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Introduction: SRF Accelerator Research
Institutes, Infrastructures, Projects and Industry in China
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SRF Accelerator Projects in China

Operation

BEPCII (1.89 GeV,

Construction

BEPCII upgrade

Design & R&D

CEPC
(45.5-180 GeV,

Sum

2 circular colliders

Collider 2 CAV. since 2006) (2.35 Ge\_/, 4 CAvV, 288 ~ 980 CAV) tau-charm, Z, W, Higgs,
complete in 2024) ttbar

BSRF (2.5 GeV, HEPS (6 GeV, 10 CAV, 5+ light sources
Synchrotron 2 CAV, since 2006) complete in 2025) SAPS (3.5 GeV, 4 CAV) 31d &g4th enerations
Light Source SSRF (3.5 GeV, HALF (2.2 GeV, 1 CAV, 29~6 C?ev

3 CAV, since 2009) complete in 2028) '

PKU FEL & DC-SRF Gun f:r:w':)Fet(s |SZ\62$;6 CAV, DALS (1 GeV, 96 CAV) 7+ FELs

(30 MeV, 3 CAV) CAEP XFEL (pulsed hard X- 2 hard X-ray
FEL CTFEL (10 MeV, 2 CAV, S3FEL (2.5 GeV, 224 CAV, 1 soft X-ray

since 2017)

complete in 2031)
CTFEL upgrade (50 MeV)

ray, 16 GeV)

1EUV,1IR,2THz

Proton & Heavy
lon

ADS injector 1 (10 MeV, 14
CAV, since 2016)

CAFe (25 MeV, 23 CAV, since
2017)

CiADS (0.5 GeV, 151 CAY,
complete in 2025)
HIAF (4.25 GeV/u, 96 CAV)
CSNS-II (300 MeV, 54 CAV,
complete in 2028)

CSNS-III (1 GeV)
ADS (1 GeV)
CIAE proton linac (1 GeV)

6+ proton & heavy ion
SRF accelerators

Sum

Operating 6 facilities
~ 50 cavities

Constructing 9 projects
~ 1200 cavities by 2028
~ 40 billion CNY

Proposing
6+ projects
2000+ cavities




Superconducting RF Systems at IHEP

Light Sources & FELs HEP Colliders High Intensity Proton Linacs
BSRF, HEPS, CW FEL, ERL BEPCII&U, CEPC, ILC ADS, CSNS-II, v factory

166 MHz (HEPS) 500 MHz (BEPC-1I&U, HEPS) 325 MHz (ADS)
World’s first very low freq In-house-made, long-term operation World’s first spoke cavity linac
B=1 module in large scientific facility

1.3 GHz (FEL, CEPC, ILC) 650 MHz (CEPC, ADS, CSNS) 324 MHz (CSNS-II)
World’s first mid-T high Q module World'’s first 650 MHz cryomodule China’s first double-spoke module






BEPCIl SRF System

« BEPCII SRF system stable operation since 2006 with two imported cavities from Japan and in
collaboration with KEK, reached design luminosity of 1x1033 cm2s-! (910 mA @ 1.89 GeV) in 2016.

* In 2017, east cavity replaced with in-house-made cavity and module, stable operation till now.

« Three imported sub-systems (SRF cavity and module, LLRF, RF power source) have been replaced
with in-house-made ones.

Ill |||| -

= ﬁml“

In-house-made 500 MHz cavity and module Digital LLRF system 200 kW SSA
made in 2011, stable operation since 2017 Stable operation since 2019 Operation since Oct. 2023



BEPCII-Upgrade SRF System

Table 1: Main parameters of BEPCII and BEPCII-U.

Table 3: RF parameters for BEPCII-U (breakdown).

Parameter Symbol BEPCII BEPCII-U Unit Parameter Existing To be added Unit
Circumference C 237.53 23753 m RF frequency 499.8 499.8 MHz
Beam energy Fj 1.89 2.35 GeV Number of cavities 2(+1) 1 -
Beam current Iy 910 900 mA RF voltage per cavity (V) 1.65 1.75 MV
Bunch number Ny 120 120 - Cavity unloaded () at V% >5e8 >1e9 -
Total energy loss per turn Usot 0.116 0.277 MeV Operating temperature ) 4.2 K
g;’;i ilmi SIOSS to SR ? SR ; 076 280 lﬁx Nominal RF power per cavity 145 145 kW

: > HOM : - Loaded () 2e5 2e5 -
Total beam power by 114 =290 kw Cavity loaded bandwidth 2.5 2.5 kHz
Revolution frequency frev 1262.1  1262.1 kHz Number of RE stations 3 3 -
Synchrotron tune Vg 0.03 0.04 - )
Bunch length o 14 I mm Numbel.‘ of transmitters 2 2 -
Momentum compaction factor v, 0.018 0.017 - Transmmer type : Klystron  SSA i}
RF frequency . 499 8 499 8 Mz Ngm1nal power per transmute%" 250 200 kW
Total RF voltage /ot 16 33 MV Mln. ogtput power per transmitter 165 165 kW
Radiation damping time (x) T 24.2 12.6 ms (including 15% transmission loss)
Radiation damping time (y) T, 25.8 13.4 ms FPC designed power (CW) 200 200 kW
Radiation damping time (z) T, 134 6.9 ms Number of LLRF 2 4 -
3 function at straight section 3, 15 20 m Specified amplitude noise (pk-pk) =+1 +0.5 %o
3 function at straight section 3, 15 20 m Specified phase noise (pk-pk) +1 +0.5 °




BEPCII-Upgrade SRF System

« BEPCII-U: Add two cavities and SSAs in 2024.
* Further R&D in 500 MHz cavity, LLRF and SSA.

West RF hall East RF hall

250kW 250kW
LY

e+ e-

. ik

BEPCII colliding mode

T
|

West RF hall
200kW 250kW
SSPA |

(a) West RF hall (BEPCII) (b) West RF hall (BEPCII-U) (c) East RF hall (BEPCII)

(d) East RF hall (BEPCII-U)

\ 4

East RF hall

250kW

200kW
SSPA

West-side SRF cavities

East-side SRF cavities

‘/H East RF hall
T \ |
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BEPCII-U and HEPS 500 MHz Cavity and Cryomodule

* One 500 MHz cavities for BEPCII-
U and two 500 MHz third
hormonic cavities for HEPS.

* Prevent cavity buckling by thicker
Nb sheet (2.5 mm to 3.7 mm),
deep drawing instead of spinning,
adding stiffening rings.

« First CM assembly complete soon.

