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% B -4 7 2 (direct current-superconducting radio frequency, DC-SRF)t: [ 4% B, F 46 & i 4k o2 A S 5 4 4 &
MR B ERNFL BN — SRR TR, TEAEMHZE U L EEWME, FHETRE DA, MeVEEE R &
FoR. EH—KEENHEFALAME T, DC-SREHEAFHEFTREN L FEREAR G 5B T mE 05,
R AEHRT ZF B FEA AL, HEA SN A, BRI ER A, DC-SRFEMAME FHNTFALER T ##
#lv DC-SRF-1%DC-SRF-II =AM £, H &, DC-SRF-1F20144F 5L 344 52 # K247, H AR T £ 515H L%; DC-
SRF-II-F20214 2 i, 20224 L F100 pCR A B F&. 1 MHzE £ 1 R th % 2 A R 54T, B o m/T1pA, H—
K 5t 3k 2] Emm-mrad 2%, 454 V8638 AR AL TR L. AR SR 45DC-SRF L F 46t #F X T4, £ % ) A8 45 DC-
SRF-1#, F 4. DC-SRF-IIH F4t. K W G 5K 20 # ok 4.

el

e B L IR S L LN e A R R
HEATEROE, R E RN E EER R, JERIN AR
S N E e B TR, HAHEORGEEA K HES) 1
LTI A 1Y & R S OB H, n E H FBO G (free-
electron laser, FEL)"™). fift MUk 2k gk 2% (energy
recovery linac, ERL)™. FEZRACHIE ™. g1
P Hoh BT ERLA AR A & V-2 8 FEL ")
IR B 7 — AR 25 G U A B X R FEL O R A
Bk ny s B O ], HOR s 55 THO
WL e A FF 2t R FPERESE T, 5 — 7T, Sedkbtii
Jof FH A5 U ) JCAE il A AT TR A e i B
AR AR, ARG FIA A T Y
R, B U K FEL s U7 S il e
46 ] S P AE 2 227 (continuous-wave, CW)REZ(ER
EIAT, fRftm B, SRR AR R AR

HELW AR TIR, LR T, B EEME R TR, ER-A 5 T4, 3 2 HOL AR, XA 2 B0k

AR S SR A T A B A

i FHHA 5 8RR (quantum efficiency, QE)HY¥
ARG BAM 1) 5 4988 5 (superconducting  radio  fre-
quency, SRF)HFHEHIANIEIAT F 2 ECWH T HY
mas s, EER L2 ZEF N KO TR
S P00 B T AEZ 32 0 T2 SAOC BRI S
2R, A AR — R, bt R SRR S S 1
I6 % T 200 LAEHE S B IR -9 S (direct  current-super-
conducting radio frequency, DC-SRF)Jt:FH# i T4 (s
FRDC-SCOLIAM 1T AfR B “DC-SRFJEHIME A AS)
HEC, WnlE 1 () 7R, DC-SREJGHI L TR 45 &
It (direct current, DC)E; M F11.3 GHz SRFINE# I,
THEM B EEE. B TDCREEERBITIA, S
FIAR B A% T SRFMINGER 3N G T2 AR ]
W SRF M BEPERE M 2, 84 B FRECHE iz

SRS BOARAR, XUTEHT, B3, 45, E-ST00 ORI 4. Bl R, 2023, 68: 1036-1046
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AT RS L. DC-SRFHL T4+ FEL T34 B 32 22 fH SRF
TR ESEE, DCHUAR HL R THE A L2100 kV, i
R TDCE R 7, i, 7EIRTSEMeVIERERY R
KMEFEAR T X A ESR. Rtz 4, B FDCLsH ik
TARRKX, EAEE2SE, DC-SRFH, T ] L FH xS
LS R A T A B (bi-alkali) G R, I ZEOGEAMR
FESECH B LA B RO, ] EOEARBLY
IR Sh, MR R G A SR S ik, 0t L
TR EM . ST RIE TN A ).

