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D R L — B AL (BicC) X s, REE B AR A U]/ Rk 1,
RIERRL ARG LR B RS CBONIZ D BRI ) o 71 RIOR A HLAohl 2 [R] ¥4 10
REJ), FERBEE B A PRI AT BRI B, Eir b, SEETKIEE 43 MeV.
TE[E COSY 2.0 MeV “5f HUIME &5 41 L 174 2146 B Ol Dig /7814, (HHRe R4 TR 1 57
Vi) PR fr RIS A5 ) CHME LAVCHC EicC 78 5 =y mn BEFIRE X BIS AT H AR . IR, R E mU B Lk
i s (ERL) 57 W@ 877 RAEE bR B2 202 %00, Hot iR, IR
FESARTHFERNE /1, Jof— AL v 2R AL 1 AR,

SR, EicC HLFAHRERM SRERE (104 MeV) . KHfTE (4nC)  Khkop
(~150ps) , %7 ERL W)L IH R T HORBIPRG,  JCH IR AR 532 W] f i 88 5 s e AR 2k
MG TTIH. CAH R BRI CRBEEAR TR R FEE4LR, HFEERHTT 6L
HHETHOG. W nC ZORHBAE. A ps KR, S ERL 2K R GMsh )78t
@7 H. A, ARLFZEX EieC HTAHPTRN ERL JFRE TAHCHHTT, FgEANLS
KA S RER I R IFARBCAR Lt —% W) rEL RS S 4 AR URE LG A DL e 55 5% B 1]
B, IR ARG ARIR SN /1B S5 004 . W5 N A LAEe GBI AR 3 B A R AL AR
URPFAL DU AR B B 10 A S FE T AL, WM 22 /N O e R 7 SR A0 3% FE DG RRAll B
FERCE A SR MR DG IURC, 2@ start-to-end FEAUIIE T ¥4 H BN H AR
SR R EER . AR TLAE R IRIE KRR BicC ML 24 ERL 32 B IR B it 2% .

1 EicC-ERL BB FRENR L BT
1.1 EicCHBFRAFEREBRFREY

HL T AR 5 8 7 RO BE DL R ¥ FE TR, ad 2RO A E A B AR 3 RO S 2
FISHEAR . S OB FT T HL 774 50 F 5 H v S SRR AE INF 1) Rl T 2
BT BT A IR ENR OV IR, AR B T IR R S A RIS Bl s i e R AN
TR SRS EE T YRR 1) LT 48 EVRRAE IS TR, U 48 SRR I 5 AR IO, — 3 LR s 1%
HMARGHREARER, AT AKX (1D (2) RikN:

s_ _4E_ 0B _ Ze?\* n, i o
T odx 6x Amey) mov2 ¢
3
3 KT, KT, \2
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BT AR IR, RAET AR R BRI, AR F A B [T
R IR RS ECE DI, EWEIFERS TR TR ARG ML A7 — A e
T TR, R R 5 TORE S, A RERAS R AU A RCR .

BRing pRing

DC e-cooling Bunched beam\/-\
LB [ cooling (ERL)
Ion sources  SRF linac

DC pre-cooling 2 GeV High energy bunched beam cooling 19.08 GeV

Energy

A 19.08 GeV
2 GeV
Bunched beam cooling
- . 10.4 MeV
DC e-cooling
1.09 MeV
=» Time

B 1 EicC 4r 74 K sms

N HIRER, EicC RAZHA AT RS ERA A, wmiE 1 Prosll. He, 2
—WrBAERG5EAS BRing WO EURAE BT IRBEAT IR A . OSSR EE I BE S T
XA pRing "HEAT, XF 19.08 GeV [ § RBHT B AR M 5S4 Rr. I BCRHZET
RE & [ AR i 2% (ERL) Mt sR AR HE AR, HATT LA B 7R AEE N 104
MeV. ERL BORABERS A 2 K& (RAH B A REE M B3 2 25K, &9 EicC 2
BEPT R R A Sy SEML SR H AR AL O HEOR ORI . B B TR B B Wt SRR A T
L.

