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EicC Logo: Capital E in green color represents Electron; Blue upward arrow represents polarized ion; Lower case
¢ in green represents collider; Capital C in red represents China.
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Electron ion collider in China
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Abstract  Lepton scattering is an established ideal tool for studying inner structure of microscopic particles such as
nucleons as well as nuclei. As a future high energy nuclear physics project, an Electron-ion collider in China (EicC)
has been proposed. It will be constructed based on an upgraded heavy-ion accelerator, High intensity heavy-ion
accelerator facility (HIAF) which is currently under construction, together with an additional electron ring. The
proposed collider will provide highly polarized electrons (with the polarization ~80%), protons and Helium-3 (both
with the polarization ~70%), as well as unpolarized ion beams from carbon to uranium with viable center of mass
energy from 15 GeV to 20 GeV and the luminosity of (2~4)x10* cm™ - s™'. The main foci of the EicC will be the
precision measurements of proton structure in the sea quark region, including 3D tomography of nucleon; the
partonic structure of nuclei and the parton interaction with the nuclear environment, in particular, the short range
correlation of nucleons and the cold nuclear matter effects; the exotic hadronic states, especially those with heavy
flavor quark contents. In addition, issues fundamental to understanding the origin of mass could be addressed by
measurements of heavy quarkonia near-threshold production at the EicC. In order to achieve the above-mentioned
physics goals, a hermetical detector system will be constructed with the cutting-edge technology.

During preparation of the document, we have received valuable inputs and help from experts across the globe.
The EicC physics program complements the ongoing scientific programs at the Jefferson Laboratory and the future
EIC project in the United States. The success of this project will also advance both nuclear and hadron physics as
well as accelerator and detector technology in China.

Key words Electron ion collider, Nucleon structure, Nucleon mass, Exotic hadronic states, Quantum
chromodynamics, Helicity, Transverse momentum dependent parton distribution, Generalized Parton Distribution,

Deeply virtual compton scattering, Deeply virtual meson production, Energy recovery linac, Polarization, Spin

rotator, 3D-tomography
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(High Intensity heavy ion Accelerator Facility , HIAF)
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(EIC in China,EicC). e BALLARZHE B TF5E T
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(1) — ZR 51 B B2 (1) S U6 R A U o, A A Ay SR —
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JZ ¥R RS T AR 6255 o MRS 7 SR A AE — I T A
¥ A BEAE A, B2 F A3 77 % (Quantum
Chromodynamics, QCD) #fii& . 1F N3k Fi DL/R #i ¥
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NS A —

Higgs Boson

Quarks

| botom W boson

a N N\ NI RTT -

Z g

[=]

; 2

7] =]

= electron t Z boson m

S (o)

a )

51V V. g

- e T g 8

neutino | | neutino § | neul itrino

electron au uon

Bl ARAEREY p B ACK T
Fig.1 Standard model of elementary particles

B2 ZyWEEREE
REFR A [7) B UL A B A — A
Fig.2 A schematic illustrating of the nucleon internal
structure at different energy scales
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AN S 3 O 0 38 1 ST 48 145 380 43 40 A R
Ko PR, R & Re U SE50 AT VR R A% 1 N B
A
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T B R 58V BUF (Deep Inelastic Scattering, DIS)
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PDFs, TMD) At [i] AR Bk 25 (0] & 4 1) 3 & K
B T X 4y F 4 AT BB #X (Generalized Parton
Distributions, GPD) o 31X %£& 4= 5 [) 5 73 -1 73 A1 bR £
AIRLER FE A T NS ME S B A AT
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SIS HE , R I At X X 6 Sy A1 bR K B AT A A A
45 RS2 56 I 2N QCD BB 1T 7T Y B8 LAY, Bk
55 [® A ik i4b 52 56 = (Jefferson Lab, JLab) - CERN
COMPASS (Common Muon and Proton Apparatus
for Structure and Spectroscopy) ~ BNL RHIC. Fermi
Drell-Yan. A} oK >k (1) 35 [E BIC 55 1 5256 T H &K
XPR% T ) = G 25 A i R
112 JRTFERES T4
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Z AR /N o 20 tH 22 80 A AR KR W A% ¥ A AT L
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VEAH AR B A S5 1A AR D v 5 P AT A% 1 15
Gy TS5 R, SR 45 SRR W AN A IR i A )3
G F AT R T HAE B A% T A B4 A, 1 HL
FONAZ 7 A BB AR , 3 PR A EMC 2R
Ffi J5 SLAC (Stanford Linear Accelerator Center) .
HERMES 4§ 5230 £ AT 7 3RS 4 1) I &, 73t EMC
RN FIAZ T AEF R 9% &, TR 7 AT R
TAZ N B 7120 A R, SR 17 FRATTRE A BEAR Ui
H AT AN 1 %0 . BT, 56 5 JLab ) SEB0 0 2 & 55
Hooxe > 1 DX B AR B LE A A J5 1 1% N R A%
TR A AR 5 R 6 PR B DG IR, 1T HLAS [ S5 1A% 1
JL R G I it B R A% 1 2 A A7 4 A EMC 258 —
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WIF 7 5P R 2 5 1 T B 8 3 i O AL AT
FEREE TR FATATLLEL I E A 7R 7%
FR B2 RE 7 HL R A5 9 T = W SR % T AR AN [ i
TFAREOR B S 3 AL o
1.1.3 #FFERTE
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Molecule