1.E+10

o LE+09 +
F| e SCCO1
[| e SCCO2
| e SCCO3
|| o SCCO4
r| O VT target

0 Operation target
1. E +08 1 T 1 1 } 1 1 1 ! 1 1 1 | 1 1 1

T
o
(@)

Accelerating gradient (MV/m)

8: Eigenvalue Buckling
Total Deformation (a)
Type: Total Deformation

Load Multiplier: 30.194
Unit: mm
Custom

e: Total Deformation
Load Multiplier: 30.977
Unit: mm

1 Max
E 089

078
= 067

0.56

045 i 4

zl'\x

TABLE V
BUCKLING PERFORMANCE OF THE CAVITY UNDER TWO DIFFERENT
BOUNDARIES
Conditions D D D

(Bare)  (Stiff.)
Cell (LBP side) BPs fixed 29.3 83.7

LBPLF 105 302 11
Cell SBP side)  BPs fxed 294 851 |

LBPLF 128 369 &
LBP tube BPsfied 332 332 -

LBPLF 172 310 ~*

“BPs fixed” stands for both beam pipes are fixed, “LBP LF” stands for
the cavity LBP side is free to move longitudinally while the SBP side
is fixed, “Bare” stands for bare cavity without any stiffening rings, and
“Stiff.” stands for cavities with one pair of stiffening rings added on the
cell.

500 MHz KEKB-type single-cell SC cavity module

11



IHEP CEPC




IHEP CEPC

« 100 km circular collider, Higgs (Z / W / ttbar) factory, in China. Run at /s ~ 90, 160, 240, 360 GeV. Possible
pp collider (SppC) of /s ~ 50 - 100 TeV in the far future.

« CEPC CDR published in 2018, TDR will publish in late 2023. Will propose to the government to begin
construction around 2028 during the 15th 5-year-plan period.

« CEPC SRF system has unprecedented challenges in high RF voltage (20 GV) , high current (1.4 A), high
power (100 MW.RE power, Z-pole 1 MW per cavity) , high HOM power and beam-cavity interaction issues,
with requirement of mode switching.” State-of-the-art technology in high gradient, high Q and high power.

| | ‘ . |
| < L

Technical Design Report

Chapters 1-10 (v4

1/ ——

CEPC TD




CEPC 650 MHz SRF System R&D

Q Radiation (uSv/h)
10°
10" 3 10°
110°
- - 110°
Mid-T furnace baking: A Q, & Rad
10°°L |ColdEP: @ Q, O Rad |- 110
¢ CEPC VT spec %
0 E 100
0
08np0p080007079R05R08204808500 O © 20K 1107
109 1 1 | 1 1 1 Il I 10-2
0 5 10 15 20 25 30 35 40 45
E,e. (MV/m)

L 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9 10
Ve (M)

L 1 1 1 1 1

! ! ! I
0 20 40 60 80 100 120 140 160 180
peak m

High G High Q 650 MHz 1-cell Cavity
EP treated: 2.3E10@41.6 MV/m@2 K
Mid-T treated: 6.3E10@31 MV/m@2 K

4;-— s ! -n-r-'p!



IHEP 1.3 GHz SRF R&D

2016-2020 2020 =2025
Early research Technology transfer Cavity mass production Cavity and cryomodule
Technology R&D Performance breakthrough Cryomodule prototyping mass production

S HINE Engage in these projects:

SHINE (600 CAYV, 75 CM)
88 9-cell cavities SSFEL (208 CAV, 26 CM)
by HERT
Other CW FELs
CEPC booster (352 cavities)

ILC (8000+8000 cavities)

1-cell and 9-cell cavities HERT 11 TESLA 9-cell cavities

ILC test cryomodule EP 36 MV/m (reach ILC spec) High Q high gradient and new
Important collaboration Mid-T SE10@21 MV/m (world record) material R&D

with PKU, KEK, INFN- 4 BCP + 4 mid-T high Q cavities

EAESS@ FNAL, JLAB, delivered to SHINE DALS 1.3 GHz high Q cryomodule
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IHEP 1.3 GHz SRF R&D
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High average Q, of 4.5E10 at 16 ~ 21 MV/m.
Mid-T bake recipe has distinct advantages
over nitrogen-doping

HOP Publishing Superconductor Science and Technology

Supercond. Sci. Technol. 34 (2021) 095005 (7pp) hitps:/doi.org/10.1088/1361-6668/ac1657

Medium-temperature furnace baking
of 1.3 GHz 9-cell superconducting
cavities at IHEP
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3 Center for Superconducting RF and Cryogenics, Institute of High Energy Physics, Chinese Academy of
Sciences, Beijing 100049, People’s Republic of China
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World's first Mid-T 1.3 GHz Cryomodule with Record High Q,

\ ‘ \

~

IHEP 1.3 GHz SRF team with Acceptance Test Review Committee members and DALS/S3FEL colleagues.
I




World's first Mid-T 1.3 GHz Cryomodule with Record High Q,
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IHEP HEPS

 BERS EHAR

HEFS High Energy Photon Source | HEPS




HEPS RF System

Parameter

Beam energy
Circumference
Beam current
Lattice type
Number of sectors
Natural emittance

Natural bunch length

Energy loss (bare lattice)

Total no. of IDs (Phase I)

Total beam power

Radiation damping time (x/y/z)
RF frequency (main, 34 harm.)
Main RF voltage (w/ harm. cav.)

260kW  260kwy 2 D40 ID39 1D38 ID37 ID36 ID35 Parameter
- 4 Okwy mm || || mm || 1 |mm | Circumference
e 499.8MHz 499§ﬂHZ St . 499.8MHz RF frequency (fO)
G‘Of 260kW SSA 150kW SSA orage ring 260kW SSA Total energy I,OSS per turn (UO)

Y BS2CAVS BS2CAV4 BS2CAV3 BS2CAV2 BS2CAVI BSTCAVI ForalbEa I EOWEE(ED

| (I | | 0 | . b

A A nitial Total RF voltage (Vi)

Booster commissioning

Booster Storage Ring REKAR0BMH2 GOKW,SSAY Number of main RF cavities

499.8MHz Cu cavity

(0.5-6 GeV) (6 GeV) 1D40 1D39 D38 D37 D36 D35 RF power per main cavity
|G=0es) (G L] | Cavity type
A raoeiomez A A A A A A HOM control

499.8MHz ) 5 x 166.6MHz 260kW SSA 499.8MHz

ZEOKYLSSA Stormge ring ROty =2 Harmonic RF frequency (f,c)
BS2CAV5 BS2CAV4 BS2CAV3 BS2CAV2 BS2CAV1 BS1CAV1 Number of RF stations

([N | [0 000 000 000 00  Nominal S

: i W i
WV Solid-state amplifier GOKW A A A A A A operation - - P P
2 Booster 6 % 499.8MHz 100kW SSA Field noise (pk-pk)

1360.4

200

7BA

48

34.2

5.06

2.64

14

850
10.85/20.62/18.76
166.6, 499.8
5.16

1360.4

166.6

414

850

5.16

5

170

SRF cavity
Heavy damping
499.8

5+2

260

+0.1%, £0.1°

GeV

mA

pm-rad
mm
MeV

kW
ms
MHz
MV

MHz
MeV
kW
MV

kW

MHz

kW

20



IHEP HEPS 166 MHz Cavity and Cryomodule

Low frequency: 166.6 MHz, =1

High RF power: 180 kW per cavity

High current: 200 mA — heavy HOM damping: Q < 1000
Compactness: limited space of the straight section (6 m for 2 cavs)
Stable operation (user facility): large margin in RF parameters