# 1 EicCRTANABRTRIASHER

Beam parameters Value
Beam energy 10.4 MeV
Bunch charge 4nC
Rms bunch length 150 ps
Transverse RMS normalized emittance 2.5 mm-mrad
RMS energy spread <5x10
Pulse Repetition Frequency 6.25 MHz

1.2 ERL REBGHMESIIERIEE

2 NATCHR I ERL 2 E B AG Ry, ARG EEIEANG . JFREB BB, #
REMEE (% ARC BHBLS chicane B4R THTIE) DL TR ABEEZ O T R, H
TARFAEAR SR (T RE R PO AT R, BARITR: B, EIEASKDLAN™ 4 nC %
RAfiE. [ RO R A7 AT, I b 0 A 3 i ak fes s L 0 i 2
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%5 3.5 MeV, [RS4SR A RS 1 S Rei. BERS, ZARIRE IR BUREE RN E N
B, TR — g 2 HAREEE 10.4 MeV. IS B AR KERE ARC1 52 180°fk
¥, SEANBTARINBRTRANIIGE: WEHRIRE chicane BT B4R EERM, it
ARC2 PR 180°, HRZLLSMEARGIAZE 180° A AR AL BB E N I B . 55—
OB R BN, SRR A ROEGE, BB m R A S, AT SEILRE B R ik
W RERRT RGUSIIFE, (REE TR EE TR FOAUET. B, R RS
BE SR S NIRRT, BT B Rl vh 5 P BAS RGAR S AOE, 3R B AT e Ak
RSB RA . A T7ZHK chicane BT HFAHIBLS ARC2 Z[0], HINRELCER T8 [H#%
IS 57 LA 2 e B IRl US B AH A2 DL G 2% F SR IR FE AR REE N BB O LR BT, 32
EicC ¥ #05%¢ A A M i m R

' SRF Gun |:| Buncher I:l SC Cavity [lij Dump

= . Quadrupole Dipole
Solenoid
e . Magnet l Magnet

[ Electron Cooling Section

650MIHz 1950MHz

Injector Merger

K 2 HF EicC H-F¥A#I) BRL Bk 5 K

1.3 #4938 o) 3R &

HERAT EicC WA R T I m sk T, A ERL 2 B R nC FONHIT & 5 1 KA
AP 1 TAERBE LRI P ss . fEMIEAR, AR AR AR AR v (i S s 2 )
RS HARSTIN, A RO Ve 2 B B AP R IR A% o R 3R
(1) im AT B SRR R G FE 5 R AP R 4261 FEVE N BRMIRBEEY, nC LB A Bk i R
(23 [A] LA ROSE o 28NN IR Bl SR R T i e e, R BOR ST BEPRIE G, R 5]
5 A A R R TR L. D9 IR Sk SRAT R I A AR AT A T BE 5 AR AT e R v o B AR
i 0 2% ) P 04T 2 A FE A SR BN AME S 4I] o IX R R S R BAR B A A B e
AN B AN AR 2 R R R A . BRI S, BRI A Is 5 BRI LA
PRI R R S RE I R b, TREIE NSRBI NS UGB, B I 3L A R R B S A X
E I SR MG A AR R T M, ATTA BUE B R R REHOB K, SRR I 5
16] it J5 P ) A2 AR
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(2) fEfmBOmB AR 52 A L BN RS & AR BE R UL 5 & 0F X, HT51 %
R RO PO RE R G54, FCTE (s 0 e 2 Bt 2 S5 o T B 5 1) 2 ) e e 3 R 2R 2 2
Bo XNTHERKAMB], H W A7 2% BERE BN 22, AEA5 AE i 243 8] R far 500 1
AR EUC: SR, X P BORRAR S [0 254 51 N AR 2B Sh B o iU . 3R 2 #r
R, GERIMREE FI BT G IR RO SR B B Bt A L
¥, BEMAER 576 R B A sh 2 e & S AN R AL B Y. HEE R, Ky Fr 32 B Bk 5
22 B LT ) O FE B AR pR B, IR AR L MRS & S BB R 25 8] B Ze P AH SR 1
SRR AR R ik, 0w B AR L U85 23 1) f e SR R
SIS B AR RS A, RAE BB A L AR S 2 —

BEoS BB ), A SE BB TR RITRANT AT 58 2, 3 # RE T AR B &
SRR 4 B N B T, 2 3 R R ) 8 e = A U s 0 ) e AT
Wik % 4, 5 W MBUIT ERL MERAEREBI Gt vt W H s B AR 2t 5 45 0] i
A5 RN IR S DB, IF4E e LA Bt HE N
2 KEEGEKREDERRE FErIER TS