B3 AIAER s 1A O - IE AR 7245 4 Ao 128D
Fig.3 Hadronic states (left: conventional hadrons, right:
exotic hadrons)
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Je N EBEERAT) A& 5 i 2 Wk o
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£ EicC Wit H, B 7 i T A -3 L AE = 2 il oA
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Fig.4 Luminosity and center-of-mass energy of the proposed
electron ion colliders
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Table 1 The comparison between the parameters of the electron-ion colliders proposed in China and in US

*E FA FULRER SR R UIES WAk 15

Facility Years E../GeV  Luminosity / 10¥ cm™+s™ lons Polarization

EicC >2028 15~20 2~4 p—U e, p, and light nuclei
EIC (eRHIC) >2025~2030 30~140  2~15 p—U e, p, ‘He, Li
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Table 2 Existing measurements for the Sivers asymmetry in lepton-nucleon deep inelastic scatterings
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Fig.10 x-Q’ phase space coverage for the pion SIDIS
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Fig.11 Projections of the Sivers TMD function for up and down quarks
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Fig.12  Projection of the Sivers TMD function for strange
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Fig.13 The DVCS (a) and DVMP (b) coverage of kinematical variables x, vs. O at EicC
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Fig.15 In the range of scale Q% > 10 GeV’, the statistical uncertainties of the experimental observable 4% of the z°-DVMP
channel on EicC. The CLAS data are taken from Ref.[54].
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Table 3 The XYZ states in the charmonium region and their production processes and decay channels

XYZ 742 1 2 Production EARTE Decay channels

X (3872) B— KXIKnX,e'e =X, a Iy, wlly, DD’ yJly, yw (28)
pp/pp H25(Inclusive)

X (3915) B—KX,yy—>X wJly

X (4140) B— KX, pp ¥.2(Inclusive) ¢y

X (4274) B— KX by

X (4500) B— KX oJly

X (4700) B— KX oJly

X (3940) e~ Jly+ X DD

X (4160) e~ Jly+X DD

X (4350) yy—X &Jly

Y (4008) ee Y ety

Y (4260) ele Y a/y, DD *n,)((,oa),hcmr

Y (4360) ee — Y ay (25

Y (4660 ) e'e Y amy (28 ), A, A,

Z.(3900) e'e” — nZ,, bR T HHFEAL wJly, DD
(Inclusive decay)

Z,(4020) e'e >z, h . D'D

Z,(4050) B—KZ, T

Z,(4250) B—KZ, T ).

Z.(4200) B—KZ, =y

Z.(4430) B—KZ, 7 Iy, why (28)
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Fig.20 The observed charmonium(-like) states in comparison with the prediction of Godfrey-Isgur quark model (a), the observed
Bottomonium(-like) states in comparison with the prediction of Godfrey-Isgur quark model (b)
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Fig.22 (a) The diagrams of ep — eX (3872 ) pand ep — eZ, (3900 )n process, (b) The ep — epY — epl*I” process
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Table 4 The expected production and detection of exotic
states at EicC under 50 fb™" integrated luminosity
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The mass spectrum of P, and P, and their distribution of transverse momentum, pseudo-rapidity and rapidity
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Fig.25 The counts distribution of ep—epr—repu’u at EicC under 50 fb™ integrated luminosity
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FEORIFE], kA QCD H R 1 5 K7 13 & 5
i SE B R LS S S8 (AR CT 14297 g HoAth )
GRS HEER AR KNG RGRE. T
RN T (N3 575 50) 5 IR T s & - 5t &
SRR R T BBk, AR E TN B R B
WHFRE.
2.6.1.3 BF—HEM =45

¥ R 4 7 53 A7 B AL (PDF) , B HE) (1)
4347 B8 8L GPD F1 TMD, £ QCD H 4B A% 7 4 LI
— RICHERB R A LA H . BT %55 QCD 2
SCAETR B3 0], IR 1 T 2% B 42 A B Y 5 Bk b 50X
KA W AR ) RS ) E . P b, AR
RE I8 T 5500 A bR B A — B Al < x7 >—3K
RIS A R EIE B (E2 BT E SR
Bl , BRI MAENEE +2FR, A&
? n= 3[204#206]0