DC-SRFYE B B FAE A & v2 42 5 T FEAL
DC-SRF-I(5—ftDC-SRFH F#t). DC-SRF-TI(5E 4t
DC-SRFHLF48) =~Fr B, WE2fiR. DC-SRFFEEHLT
20044F R, HDCHLEBEHE N 70 kV(SZBRiEFT{E
30~40 kV), HNEER I 1.5-cellgs#, Hor1-cell#f 4
JUIEAR 5 TESLA RS T I& i s B e AR []. F TPk
DRANERZRGE, LR PG SR A, Bkt B e
ANRARE. SZ2 AN A R SRR, REHL T AR 7R

4.2~44 K, HEZIRETRIBCAAIR. G, FEPLLEE
BT 2R B MR a2 17, 5 7270 pARERK
FIR TR AT MeVEIRHREDY, i HaeiE
T DC-SRFHEERI AT AT, BifiJS, DC-SRFFGIIHG 46
i ASEHSE B R B B, 5 —fCDC-SRFHL T4 72014
SERABATEY, REBR L A R K R 1517
KR SO CIAM B#E T B . 55 —{RDC-SRFHLF
2021420, BlfSSERCWGETT, BN T
1 pA, 100 pCH F Ha fay £ st U — Ak & B J3E 15 2] IF. mm-
mradZ%, PEREFEFRAL T4 S H v .

1 %5 —{CDC-SRFHL T}

H—CDC-SRFH, T4 X4 /MFEL . ERL A Kk
2% (TH2) WSS 5 S, D C AR s i 24 i
B AR AT T Ak, DCHLEBEHE }90 kv, X
LG T HL 7 2S5 Mv/imY, A ] TR
FIRBE SR, RIS RS HE, DC-SRF-LRHI3.5-

(C) LN, shield Drive laser 1.5-cell DC gap
mirror cavity

Inverted
ceramics

RF coupler

Bl 1 DC-SREGHIMH TS5 /R B, (a) DC-SRFREHL, 1~843 BRI . JelIf. DCIIBE. WM. 1.5-cell SREINEN . it
B WA AR SZIRFIFFE S 4%; (b) DC-SRF-I; (¢) DC-SRF-II

Figure 1 Schematic of the DC-SRF photocathode guns. (a) DC-SRF prototype, where 1-8 denote insulation ceramics, photocathode, DC structure,
liquid helium (LHe) tank, 1.5-cell SRF cavity, high-order mode coupler, liquid nitrogen (LN,) shield, and coaxial RF coupler, respectively; (b) DC-SRF-I;
(c) DC-SRF-II

B 2 DC-SRFHL T 5HRLE M . (a) DC-SRFFEHL; (b) DC-SRF-I; (c) DC-SRF-II
Figure 2 Photos of the DC-SRF photocathode guns and the beam lines. (a) DC-SRF prototype; (b) DC-SRF-I; (¢) DC-SRF-II
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M % d & 2023438 68k Lo

cellm . Hdr, rhfa) J B s LE AR 7051 S TE-
SLARYR T & O AH R PRI AR R], 1 30 B T A Rk 14
1, BIEF0.63, HEJEEEM R 410.5°, 590 ke VL F A
Tk R R AR AR DC L. 32 s e {1 P 3745 1k o B
FAB E peai/Eaee M2.12,  WEAR R 55 0 o 66 B 11 L0
Byear/Eace H4.95 mT/(MV m "), JUI5MEFLILR/O N
417 Q, MM EE, SEHHEHR13 MV/m. XDC4EH 5
T s 1] A AR AT T Ak, AR 12 mm, K
17 mm, FEME XS K 5 EEBE RN N S AT (radio
frequency, RF)37iH: i 30 il