TEN#AES ERL MAURIESK, HAZROAE SR A H m e B SR AR s 1o, Hofi
HH AL T B RE T A RGTERE FRR . ASEEL EicC HLT-¥A H AT B SR IR K 5 R T HA A
B (~4 nC) HWHREKE (~150ps), FroIRAKHE B 25 18] By RO FEME, LA A R 1%
RSB R . U A I A R 7, EEA ER L (DO HilH i (RF)
HIEEF A (SRF) =R, (LG EiimE (DC) S A2 R T Itk R e (i
<10 MV/m), HAlR s R R BB — KT 1 nC, Joiki 2 Bt R, H iR A
B (RF) JGRIAR B4 B RESRAS B s IR B2, (H I AR AE e o5 8 LIS AT T I ERAB A FE AR
A, GG TER A AL i TR ki gk, ik, S5 (SRF)
B RR HL 1 B T R A VTt T B P e R R E — RTAT T S0, B A T AT
b N LA R B AT R R BB R m E TACR, REHARRRSE TR, 29
Wl E B IRRAR BT AR S BT, 27 AR As e A Kt . mE B
WU R FEMAR M P 3. 2orh, BNL SEE0= O 112MHz, 1/4 KSR 3545 S-
10nC FJ &y it o7 FL 2R3

BT ERWS, ABTFENEAS AR IE 3@ RO — 6 T
T 162.5 MHz [¥) /4 Rl IRIER SRE SCHK L THe, HgafmmnE 3 (b fox, HTE
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e A KR A T R — A 650MHz [, %51 A B THIS Y R 48
PIAS 650 MHz #8-3 IIA i e A R 5 B, it A 3 (o) o, A HRERIRE R
PR T2 MeV B2 LA 7 (] L RGN0 FELE A TAE T 1.95 GHz (=550
W TTH) =GR, B 3 (D) por, ATAMEMN AR AR BLAZ A
WRLRE W BRI BB B0 R G0, A 5% 25 1) FRUART 080 5 % 1 RS PR 30 K TR A T M2

buncher booster third harmonic cavity

SRF gun
solenoid 1 solenoid 2
(a) Schematic layout of the injector
1.0 ) ) 1 1.0/" : ) ) } 2f
0.5
o5 Y 00 - S0
-0.5!
0.0 oy AOL . M 2L
0.0 0.1 0.2 0.3 0.0 0.5 0.0 0.1 0.2 0.3
z » z “ Z
(b)SRF gun electric filed (c)Booster gun electric filed (d)3rd harmonic cavity electric filed

3 RN R B SRR R o A
NEAE IR LS8, K General Particle Tracer (GPT) FEF#HT 7 H IR 3N/
FEREAAEAIS) . ARG IR DL M DR BV — AR IR RSS2 S rms AHGS BEBCXUE H AR,
R AR RE R . AERKLA & rms RPBIRSS, A BALEVEN R 2 Fidl ki 24
#AT H 3 .
* 2 EANFIARUSHERERE

Parameters Value
RMS laser spot size 0.78 mm
Laser pulse length 110 ps
SRF gun phase 0°
SRF gun accelerating gradient 30 MV/m
Buncher phase -30.8°
Buncher gradient 30 MV/m
Booster phase -25.5°
Booster accelerating gradient 8 MV/m
3rd harmonic cavity phase 127.9°
3rd harmonic cavity accelerating gradient 7.8 MV/m
Solenoid 1 magnetic field 0.053T
Solenoid 1 position 121 m
Solenoid 2 magnetic field 0.007 T
Solenoid 2 position 3.13m

Rk P PA AR T RO EE
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AL e FIR AL g R 4 B, BIRE, fEFEASE O, Wi EAF 3.5
MeV, H—4k RMS K4~ 1.4 mm-mrad, [FE RMS AHXTRERCA 0.46%0. H T AT AR

VA 23 18 4341 A JEAS B A AR B I 3 A5 WL 5 Fom, B 30 x A —IE ),
By 3R y FIIAAEEECD), G RIEICEKAET v, T ICHTH LI 53 A B 5 2
Bbo E=UCEBERIMER T, ke 2 A I 2 R, 0AIE 1 IR MEE SRR
MR, XL AR, Eid SRF 7. RS EEAME S IR AN EOR RS R 5
PLA, e 3 2 [A) AT RN T SE B T IR AURA A 10 it B R P [, IR s R GEde it T
R IR s o

30 = 6 = . 50

o X x | —Energy
| Y - -Energy spread
25 £’ gl B R 40
E = > =
£20 o4 ) ko]
= 4 = 03
E15 Eﬂ 32 &
=] @ ] 20 &
H10 0?2 &, 5
E = 10 @
55 ©q
=z -
0 A/—J . ] R bt | [ Y
1 2 3 4 5 0 1 2 3 - 5

o
o

1 2 3 4 5
zlm z/m z/m

(a) Transverse normalized emittance (b) RMS beam size (c) Energy and energy spread