AR, B2 AR ) OK B A AR
(Large-Momentum Effective Theory, LaMET) 272!
ARG PDF ) x (R AL 7 B B8, XA
ERIR O, =R e 78 B S I Sk
BRI BT HE SRR PR B . IR AN AN B I B S BB BR
€ X —A~HE PDF (quasi-PDF) , 1] HLRETEAE i 4% EL
FEHE. T & 2% KIS % , quasi-PDF 1]
PLIR 74k o m] St v 55 16 UG T 28 250F0 470 22 (1) PDF o
LaMET &3t JLE K 8 , B4 2 A B brks S5 1E
YHH T PDF [ x fHi ) iH 5. HRTER TR
%5 PDF(u(x) - d(x)) 5 H—B WAL 7
WAk DL B A m) A Ak A7 40— H A PR gt e L 7R IR ¥
PDF /7 A — 4R %K . e ik 5 QCD 45 JR AN
SEIGION G G A LA B I A A P02 (R TR
FEIR TR B — 0 otk . A 4% A QCD ] LAHE
WS SE I DTk, AT AT BACA BicC b g ki 25 50 43
A AKEFRE S BT T B 4 R BB E R
LaMET 7] LA g FH 5K 1H 55 GPD, #% £1 QCD .45 1t
S 7 A F AR AL % T GPDPRA — ) (R R .
AEBA ) 532 0T LAY e 2% 7 7 11 GPD .
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5419885 140 A e BN GPD AH L , B Bh &
I3 AT BRE B RE R ELSEINE BRD E L — A
2 1 F FE T (il F X AE beam function BY #
unsubtracted TMD) 1 — > 3 8 § (soft function) .
IXPHE bR 1B 541 (Ultraviolet Rays, UV) & HI,
WA BT B L (Rapidity) & HL, 75 B 3E4T B4 &=
A, T % AL T FEBE AR AE Collins-Soper i 44,
JyRghaesl o E TaMET HE 2 0, 18 A B K B
Z IR 23T B TMD 70 AR R 5 x 146 . AN, 22
32 EL R TMD [P, AR 75 B AR ek 8.
T, FIH LaMET 76 4% pi b5 868 2081 T™D (¥ 7
FEOE R, K, B 5 QCD 1A TMD th
WEAEANIZE FHE A S
2.6.1.4 FRERTA

¥ 55 QCD H I 78 5k 71 1 R vk DA R
. AHEG L SR B B R g A A — A
PR, Bl e AN 7R 255 8 A 2 I B A n) . FRAT1IE
i E— R EA — € BTN E AR OB R 2L,
SR 5 43 Bt STk BR F5OGT IR ] B 40O 5% 22 k45 21 B A AH
N T E TSR SRS AN —E
FEEE b R MLk T 45 . B TSRS &6 —A4
RN R, B S ANE IR 246, Al
R LAMIE & A AR R IR T A, DL A A
MR AN S WS ERT . ER N ERFERT
DALE AT n 4 i AR 2= 1, U H R AR 1
AW TR, 4G 0w 1Al e A e LR,
LIRS A FE 7 T fE R A AH BAE R . 4%
15 QCD HRIF F U Ik R 1 3 1) 75 125 A& Liischer $2 H
A FRARAR 7 vk, FLE R AR A TR A AR
PR RS R & -5 o PR o PR U 244
AR . F-ATTAT DALEE s QCD Hr 1 H 5 AT B A4 AH
WAL BE i, AT Liischer 24 2045 211X AN KL
THEAEHMENE R . 8L RS HUTE 7T 5% 13 DL
S~ TE)AH ELAE T, BT DA 2 4 5 - 25 1 P Joia A0
SR AT RS 1S .

BEXT BicC M) EE H bR, JA TR & EX 5525 5
M 5e R T ASATH I, 288 BRI T REH
ARG E R R T&, W XYZ K LA LHCb |
KNI BZ AP T, IXREHR R TSP
i H BT AR A — AN W E IR, 475 75 A SE I N
PR b AT O M ECR N ST . B S QCD Xt
XYZ R T O — Lt Fugh 1222 B RG22 MR
RG] o FRATHE M 22 DL S 58T AH EAE P AN
[ 56 N R G U IE 58 XYZ K11 P oK1~ P 1 o, 25
THERf T SE R 45 5L, N Su i G B SR AL E B AN
FRATIH, 075 885 va R -2 , BLZATAEFRALLT)

FRE R T A, (H2 B AT oI B RS
SIS E DT ERE WA . EieC [ fg & H
A=A ML SR A T ARG ORI 90 5 IS %5 T A R 5K
IRIAEE . AT S QCD X 7 JiK %5 v 5 17 1
FORALFE X SLE0 b ORI B R S 0 1 A R R T
A, Zy WSS M AT R A TR S RS T
HPEIFRAT S TS 0T AR & IR v 1) A R 4
), I hs A

