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1. Evolution of
CAFe

2. Machine
Upgrade since
SRF’19

3. Recent 1002
beam commission:
100 kW for 100 h
and nominal testing

Outlines

1. SRF trips and
mitigation during
high power beam

2. Dirty operation
and Surface
processing history

3. High power
beam dump
experience

Technical Advances
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hina Initistive fccelerator Driven System

1. C1ADS timeline
and new challenge.

2. New cavity
structures and
materials.

3. Conclusion and
outlook.
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China Initiative fcoelerator Driven System

2011~2017, CAFe: China ADS Front-end ] 6.7 2017 leted. 25 MeV. 0.17mA
1 Supported by Strategic Priority Research Program of CAS(SPRP) une: o », completed. €V, ULIMA,

around 10 min, CW, P; collaborated with IHEP

Dec. 31 2018 — Jan. 7 2019, achieved 16.1 MgV,
2.1 mA, 100 hours, CW, Proton

2019~2021, replace the spoke CM with a HWR CM Mar. , 2021, achieved nominal specification, CW
3 Supported by Nature Science Funding Grant No. 11525523,
SPRP Grant No. XDA21010202

20 MeV, 10 mA, 200kW, Proton; 17.3 MeV, 7.2

and IMP mA, 127kW, 108 hrs; and 10 mA, 174 kW, 12 hrs.
Facility for SHE and material irradiation
4 2021~future ey s cx : d ( ' c ‘ c ST ‘- Complete COIlStI'uction.

CAFE2: China Accelerator F ac111ty for nEw Elements
Replace the front-end and MEBT, install a recoil spectrum
Supported by SPRP Grant No. XDB34010000 and IMP

Introduction Operation Experience at CAFe, Yuan HE SRF2021

Ca~Z7Zn,A/q<3,5~15puA, 4.5~7 MeV/u

First experiment in September 2021
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High Power Test in 2019

*Operation time 129.2 hours, downtime 12.3 hours, availability ~89%
*Trips 1s 66 and 64% due to RF system, mostly LLRF.
*Max power is 45 kW with 2.55 mA @17.5 MeV

Trips distribution

RF system
lon source
® Hunam factor
) = Control system
i I ———_—— , ' > 'gﬂdiﬂﬁm}
T ' Y4 4% m Cryogenic

. |7 Fist stage (15.8MeV@R2.0mA) Second stage (1e4MeV@2.2mA) L m PS system

® Beam instrument

e

L - - i

ENENETT

Trips distribution

BEAM INSTRUMENT
PS SYSTEM
CRYOGENIC
RADIATION
CONTROL SYSTEM

| L T - S—_— —
HUNAM FACTOR

- 1st stage: 2018/12/31 18:44 - 2019/01/02 23:42  +2"d stage: 2019/01/04 08:08 - 01/07 09:03 SHi s

RF SYSTEM

0.89 90.7 min 11.1 min 0.89 113.7 min 14.6 min

Introduction Operation Experience at CAFe, Yuan HE SRF2021
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First VAC rising at HEBT stops BPMs along the acC, w/o]ump BPMs along the acc were normal during 7
the beam at 9:30 before and after the trip seconds; VAC shows the leak
Bfromswh 076 25 14

OR1GINAL

One year after accident, Dose near the dump inside of the dump facing beam damaged inner suface

Introduction Operation Experience at CAFe, Yuan HE SRF2021
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Improve the Stability of SRF cavities
* New digital low-level RF system with adaptive
learning FF and FB
* Independent monitor system for phase and amplitude
« Mitigating Microphonics and pondermotive -
* Flashover trip
Construct a New HEBT and a New Dump
« Enlarge the aperture of HEBT
* New aluminum dump for nominal 120 kW e i o v
 Beam loss detector and Image system o
Improve MPS and RRS
« Machine Protection System base on beam loss
« Rapid Recovery System base on Timing
Replace the Spoke CM with a HWR CM
* Prepare for the acceleration of heavy ion

ACCT

Introduction Operation Experience at CAFe, Yuan HE SRF2021
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4]
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Goal of Commissioning Campaign

100 hours operation with more than 100 kW (>17MeV, >5mA) beam power
* 12 hours operation with 10 mA (>17MeV, >10 mA) Dump @

* Testing with nominal energy of 20 MeV and current of 10 mMA  pceT

HWRO010 HWRO010 HWRO1 O HWRO1 3)