107 " — % 7 T = I — T — —
U \./ 1 ~ |mpedance threshold (w/o HC)
5 1 —— Impedance threshold (w/ HC)
10°F | —— Cavity impedance El
|
10%E 1
|
|
|
I -
|

Z,©)
)

Wakefield (CST)
(941~10239MHz)

100 1
|

: Wakefield (ABCI)
100 IEigenmode 1 (10239~23060MHz)
(300~941MHz) I

1 1 1 1
6 8 10 12 14 16 18 20 22



IHEP HEPS 166 MHz Cavity and Cryomodule

= Q0 (PoP, 4K)
i Qo0 (PoP, 2K)
T 1.E+4 * Q0 (CAVS, 4K)
0 QO (CAVS, 2K)
4 QO (CAV1 jacketed, 2K)
2 1.E48
1.E+10 4 o VT target
;:S o Operation target
T 1.E+2 Cg Radiation (PoP, 4K)
o c | - Radiation (PoP, 2K
g 5 ( )
~— x it
1 1 % Radiation (CAV3, 4K)
& » Radiation (CAV3, 2K)
1.E+09 ~ Radiation (CAV1 jacketed, 2K)
T 1.E+0
1 1.E-1
TEH08 e e e B2
0 0.5 1 15 2 25 3 3.5

Accelerating voltage (MV)



IHEP ADS Injector SRF System
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Time

14 spoke012 cavities accelerate 2 mA CW proton beam to 10 MeV in Injector-I at IHEP.

6 spoke021 cavities increase CW proton beam to 25 MeV in Injector-Il at IMP.

. 1 — Energy Duty factor
l - . BPML  310.6 degree BPM5  225.0 degree CBPM14 279.4 degree 100 ;
- 1 ]

s - o :
| ' ]

RFOQ exit CM ent. energy CM exit energy CM exit Current DUty factor
3.182 mew  3.205 we [10.03 wv 1,621 mA 100. 00 %
33.22 3102 10 -
£3.21 \ 10.15
3.2 910 1
% 3.19 = 10.05
%318 210
V317 ‘” 9 95
93 16!

03:37:05 04:16:00 04:42:00 05:09:47 03 37:05 04:04:00 04:32:00 05:09:47
Time Time
F—RFQ exit energy —CM entrance Energy|
100; E3

& e |
Ls80 | 525 CW START: CW END: / 0.01
= 60 ;2 2017-1-6 04:46 2017-1-6 05:09 ]
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ADS Injector SRF System

Spoke012 4.2K VT, Designed Q = 5 x10° @ Epea = 31.56 MV/m

« Batch production of Spoke012 and Spoke021, meet spec , , , = ;
. SSR024/040, HWR325, MB082 prototypes TS o e N
SR e - E

0 . 2 . 4 . 6 EMB(MV/m)m 12 . 14 . 16

Spoke021 4K VT, Designed Q =5 x10° @ Bpeak= 65 mT

. . . . , 100000
650 MHz 5-cell
cavity (beta 0.82) - | | | 10000
b g, H
10° Fa g2 20140 T | g 1000
o [ w #3.201456 T g
QT #4 20154 | o, : 100
| 4 #5.4K_2015.9.8 | e - 3
| > #6_2015.7.20 10
® #7_2015.7.6
- ® #8_2015.7.10 ;
= #10_2016.2.20
- Txe
10° = 01

325 MHz Spoke 325 MHz Spoke 325 MHz HWR 0
cavity (beta 0.21) cavity (beta 0.40) cavity (beta 0.14)

Radiation [uSv/hr]



IHEP CSNS
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CSNS-Il and Future Plan

50keV 3MeV 80MeV 165MeV 300MeV 1 GeV .
- W oo M e B o O B s [ o |
B=0.5 B=0.62 ; = 120m SC i 3rd Target Station
324MHz 648MHz | 2-3 MW

i S T
¢ %

10cryomodules 8cryomodules i
xR border
1t Target Station L Beam parameters I [l
500 kW
S - Beam Power on target (100 [500
BN S S, BTISE 2 (kW]
iﬁfm —— Q%WM Proton energy [GeV] [1.6 |1.6
v, p;% . ,,.-wan Average beam current |62.5 |312.5
y \ 2nd Target Station [“A]
- S Pulse repetition rate |25 |25
1.6GeV. 25Hz I::S{; [HZ]
/ Linac energy [MeV] |80 [300
Macropulse. ave 15 140
current [mA]
Linac RF frequency 324 |324/648
(MHz)
Linac beam width(us) {400 [600




CSNS-Il SRF System

Tanks Zone L T Refrigerator Helium Recovery & Purification System Control System

( r —
Woa Prvsere Tonts o g -r — —. I 1
—a 3 : .L . ny ! | b a
==]|| E;

44 ljl]]]u"' % i | T g 3 |
Moo Pressers Tars 04 Rarmres Bystem 3 ™ "‘M’“"" Ll e [R— e 4
Buttsr Task [T Cridien Compriadar Storagn
L]

——
FI—l—l_l—l—.—l—l_l—l—l—l_l—I—I—I—I—I—I—I—I—I
s T T T T T T T T T ™ “r T T T T T T T .

U ! t t L t L ¢ k ! L t | L t t t ) I
I L. Lo N, L e L e, L L b, L ™ . _'-_ | S L W LS
O 1 O Y T o o e o B
| 10 Double Spoke SC Cavities Cryomodule —THanstetlNe g pedium B 35 cell SC Cavities Cryomodule I

CSNS-Il upgrade (2023-2028)

Linac energy: 80 MeV — 300 MeV P (il
. 3 ( ) TTF@Bg 0.7
Linac beam current: 15 mA — 40 mA Ej - TTF 0.79 Bo 062
Linac beam pulse length: 400 ys — 600 ps 8 Bo 0.5 Eace (MV/m) 14
» 20 324 MHz B=0.5 double-spoke cavities 8 * Eaco MV/m)  7.3(0) S M
545
Prototype cavities meet design spec Ep/Eace 344 E;(M(‘g"’ -
Prototype cryomodule under assembly at PAPS m??{ﬁ‘i‘/‘ifn) 8.86 ¢ (@ 177
Beam tube
- 24 648 MHz =0.62 6-cell cavities RIQ (Q) 4018 dameter (mmy 110
Cell-cell
Prototype cavity in fabrication, module in design G (Q) 1186  cowping (6) 7
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CSNS-Il Double-Spoke Cavities
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CSNS-II
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IHEP SAPS

« Southern Advanced Photon Source (SAPS)

— SAPS, a mid-energy fourth generation storage ring photon source, is planned to be built

adjacent to the China Spallation Neutron Source (CSNS)
— Modified H-7BA magnetic focusing structure
— 350 mA high brightness mode