DC-SRF-IFJEARZER N E 1 ()R, BRI T
2KWA T, WA S HERING ZEA—)ZREA
(77 K)& Bt, DCH 4 iy B o — BB B (K1 1(b)h 4L
O SN e BRI ERE. SEEVUREL, BRATiAY)
PRBEH F AR R A4S, DC-SRE-IfEH A Eitfr
TEEMIRE, RIS R E 5, v TE
RARREE M WRR B WA BRI,
Wahn T S RS, 3.5-cellInE s R AT H AN
FEOL A B (OTIC) R Ak e M4 il i, I T 90
AbPRSE, FE 3 EIZR ML S0 % (JLab)#E 4T T 800°CHuih
. 30 umZEpfb2Ad(buffered chemical polishing,
BCP) J 2 ELM, Mspf 1K $023.5 MV/m, Jo#k iR
PO R T°1.2¢10", 1 TR HAAEpR R 50T, DC
SERE A B 5 3.5-cel U B AR 3 — 1A, R A 40 48
#, PR RARAEXTDCHIZ AR RZm, IR AN
B, LA ST IR T SR TG SO T

20114F, DC-SRF-TEL. SULIRI, Jbai i gim
G S S0 92 KARIR RS B4, De-
SRFHL T a1 i M B E R4, UHG1ELCs,Te
JEBAM & S G E . BOLRSE . 20 kWES TR
P B HAE (low-level radio frequency, LLRF)$% il
RO HSLIRLRAE, hRhLkitss, hi ARSI AR
THAMREE. DC-SRF-IZH2E UG, /et T T SRFM:
AEi, CWAE R = AR B R14.5 MV/m, ik ipisisX
(W N10 Hz 525 N 10%) IEES EE 17,5 MV/m,
T BIXFIN30.7537.1 MV/mANIE(E Y. Sat—&
1) 1 R A G B A ok i M s AT Sk )E, DC-
SRF-1T20 | 4F L BAR A2 B AGE 1T, PRAEH kS
25 pCHY A IH—1k 34 7R (root-mean-square, RMS) % 4t
715 mm-mrad. i T DC-SRF-1MYTRF G4 N Y5
UL oty 1R DA 1 SR - S o 2 =ip B
FEEBIRGER R BUR . AREEETTI% 4, DC-

1038

SRF-TJI T i () RF DR A5 A B Bl 76 kb=, ik
B 7 ms, TEE A 10 Hz, T8 (466 B -tk BRI 7
9 MV/mLAIA.

JEFDC-SRF-1AY1E1E L2 (quasi-CW) ST, Jbaik
2 SRPAER T N A S0 S S E R T I A AR A
AP P ATETAEST IR SY. Hirh, FIDC-SRF-THL T4
LR A 1 B AN 10 JE I I v A L Y s 2 =k T oep
OHIRALE0.24~0.42 THZA . 4 S (KR 9, full width
at half maximum, FWHM)ZJ 4 15% 4 i E A5 K24 45
S FEE PR UOTRIIMHZE AR, MeVAER 10
R F AT B 256 00 S T 10 ms 7 5 L B SR R4,
FEOMARIL T S AR PE . LiRSIEE T, DC-SRF-1
HL A A (R B AR AR 32 47, T S B E 7 o A
()R R 45 . DT3B, e SR I RMIS K J3E P
48 2 A fs .

20154, JU 3 K S A0 -5 i 3 25 55 56 =
2x9-cellff T HZRMERS, Bl SH T DC-SRF-THL FH
5l HELINERNBAEZETT. HPRS EEmE S
YA T EMEE SRR, T AR 2 Bk B N 1~7 ms,
EENNRHF5~10 Hz, BER F10~20 MeV, ZZ ki -
Priam i KAEZ 1 mA. X — R TR 2%
Gin B A AT, RAS T LR TE0.8~1.3 THZ ]
P K NI TR T 1 WY AR 2% 40 S 4