4 FENAH S SR h 28

87

0.002} 4 ! | . Ul .
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& 0.000] to | | ©g4
-0.001| A r7 83
| —_— 62
-0.002} | .
¢ 10 8.1
-0.005 0.000 0.005 5.43 544 5.45 5.46 544 545 546
X @ z e z
(a) x-Bx phase space (b) z-G phase space (¢) z-G phase space

K5 TR H AR 2 1) 20 A P

3 FREGHEEM AL NN SRR MYBES

DB N B N3 5 A S B T, AR 3] ARG B o
FAR O PERAT 55 R SEHUARCL TR A FRAG TR . 5K R FSE 0 SRR 1 450 FE A R T
B, RET AU TR IR AT i (<4 nCD\ KBkl (<P BB W T o, R
K 1 BB T BB S L 1 o Tk 5 R T 2 5 PR 200080 2 1D ) 2
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e B S S M EIC SEEEA, IRADHTAIE 6 T i 7] R Bte) B M2 0 SR
a5 R B R R, SR T R

NSRS A, R R BOR T 7 SR R S5 N IS B O ERE 7R 0 A LT
B A] FLAT < UR A OB AEAE LT, AR T AR G HOR AR SR, BRI R B
F B B S BN E: n(s_f) = 05n'(s_f) = 0. SR, T 25 8] s A 3 S (041K
REPR, WL fEiE I IR BN Hae B B A BAE T R AR 2281k, BIS'(s) # 0. UL,
S RAL G B EZ XM AR FIR R, LIl M, ETe AR T
BB R IR0 %4 . RAFMERGWAMHEE RN TG, ERHFIRHEE
RE ST IR AL BT 5T R A M o] -\ [ R 5

(a)dogleg K-dipolei

(c)chicane (d)zigzag
B 6 RELHHRBOREE, R AR R, BRI DM Rk

ST AN IR 5 R SRR TR AR, SRS 2 800 BT B b N7 A 1 K e TR

BT T RGN, BY LA NS 45 S GG 2 AT RO BRI R S R Ak

MR 7 fis. 45RRY, DWURSEHMMERFERE 2R chicane RS HERImAM, H

HOE— RS MR 1.4 mm-mrad (UK 2 2.1 mm-mrad; three-dipole 4 &58)ik 2,

R EWGK R 2.6 mm-mrad; zigzag BEE M FEUR S E I EIEK S 7.0 mm-mrad; 1] dogleg

RIEE M RE R 2, RO 2URBALE 7.3 mm-mrad.
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(a) Transverse emittance evolution along the beamline
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E —---zigzag
£ 10
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GJ — —
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(b) Zoom-in view of transverse emittance near the exit

7 IR R B M 160 R i i 2

WRAE BT RS EE, AR GE AR ) A S FE RIS AN ] o 0 K B, KORH] . P IRREE
(¥ BT AR, R B AE S o B () BTG 25— 2% Eh 5 R T2 M A R 1 2 B 4%

o, EARPREEIE T, BME KA I 3 K & (4nC) A R AN 1m) 75 1) L
W JIBBEF % SR T AR AT MR “HEg9 T RE, HAHSRA—EMEEHS.
BEfE, ZARELEN IR BN, T a5 B e ek, R AN F Sl & kLT A AN
FUBRAS . SO SR A BN T 225 1 RGN R A2 4% e Sl et g

Az = Ree6 + Tsge82 + - (3)

Horh —Bir B H R $38 , T B RN I Tse f38 o 11T H1T56662 S EEHIMN LIRS, AEHE 575
AN B AN YN Ta) B Aaf 25 FEAN R AT B . PRI, R JE 52 21 1 46 ) 225 8] L Ar 7K DABRCEE 70 1)
T o He Bl B i AR A R

0A(z) dz a2

AF, (8) x TR TR (2Ts5660) 4
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SRS S HE S R AR LR MR F, R R 2 1 e, YR — AN B, B 7 R 2 T A fro
VeI, SECREBUR A BN, SEO A S ARG & . RO R K AT
N
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Ag, x (5 “Tse - 07 Leff) (5)