— 500 mA high-throughput mode

Beam energy E, 3.5
Current 500
Circumference 810
Nature emittance 26.3
Cell number 32

Long straight

; 6
section

Parameters Value m

GeV
mA
m

pm-rad
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IHEP SAPS RF System

 RF system

— 500 MHz/5-cell Normal conducting cavities for booster RF
— Superconducting cavities for storage ring RF
—166.6 MHz SC cavity + 499.8 MHz SC cavity

Parameters of the storage-ring rf system for SAPS

RF frequency 166.6 499.8

Total energy loss (w/ IDs) 1.55 - MeV
Total power loss to radiation 800 - kW
Total RF voltage 2 0.36 MV
Number of cavities 4 1 -
Cavity type SCC SCC (active) -

RF voltage per cavity >0.5 >0.36 MV
Max. power per cavity 200 120 kW

499.8 MHz SC cavity

er RF station 260 150 kW [1] P. Zhang et al., Radio-frequency system of the high energy photon
P source, Radiation Detection Technology and Methods (2023) 7:159-170.
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IHEP High Power Input Couplers and HOM Damper

Input power: BEPC 100 kW, HEPS 200 kW, CEPC Higgs 300 kW, CEPC Z-pole 500 kW (1 MW)

500MHz-CW 420kW 166.6MHz-CW 200kW 650MHz-CW 300kW 1.3GHz-CW,70kW 1.3GHz-Pulse 1MW

162.5MHZ-CW,20kW 325MHZ-CW,25kW 650MHZ-CW,150kW  162.5MHZ-CW,80kW 325M HZ -CW, 100kW
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IHEP BEPCII LLRF

| ow Level Radio Frequency Controller

(b) Digital LLRF (2017)

(c) Digital LLRF (2019)

33



IHEP HEPS LLRF

MEPS Low-Lovel RF Contraller

RN

feld stebilty ir ampliude,sefflosed oop

arrar amp(%)

+0.03 % (pk-pk)

| I | I
0 500 1000 1600 2000 250 3000 0 4000 1600
timels]

fld stabiy in phase seftzlcsed loop
02, T T T

+0.02° (pk-pk)

! | I |
2000 250 3000 0 4000 1600 5000
timefs]

I I I
0 500 1000 1500

1st-gen LLRF
(166.6 MHz cavity horizontal test,
Vc=1.2MV, 4.2 K)

0.0123

E 0.005

<

220

2

E -0.005

[

-0.0123+ T T T T T 1
12:15:34 12:18:00  12:21:00  12:24:00 12:27:00  12:30:00 12:32:45
Time
-0.0152 T T T T T 1
19:39:07 19:42:00 19:44:00 19:46:00 19:49:27
Time

+0.01° (pk-pk) +0.008° (pk-pk)

-0.0087 1 T T T T T 1
19:39:07 19:42:00 19:44:00 19:46:00 10:49:27 -0.007 4 T T T T
Time 12:15:34 12:18:00  12:21:00  12:24:00  12:27:00

2"d-gen LLRF

3rd-gen LLRF
(lab test, self closed-loop) (lab test, self closed-loop)

T 1
12:30:00 12:32:45
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IHEP Thin Film Cavity R&D (Nb/Cu sputtering, Nb;Sn, Iron-based)
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IHEP PAPS SRF Infrastructure in Huairou, Beijing

.......

Magnet R&D
Mechanical & alignment
Klystron Test

* SREF test hall
* Vacuum assembly & coating

_;-:. “| |||||||||||' , ]U | ' ' !

| e
o5 ‘B
. = i

Accelerator key technology R&D and Testing platform:

» SRF cavity and module » High efficiency Klystron
» High precision magnet » Mechanics and alignment
» Vacuum assembly & coating > Beam test facility



IHEP PAPS SRF Infrastructure Fully Operational
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IHEP EP system in Ningxia-




IHEP Cavity Electro-Polishing System at OTIC Ningxia

China’s first 9-cell cavity EP system, key tool for high gradient and high Q cavity.

< Eﬁ%&t@? -
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IHEP PAPS SRF Infrastructure Operation Status

Facilities

. Tests
Devices

Related Projects

(capability per year)

VT stand
(400 cavities)

HT stand
(20 modules, including assembly)

High power test stand
(200 couplers)

Clean assembly and HPR

Vacuum furnace

since 2021
166 MHz / 325 MHz / 500

MHz /650 MHz / 1.3 GHz ~ 160
CAV
1.3 GHz CAV ~ 20

Coupler / Circulator / RF

load / Copper cavity =l
166MHz / 325MHz /

500MHz / 650MHz / 1.3 ~ 160
GHz CAV

650 MHz / 1.3 GHz CAV ~ 50

HEPS/BEPCII-U/CEPC/CSNS-
[I/SHINE/DALS/HALF/(CIADS)

CEPC/SHINE/DALS/HEPS/(BEPCII-
U/CSNS-II)

HEPS/SHINE/DALS/CSNS-II/(HALF)

HEPS/CEPC/CSNS-
[I/SHINE/DALS/BEPCII-U/(HALF)

CEPC/CSNS-II/SHINE/DALS
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IHEP Dongguan SRF Infrastructure
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IMP HIAF and CIADS

® HIAF: High Intensity heavy ion Accelerator Facility ® Two large-scale scientific infrastructure

® CIADS: China Initiative Accelerator Driven System
® Being built by IMP in Huizhou of Guangdong Prov.

B HIAF: Nuclear physics research

B Total budget: 2.8 B CNY ¥ (424 M USD $)
B Schedule: 2018-2025

B Construction started officially Dec. 2018

facilities approved by China Government
hosted by IMP

B CiADS: Nuclear waste transmutation

B Total budget: 4.0 B CNY ¥ (606 M USD $)
B Schedule: 2021-2027

B Construction started officially July. 2021
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IMP HIAF SRF Cavities

( SECR O—( LEBT O—( RFQ 0[( MEBT O—( QWR007 ()—l-)-l->

0.8MeV/u 5.3MeV/u 17MeV/iu

from p to 238U35+

Cavity with helium jacket

81.25 MHz QWRO007
(30 in 6 CMs)

p
Scissors mechanism of tuner 5

Motor of tuner

162.5 MHz HWR015
(66 in 11 CMs)
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IMP CIADS SRF Cavities

L1 CiADS Linac Design
20KeV 2. lMeV 6. 7MeV 45MeV 175MeV 350MeV 500MeV
mL LEBT }» RFL uJ_S.Jr M HWR019 HWR040 Ellipt062 Ellipt082
< 162.5MHz > 325MHz 650MHz

HWRO010 162.5

HWRO019 162.5 0.19 4 24 24
HWRO040 325 04 10 60 20
Ellipt062 650 062 10 30
Ellipt082 650 082 7 28 0
Totals 32 151 53
Particle proton
ENE(gy 500 My The strongest p
current 5/10 mA machine for spent fuel
Beam power 2.5 MW processing and other
RF freq 162.5/325/650 — nuclear technologies.
A Shas /i SRR Featured with Cu/Nb
CnREnCH i . technology. _
Num of cavity 151 E E”Ip-062
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IMP Cu/Nb Casting and Coating Cavities

Batch production of Cu/Nb cavities of HWR type.