Introduction Operation Experience at CAFe, Yuan HE SRF2021
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. . | : 20 Fheelin - CEATHY :-!.:H-Hmwn 20 RFQ CM1 CM2 CM3 - Beam
30f -_:u' | it \ / = Liae 1.5MeV 412 8.05 11.95 g
) | - MeV MeV
ad ©-25] [ / ~15 = |'V'9V|
b | |I | |' % “ re—ple—ple— ——
g 530 | [ | <EF
S 15} a | / | | =
% . 5_35-/ \,J | III' & CM4
& ol 5 I > 19.7
| —g -40 | =5 MeV
0 5 10 15 20 S Positinnl{?rn) 15 5 16 15 20 25 30
Cavity list Position ( m)
The synchronous phase The energy along the linac

-

Nominal Epk of the 23 HWR resonators

Kusuap ajarued pazieuuioN

Position (m) Position ( m )

envelope along the linac transversal beam density

Introduction Operation Experience at CAFe, Yuan HE SRF2021
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Operation from Jan. 20 to Mar. 10, 2021

Attempt to SmA, Attempt to 10mA, Attempt 100~200kW, long-term operation
tuning LLRF overcome BL, test RRS improving RRS and stability of SRF J

The first CW 5 mA The first CW 10 mA Several attempts to 108 hrs, CW, 8 12 hrs, CW, 10
proton beam T — ~ proton beam T long-term operation = mA operation ~~~ mA operation

110 120

i IS BT IR S .n.a.-‘

......................................................................

100

8.0

SEEHEE
\

B.O

70

DCCT Ibeam
8
i

30
M I T

20

1.0

0.0

Operation Experience at CAFe, Yuan HE SRF2021
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' oz00 ' 0330  oso0  paa0 os00 T L T
2021-02-11
= . w/o FF (10 mA) with learning FF (10 mA)
| //Q - P A.iu‘l xlu“'
[ uaSI Square thamslan Nbcamcnd — 2.5 T T T T — 2.5 T T L) L)
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» High Beam-loading issue is one of the main Time [us] Time [us]
challenge g - - - r_-1105 ’
g E; los fp > 7 -
NP : =101 |} i D
> A simplified iterative learning control method ‘,L; s :W o ;_”H o
( with square shape FF) was successfully applied I o 9 o0, sonr e am T
to compensate for the beam-loading effects. Time [us] Time [us] |

Introduction Operation Experience at CAFe, Yuan HE SRF2021
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Historical Data of 108 hours @ 120 kW

Pump failure
PS failure  LLRF failure  Near dump Timing system PC

EMC Chassis PS replace failure, unknown reason
0 l >
'--0.:.- -,Atllr‘.'.:l l:l:'..'" l':'~ Liete brswmewr L-m;rv-..- v,‘|-.--‘-,‘;\trm-..¢-,‘-mq.«rv,u-»-‘.-,»r!‘.k.u;:l-lb-« " 4
95 2 A L B (17.18MeV@~7.5mA) |
81 T ——Hr—t 1 et = - | Energy 17.27£0.03MeV
g | | |
g- | |
i Current 7.3010.02mA
1z %] |
o m8 Beam power 126.0kW
& |%g
(-8 | Pre-set
= o+ 1 ‘e
2 B g Temp:. rising of dump , 108 hours
I | | operation time
8- e
! e z Availability 93.5%
°‘ | owe*r'calculated by | | | | j Availability of
84, . Toump ,Vcoolingwaterl ..... | SRR | I S AT — 0 L ] 98.0%
12:00 00:00 12:00 00:00 SRF
2021-03-04 03-05 03-05 03-06

| CEFEC Tl eas )

IS arcs, maybe mistake of MPS and RRS Logic

Introduction Operation Experience at CAFe, Yuan HE SRF2021
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Operation Period: Trip counts of different duration
9:42, Mar. 4, 2021 ~21:43, Mar. 8, 2021; i: » Most trips <1 min can be RR
Data: 2 and less than 10 s in future
Operation time: 108 hrs (pre-set by the reviewers) i, 1
Downtime: 6.85 hrs » ,
Availability : 93.6%
MTTF: 9.3 min (12.1 at the first 72 hrs) I -
MTBF: 135 min (382 at the first 72 hrs) <1 min 1 min~5 min >5 min
TRIP DURATION DISTRIBUTION TRIP DURATION DISTRIBUTION MODES OF BEAM RECOVERY
>5 min >5 min
10 s~5 4% 16%

min
22%

- <1 min

1 m|.n 3 549%
min
30%

All trips <10s are Rapid recovered, not court.