20164F, %5 {CDC-SRFHL TARIIHT % )53, DC-
SRF-1{2 |FiZ4T. 7EDC-SRF-1k 50z 47 (130T 93 4F 1 7]
W, BREPEREAR IWIRTE, X RIIDC-SRFH TR 1)
Ml T 2 SO GBI X SRENNH e e REAY 520, DC-
SRF-TZHGE T T[] B 2 D 5 L 3L, 29761 nALLR.
TR IS, ZDCLEH R BRI, DC-SRF-I
HDCHL BT — E7ES0 kKVIAWN, Bikitdstns —
FE 2R, DC-SRF-Iiz 172403 1. Hr, 20204:DC-
SRE-IfEASHLAM JG MBI 51T, ZEBUR S (P
[ i 8 s LR T i RS0 I R, o s o 38 PR e
7 MV/m; BCIRSERSR T H RGBSR SOt R 48,
ok i A AT 1 7E 15510 MHz.

2 45 {CDC-SRFHL T

DC-SRF-1RY Il i T 20 FR i T H PR 42
Tt TEARL ST . CWIEAT K m X am 5 B R 9k sl
T, AU RGN A 0 = T 20164 5 ) T
5% —fRDC-SRFHL FHEHIME &, FF 2017458 i B Iy
LT, DC-SRF-TIFE AR I — 1k & B B Y 3 B it A0 45



% 1 DC-SRF-IRFIRETHEESH
Table 1 Operation parameters of the DC-SRF-I gun

S8 2014~20164E5B1F 202041217
DCHLJE(kV) 45 50
SRFIN# A FE E, (M V/m) 9 7
Bkt e N i) T A R
RO 1 A Sy i Sl
IR BHHOEIKHRMS 5 (ps) 5~6 1.5
IR EHHOERMS 4% (mm) 1 1
Dcuje._‘rmﬁ(nA) - 0.13
RFIFHL I (nA) 1.6
HL AR gt (MeV) 3.4 2.7
L i fE (pC) 10~40 40~80
A HE SRR (MHz) 0.8125~81.25 1, 10
TNk B (ms) 1~7 1~10
T Wk vh B AT (Hz) 5~10 5~10
Tk o (mA ) 0.5~1 0.8(F K H)

FDCHLEFTFZE 100 kV; RHAK,CsSbYGRAML; *ER
B8 SO B[R] K 2 (B 4y AR A TRE0E ;. fb R 91
M

ERRTFDCH E 7T, %o BH BHAR L] FEE bR A a) B ik
37k, FEks s i = 2R A BRI AE 10 MV/mHAY
[, (HEBA R AL ik El6 MV/m. 5DC-
SRF-TFHLFH:13 MV/mi) B 5 i 2 i L L S MV/m
GBI FR TH L 7 T HELAR HE, DC-SRF-ITHL FARHAT
7 A G 9 % T L 7 A AR A A 0 {2 1 L 3,
HIEA AT RO BB TR, Ja# A H TREILDC
ZEF100 kViz 7 HC R il XU

DC-SRF-ITH, T4 5% F 19K, CsSbIG A $4 % 5}
£%0M80.56 mm-mrad/mm, Ik FDC-SRFEEHL M DC-
SRF-I% A ) Cs, Te M. (0.847 mm-mrad/mm), 456
KB CHETY B & S EEAMER AR, ] g R A TR
B RSTEE. AN, K,CsShYyGIIMR TAETES LI EL,
TR CTO . A I B BRI15 AREAI.