First all-Cu/Nb-cavity cold mass was successfully
assembled and will be installed in CiADS linac.

Performance is improving with verified high-stability

Nb Copper Casting HWR010 cavity Vertical Testing

111111

[ ]
d [ ]
[ ]

Y 4 LAPS

Y [ ]

g 100 LN % e e, ® ®
® o AQre [ °
A ® . o® ©® L) } S . P
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oayp A A '.
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0 o ° o
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00E+0!
Epk[MV/m]

© Jan_24_2022 4K Testing no flux exclude Jan_24_2022 4K Testing after Warm to 40k exclude flux
A Jan_24_2022 2K Testing after Warm to 40k exclude flux Jan_24_2022 2K Testing no flux exclude
@ Feb_28_2022 4K testing A Feb_28_2022 2K testing

@ April_24_2022 4K Testing after eliminating inner conductor copper @ April_28_2022 4K Testing Second 1170 casting




IMP Nb,;Sn Cavity and LHe-Free Linac

« Systematic study about Nb3Sn thin film
growth mechanism and cavity optimization.

« Maximum E__. reaches 18 MV/m

1 E 1 1 Applied Surface Science 643 (2024) 158708

Contents lists available at ScienceDirect . Applied

Applied Surface Science

b SO . il
1E10 ) 0. g 0.0J.‘ : o.‘ .o: ° o o ELSEVIER journal homepage: www.elsevier.com/locate/apsusc
o °
e o ¢e eoo L ::.. . " * Full Length Article
.. ° ® ° g =
° . R . ot
o ® Se o “ Understanding and optimization of the coating process of the Rt
o °, radio-frequency Nb3Sn thin film superconducting cavities using tin vapor
& diffusion method
1E9 Guangze Jiang ™", Shuai Wu™"™", Ziqin Yang *>%", Yuan He®"", Yang Ye®", Hao Guo “*,

Chunlong Li?, Pingran Xiong®, Lu Li?, Shichun Huang *°, Andong Wu ™", Feng Qiu™",
Junhui Zhang *°, Xiaofei Niu®", Qinggang Huang ", Zhi Qin ™", Teng Tan ", Zhijun Wang *",
Shenghu Zhang *, Hongwei Zhao *", Wenlong Zhan "

* Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China

® School of Nuclear Science and Technology, University of Chinese Academy of Sciences, Beijing 100049, China

 School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China
4 Advanced Energy Science and Technology Guangdong Laboratory, Huizhou 516007, China

1E8

0O 2 4 6 8 10 12 14 16 18 20
E,.. (MV/m)

https://doi.org/10.1016/j.apsusc.2023.158708
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IMP Nb,;Sn Cavity and LHe-Free Linac

The first cryocooler-driven SRF e-machine
for various industrial applications will be
commissioned in this Dec.

One optimized Nb;Sn cavity with 10
cryocoolers produce 5 MeV 10 mA e-beam,
suitable for clean-water project, e-beam
manufacturing, etc.
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IMP Reactive Plasma Cleaning

Ar/O, Plasma
Reaction mechanism between reactive oxygen co, i C
. 2 N o)
plasma and hydrocarbon was studied. e

Test platform and commercialized machine
were developed for plasma cleaning technique.
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Shanghai SARI SSRF
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Spare 500 MHz Cryomodule for SSRF

One 500 MHz cryomodule has been horizontal tested successfully in April 2021:
* New design: fluted beam pipe and coaxial input coupler are combined
* Q0=1.0e9 @ 1.5MVand Q0 =7.7e8 @ 2.1 MV;
* Helium pressure stability < +/- 1.5 mbar and helium level stability < +/- 1.0%

* Input coupling is adjustable: (1.5+/-0.3)e5

u;
]
:
!
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SARI Superconducting Harmonic Cryomodule for SSRF

* Function: bunch size lengthen, improve beam quality and lifetime, increase single bunch beam current
threshold......

* Key components: In-house developed, including Nb Cavity, cryostat, HOM absorber, Tuner, Monitor &
Interlock controller, Digital LLRF controller

* Operation with 200 mA top-up beam: lengthen factor is 2.24 at four bunch train filling pattern, 2.98 at hybrid
filling pattern with current in single bunch is higher than 24 mA. Lifetime increased factor is about 2.

0
0 100 200 300 400 500 600 700
Bucket number

1040 ns
200 mA

3HC cryomodule in tunnel Monitor & Interlock and LLRF Beam Operation
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Shanghai SARI SHINE

SHINE: Shanghai High repetitioN rate XFEL and Extreme light facility (600 9-cell cavities, 75 modules)

o \ ..5
| SXFEL user facility !

A

Shaft #2

S e

Shaft #3

wrrj

Shaft #4

Shaft#1 Shaft #2 Shaft #3 Shaft #4 Shaft #5
A 5SS AMO
270 MeV 2.1 GeV 5.0 GeV 8.0 GeV FEL-II, 0.4-3 keV D D SES cDS
—1
"’ -y ., = — ©FELL 3-15keV nesE =
—1 —1 [ —]
Gun L1 BC1 L2 BC2 L3 BC3 L4  FEL-Il, 10-25 keV - s ==
| ! CDE
200m 700m 1200m 1500m 2000m 2300m 3100m

=~ Shaft#5

8 GeV SRF linac, total length:
3110 m -29.0 m underground

3 undulator lines, photons from
0.4-25 keV

3 X-ray beamlines, delivering up
to 1MHz photon pulse

10 experimental stations

A 100 PW laser facility

52



Superconducting Cryomodule for SHINE

Key components: Nb Cavity, high power coupler, cryostat, HOM absorber, Tuner, BPM,
* Both N-doping and midT-baking recipes reached SHINE specs: Q0> 2.7e10 @ 16 MV/m, Eacc_max>19 MV/m, FE free

Infrastructure: Wuxi SRF Cavity post-processing platform (BCP, EP, Pre-tuning, HPR, Furnace, Cleanroom);
Cryomodule HT & Cavity VT platform at Shanghai(Cleanroom, Assembly, Vertical test, Horizontal test)

Research: high-Q & G study; high average coupler; cold BPM; tuner; Solid-State Power Source; Digital LLRF...