Manual
82%

Introduction Operation Experience at CAFe, Yuan HE SRF2021



TRIP TIME RATIO

TRIP COUNTS RATIO

OF DIFFERENT SYSTEMS OF DIFFERENT SYSTEMS Trip
sources
Control RF RF
Diag
oo Cryo.
Vacuum IS IS
Trips’ distribution in one day MRF WIS @Vacuum EPS MDiag [ Control
0 Vac.
nw%ggwmml%a
20 0] A e main trips’ sources
18 6 « But the Vac. and ctrl.
17 7 took max downtime Diag.
N NG » Almost all trips occurred
from 7 am to 8 pm Ctrl.

Trips’ Distributions

6360

0

1103

7598

1244

35

8317

Downtime (s)

26%

0%

4%

31%

0%

5%

0%

34%
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Avg
Trips time
(s)
18  41% 353
0 0% 0
8 18% 138
3 7% 2533
0 0% 0
2 5% 622
1 2% 35
12 27% 693

Operation Experience at CAFe, Yuan HE SRF2021
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RFQ waveguide temp. alarm PS Arc, R manually
AoFEASOma xa Energy 17.27+0.03 MeV
2. MR AR H(17.27MeV@~10mA) | -
g :
o Current 10.08%£0.00 mA
-2 E 8 v © 9
5o % | :"-‘% Beam power 174.0 kW
:; 0¥ 8 i
: * 53 Pre-set
-1% 2% & 12 hours
3 s operation time
8- -
' F3 Availability of
2. Ea 99.6%
d ! “ SRF
e 0‘2 00' R 0400 1 06‘.007- == 08'00 R 10'7007- ’ 11 léIOO - 8 Availability Of
2021-03-09 o 96.2 0/0

whole system

CM2-1 coupler V%c. IS arc,lR manually.

Introduction Operation Experience at CAFe, Yuan HE SRF2021
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~ e by Power
,_D-I. I.Lﬂ” : H : i H -_a:
< - |y
= I T T T LA B | I— T L | LN I T
11:12 11:14 11:16 1118 11:20 11:22 = TOtal Tlme 12 mins
2021-03-10
B Chen Update
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1. Evolution of
CAFe

2. Machine
Upgrade since
SRF’19

3. Recent 1002
beam commission:
100 kW for 100 h
and nominal testing

Outlines

1. SRF trips and
mitigation during
high power beam

2. Dirty operation
and Surface
processing history

3. High power
beam dump
experience

Technical Advances
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1. C1ADS timeline
and new challenge.

2. New cavity
structures and
materials.

3. Conclusion and
outlook.
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E..s used in two lattices

30
25
£ 20
=
S 15
% 10
5 |
D CME: 10 I!M.".Ln CMa; 1-E ChAAC 1-5
CM1 CM2 CM3 CM4
Cleanroom 2015.3 2018.12 2019.8 2019.10
Online 2015.4 (17.1-18.9 oftline) 2019.2 2019.10 2019.11
comments Online FPC replaced Vac. leak

Operation Experience at CAFe, Yuan HE SRF2021
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RF trips in CAFe

Flash-over & E-Quench LLRF trip & Ponderomotive

arts of the total trips - -
parts ¢ PS o e | S T 1
including <10s B e R i waffff  { ‘V'\;
Vac: 2% PS: 1% ~ i 5 \/c phase by \c phase '
* (LLRF tripy .  (Ponderomative)

Scalogras snd betantasecns | reguences 2l =1 ead bastasstascons Loy

> RF contributes the main

Diag: 7%

Ctrl: 8%

Spectrum

Frogeescy (M)

RF: 73% Thermal-Quench - He. Fluc.

I = sz I i =3 1
RF Trips % : | 2 | LN 1 e
| ]| L —— O |\ N (i IR
CAFe @ ;" ~
7AW - PR Ly
174 kW : £ : e e e : s
N— s o

Operation Experience at CAFe, Yuan HE SRF2021
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E-Quench phenomena

» We observed the " E-quench” phenomena. o—

. o Caydby Pick-up

» Energy stored in the cavity is completed
absorbed by dark current within 1 ys.

