[arXiv: 2003.04838]

€



Cosmic Ray Platform

o FHAIXMXFE: WK+ SiPM, 8 layer
(4 layer for x, y each), &M &% 50cm x
50cm

* Onelayer: 3 module + 1 electronics

e One module: 163:EJ-200 + 324 t.4 + 8
SiPM

o {i¥E 5 H~1mm, & 8] 5 #<100ps

2024/8/4 Q

*Cooperation with the EicC USTC group




3. Calorimeter system for EicC Ye Tian, Dexu Lin/ (IMP)

Basical ECal special

requirement:
* E-endcap: good low energy
resolution
* Barrel: short radius, good angle
resolution e-Endc
« Ion-endcap: angle resolution, m’
reconstruction, PID. ion-
Barrel Endcap
Pseudorapidity | Angle(degree)
_ Barrel ' 3 5.7
N\ e Ion-Endcap
/' e-Endca N\ - ‘
p/A PN ~~ion-Endcap < &
_edoward ""'*-ft—--;_\.,,f';’i_—;ff—*ﬁ?ﬁam S 1.5 25.2
T I —— >
. e-Endcap//,/ P ) z Barrel
7 gam -1 139.6

o e-Endca
. i -3 174.3 @




: . : : Ye Tian (IMP)
Ecal Design in Simulation

» General design of whole Ecal Detector.

» Csl is applied in e-endcap, Shashlik
style is applied in both barrel and ion-
endcap

» The actual distances of the two
endcaps to IP depend on the available
space of the EicC design

Z=-1.5m + .

Csl module

z/r[m Length[cm] Coverage[c pseudorapidi Tower

t (]
EME ype 1 . & m] ty size
x*
EicC . -
barrel Shashlik R=0.9 45, 16X, -105.8<z<1871.5 (-1.0,1.5) 4.0%4.0
Ion-endcap Shashlik 2=2.4 45, 16X, 24.0<r<113 (1.5,3.0) (front)

e




Position resolution [cm]

14

12

0.8

0.6

0.4

0.2

Module (7x7) array simulation result

Shashlik simulation result

Energy resolution
0.12
é H S=Va—é+b—§+cz,where a=
=) E
S B — e 3.539 +0.029 %, Original, energy
2 B
X 0.1 3.665 + 0.092 %, Full module, energy
>
g | $ ——e—— 3.962 + 0.031 %, Original, N-Photons
c
w —e—— 4.220 *0.092 %, Full module, N-Photons
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Csl simulation result

Ye Tian (IMP)
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Shashlik ECal cosmic ray test result Ye Tian (IMP)

Assembled Shashlik module

Horizontal cosmic ray NPE spectrum (PMT)

102__ Landau peak: 62.8
(NPE) _~
P E |,,"|'|-|‘~4 !
g | [IN] Il
O 10—
(N
o 0L J]m
. (l) 20 '14|o' | 'elo' | lelo' | '1(|)o' | '12[0" 140

ADC channel




CsI(TIl) attenuation cosmic ray test Ye Tian (IMP)

» The attenuation length is a main parameter of Csl(Tl), influence the uniformity of energy deposit
« Simulation shows muon deposit 22.3 MeV in Csl, created 1.1M photons.

=

v

1400

1--—..-'\- -—-—»-u:

1300

Fittedbyy=A4-e 2

A=21.6*4cm
A=24.8 £ 4.4 cm

1100

1000

900

Cosmic ray signal sample 800

| e it TR
WW 600
Ei()() | | 1 1 | | 11 1 | 11 1 | 1 1 | | 1 1 | | 11 1 | 1 1 1 | 1 1 1 | 1 1 | | 11 1

2 4 6 8 10 12 14 16 18 20 22
Distance to PMT[cm]

ADC channel(arbitrary unit)

15400

15200

ADC channel

15000

14800

14600

14400

14200 waveform

Entries 1744
Mean 1754

Sibe 102 Short attenuation length confirmed, even
B — though the appearance of crystal is
¢! N

14000

13800

0




4. Far Forward Detectors Weizhi Xiong(SDU), Yutie Liang (IMP)

EicC Far Forward Detectors

BOpf magnet

[ RICH |
Four disks with pixel size of 10 ym
same as the central vertex detector

FDT: 5-16 mrad
EDT: 16-60 mrad

EDT (Endcap Dipole Tracking) FDT (Forward Dipole Tracking)




New Design of FF Beamline

Dipolel: z=5m B=252T L=0.8m Dipole3: z=154m B=-34T L=0.8m
R1 = p*10/3./B1 = 20GeV*10/3./2.52 = 26.455 m R2 = p*10/3./B2 = 20GeV*10/3./2.69 = 19.61 m
Bending angle = asin(L/R) = 0.03 rad = 30 mrad Bending angle = asin(L/R) ~ 0.04 rad = 40 mrad
s 122=010m B = :z>16m B="?
69T L=20m L=?m
O N L*O, 8m R2 = 24.783 m R2=?m

Bending angle = 80 mrad Bending angle = 120 mrad

R1
= 26.455m

Slides from Yutie




Weizhi Xiong(SDU)
iS5

Material Effect for Neutron

« Current ZDC acceptance +/- 15 mrad, 13.5m from IP

 New beamline design effectively reduce all material effect
due to beam pipe and air

« Plan to work on ZDC digitization and full detector response

studies
¥ o ETTTE | g o t/=15mradcone — ¢
> 40f- / ' > e / ___________________ —0.9
305— _N 201 [ | ,
20 | R - i
E o 10— ! '
10;‘ B i
o C
E 0l— |
101 B i
_202— 10 .
-80f- | -
40;- 20
R e e s guusberonly o g el o b
x [cm] ol Lo b b e b by @
. . -30 -20 -10 0 10 20 30
Result shown in FicC 3rd CDR Current result *™




5. Beam polarimetry & luminosity monitor

Boxing Gou (IMP), Jinlong Zhang(SDU), Yutie Liang (IIVIP)

» Proton beam polarimetry
» Electron beam polarimetry

» Luminosity measurement

Small angle
forward detector

Electron end

Ultra small angle
Central detector forward detector

Small angle

forward detector Ion end

Luminosity &
e polarimetry

Crab Cavity

Central detector installation region | -

Fig. 3.8 The interaction region of the EicC accelerator facility.