A TREHL, T4, DC-SRE-ITHL T (195G BH AR 2% 1HT
FLIIAR, R FA K P s Tl K B 3R SO, DAREAIGH
T A AT AT T 32 20 9 4 6] B e T (RN, 5
FI N s RES 0 L1 AR V) B 0% 3R AR R I L 2 3k B
[T AE AL, MFEACRE 7 T S 800 & B EERE K, DC-
SRF-TTHL FAR SR FH A B A K 1. 5-cel Mg . X
W AT A AR O R, SRR s Y ki
TR A A ATPRGZR. [WE, fFDC-SRF-111)

3.5-cell i £ ead su oAk, il T 25 AR plg s,
DC-SRF-IITTH 1 H g i s f R B BT i ik it

UEAb, 4 F AR A i i A 2 B S A
B TR A s 18] i for ) 8000 & SRS K. DC-SRF-ILE
ST 0 RE S A FR AR, S DCZEF4-55 ind fis
] () A A 40 11 mm( AR FEANEE, 15412 mm). i
SREME R E R, FiRMUE 3 RFI i vT
PIERZ.

DC-SRF-IIHL A P B 7 75 8 T v K i
FeARS A, WIDCHL B E A100 kV, SREIE s B2 FR
FEFE13~14 MV/m, BRSEOCHE 105070 4 Lo b,
NI R TR, K BEZ0420 ps. BEBFST R, 76 1
AT, MR A HL T 100 pCHY, HLF R AYEAL I
—Ab &SR AF0.33 mm-mrad, B ECW XLk
FELX T H, AR sk ™

DC-SRF-ITHL, T (AR S5 & 1 (o) iR 5DC-
SRF-IM L, BRETAYELSET AR ks, DC-
SRF-TTA WL T b 5 KA S 03 8 S o ool e 52 56 22 7
2x4-cel B S 22 H . 2x9-celliHf 5 i g 43145
WF & 07 0 AR AT 5, SCE T HER by 4w gt
201 DC-SRF-TIY &5 F 26 2 ¥ st S T4 T 52 1) P
¥, IS 6L R E AL R, AL T
g, TR APRR AT, DCAE AR
TF 0 5 — AR 2 SR FH AT 4% S0 A9 B AR (B R SR Tl
afigk), XFERA. BHER MRS Ak sr Ak, ml sk y
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M % d & 20234378 He8k HoH

T KV, A BT R T DC-SRF-11R
FATTE3IR I RAM A4, I it 7 &1
T e W], HCWIZ TR E 1520 kWL
b, 10% 5 %5 L2 Bk npas AT YR 70 kW, T R
SRR 10 mARCWIs 1T/ 2. L4k, DC-SRF-111H
TEAR WA . AR B WP SR A EE
P, A AN T G B SR SO I S, AR
T OB RGBT MERE.

DC-SRF-11{11.5-cell i i % 7 B A 07l 55}
oA BRAA BB SR AR A il s, 76 [ o T Ab B, &
JE K I Pk S 3 B TE A A B AR 5 s 2 S 56
FHEAT. T AR B, 2 S 1 e A A #
25 MV/m, 20 MV/m})ICE R QO ik E] T
1.1x10".

20214F4), DC-SRFE-IHE FAEZH%E 5, HAR M
IR T202 1424 H B, 5 — B B I SE g B H A
3. 20214E5H, DC-SRF-N# iz 1R85 M3), FHiktT
T RN, F KR A fr B IR F250 pC, 7E AT H iy
HoN22 pC. EEME N1 MHzZIB 78R, BTl
H—A4b &5 H0.52 mm-mrad. HIRSZESEEE T DC-
SRFHL FAE I CWHEL R IZ 1T, 7EE LA K1 MHz,
HL TR Ik88 pA. AT A BIRF S A
S 3(a)fis.