2.6.2 Dyson-Schwinger 7%

Dyson-Schwinger /5 2 (DSE) #&fit 7 —F 2 4t
AR FRE X FR M 1 KR QCD 3R 2 2 1) 8 1 i 42 7
FEERY, H AT 1k, DSE 7E — 26 4% 55 QCD 7] LA 2
THREMAUIRG H T 52 —8m 43, HAE T 2 4k
ETHWHE . Kk, DSE 5% 5 QCD HAH#M7E
AR PR 77, 3X 0] & 29 QCD it #2 7
KA Rgng B A 222, J8 3 Bjorken >R A1 ER U]
5E S o, BOHE SR QAR (5] 29 rhbs iy 2 (110 3
TR 0 00 1Y) k= AL B SR IO A AL B T A 340 R B
YRR ), B2 40T 0] 275 S0k [226-228 ] il it
g A% 523 T AR 556 QCD FILYE X 35 1 fe AR B A
SiRiEH TR 29 a2, OB RE Y
QCD A ™ H & o A ZIXHE, LA e AE T A Iy
eI M.

1ok

A Hall A/ICLAS ]
> JLab CLAS (2008)
v JLab CLAS (2014) ]
<4 DESY HERMES
¥ CERN COMPASS ]
¥ CERN SMC

0.8

06F

a(k)/n

| A CERNOPAL
045 » SLACEI142/E143

r < SLAC EI54/E155
[ Ao JLabRSS

[ b Fermilab
[ = 0,(BU)
07‘-—-‘ aPI(’BO) eeee O

0 0.05 0.1 1 10
K/ GeV

BI29 i iy £ 2k 4 £ DSE 3t QCD X 4
TR S B R A 2B, (0)™
S L SO i 5

Fig.29 Dot-dashed blue curve within blue band: process-
independent running-coupling a,,(k*)*** obtained by combining
modern continuum and lattice analyses of QCD's gauge sector;

Solid black curve: updated result™

BEE — T 2RI RIS & & , DSE 7 ik/E # i
MES AT R H R EEEE T K 2D, 2
SR EAN RS T B R E PR, X
5 A L IETE B IR SR IG BT I UE A L i T
PR T — AN T s 2 B A S G A, o A oG TR
TR E BE I 7= A o0 A DA S H A R AR 5 )

0.2
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FRE TS % BicC A & EEE L,
2.6.2.1 BT —YELEH

H 20 tH40 60 FARA KB 78 LK, ATl —
RIS FE 1 % 5 ] 28 5 n] W i 4 ot o
HH L 0 5 T [ B AR FLRE TR TR T A AL T R
V8~ PN 308 P A RN R A 5 B 0 A A T SIEIE v T
RPE AR SR BUR BT 9T 1 5 P 35 e sl E A R
3. BIREEN L, XL E S5 QCD FE i &
BEAEERE MR, 1M#H— M BicC &35 Bl /4
I SR 6 U IX ST

H T, QCD 25 H i &) I N FI ™ 4 TS A O
T o MK EAR N TR R 7. 1 NE-
Nambu-Goldstone $i T2, FEZ W) # v 7 f1 K A
FHIRER R . IARER TS 5 e 0115w
T FE AR RUAE ZE T (1) o &= A AL R A T e+
HIE D29 0X — R R 2 fh Rk 5 =0, o
B IR FON G KRB 7% XIS A R AR
Rl FEIXAN X3k, 51256 I 2 [7] i -5 QCD MK g Al
e AE M AR B AR, 78 B[R] s 5 A 30 BR R B R 4
E A BE % 50 - % o B M B AR B R, BAR
DSE B9t 25 H T X Sl R B AR, IR T8 /)
RSP ENECEE W AR, Fit, X
5 THI () S50t 7 A A A B )

) v A B R 7 BE &, EicC 7 32 3@ i Sullivan
T FESR RS 6 1K Q% X 381 A K AT FL G TR IR TR
T, Sullivan i 72 WL 27 Fros . 24 R0 0 ME G Al B
WAL B R B, 72 5250 mT LUA B I2 3 VG N,
F WIS+ = Al DLy SE56 32 4t n] 5 i A - fmbss22d
H T, JLab C&HHE T — RVIAH IS SLIR,

AT S QCD XA 8 43 1 45 749 R %L
R x XA NS . QCD BT 7T Bai C 448
2] Ay R S o 1) Bl R A R B K x B
AT AN S (xs C =)~ - x ), H: g, 2qk
P QCD ML bR E . KT u (x5 &) BTN =
A& 30 SR AT e U2 2 1 gk LA A, il
i, K Ak By (LOD B 3 HE QCD 43 #1, SCiik[184]
(E615 525 KRB (E =52 GeV) tulys(x; &)~ (1 -
x), 5 QCD Wil E B AR, BlJE I DSETFEHIAT
QCD [y 45 I A A8 AT E 37 43 AT B615 5256 £k
P o HL T 0 AT R B < AR 58 B IR A0Sk BY (Next-to-
Leading Order, NLO) it & FP>U  E615 ¥ ¥ 5
QCDHE R EW&. BRA 7 XL, HE
w (X)W E — E BN 2 B, i el 19 B6 15 i i
I WA % FE SE BE I NLO RN, B B B A&, A
ATk = ST I