Forward

Relecion

Normal RF pulse E-quench
10000 - - - ; 8000 : . — .
Ve
- —Vf _ 5000 —\ T Energy stored in the cavity
5 8000 | ] E ) 2
3, 560001 g | lost within 1 us
= S 7.6025 7.603 7.6035
5 6000 5 x10° O
s < 4000 | :
2 2 E-Quench (J-Lab) : The accepted theory is that
“ 4000 1 “ electrons are stripped off of gas molecules and
S £ 5000 | accelerated by cavity fields. The initiating mechanism
g 2000 g has been, and continues to be, an area of investigation,
PRAB, 23, 114601 (2020)
0 - L . 0 . . | 1] ~—
7 72 74 76 78 8 7 72 74 76 718 8
Time [ps] %10% Time [pus] x10*

Operation Experience at CAFe, Yuan HE SRF2021
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Flash-over Phenomena

| Reflection
I i Wl

Amplitude of cavity-pick-up

Phenomena: the actual cavity field is Phenomena: A real “cavity field drop” 12000
not affected. An undesired response is observed (part of the energy stored in |Type |
may occur under LLRF feedback. cavity is absorbed). 10008 ~
Mechanisms: discharge of pick-up Mechanisms: still a mystery, probably 2 50007 §
coupler (probably). related with FE triggered break-down « 6000
& 4000
2000 -

76000 76250 76500 76750
Time [us]

Operation Experience at CAFe, Yuan HE SRF2021
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%) Mechanisms of RF trips
.
» The RF trips can be

v
classified into three v - . :
, External Intrinsic Actuator | Causes of RF trips
categories  (LLRF  pisturbance Instabilities Saturation | (LLRF expert viewpoint)
expert viewpoint): . : , | . . )
. External perturbation Flash-over || Microphonics || Beam| |Ponderomoptive| |Quench ||He. Fluc.||Power source Physical mechanisms

. Intrinsic instabilities l —‘ l 1 v —v v v l

Filter | | Reduce Field| |FB optimization| | Adaptive FF Detuning opt. Swith off RF SO|U’[]O[’]S

. Actuator saturation

Part of RF trips during the beam (RF)-commissioning

mmmmmmmmmmmmmmn-

He. fluctuation

Ponderomotive v v Vv | v v v | | v v VW | v | v | v
LLRF trip y y y v v y y y
Flash-over v W v W[

E-Quench J N

Thermal Quench v v V

RF power source ) vV | vV | Ay | vV | vV |

Operation Experience at CAFe, Yuan HE SRF2021
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Epeak (amplitude) LLRF response  ——

, s x10t . . . . , =10t . . . .
7 10000 : | | 8000 T '
?: 2 9000 ] 1 ? 15t p -15 us ]
> TO Solve thls problem’ .": 5] i::z:z | .;. T500 "‘v'h'"f"' ”I,._ﬂ_._.__;. Mﬂd“u’mm
we a d de d 3 f|| ter to —% (|l 3604 36.06 I.MI'J’&_-"I V‘/\m} | _%' LT 36.03 3604 3605 3606 [ e
_5 o5 | W/o “Flash-over Filter” | ] E" 0.5F T
prevent the LLRF With “Flash-over Filter” \,
0 - - - — : 0 - - - - :
0 10 20 30 40 50 ( 10 20 30 40 50
Ioop response. Time [ms] Time [ms]
| Flash-over alarm | Epea| L Epeax |

» Validity of this
method was

demonstrated during
the 10-mA beam

e}
z

L)AL AR AONCEVRIORAY WLAER

Flash-over Alarm (both Type | & II)

~26.4 g
WW w 2635%
Epeak (amplitude)

Flash-over alarm [arb. units]
o
Fr
i

commissioning. 4263 ¥
—03 .
k h —-0.15 %
Epea (p ase) {03 £
00:00 06 00 12:00 18: OO 00:00
Mar 05, 2021

Operation Experience at CAFe, Yuan HE SRF2021



Degradation from single-window Degradation from particle migration

coupler leakage and replacement from RT part

2016.09.28
Performance after couplers' repiacement with dual-windows onkne
2016.03~2016.07
Limited by vacuum leaking from signie-window coupiers
i " " i 1 i i 1 i A 1 i A 1 " " 1 " "
10 12 14 16 18 20 22
FE onset Average (MV/m)