B IR WY, ARLRTE R 170 S BE R KR A0 2 ] R T B3 L S5 A R 2R AT BE A v it

ca

ST B G, ARZHETERR BUER: Chicane B three-dipole Z45H %
A IMREE BRI R, HAER Tsee (BN, PUE T, Il A S 5] NI AR
S, XA ENIRNMEAEBCAH S PRIILE MHOL T, WA S 5K fE R R
FAYRE, AT SE I T AL AT K =B iR 25 1 . Dogleg RESSHMIAH i, LB — KA L I
e FBUCR I AL Tsq, BN — A RARLRIEYE . BIVEE7E 45 K4 5 B UL T DY AR Bk AT A — B
Jai, A DLAME IR AT (A E R S RIS, 9l R — B (22 1T AT RE SN 5 5
BRWIAARRMRRNE, #E— PRI S B K . Zigzag BALSHIIOTEREN T W5 Z10], K
W ELRIARIE Bv o RIS AL, W BT BUR K R B b 5 2%

LR LEPNR, NwselE ERL BOHIFARBL ROEFRCLTRCOHEN: H5, PLeikiEAMLAE
LeMES . PUE TR (BRI, MM TS, RSEIURIEh B Al HK,
PRI L LRI ATIE T, AR E5 M B IR VR e it B siRiEa B = TR,
BRI R FRNEAR S IFARORAE, 528 75 DA A Se BE B P - R R 26 0 H Ao 2%, it
a6 20U I 5 % T LA 28 (R SR B0 7 A AR AT U IE R DR R ST ) 90 2 ) P AT R 5
N AR RERS BT R R o AT U R O R BT RS G R B L, DR
K EicC JHAh 725 ERL 3% & iz oc i fF i it S it 1 B SOt i .

4 EMREZRMIEIE T SR

f£ ERL 7, EIEBURKHEEWEIIGE: B, RRAEASKKEARAMNES ERL
OHAREER, LB TR FK, K DU T AT BSR40 7 3R [a] A e RE AR HEAT B, g
HAE S M AR, 2K AR RS B R B BN 8K, AT 56 B AE B 1Y) e 8
X - R R A RSB, RS O TR AR R SR AR [T (R RS R R A
BIEFNTEBN VIS I SHAR AL 5 g AR AL AR 22 180°,

NEEHL EicC R FRIRBRIS AT N INEES AR E . REE MO s I EOR,  JRARm LA AT
Stk ABOERA T 2 ERANL S 2R GMR -, WK 8 Fn, FnEEh =4
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55 booster £t AR [F] (ke F I A e il T R —HE2, PA C L kNI R o iz B Rl
RIS AT I SR AR B PR 2 AR, B3 BRI AR R DRI A, 3R
THRG RSB SR S RIS, RAEZWIHSH, i 7 2
AL A D Sl it — PR BT, A B R RPRCE T =8 s, A
TAME R AR G AR L, AT FE S e AR T A [ I 8 DR R T IR
RERCRAVE . EITHEYHE ORI T RE B RIWGI RIS 5 =2, £ TR LoV TR, mie
SETEIBATBE 1 R

— .

K8 ik B R =
B9 gt 1 ARG TN A J = s SR AR A (8] A MBI, ROEREREDY 104
MeV, x5 y J7E—ARS S8 2.5 mmemrad 1 2.3 mm-mrad, RMS FHXREHCH
0.47%o0, 5 TFEAREI 2 BETHEOR . T M R 51 R RN AR E P2 = P 4358 ERL
IBATH I SCBE I AL VEARPIAL R 45 A BRI LT it R & @A R B i S 2
WRIEAL, ASCEASETT, WA R gL mint. AR ET ERL R E R BAMERITHE R
B F12 A, AR K A S R R AR L T 50 B A5 S B2 BOT JE
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21.4{
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-0.0010' ! j [ o212
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(a) x-Bx phase space (b) y-By phase space (c) z-G phase space

9 TR B LA A 8] 734
5 IRATRZRIVIBEROT SR
BRI = B SREL 180° (i) ARC YLLK VAW K B2y chicane BYo XHT
ARC B, EEHWMLHRR, WA 10 B S5EaFsE e sl AR
WA 10 () MAETER, BAZME ISR EL, FiFsaEn, HEAHT
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i