HEVR A T A BB 30 3 V) R 0 — 25 Y S0

M. B HIFE 5 QCD Jy yER 3425 i o5 H um (x )
(1132 AT N, T B0 ) DSE #F 78 4243 17 38 145
] g 30 0t DSE X o /i TS R
RHBRF AR N ESEI TS, s T
Bl 175 FAE X FRPE B EE T m (o) 10 J BE R, IX
5 a1 B o AR IR I R TE N — . B30
W =52 GeV, BRZIX 3P 1) 8- 8- 1 O ) il 28
kg R QCD &5 P K i (R ) 284X 3R 5. 1 DSE
TGS RO BB P S GJE ) 28 /2 50 DSE i1 5 45
RS F AR T ES AR xg" (x: &) - s
DX 35k P R (R ) 2k 5 M85 se Bl B 40 A, xS™ (x5 &) -
P52 X3 - R () il 2k (B2 X 3ok B i 5
EHAEE B, BARZ 0253 D, skie s (R )
K ECHR184,251 ], (HAFERIE , XL BT S
% 5 QCD T &, R, bR A X — Tl 5
w (x; { =)~ = x ), B CLAEAT T B fi 0 2 5 , g
BN M6 BicC g M SESE IR FIX — JE AR
HRWE .

xpr /(68

30 AT E TSR AR B (x; )
Fig.30 Pion valence-quark momentum distribution function

xu™(x;C5)

AL, Xk KA 0 R 3k — A 4 R i
A BIHLE . JE It DSE A% s QCD M BEA B 78 AT
KI5 5 e YA T 5T & 97 4R (DCSB ML 155
77 (Higgs HLED B934 7 B4, R, 3R 5 &
A= ML AT A 5 AT DA i R 2 v R s %5 5 a0 A
bR H5 6t bR 7, e i B NIRRT 2 oy
FH KT 5 PDF RIXTEL . BT (811 2 7
IR e TR KA T A T U R O T
e 1 B2 5

A1, DSE TR0 A% T3 70 T B AU E H T — & il
0, RN AE U AT B IR N I A
2.6.2.2 GRT=HLH

[T, %7 T GPD M1 TMD f & & WH W 51 )
1) QCD W FLFI Iy o "EAT K45 KBk T 1) =4k ki 5
4= B S . BicC¥gBOAIX MU S H 2 —
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SR » DB — AR S 56 v ey I 2 = 2 RE 4TS 48
TG v 2 Pl o & 28300 70 A I ME A AL &
KEE, EATTRT DO B B AL F R AR S
T 4R B A R B 7 k), S — 7 T, A T4
BRALT 7L AR, N T 7850 R FH IS SE0, AAT]
N iZfF 5 QCD B3 Mk E e T H. 5% A
QCD #H %M 78 , DSE ik A X — Mt . HAr,
DSE C ¥ S it H T i ¥ B K .GPD H
TMDP227 33w {3 4 F o 531 S A 26 43 A R B de
fE T E G R.

3 fEERRit

B §2 $2 H P BE H b, BicC g 2 % — & 50
RAEE N 15~20 GeV, HLF B 5 R AL CHL 5 #i 4k
R4 80%, i T W R4 70%) , % E
(2~4)x10* em™-s™ (I MRS FL T3 X EE L. EicC
e BB 78 20 B ©F B HIAF JI5E 25255 & fil 2%
iR — 587 F R E T — SR AL T
TENRE . — & HUIE T T X IR, 2635 2 B H AR
F, AT H N . §3.1 #4538 EicC 25 & 191t
H bR EERHE SR I 2% 8 S BB AR Bhi , §3.2
A TR IR BT s S A L I RS AR T S
BATHE A, §3.3~3.5 B 1VELH i BicC 2% B b i fH 2
(1) = IR 0 BV T —— SR A D L AR A AT
i X BT, §3.6 K 45 H A0 B R T I H (4 A
PNLESE
31 RIS XESH

EicC Y H ArX) EicC 2 B H T2 2ok, P
JRF NS WG S T (2 Tk %1538 A
JRF RGNS WD, EEASE:

DR O RAERAE 15~20 GeV [X 1] , Bl 5 7 %o 48
PR HH e T SRR R VO R N 2.8~5 GeV, B X f
AR BT AU ) 1 R B 20 GeV, HAth B B TR
Tt DA T SRR ARG I PR 3 R M R 7 55