B BRI S A S 3A H, iRl sE & B —
Seln]E. T AR R 2 205 5y, HEOR R
FEEE, MR I TR RE 9 MV/m. [Alis, SZAE IR 25
R A GE M i (PR, DCHLEAY IS T A45 kV.
BeAk, BRENEOCHUR RS . i R R T

| CW mode

S 80 |

& 60

3 Pulse mode,

o 40} 50% duty factor

g Pulse mode,

z 2 20% duty factor

o L . ) . .
50 100 150 200 250 300 350

Time (min)

BRI T R8f 5 ) A, X S0 S 30 4 Bl T — R B 1Y)
M. S — M BRI A S, 6 LR m T T
ARG, ot TR AL . WREhEOE RS, W
TN R AR R G, A T SRR, IR T
e, TN SRENGEEHEAT T 8 AKIE VR, 20224-497],
DC-SRF-ITHE 40255 ik, 3 H FFAR A S — B B 5z
S T DC-SRE-ITHE FAE K B [ f g iz 17, DCHE
JE(100 kV) AN B EE (13 MV/m)ZE 8438 345
Fr, 1E13 MV/mAEBERE . CWIIRIEA K100 KV R
N ARSI/ T pA; 200 100, 260 pCHI AT HLfif
A, H—b & SRR R T AR K, 40502805, 0.85
F11.25 mm-mrad (i iz & 4% v O A5 5 AR 1R T 1514
fizR), M HHEEMRE: 100 pC. 1 MHzE M
CWIEFZ TR LLSCE, i g =R anE3®b), (o)
FIP7R.

DC-SRF-IIH A B fis 17 FEESH00 b k2
Fin. HTFHOERESEORR R R TT AR
i, 2B BB i B R R B A R B i
FRIRAS. 28 =W B SE g EAEfERS v, BT 58k
WL AR, EH RS, BRI IR SO R
Gt EAETHI .

3 EBIRSEshiEOE

Y A DC-SRFHL T4 (1) T Z L BG4y, 2 SR
e A2 b 5 2 B AR o ek S 50 A B
T b4 (Cs, Te) B A B FRURE - Far K iR,
FUG B2 B ZERAX AR, ARz S5 Y5 i v L
W43, DC-SRFFEHLE DC-SRF-THL T4 %

(b) T 120
100
80
60
40
20

Average current (.

0 10 20 30 40 50 60

(©)

Average current (pA)
o)
o

0 10 20 30 40 50 60
Time (min)

Bl 3 DC-SRF-UAL TARCWHIRIBTT. (a) H—HrBe i S8 i ik bt 5 CWAEIETTINAZE R (b) 55 W Bk i 56 b sl e AR s (g i 25
PSS (o) 4 B BEA R S P DC-SRF-T1H M AR FYFCTI 45 5., ZeMHm kP s bhac vt

Figure 3 CW operation of the DC-SRF-II gun. (a) Beam signal at pulsed and CW modes during the first-stage test operation; (b) the signal from a
Faraday cup at the end of the beam line during the second-stage operation; (c) the signal from an FCT at the exit of the DC-SRF-II gun during the
second-stage operation, which has been calibrated with a neighbouring Faraday cup
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(a) (b) 15
1.0

- = {015

hel ©

s o

E g 9
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o

1.0
15
10 0.8
=5 0.6
= 05 0.4
-1.0 -
-15 :
-2.0
=2 = 0 1 B 0
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Bl 4 DC-SRF-TTH A EE — [ BRI L0 Hh & S BRI s 45 L. (a)~(c) R B SR A L fef 224351020 10071260 pC

Figure 4 Electron beam emittance measurement results of the DC-SRF-II gun during the second-stage operation. (a)—(c) show the phase space for the

bunch charge of 20, 100, and 260 pC, respectively

% 2 DC-SRF-IEFRETHEESH
Table 2 Operation parameters of the DC-SRF-II gun

ZH S—BrBtig17(20214F4~7H) BB BE1T(20224F3~4 H)
DCHLE(KV) 100
SREME R E, o (MV/m) 13(AE)
R HL I (PA) A <1
BT HRAEREE(MeV) 1.9~2.0 22
HIARRIERO 2058 0.2001:206.(1)“’
A E A% (MHz) 1
CWHESAE B (nA) 88(f K MH) 100
0.5 @ 20 pC
JH—fLRMS & i i (mm-mrad) 0.52 @ 22 pC 0.85 @ 100 pC
1.25 @ 260 pC