V2.0 CM#:2
. Vo=68MV CM#:18
$=153° Vo= ;;fSMV Epeur=5.12GeV Epean=8.734GeV
Eout=265MeV &= 05=0.145% 05=0.082%
79 Feu =108 1p=92A
n
Lo coLo L1 HL BC1 coL1 L2 BC2 Emit L3 Break L4 Dechirper
p
]
-_._m.y"'\._ = 3 -l
(1] ISwitchYard
Eo100Mey | CM#:2 Epeam=265MeV CM#:-24
il Vo=231MV Rse=-61mm V,=2891MV Vo=3614MV =
05=0.086% e _ o 0 Epean=8.725GeV
©=12.1 05=1.69% $=0° $=0° o 032%
6=0.032%

Eq,=326MeV l5=1500A I=1500A
I4=10A




Shanghai SARI SHINE

Status of small-batch high-Q cavities

= International cavities (Rl and ZANON): N-doping, 3/60 recipe applied
= Domestic cavities (~half half): N-doping and mid-T baking

= So far, two production lines have been qualified by small batch cavities: One
international and one domestic.

= Cavities of the other two lines are underway (surface treatment and waiting for VT)

All the 8 N-doped dressed cavities (Line 1) All the mid-T baked bare cavities
4 x 1010 160 tested so far (Line 2, domestic)
I MP quenches 5.E+10 MP quenches
s 08044144, u !
vy assseadANg ro
!‘Iia& J ’.i. &, 120 = n"" 00 Jpeonsdes S
!&3 * ) 2 enf0e s takanast,
- A% ) T L L TTIY O TV
62 x 1010 = W RY0012022.07 ! O — 80 5 8’ x : L N A“
002 202207 ' O © @ NJ001 mid-T 202302 ! amg A
 Roos 200a08. : o NJ005 mid-T 202303 |
»  RY004 2023.04 | — 40 = + NJ006 mid-T 202302 :
3 Roos)ouzss Y 4 NJ0O7 mid-T 202301 ' :
$ Rroost 202305 ' o A NJ0O8 mid-T 202301 | (Under he-tank welding)
1010 A V¥ R Watval W aTTA N AN 0 1.E+10 !
0 5 10 15 20 -5 0 5 10 15 20 25 30 35
Eacc(MV/m) <Eacc> = 26. 0 MV/m Eacc (ng’tacc> = 27.9 MV/m
<Q0>=3.15E+10 <Q0> =3.3E+10
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Shanghai SARI SHINE

Infrastructure for CM assembly and test

- Two 3000 m? for CM Assembly and Test Halls (ATH1 & ATH2)
- Commissioning and gradually put into operation since 2021

- 3 rounds of standard CM assembled and tested
- ‘

S. Sun

i@ TRt

— Sl B
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Shanghai SARI SHINE

Infrastructure for cavity surface treatment

Cavity surface-treatment platform (co-built ): SHINE facilities at Wuxi Creative
Goal: R&D and mass production for cavity surface-treatment
Design: Dealing with all the procedures after cavity fabrication, and before vertical test

Status: Commissioning and gradually put into operation since 2021, undertaking the
surface-treatment of SHINE cavities from domestic companies

~2000 m? platf for cavity surface-treatment
& PR Y

-

of OB Y | g SO
i" 1)

11
e
ol e
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Shanghai SARI SHINE

Test Stands for cavities and CMs

*
S

S.J. Zhao

4 vertical test stands and 4 horizontal test stands are designed in the two halls

In ATH1(Assembly and Test Hall), 2 vertical test stands and 2 horizontal test
stands, have been constructed and put into operation;

The test stands in ATH2 are expected to be completed this year;

The Cryo distribution will be optimized to allow more effective operation of
multi-stands;

The mass flow meters will be equipped to make the Q, test easier than the delta
liquid level method used now.

BT "_'::::;..':'_ : "“ .“"'.?'“:-::'.'
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Shenzhen IASF SSFEL

Worldwide FELs

Wavelength Photon energy

FLASH

European
XFEL

LCLS-II

SHINE

Soft X-ray
Hard X-ray
Hard X-ray

Hard X-ray

Soft X-ray

(001111111 9% /GeV
DE SRF 1.25
EU SRF 17.5
US SRF 4
CN SRF 8
CN SRF 2.5

14 - 300 eV

8.4 -30 keV

0.2 - S keV

0.4 - 25 keV

0.04 - 1 keV

5000
27,000
1,000,000

1,000,000

1,000,000

operation
operation

commissioning

Under
construction

Approved
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Shenzhen IASF SSFEL
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Shenzhen IASF SSFEL

LINAC design

Function: accelerate the electron beam, compress the beam length and increase the peak current intensity

I I
' - [ 1:1 s I 1l e — -
Injector i TR ™12 > Splitter
0

4 [ 4 .
90MeV, 10A, 4.5ps 250MeV, 80A, 0.5ps 1.2GeV, 800A, 50fs 2.5GeV, 800A, 50fs
Backup DCP DIAG1

COLO L1+HL BCl1l COLl1 L2 BackupBC2 EMIT L3
3 CMs 7 CMs

Parameter Design Range
energy 25 1.0-2.5 GeV
1.3 GHz cryomodule: charge 100 10-300 pC
26 sets, energy acceleration bunch length (rms) 50 10-100 fs
current 800 200-1000 A
3.9 GHz cryomodule: _
2 sets, linear compression compensation emittance 0.5 0.2-1.0 COIEO- I
energy spread 400 250-500 keV
MHz

rep. rate | 0-1




Shenzhen IASF SSFEL

SRF Module Test Facility (SMTF)

I * 2 X Cranes

|
B 2 X Vertical Test Cryostats (VTC) .
¢ 3 X Horizontal Test Benches
B 3 X Cryomodule Test Benches (CMTB)
B 1 X Magnet test bench
B 1 X Clean room infrastructure
B 1 X Multipurpose cryo-test Facility
B Cryomodule assembly and integration bench
B Dedicated RF test bench
/ P T) ? 797779 1 ? ? ? = st Facility Cryoplant
e VN A v sl [ENY4 B0 S R B s B e o o =] (TFCP 500W@2K)
o | R il CM Storage&
[ al e - I DKl | ITE B B BB 8 8 £ 6 = 4 orage
e El =] = Preparation for ship |
g = E]} %%b : LI
ol ‘ [ % i 2 - 1
g ;m ! ‘ :
FLiie
© _‘_‘I 7m‘7'LMg—‘ |

R |
® ST

g s

[ sty 3
et G

o0 500 )

~ ~ Ml

v e
P P F [l
< - 13
s . | {8

|3y s B3 IR

e of Advanced Science Facilities, Shenzhen
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Shenzhen IASF SSFEL

SSFEL Project Schedule

Year 2024 2025 2026 2027 2028 2029 2030 2031 2032
Quarter [01|02(03|04|01[02|03[04|01|02(/03|04[01/02|03[04|01|02(03|04[01|02|03[04|01|02|03|04|0Q1|02|03|04|0Q1|0Q2
Start 1/1/4024
ant 1/1/2 * THCP Ready 31/12/2(26
*TL nne|Readly 31/12/p028
Frojact LMs |nstaflatign Complgted
Milestone x* 30/06/203(
B3FEL first ligh 31/112/2031
Prototype Engineering & design, Key
components R&D
Prototype 1.3GHz &
3.9GHz Cryomodule Dressed Cavities Available
& Assembly Practice,
Prototype Cryomodule test
Design
Revision
1 I
2-3#1.3GHz
Cryomodule
Production, Assembly
Cryomodule & testing
Production 3 3
2-3#3.9GHz
Cryomodule
Production, Assembly
& testing |
Design Confirmed, 4-27#1.3GHz
Production, Assembly & testing
Tunnel