2) 5 N (2~4)x10" ecm™ 57, FF 3 EAE R O
AAER16.7 GeV T REMAL 5

3) HL T A LR X i S A N A A A AL iR AL R
N 80% 5 JiE T AU IR AE T 48 A Ak D9 O ) B A B ) A
b, BALZR 2979 70% 5 B8N 2%t e e 32 (AR Ak I
ROD) AL 3 W CHe* D LA BN AL B B 1
W s

4) N} Ji X B B B % BicC 4 7 A7 A 78 25 3R
ay AT A, B0 R BT A R = 90 35 fig A5 3 R AN
L SIIR

BEXT R ESR, 255 % 8% U7 1 R &, BicC 3¢

BREAAGRWE3 PR, BT T 24 1 HIAF
T H IE 28 R 45, EicC &5 1IN 48 HhoB a2 25 1) i
£ pRing AE 8l KI8T H N . HIAF 1 H (1)
1 5% 2% BRing A& JR T 5 &5 7 IR AR, BE 05 ) %
REE N 9.3 GeV BRI T AR UL, H A8 & 30 [l e 1%
78 &5 & W pRing FVEANREE 2 GeVe [AII, 24
Al CL7E BRing T B %2 2% B FL 74 50 255 B R R fh 2%
B VAR e ) 2E A, 584 BE e T 20N EicC 26 B
FIr 5 IG5 5% o B9 J8 2F pRing FRUSCR [ 16 55 2%
BRing T4 £ (¥] 2 GeV AR AL JiE 7 L, F 0 38 21 )
i B & 20 GeV, FLF| H 1 4 5 2% BRing 1) ¥ 73 %
T8 o MY IRE GRS R R R M A IR B
I pRing K T AEH RRpk 10 “8” 7 R 450, (1% 3 H
JiE TAE S8 20N 0, 8 R 507 AU 7E Il 3 72 fR
R AL 2, B8 B 2k kb g2 il 3R AR AR AL T 1
Z AT 2 BicC 2% B 1A B m A4k e fa br 1 B A
TI&. BT ¥E5E 5 BRing I TAH, N Tt
PN T AL R ST B, S B, R R K
(5% $8 5 , i R [l U 2RY B 28 e 28 ERL 1=y e R 4]
LA A 3% B R 7R 7 R U 0 B X i pE &
20 GeV Ji FR BT AR A H , FH7E B o F v
TREFIZAT » F R AN 58I & AR A U .
1% /2 BicC %% Bk B 5 B R AR IR G 8 o

HL - I T 2% AR NS DA L
¥ eRing. HLF N9 T 4050 SRF 16 H 26
WA, AL AE B 2.8~5.0 GeV HL T R I I B A
Fo HTRAAREENTGEAINELRE, HE7
WIRAE I T N 28 A7 7E E WAL R, B 70 8 3 A
KH T HM I BER LS. BB RN T
HR IR AL 7 17 75 5 L X FE 2E eRing AHUGRC »

BT 31 AR S AR A R, BT LR B N fE R
pRing 5 ML 7 XF i ¥F eRing K H&L T E A BXE MW
AN A IX S B e A R S 40 T
RE, 7EAT B B EIRM SR 50T, wT RIS R T AN 5] 1)
SEEBG B [R] S8 1 A8 X E o

SERE RV N AL R A B FE AR . ANE T
B b L 10 H B S AL v e AR
TR R T B0 ¥t » BicC 25 B SR 7 kR i A st
T R BT R0 7 & DK S B A e 4
5,0k B W OB bk R OE SR, ]
(2~4)x10%* em?+s'. XS EicC %8 B 7 iR O
WAl D 5 a7 B 1 3 V28 A S e B K i B 7
I8 AR A

N, f. <1, = const (11)
N, f. o< I, =const (12)
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v/
/A
7 &

/ 4

2 V /4

;// Electron Injector
2.8 GeV~5 GeV

Polarized p, D, He-3
Depolarized Heavy Ions

i e ? =0 .‘-\\.
HFRS ?l\f;'l
|\—%

Y} DC Electron Cooler

1.09 MeV
s 5 ~
m_—“ iLinac Polarized lion

Source

2 eRing

= 2.8GeV~5 GeV

819.4m

Polarized Electron

31 EicCHEEEAEAMR
Fig.31 The layout of EicC

N,N. /. 1,1,  const

L= dno.o, H < 7 = I (13)
Horb N, B R ARG N, T R BTRL T4
SRR o AT AR K7 18 RS o, N
TR BT R ERARAEBG I oR AR E ) 55
JESINN AR o, Fl o, M2 AR R I, HOXE 5 FE 1 5
Wi ize /N T £, AR A I N BRI SEI , ek f, e % 38 N5
L b, IR E 2 SRR I B RO EUR
R %o} ik 7 i P 2 L DN 30D iR FE AN AR IR 2% A1F