Degradation due to gas desorption

from surface of coupler

&N
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China Initiative Accelerator Driven System

maep i b by —— e, —— . —— .t e .

x|
# & " | Vacuum of coupler | |
g 7] . LI

SRR AVESI

SCRRCAIBENE
b 10 arat = 1

5 . Epkofcayity : “ “

=3 i
Fors B

Unknown contamination during assembly

202012
Operation for 2 years after re-operation since 201810

2018.10~2019.06
Re-operation after stay outside tunnel of 20 manths

201612
Performance before removing out of tunnel

|

12 I - . 14 I I I 16 18
FE onset Average (MV/m)

Operation means the contamination comes from anywhere.

The degradation 1s inevitable.

20

Introduction Operation Experience at CAFe, Yuan HE SRF2021
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A
3 o Ay LV 2
o & 4 Vuy
. " 'v’
. FY "
169 . ‘&‘ v
. d
® (C) v'( )
-
f(a) (b)
*la
1E8 .‘
- - p- - . -
N:g. | & Airoxposure+backing
‘ | ® Plasma cleaning
' | & Plasma cloaning
| » Plasma cleaning
167 7 i

S 10 18 20 25 % 38 40 a4 8
Epeak (MV/m)

Bl Gassline

2020.01.05 Fifth helium processing Il HeliumProcessing
30 LI Atmosphere'/ent+PlasmaClaaning

2016.12.06 Fourth helium processing

2016.11.25 Third hellum processing E
- E. 18
N — S . . . 2016.10.26 Second helium processing E
5
2018.12 w
FE releved afer re-reatment in cleaning room 2016.10.11 First helium processing w
with optimized assembing teachnoiogy .
Limied by 2:::: m;n onlne 2016.09.28 Initial operation without helium processing
14 1‘6 118 210 2l2 2l4 2.6 le 310 32 10 ' ’ > 112 ’ ' ’ 114 A — 1ls — A 1l8 ' ’ - 20 Chis-1 Chas-2 Chas-3 Chia4 CM4-5 7-°‘ = I17I-5I = I13I-0I = '1&5
FE onset Average (MV/m) FE onset Average (MV/m) Cavity & Average FE onset (MV/m)
Most effective but time cost of 2~3 months. Time cost of hours but limited with saturation level. Effective for carbons with time cost of 10 days.

What is the types and components of contamination on the inner surface of SRF online? And how to choose proper recipes?

Introduction Operation Experience at CAFe, Yuan HE SRF2021



Surface Processing D

FE onset of each cavity on Jul. 2020 and Jan. 2021

MEBT

# FE onset point was marked at Gam=0.3~0.4uSv/hrs.

B Ecfore crye-HP, mean 17.2MVim Bema
B After cryo-HP, mean 18.4MVim B
258

a8 Il Bztore cryo-HP, mean 12 6MVim SCMmi _ [ Hl Before cryo-HP, mean 18.4MV/m _ I Bztore cryo-HP, mean 18.8MVim
B After cryo-HP, mean 15.6MVIm -t BB After cryo-HP, mean 21.1MV/m 1t B Afer cryo-HP, mean 22 0MyIm
25.3

a0

FE onset{MV/m)

Chd-1 Cd.2 CM4-3 Chd-4 CM4.5

CM1-4 CM1-2 CM1-3 CMi4 CM1-5 CM1-6 CM2-1 CM2-2 CM2-3 CM24 CM2-5 CM2-6
CM3-# CM4- #

CM3A CM3-2 CM3-3 CM3-d CM3.-5 CM3-6

CM1-# CM2-#

Average gradient of 4 Cryo-module increase 3.0+ 2.7« 3.2\ 1.2 MV/m, respectively.
Cavities that are closer to room temperature part are inferior. This might relate to the migration of contaminants.

Operation Experience at CAFe, Yuan HE SRF2021
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Design Principles:

 Larger beam spot and cone dimension to limit
power density at ~200 W/cm?.

» AlI6063 and pre-shielding with Pb for lower
residual dose.