a) JHT AR BUE 1 S oY

Cs, Te B, Jbmi I E S SRR LR = —F
AT T Cs, Te GBI 5T 7848 R G T 19954, AT
AR LR PR HE Cs, Te G IR I 7E L il £ R 40
I T-20024E 8 7. 5 HHECs, T BIM H 4 5154 R
—IR, I EIE S PRI, 720044 ADC-SREFEAL
SEEH, KRG OGP A T A B
IR, B TRCRZAN1.3%. Ml £ DC-SRF-I
H FAE SR SEBR A ER, XF Cs, Te BN il 45 R G b4 T
T RHN ", Ik A 3 A M e B R 4
DIBR LS B MG JEORI R TR AR 2854 eRcadE e B A
R Pkl g T 2%, 782014~20164E/DC-
SRE-TH RS2, Cs, TeGBAM B TR il kg 7E
4% /e IR 10K DL_EPY,

20174F, DC-SRF-ITHL 46 1E 2 A i R H TAETESR
S B BIK,CsShYG IR, I 5% #6453 (suitcase ) FF
JEBAM i il 2 iz EHL . K,CsShyGRAM il 4 &

B T201 844248 58 1, 20194F R 40 HL25 3K B 45 i 4
RSB B3R (Z95%107° Pa), Z 54t —4F
BT 2404k, 18 HIK,CsShE B & T3 KA 5 6% A2
i, B EEADC-SRE-IIE T, & PR 4
FEFEIEA 7K, WESFR.

DC-SRFYG M HL 46 B sl ot 2 42 i ik il 4 T
20024ERJ5 . HEWOE RS T20044E 85", ML A5
~+Time-Bandwidth Products/\ 7 ) GE-100-XHPAI S
RSB, TAERIA NG Y VOB
fe%z), i EOEr P OB N 1064 nm, ki EEE N
10 ps, EEMIAR HK81.25 MHz, FHIIHEHI0W. ik
B2 K TP AR A5 55 A CLBO Sy A U543 7= A -2
DIR KT 1 WHI266 nm L IMNEOE, 24P IEARE 1L
i EDC-SREFEMLIEBAM. i T A o Gk
PRG R R e, YEBAMR AR YEEE A K AP IR, DC-SRF
FEAL 2R A 2 56 101 18] A9 6 BA AR OK 3 OE R Ge i 6(a)
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Pressure (Torr)

8
TF 9 °
6 ¢ 0o o G°° W S o
| %o 03 g 8,080, 58 °
N ) R % o0 oo
o
4t o
3k oo ©
,f oo
8 o
|y
o
o} 8
-1
2019/3/1 2019/12/1 2020/9/1 2021/6/1 2022/3/1
Time
x10-10
T T 7
L ]
16} . - " 18
. e Je
14 Measured in deposition i \
chamber and then T 44 3
12 transport to suitcase - 0
| {130
10F —=— Pressure I\ 2
- QE -
0.8} /-\ 44,
- -
0.6 b— " " i . " " 0
00 05 10 15 20 25 3.0 35
Duration (d)

B 5 K,CsSbytBAt il & 5545, (a) YeBIMLHl & RGBS (b) 20194E3 F~20224E3 H il (K ,CsSOILRAM - TRR St (o) sy
WS (d) KoCsShIEBIMR il 6 = 475 il TAR I AR QB R L ZS WS 2R, 1 Torrer133.322 Pa

Figure 5 K,CsSb photocathode preparation and transfer. (a) Photo for the photocathode preparation system; (b) QE statistics for the K,CsSb
photocathode prepared between March 2019 and March 2022; (c) photo for the suitcase; (d) QE and vacuum monitoring during transferring of the
K,CsSb photocathode from the preparation chamber to the DC-SRF-II gun, 1 Torr~133.322 Pa
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DC-SRF photocathode gun

Senlin Huang]’z*, Kexin Liul’z, Kui Zhao'” & Jiaer Chen'”