Dalian DICP DALS

DALS Project overview

(4Tmm K=2.79-7.53) (47mm,K=2.79-7.53)

D G ) G 0
S /e ) e o

(34mm,K=0.96-4.00) (34mm, K=0.96-4.00)

Dalian advanced light source layout

Driver Heater

é é Diagnostic
100MeV, 3ps, 12A
L0 AN Ll  HL L2 .3  Dechirper
cvio1,02 CM04~06
» BC1 BC2
600MeV, 50fs, 600A

0.75MeV, 10ps, 4A 250MeV, 0.5ps, 80A

1.0GeV, 50fs, 600A

IN® . G0

- i“L N ~ 'LLL S » ; e [ [ B%

e s & TR T TR

oW ’J_JLI_LI_I‘ LLLU o

> o AadE & SR ;I_[,IJ . )\ =

LINAC: 400m Spreader: 100m FEL Amplifier: 150m
s Frequency ~ Number of ~Number
beam energy/ GeV 1 [GHz] Cavities of CM
charge/ pC 100 9-cell cavity CM 1.3 80 10
emittance/ mm-mrad 0.5 9-cell cavity CM 3.9 16 2
rep. rate/ MHz 1
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Dalian DICP DALS

Current situation of injector test facility for DALS

Solidsdate Amplifier

Cryogenic distribution system

Beam line

: - - \ “&Eﬁ
S S . =y L L. \ o
&2 P hr -y u-l 3 i P>

VHF
GUN

Buncher

2 CellCM

ABBA type 9 cell CM

i 1:?.“ s B

Dechirper

Beam energy/ MeV
Charge/ pC
Emittance/ mm-mrad
Rep. rate/ MHz
RMS pulse length/ps
Cooling capacity@ 2 K/'W

90
100
0.5-1.5
0.1-1
4
370

- mﬁ*’ﬁ% s ) ;*!-’A*!z‘}

e

Parameter design
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Dalian DICP DALS

1.3 GHz prototype CM development

collaborate with HIPE

Cooperation with IHEP

e THEP made a 1.3 GHz cryomodule with 8 mid-T (medium-temperature
furnace baking) 9-cell cavities for our project.

* Average usable gradient and Q, exceeds CW FEL projects and CEPC
specs, and demonstrates excellent performance of mid-T cavities in a
cryomodule for the first time.

Avg. Q, @ 16 & 21 MV/m

LCLS-IT
Parameters RIEE (3INES LG CI]-EIiPCan(:gflt: '
Mid-T CM | S3FEL, DALS) Spec &5
Spec
Spec
Avg. usable CW E_ > 12
(MV/m) 27x10%@ | 27E10@ | 3.0x100@
16MV/m | 208MV/m | 21.8 MV/m




Dalian DICP DALS

Current situation of SMTF for DALS

1 X Vertical Test Cryostats(VTC)
1 X Cryomodule Test Benche (CMTB)

1 X Clean room infrastructure

Cryomodule assembly and integration bench

MR KT B AR 3150 m?
o B AKFM K F 6 *1

o & H G T S %1

o BMamkAARK¥

L 1‘:/%“'3]*1

o MKIRIX B BLEH




PKU SRF Linac

10~30 MeV, 0.1~1 mA,
Quasi CW~CW mode

SRF Linac

Chicane

THz Radiation Undulator

DC-SRF-II gun and beam line

Power couplérf Inverted

LHe tank LN, shield A
ceramics

DC-SRF prototype DC-SRF-I DC-SRF-II
(2001-2004) 2007-2011,2012-2016, 2020- 2016-2020, 2021-

Huang S L, Liu K X, Zhao K, et al. DC-SRF photocathode gun (in Chinese). Chin Sci Bull, 2023, 68: 1036-1046

1.3 The 2 x 9-cell cryomodule

It can accelerate the electron beam to 10 ~ 30 MeV

)

Cryomodule
¢ outer barrel

e
ivenk_b

li 4!w;l A

Power coupler
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PKU Large grain cavities

Large grain 9-cell cavities for XFEL

e 6 large grain 9-cell cavities were

fabricated by PKU/OSTEC Q vs E of PKU 9-cell cavities (2.0 K)

1.0E+11
e BCP 180um + 800°C 3h + BCP 30um
e Eacc > 25 MV/m O, R R "= .
%?}Aﬁ% A.A?}&. N A:M‘m. S®e ®000eee
e Q,~1.6-2.4E10 @ 16 MV/Im @ 2.0 K I,
X%
g
1 .‘ + NXPKU1
j*““""f“f""f"'_"“‘l"_‘“e‘""_u!*-‘”-.e""w“"..u._gl _ i"'r f } &) Jf 1.0E+09 | m NXPKU2
Q‘"'!-;"'!';v'n;.!l':.u‘!-..}‘e_-'.‘,,.r,c.,uq_r'.,,,u A I T I 4 NXPKRUS
| x NXPKU4
X NXPKUS
® NXPKUB
1.0E+08 |
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

Eacc (MV/m)




PKU High Q: N-doping
Light doping Medium doping

1E11 T T T T Q vs Eacc of mid-doped cavities (2.0 K)
= 9E10 - ®  baseline E 1.0E+11
P ! 8E104 e Light doping + EP5um|
LYY TE10 - A Light doping + EP7um| * sehol oA bAS MR bigny [y o
B6E10 - v Light doping + EP9um| - PL 7L : .........
0] : Q segeessemm
4E10 — A“““‘“‘““““‘“‘M“ : ” 1.0E+10
I B e Al At
G0 ® %,
N R s e
] - ‘ 0.0 5.0 logacc (MV/HIS.O 20.0 25.0
e o 5 10 15 20 25 30 e BCP 200 pm + EP 50 pm + 900°C
Eacc (MV/m) 3 h
— T vy Treatment  Q (K.6MV/m) E,. (MV/m)
NMFGO02, EP5 2.5¢10 20.7
BCP30+N2/A6+ EP5 3.2¢l10 19.8
NMFGO03, EP10 4.2¢10 18.9
+ EP2(totally EP7) 4.1¢10 20.0
NMFGO04, EP15 4.4e10 21.8
+ EP2(totally EPY) 3.6¢10 20.7
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PKU High Q: N-infusion