1

T £,6,0,0,

AT, A A RN T m 15 SR K 41

e TEERINE e AR KE o, BB o,
AR5 TR -

g, m%,sy oc mé,a(j oc m%,ay oc mé (15)

RN FEIEFRAA I, of J8 5 12 5 oA AT o 34 £
Hm KRN

= const (14)

Lo<vm (16)

BRI T R 388 00 35, 6} 488 5 EE K 38 00 e £i5
BT Z BT %, B T BicC 28 B A
KKRESE, AWMU SELERSH I . RSL
JRFRIAE NS FGR, O RAEE 16.7 GeV AL
k. AN, RS WFEIE T 18 2 I 25 W B &k H
ARPRH], FEEARE: DR FRAFERENT 05 A,
B 7 SR 2R/ T3 A3 2) B Tnf s B b [ 2 4R
B I EE/NT 20 kW em™; 3) JF T W 3 1 Laslett
/N T 0.1 1 T R KR FAH EAEH S 50N T

0.03;5) L IR R A BEAEHZ 50T 0.1,

PERXTEG, 28 5 eh T imx AR R AR+
HHysett 28, oL, A LT %, BicC 2R B 1)
ol 48 7 P A LU s AR AR R 73007 /K T
4 1%, e IR B EicC ML ER . RS SE Bk
WA FSEEL T SR AE 5 TH 25 /D T R IR
32 NEFBRE

EicC %¢ B 3 2245 4 B - I i 45 A1 e Ik 2%
SRR R W E 31 AR B32 bRoR 1B T g 48 A
HL IS e AT Do &8 whox 48 SR 1) )
FI AR SR, HE R s T E R
B, TR 2 I E AU B . §3.2.1 TEARA 4R 1
N 28 45 1) A T 34 1 S 0 48 28 pRing (1) 0 s
Z VIRV VP A S . T §3.2.2 4 TEA A 4 F
T 20 1) A2 LT X B 3R eRing Y SC B W 1 AIE 4745
Ko ARKFA AN BRGAESS I F MR,
KA B AE §3.4 R A AUR , 111 §3.5
2 Hh B BRI N 4 X 15T A HAi Ak
321 BFnELs

EicC & 3% #% K /] HIAF &4 [ iLinac /E N
B IE A BRing 7E 3 98 85, 77 AR B 10 i 3
pRing FT 73 BV AN R o iLinac 5K FHIE SR8 1T A,
ALRE lemA it 5 « 4E 1% 882 (19 W% A BT+ o It n o 3]
48 MeV , FF1E AT B A T7 1) VLT J5 73 N\ 21 3 58 25
BRing H1. 3584 BRing K FH XA IR $RVE AN T7 R AE
B AUCIRES BRI, DR E R R R . ZIEANTT
SR T R ER FL R AR, BE 0 RIS IR AT KRR
I ELIR K, SRIFAT 100 £5 1 7 , 5 14 78 2% BRing
Ji T 58 IR B 7 x 10" ppp (Particles per Pulse, &
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*®5 EicCREXESY
Table 5 The main parameters of EicC

e X TR AR AL T H05 5

High collision frequency and less

([SOEE TR SN ] TAE S

Low collision frequency and more

particles per bunch particles per bunch
$i1 Particle T p HTe T p HTe
X 4 3£ i K Circumference / m 1347.7 869.4 1347.7 819.4
fit 5 Beam energy / GeV 20 3.5 20 3.5
1Ak % Polarization ~70% ~80% ~70% ~80%
SHHEAT Collision frequency / MHz 750 30
TR [#1#1 Bunch number 135 87 135 82
PR 147 ¥ % Particles per bunch / 10" 0.5 2.6 10.4 62.5
RMS ¢ /e, / nm-rad 100/60 10 300/180 60
BB,/ m 0.024/0.012 0.24/0.072 0.04/0.02 0.2/0.06
R FZ Bunch length / m 0.02 0.01 0.035 0.02
B 4> B Momentum spread 5x%10* 8.5x 10
WAAH A ] 2 % Beam-beam parameter 0.002 0.007 0.011 0.04
Laslett #i#% Laslett tune shift 0.01 0.05
B[] fiE FE 454 2K Energy loss per turn / MeV 0.32 0.32
(7l D R Dh e 3.7 3.6
Synchrotron radiation power density / kW-m™
V#4173 Beam current / A 0.6 3.1 0.5 3.0
%Z X Cross angle / mrad 50 50
IR AT Hour-glass factor 0.87 0.85
1 i Crab cavity H Yes H Yes
%)% Luminosity / cm™?+s™ 0.5x 10% 2.0x10%
BRing
2 Bunches —1Bunch
Electron Injector 7x10" ppp P
500 MHz 48 MeV—2 GeV iLinac
2.8 GeV~5 GeV P1