! State Key Laboratory of Nuclear Physics and Technology, Peking University, Beijing 100871, China;
* Institute of Heavy Ion Physics, School of Physics, Peking University, Beijing 100871, China
* Corresponding author, E-mail: huangsl@pku.edu.cn

The DC-SRF photocathode gun, an important member of superconducting radio-frequency (SRF) guns, is a distinguished
compact mega-electron-volt (MeV) electron source capable of generating picosecond to sub-picosecond electron pulses at
megahertz (MHz) and higher repetition rate. The concept of DC-SRF was conceived by the SRF Accelerator Laboratory of
Peking University in 2001, which combines a DC gap and a 1.3 gigahertz (GHz) SRF cavity connected by a short drift tube
around 10 mm long. By introducing the DC gap, the semiconductor photocathode is moved out from the SRF cavity, which
successfully solves the compatibility problem between the photocathode and the SRF cavity as validated by later
experiments. Besides, the high vacuum in the cryogenic DC structure allows the usage of green laser photocathodes, which
benefits the generation of high repetition rate, high average current electron beams. The development of the DC-SRF
photocathode gun has so far undergone three stages: The prototype, DC-SRF-I, and DC-SRF-II. The feasibility of the DC-
SRF concept was first tested in 2004 with the prototype employing a 1.5-cell SRF cavity and operated at pulsed mode under
4.2-4.4 K. In the following decade, the first-generation DC-SRF gun, DC-SRF-I, was developed with the purpose to
deliver electron beams for research on infrared (IR) FEL, energy recovery linac, terahertz (THz) radiation, etc, and for a
higher energy gain, it employed a 3.5-cell SRF cavity. The DC-SRF-I gun was brought into stable operation in 2014 with a
DC voltage of 45-50 kV, an SRF cavity gradient of 7-9 MV/m (corresponding to an energy gain around 3 MeV), and a
dark current evaluated to be lower than 1 nA. It is the first SRF gun that can operate steadily with semiconductor
photocathodes. The MHz repetition rate electron beam from the DC-SRF-I gun had been used for applications including
high repetition rate superradiant THz undulator radiation, ultrafast electron diffraction, etc. In 2015, the electron beam was
injected into a 2x9-cell SRF linac and the energy was boosted to 10-20 MeV. Until DC-SRF-I’s shutdown in 2016, no
degradation of the SRF cavity had been observed. The design and the manufacturing technology, however, had imposed
limits on the improvement of DC-SRF-I’s performance. With the goals to achieve low-emittance CW operation and to
generate high average current electron beam, the development of the second-generation DC-SRF gun, DC-SRF-II, was
started in 2016. The physics design was accomplished in 2017, in which the DC voltage is increased to 100 kV and a 1.5-
cell SRF cavity is adopted with an expected gradient of 13—14 MV/m. K,CsSb photocathode is used in combination with
temporal and spatial shaping of the drive laser. The beam optics is also carefully designed for optimized emittance
compensation. Simulation indicates that a normalized emittance of 0.33 mm-mrad can be achieved at a bunch charge of 100
pC with the above measures. Based on the experiences with DC-SRF-I and the SRF linacs developed by the Laboratory, the
engineering design and fabrication of DC-SRF-II have been greatly improved. Especially, a TTF3-type RF power coupler
with enhanced cooling has been employed, allowing CW operation of DC-SRF-II with a maximum average current up to
10 mA. DC-SRF-II was built in 2021. It has succeeded in CW operation with a bunch charge of 100 pC and a repetition rate
of 1 MHz. The dark current of the gun is below 1 pA and the normalized emittance of the delivered electron beam is at sub-
mm-mrad level. These indicate a leading performance among the SRF guns worldwide.

continuous-wave electron source, photocathode gun, high repetition rate electron beam, DC-SRF gun,
semiconductor photocathode, photocathode drive laser
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