650 MHz 2-cell CEPC cavity 162.5 MHz HWR

1.3 GHz 1-cell cavities N-infusion. 165°C N-infusion, 160°C

TP " 1e()0 . Q vs Eacc of HWRI1
LOE<11 Q vs Eacc of N-infusion cavities (150 180 C) Q vs Eacc of 650 MHz 2-cel(av1ty (2'0 K) LOE+11
’ 1.0E+11
0000000000000 00
_ X X XX O0RK g * o ¢ o o,
(I XL L *—ofe
® . %ﬂ Lohes M;gn.. ‘\‘ "
*‘+0-++*,_E§$-+ ¥ 305 gy % EENEENE NN N
A o0s [ 10E+10 —* ¢ o
00% ° : * e
o
= ALGO1 150C - -
© 1.0E+10 + 01603 150C <] \ S “a Soey °
© NMFGO1 150C © R L S
@603 165C 1.OE+10
X NMFGO3 165C
X NMFG04 165C 1.0E+09
+LG01 180C A 42K, before N-infusion
_' Il:l?\jl)gGl()slmlstC #2.0K, before N-infusion
®BCP200+800C 3hr+BCP30 @4 .2K, after N-infusion
1.0E+09 | BCP 30+N-infusion, strong FE W2.0K, after N-infusion
0.0 5.0 10.0 15.0 20.0 25.0 # retest, after 5 months, added HPR L OE+08 ‘ ‘
4
Eacc (MV/m : ‘ ‘
( ) 1.0E+09 ; I 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 Eacc (MV/m)
Eacc (MV/m)

Q improvement: 165°C > 150 °C > 180 °C ] ]
Before infusion

IS OGN Bascline, BEP2E00CTBOPSY — Q,~7.9510°(2.0K, 10 MV/m)
0 . . y

~38%1010
LG03, 165°C  3.5¢10@16.0MV/m Qo~ 3:8x107(2.0 K, 20 MV/m) 1.3X10° (4.2K, 10 MV/m)

Noinfic oo
NMFGO3, 165°C  33¢10@152MV/m  DCT o0*N '"f“s'?on After infusion
Qy~6.7xX10"(2.0K, 20 MVIm)  Q, ~1.4%x101°(2.0 K, 10 MV/m)

NMFG04, 165°C  3.5¢10@14.9MV/m 16X10° (4.2 K. 10 MV/m)
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PKU High Q: Medium temperature baking

1-cell cavities

100
éwwgs
,(
a&&,ﬁ
10 .
10"
O LGOI-EP30+350°C3h
O LGOI-EP5+800°C3h+AirExposure48h+300°C3h
% O LGO2-EP30+400°C3h
0 O LGO2-EPS+800°C3h+AirExposure48h+300°C3h
9 ¢ NMFG03-EP30+400°C3h
{  NMFGO03-EP5+800°C3h+AirExposured8h+300°C3h
% OSTEC03-EP30+350°C3h
% #  OSTEC03-EP5+800°C3h+AirExposured8h +300°C3h
| | e | | | | | |
0 2 4 6 8§ 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
E (MV/m)
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800°C3h+AirExposure48h+300°C
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Qq: 2.8-3.4E10@16MV/m

9-cell cavities
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» 800°C 3 h

» Air Exposure 48 h

» 450°C 3 h

» Qu~2.7x10"°@
16 MV /m

> Q, @ 16 MV/m
> ~2.7 x 1010 (BCP)
> ~2.3x 100 (EP)
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PKU Nb,;Sn cavities and conduction cooling accelerator

Tin vapor diffusion for Nb,;Sn coating

4.2K vertical test

: : : @  NSB4/Sth H
L J : : : ®  NS02/23th i
L ; ; ; -
® ®g9, :
L 3 e
‘"'.'”%
H rY

8 10
Eacc MVim

temperature/K

Q,~ 4.8x10° @4.2K @ low field
max. E, .. ~ 17.3MV/m

1{?:

10¢

>

Conduction cooling for Nb;Sn cavity

EE.-; + : L - . " " . - L] | |
& 000 &
7. 20
7. 000 .-
2. =00
A : =
- s [ 4 AT ZEER
» 3 [+ RERINEES|
Y
40

T T T T T T T T
0.0 0.3 1.0 1.5 2.0 2.3 3.0 3.5 4.0 4.3
E

CW running of Nb;Sn
cavity with conduction
cooling

Qo =6.7 x 108

@E 4ccmax = 1. 75MV /m

» Cavity heat loss: 0.58W
» Ave. T of cavity ~ 7K



Hefei USTC HALF

Hefei Advanced Light Facility (HALF)
4t generation synchrotron radiation source

A - " = = b it
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Hefei USTC HALF

499.8 MHz SRF cryomodule
(in collaboration with IHEP)

CHCNONC)

High-power input coupler

SRF cavity (V, =1.5MV)
Solid-state RF transmitter
HOM absorbers

High-power input coupler (Pin = 140 kW) | | Vertical tests show that Q, = 1 x 10° for an

accelerating voltage = 3.84 MV
HOM absorbers
‘ ———— Solld-state RF transmitter

ST

- HOM absorbers

High-power input coupler has been has been
cold-tested and waiting for high- fabricated and 500 MHz / 250 kW solid-state RF
power tests. cold-tested. transmitter has been manufactured and

successfully tested.
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Hefei USTC HALF

1499.4 MHz SRF cryomodule

(in collaboration with SARI)
® SRF cavity (V, =05MV)

Mechanical
tuning range

Mechanical
tuning sensitivity

Mechanical
tuning accuracy

Piezo tuning
range

Piezo tuning
accuracy

SRF cavity -

HOM Absorber '
E 105¥

bl 10

- :;;‘10'5
[-200 +500] kHz i e e ——

.0 0.9 Frle.ﬁueucy (éflzj 3.6 4.5

3.153 MHz/mm

A]OIU

E
20 Hz ?
20 kHz p vu,
10 HZ . 0.0 U‘S ljS 2j7 3;6 4.5

Frequency (GHz)

75



CAEP CTFEL

L

i

AN A2 e X

magnetic, | 80K | | 2K 4-cell SRF
- shield layer | | layer | | cavity@

SREEETSEE
BKETER
BRI E
RABBKRELIIINE
RAIE{EINE

BFREREE
FFIREERT
I—REE
M
g S

ARRES
FHRE

AR
SRF accelerator P

FELiZitS#
0.1 THz~125 THz
2.4 um~3000 pm
500 fs~20 ps
>100 W
>3 MW

HBFRIgTSEH
~50 MeV
<0.3% (FWHM)
<15 pm@100pC

50 pC~100 pC
FRKFES1~10 Hz, 7=RKH<AE100 us~100 ms
iRAeRitE
uUs8 u3s u48 U35
28 g
58 mm 38 mm 48 mm 35 mm
10 42 40 40

0.1~0.7 THz 0.7~42 THz 2~20 THz ~ 15~125 THz

THz and Infrared.

SRF linac 8 MeV FEL to
upgrade to 50 MeV ERL.
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Summary

« 20 years blooming SRF R&D at IHEP and in China. We are in a golden era of large
SRF accelerator facilities design and construction in China (2010-2035).

« Many challenges in the design, development, construction and operation of SRF
systems for the colliders, light sources & FELs and proton linacs, as well as SRF
application in industry.

* Domestic and international communications, exchanges and collaborations are
always very important and will benefit to all.
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