() high-magnet-count ARC configuration  (b) low-magnet-count ARC configuration
K10 PIRPANRI S5 K ARC BeAii =
fEH ERL &, WiEST (chicane) By RCHEAM A, T HCA ME A 281G
2¢ ARCI iyt AR A 2 18], 9 R IR S BB i m f BT i TR . ARC By — 1k
BEGIAN RS, {ESEILREE ORI 5 51 B[R, ANl G2 51 NS BRI (kg
BRI T A 25 (AW 38 ) o 20 T 45 9 — MRS B e 2 AR IR AR, I R 3 57 R RR DY Bk A
R A 38 46 1 (Rse),  REWS T2 3N H R TG AME BE M R T B . & BE AT DAAIRTH 9K IX
AR AAFR F R, Wrrdt— D ISgi sk [, LOEEII FEL BB OEIRSE N T 5 1
e WA R JRURTGER F ik ok 070 AHAEABETE b, ANFR Z SR A FEREAT 54, chicane B FHAE
AR LY, RN 11 Fras. i chicane HisR A BEHGHC, #ekr b gt & T
R 2B ARC2 2 0H],  PAPRAIE B8 i b 5t B AR AR A

yh

/B 4 m\

i
B4 l.‘ Bl
UU d
\
o T
\ ]
. \
\
N [
'Iﬂif‘
—
Lge

K 11 chicane ¥R R
T S R A (R R R A] SEELER AR BEVR T I Thag, ok i U R IR A
FOEN T IEB RIAEAL. AR AT

cosa B 1) (4)

bl N R I, oy —RBR RS A0, ONRBRIIE . 25 AR B — A
AR 42 S5 B e o 50k o 2 6D RS B UGG SR 8 M R 22 9 (360 x m +
1807, Hrfn AR, — B i b r A X SR ] s AR o
7 IR 2 P AR TR, e, T 2R L T M B KL, -
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L

T, = ? (5)
N 2 (n 4 0.5) /NS A BRI ARG 2644, 6 203 A2 «
1
n+x
2

T, = 6
Fr ©
EMEEKEA:
1
LT' = (n + E) /1RF (7)

Nof T ASCH AR TAESR A 650MHz, X N NAge = 0.4612m. & 3 451 T BEE
AR, BAAKEE . R FE B AL L BEAR S L R BE & [l ORR 251k
* 3 SSHMEREAENTE

Bend angle (° ) dL (cm) do (°) Energy Recovery Efficiency (%)

13.75 -1.08 -9 97.0
14.21 -0.72 -6 98.6
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Preliminary physical design and simulation study of an ERL

for electron cooling at EicC

Yang Xin'2, Zhao Quantang"->#, Yuan Xiaoxiao!, Yuan Ping!?, Zhang Zimin'?
(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou, 730000, China;
2. College of Nuclear Science, University of Chinese Academy of Sciences, Beijing, 100049, China)

Abstract: To meet the requirements of the electron cooling system for the China Electron—Ion Collider regarding
high bunch charge, high repetition rate, long pulse length, low emittance, and low energy spread in the electron
beam source, this paper proposes a front-end physics design scheme based on an energy recovery linac. Beam
dynamics simulations and optimization studies are conducted, focusing on two core challenges: strong space
charge effects and high-order nonlinear coupling. The injector employs a synergistic configuration comprising a
162.5 MHz quarter-wave superconducting RF photocathode electron gun, a 650 MHz buncher cavity, a two-cell
650MHz booster cavity, and a two-cell 1.95 GHz third harmonic cavity. A genetic algorithm is applied for global
optimization of parameters such as laser spot size, pulse length, cavity phase and gradient, and solenoid magnetic
field. Four typical merger section configurations are evaluated comparatively, revealing the physical mechanism
by which the synergy between second-order path length coefficient and longitudinal charge density gradient leads
to emittance growth in the merger section. The main accelerator section adopts a three-cavity module design. The
180° bending section in the return beamline utilizes a symmetric multi-magnet configuration to suppress high-
order aberrations, while the path length adjustment section is used solely for phase matching. Results indicate that
at the injector exit, the beam energy reaches 3.5 MeV, with a normalized emittance of 1.4 mm-mrad and a relative
energy spread of 0.46%o.. Among the merger configurations, the multi-magnet small-angle bending scheme
exhibits the minimal emittance growth. At the main accelerator exit, the beam energy is 10.4 MeV, with an
emittance of 2.5 mm-mrad and an energy spread of 0.47%.. Phase adjustment in the return beamline yields a
theoretical energy recovery efficiency approaching 100%. Global simulations demonstrate that the beam
parameters at the cooling section entrance meet the design objectives. This study demonstrates the feasibility of the
physical design of an ERL under high-charge, long-bunch parameters, providing critical insights for the
development of the ERL-based electron cooler for the future Electron-ion Collider in China.

Keywords: EicC; ERL; electron cooling; superconducting radio-frequency electron gun; merger section.
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