« BLM,TIS, DCCT, Collimator for CW real-time

monitoring and interlock protection.
g P Emlttance TIS
T““ﬁhﬁﬁr"“ | o ...waw“ﬁmﬁf" w Vacuum side Temp  Water side Temp  Pressure
i / ) / 120 kw ==
. | s 38 m¥h -
S|mulat|on S|mulat|on i
Ebe 80 [ m] NEDOD 100000 1 108000 180 kW :
. 8 Wimi] - Yijernd] I 53 mlullh M
: ;
j |* ] i?ﬂ" 120 kW 180 kW 200 kW
4 m T
*""""'"""“r;] '*e“;";ur*e“n;;":tm P "“‘“}IS‘ : nrwea  TOtal CW beam 2049 mAh

Operation Experience at CAFe, Yuan HE SRF2021
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1. Evolution of
CAFe

2. Machine
Upgrade since
SRF’19

3. Recent 1002
beam commission:
100 kW for 100 h
and nominal testing

Outlines

1. SRF trips and
mitigation during
high power beam

2. Dirty operation
and Surface
processing history

3. High power
beam dump
experience

Technical Advances

p
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1. C1ADS timeline
and new challenge.

2. New cavity
structures and
materials.

3. Conclusion and
outlook.
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The Numbers of CiADS &1

China Initiative fcoelerator Driven System

; Managed by IMP;
The world’s first MW- Involved: THEP, CIAE, CGN...

Location: Huizhou, Guangdong
level Prototype ADS Budget: 4 billion CNY (~620 million $)

* Energy: 500 MeV (to 1.5GeV)
* design current: 5 mA (to 10 mA)
* Reactor Power: 10 MW

modes: pulse&CW (Hus gap
for reactor)
energy stability: £ 1%@100ms
current stability: £2%@100ms
position stability: & Imm
profile stability: vv X 1mm

CiADS:

* T1: low power dump 50 kW; accelerator study; nuclear physics - Beam-trip-duration

» T2: liquid metal target 250 kW ~ MW; material irradiation, toleranceis 10 s.

 T3: granular target 100 kW ~ MW, target study ‘ « <10s, rapid recovery

* T4: 10 MW fast reactor, LBE target, Keff ~0.97; demo of ADS « 10s~5min, <2500 /year
* T5: upgrade ISOL target: iLinac of HIAF is post-acc, to 100 MeV/u * >5min, <50 /year

Officially funded in July, the first beam of RFQ in Dec. and the first beam in reactor in 2026.

Towards CIADS Operation Experience at CAFe, Yuan HE SRF2021
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China Initiative fcoelerator Driven System

Nb/Cu clad cavity technology: a robust technology for SRF accelerator
with an improved operating stability

*  High mechanical stability, thick Cu and thin Nb (e.g. Cu/Nb (8mm/1.5mm)) e Back-coating copper on cavities made of Nb
High thermal stability, Cu with higher thermal conductivity; sheet S “OPP
e Performance of bulk Nb cavity;

» Two strategies are being pursued

Based on Nb/Cu composite sheets and traditional forming technology

PR I 2 T - oo
) e s
a0’ b - ¥ g
3 2.0
O ax g z
s 2 g 12
40000 g sl
- - % - - 90 TBE . Locentz force detuning coefficientiLFD_coefr)
o 00 Y Py "';‘;""’" %3 1085 1278 “"‘”““:’m"" mc‘;“""’ 3""““:’""“"
..... = AAS - BokamT) Cavity Type 4 T <
A photo of two single cell elliptical cavities Test results of the single cell elliptical cavity Mesured LFD_coeff. between 3mm Nb cavity Spoke021 cavity coating with copper
and Nb/cu cavities
v' High sen§1t1V1ty to cooling dynamics crossing Tc . its: RF performance and mechanical
v" About 6 times improved of LFD. Coeff. And df/dp compared to 3mm Nb cavity properties.

Towards CIADS Operation Experience at CAFe, Yuan HE SRF2021



Conclusion D

hina Initistive fccelerat

* 100 kW, 100 hours cw proton beam had been commissioned on CAFe,
with only 23 SRF cavities. Nominal power of 204 kW beam was achieved
with 12 mins duration. These showed the feasibility of commercial grade
high power cw proton machine.

* New technologies including beam dynamics, surface processing, beam
loading effect, LLRF control, and reliable dump contributed to this success.

« The ADS front-end demo linac CAFe started commissioning in 2017 and
achieved nominal specifications at the beginning in 2021. It requires more
the reach a MW-grade ADS demo facility, CIADS. More improvement

iIncluding new materials, new structures, and new control methodologies
are under development.

Operation Experience at CAFe, Yuan HE SRF2021
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