Luminosity monitor and eCompton apparatus

Ultra small angle
Central detector  forward detector

Small angle
forward detector

- Luminosity monitor and
polarimetry are largely
independent and
essentially supportive
“experiments”

Small angle
forward detector

Central detector installation region /-__/
L
I — e

celerator facility.

- Relatively simpler
subsystems but complex
requirement overall e.g.
coordination with
accelerator, specific
calorimeter and DAQ
systems, etc.

=4

.\/\-

- Geant4 simulation is
Possible location for

i Luminosit Specific .
ongoing y dipole crab cavity

I I I I
35m 30m 25m 20m from IP Q

. $ 0 |




Recent studies on proton polarimetry Boxing Gou (IMP)
The recoil proton detector — items to investigate

Magnetic fied emulation with Comsol
YO I1® 15
1
0.5
2+ Yeoil
N |0
: nlp -0.5
Z, \ i Heoil -1
Vo . @ target @ «---ooeee- >y
X X ; 15
v -2
-2.5
beam
:
0.8
0.6¢
.
10.8cm 0.2l
7mm X 5 = 3.5cm 0
7mm X 7mm / $p4mm -0.2
Two silicon strip detectors Polarization holding magnet Beam-target overlap T ; i -0.4
out 0.6
* Horizontal position X * Coil structure * Beam transverse size 0B o Roue e gg
* Height (Y) and width (2) + Current * Target thickness 10,5 ¢m Woue e 1
* Thickness * Bunch structure 75=15*5 60=12*5

Detection power vs thickness Simulation — event SeleCt'O”

* Elastic protons are selected by comparing measured(Tg) and

o =y calculated(T.5;) energy
3 ® . . .
3 = * T, is calculated from the hit position(Z)
= < -
- i ¢ Overlapped protons are rejected
102 Ea ; 3500/—
= oso 2 F
L 3 3000
GG_— E
+ 2500~
a0l 2000;
L 1500
10° moof—
i B 5003—
NP R P P WP i :
Z [cm] i | 1 1 | | ol




6. DAQ design

Example: EIC CDR

BW: O(100 Tbps) BW: O(10 Tbps)

Goal: O(0.1 Tbps)




Kai Chen

Plan towards CDR: Readout and DAQ (ccnv)

 Collect information for each sub-detector
» Needs input from all front-end subsystem
» Channel numbers
» Plan of readout electronics
» Data format and size

» Based on these information, we should start considering the overall architecture
» In front-end, trigger or streaming readout?
» In back-end, do we need hardware-based trigger?

Number of fiber optical links

Data bandwidth

Event size

Etc..

J Timing distribution system
» Fan-out via DAQ downlinks

» Embedded in commands & data stream, precision <10 ps

J Integrate with detector module & front-end readout electronics
» Provide supports for readout (if needed)
» Start the integration test as early as possible (Huizhou)




7. Simulation framework & software

Structure of EiccRoot

(( ROOT [ [Geometry]

i Geant3 ]

Appllcatlon
processes

10 Manageﬁ Root files
Hits,
Digits,

FairRoot

Event
Display

Track Run Manager
propagation

RTDataBase w
Root files

TSQLServer

||
Ll |

4
s [Evt@en][ ) =)
Producers
(_tof D
EiccRoot | (Cdirc ) (Goxcen, BoxGen m
\[ emc ] [ [ ] [ Track fit ] \ Multi Field
S

Yutie Liang (IIVIP)

Top level: ROQOT, Virtual MC, etc.

Middle level: FairRoot framework
manages the general infrastructure
with simulation and tasks

EiccRoot: implementation of the
EicC detector sim. and rec. inside

FairRoot framework
©




EiccRoot Data flow Yutie Liang (IMP)

EiccRoot: implementation of EicC detector based on FairRoot

event generation | Pythia6/8 EvtGen BoxGen
$ ‘ x ’
transportation W
‘ . A N\
" digitization Vtx.+Trk. TOF Cerenkov EMC HCal Polarimetry
o ¥ ‘ | ! ' T
i tracking/clustering Charged Candidate < Neutral Candidate
py
o < $
% particle identification PID probability
= \ g

. analysis Analysis




EicC software update & status Yutie Liang (IMP)

» Tracking, ECal, Forward detector packages in good shape

» EiccRoot_2.0.0 released with main updates of:
« Full magnetic fields (16 field maps) in the IR region
» GenFit package adapted using field map service in EiccRoot
« EiccBoxGenerator and EiccEvtGenHybrid updates

« Complete beam pipe design from -40 to 20 meters

X(m)

| |

IR + Magnet Sy Beam Pipe

/

:

" 1 L L L 1 L L L L 1 L L L L
10 20 30 40
Z(m)

IS
o
&
o
N
o
-
o
o

Central: solenoid

lon Forward region: 3 dipoles + 3 quadrupoles

Electron Forward region: 4 dipoles + 5 quadrupoles