pRing

510 MHz RF Ri
135 Bunches y™ES
Polarized 1.4X 10" ppp 510 MHz RF
Electron Source 2 GeV—20 GeV 82 Bunches,
/ 5.1x10" ppp

1P2

Polarized Ion Source

32 EicCHEIETH(
Fig.32 The beam path of EicC

B T80 . BoE S BRing K fit £ 48 MeV 1JH TR
TAF NPT INE 2] 2 GeV, 7E 1%L FE 4, it
T ARG 5 22 5B AL IR IR R, TR PE AR AL
AR T AR R AL R LR T AR IR B 5
HAEE 2 GeV G, (FHERE FA NS ERTHE—
M BRI ARAA B o SR RE S AT A E I i ] 3

NAZ R BT 2 ) P 2SO 55 T HEL v S0 AT 9K
s, T LG R AT AN R o [RJRN S 1 AE R AT
FH G LI LT v 22 B S BE NS A RN F A K
JERMZGIIN o N T 5 w4 JRAR o1 A
RERILFI2 GeV Ja  KAEM ) _EdEAT R s , iR
NS RIS, TSR T B T A AR
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AR E A B R AL TR

B T AU TR e JE R N I S, AT R
WIAH IR . RIA SRS ]G, 4T S
ORI 50 A P R SR A — AN, BATT
Bt B 1 %t 8 25 pRing FIVEN K E . RIS, 57 3R
gt JE ke 3 e e % 2% 52 B BRing 5 & 1 X i 26
pRing #4757 mIUEAL .

27 0 8 PR pRing B 5T T R 9 A TE N BE &=
2 GeV JINiE B i AL 20 GeV. M TiZAE R0 HE
K A FH 18 A ) T e S5 A A 42 o) T BREAR M DR 35 0T 1
IR o 37 28 pRing K 7 JE 5 Keik
(187 A B GE ) , AT IR 45235 B 5| N B AL TAE 53
RAERNO, ALK E LT R, B O T R A
IR I FE P AN 2 g AT A IR AR AL LR 2R . R, %
SERI MR T AR A T ) R AE . B RE R TN A
pRing )i 4 1 347.7 m, KT BRing A KK F %,
w] ) F bucket-to-bucket 3£ A J5 OB P AN 44 58 2%
BRing 5| A A1 A 2 & 7% $8 34 pRing , 4 R
FRHETFF] 1.4 x 10" ppp, K B 1 4197 5 8 0.5 A
NG WG, RRUE EOR N IE SR, FEAEFE 3R 135
AN SR 5 03 21 e 5 BE 2 20 GeV, 1% 3 B 506 B )
XA 30 MHz, 3 B1R 1208 1.04 x 10", 183 1
ST R PR

T HR N SRS, B 16 B pRing SR T
510 MHz [ EA AR G0, IR M4 7 R K. 78
JR T AR AINIE 2 20 GeV J& , ¥ 31T 5 1 51 28 BRing
HH R 2 1 SR A e 3 B AR , T K B 20 B0 ) B
Jl g F R A o AR FE AR, D135 3 510 MHz 5
WA G, CATE AR 7 5 B0 550 2541 T 3R15 5006 1
AR i/ S BT K

i ARmN R R, A T R E R E
22 I A% ERL [ /50 BE O [ B 774 H0 25 B b 47 26
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Fig.33 The staged electron cooling of EicC
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Table 6 The staged electron cooling of EicC

(A Dige iR R M RE = S IE it
Position  Function Proton energy / GeV  Electron energy / MeV ~ Cooler
FrBt1  BRing  Jk/NIRIRAGE 2 1.09 DC
Phase 1 Reduction of beam emittance
B2 pRing  3E—2D Ul R S EEHIH] 9 SR 20 11 W (ERL)
Phase 2 Beam emittance reduction and intra- Bunched beam
beam scattering suppression (ERL)
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Fig.34 Low energy DC electron cooler
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Table 7 The main parameters of ERL and circulator ring

Jl 257 Gun type NCRF
RF 4% RF frequency 700 MHz
A PRF 2 MHz
PR [4] H1 15 Charge per bunch 4nC

7E N\ fig & Injection energy 2 MeV
JINi% BE 7 Cooling energy 11 MeV

18 1) RMS I3 — A0 R 5

Transverse RMS normalized emittance

2.5t mm-mrad

RMS FlJ 57 #I RMS energy spread 5x107
RMS 3 [#K: &£ RMS bunch length 200 ps
P HIBK BE Cooling section length 50 m
{RIEAE %L H Cryostat number 1
(LI AE K JE Cryostat length 1.5m

PR i K Circumference of circulating ring 160 m

(SIS TES 30 MHz
Bunch frequency in circulating ring
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Fig.36 The polarization design of EicC
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Fig.37 The spin rotation in a spin rotator
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