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• Approved by central Gov. in Dec. 2015
• Leading institute: IMP
• Budget: >1.8B CNY (Gov. and Corp.)
• Location: Huizhou, Guangdong Prov.
• Cooperation Partners: 

IHEP, CASHIPS, CIAE, CGN 

China Initiative Accelerator Driven System (CIADS)
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Project CIADS (2018-2024) 

• Sub-critical core: 
• LBE coolant
• <10 MWt

• Spallation Target: 
• granular flow
• >2.5 MW
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Chinese ADS Front-end Demo Linac
• Major target: to demonstrate the technology of 10 mA 

CW beam of superconducting front-end linac

• Supported by “Strategic Priority Research Program” of 
the Chinese Academy of Sciences in 2011 – 2016.

• Collaboration with IHEP

RFQ/IMP CM1/IMP CM2/IMP CM3/IMP CM4/IHEP

frequency 162.5 MHz 162.5 MHz 162.5 MHz 162.5 MHz 325 MHz
output energy 2.1 MeV 5 MeV 9 MeV 17 MeV 25 MeV

cavity type 4-vane HWR010 HWR010 HWR015 Spoke021
cavity number 1 6 6 5 6



Commissioning Hall and Tunnel

Power Supply Array SS AMP Array

Commission Hall 10 MeV Linac



Commissioning Stages since 2014

4 � ECRIS + RFQ + CM1 + CM2
� Energy is ~10 MeV
� First beam September 15th, 2016

3

� ECRIS + RFQ + CM1
� Energy is 5 MeV
� First beam June 6th, 2015

2

� ECRIS + RFQ + MEBT + TCM (single HWR)
� Energy is 2.5 MeV
� First beam  October 1st, 2014

1
� ECR + RFQ
� Energy is 2.15 MeV
� First beam June 6th, 2014
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First of world to demonstrate the 10 mA, CW beam, at the 
low-energy superconducting Linac

• Highest CW beam power of 6 MW, 10mA/CW@600MeV for CIADS
• Only SARAF demonstrated 2.1 mA, 2 MeV proton beam before

Challenge of commissioning of CW RFQ
• RFQ matching for upstream and downstream
• Detuning due to beam loading
• Coupler, AMP, and Circulator trouble due to CW RF power

Challenge of commissioning of CW superconducting Linac
• Twiss parameters re-built at MEBT to initializing beam 
• Orbit alignment and phase calibration
• Machine protection under high beam power
• PFC trouble for superconducting cavity
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RF system of RFQ

� Two FPC are used in the RFQ cavity, maximum power is 120 kW;
� A power divider is used to divide the forward power into two couplers;
� A phase shifter is installed to balance the phase between the two couplers;

Injected beam

Power supply

Main amplifier
(TH571A)

Pre-amplifier

Control 
cabinet

inch

inch

Total length of the transmission 
line are about 30 m.

Dummy load
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RF Operation Status of RFQ
• Conditioning from April 16 to June 10, 

2014, to reach 100 kW, CW  RF power
• After 15 months operation, one of FPC 

was broken, then input cavity, socket, 
and output cavity were burned in series. 

• A 200 kW, CW circulator of AFT was 
destroyed by arc between cooper pipe 
and cover plate, conditioned up to 50 kW 
only.

• Two SSAMP of 80 kW resisting full 
power reflection instead of the tube AMP 
finally.

Input cavity Output cavitySocket of tubeCoupler

Burned 200 kW circulator of AFT
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Matching between LEBT and RFQ
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RFQ Voltage calibrated with energy spread, 
more precise than Transmission.

Solenoids (A) LEBT exit EMS measurement RFQ entrance (Parmteq)

G1 G2 I  (mA) α β mm/mrad ε α0 β0 mm/mrad
210 270 10.0 -2.97 0.18 0.14 1.62 0.070

RFQ exit Emittance with G2

Pf 100 kW, ~2.18mA,  200us/1Hz η = 97%
H
V

RFQ exit Twiss with G2

Space Charge Compensation Match point, with acceptance



Commissioning of RFQ alone

Record of 10 mA CW beam

First attempt to CW beam

� June 6th, 2014 the first beam, 2.16 MeV 
� June 30th 10 mA, CW, 21 kW, 4.5 hrs
� July 18th-19th, tested and reviewed by CAS
� Operation beam ~1900 hours by now

• The frequency of four-wane is tuned by 
wane temperature. There is not circulator. 

• The beam loading will cause frequency shift 
while average current rising. 

• The frequency of signal moves to reduce the 
reflection power while the RFQ 
commissioned alone.

• It took 48 hours to reach the first CW beam 
through pulse step by step. Conditioning 
started from100 us, and repetition rate was 
200 Hz. The Duty factor was extended from 
2% to 50%, then 100%. 

• CW beam directly jumped from 5 to 10 mA 
by several steps.
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Commissioning of TCM of 2.5 MeV

One cavity and two solenoids as prototype for assembly and tuning 



αx βx (m/rad) αy βy (m/rad) Mismatch factor  H/V
Rebuilt by Measurement 0.3 0.25 -0.11 0.12 0.078/0.005

Parmteq simul (design) 0.46 0.27 -0.10 0.12 reference
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Initial Beam Re-built at MEBT
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Structure of MEBT Overlap model of Q1-3

• Scan Q1-3 for several 
measurements

• Trace back to get the exit 
twiss parameter of RFQ 
which agrees with the 
design of Parmteq



� Nov.25th, 2014, first CW, 3.4 mA, ~6 hours. 

Efforts to 10 mA, CW Beam

� Feb. 23rd, 2015, achieved 2.5MeV/~11mA/28kW, stable for 1 hour

� Feb. 4th, 2015, 4.2~10.83 mA, 2.5MeV, CW
• RFQ works with two bunches and one 

HWR, RF frequency can not change any 
more like working alone. 

• Due to detuning of 3 mA beam-loading, Pr
is 5 kW, but it is still stable.

• 10 mA beam will cause ~8 kHz detuning 
of RFQ, Pr is large to shut down AMP.

• Frequency tuned by temp. of 0.5 C to keep 
Pr stable. 

Pr of RFQ Pr of RFQ

Pr of RFQ



Commissioning of CM1

6 cavities, 6 solenoids, and 5 cold BPMs



Phase Calibration of Low-beta Cavity

HWR
cavity

ΔE
(MeV,Meas)

ΔE
(MeV,App)

CM1-2 0.16 0.15

CM1-4 0.203 0.206

CM2-2 0.117 0.12

CM2-3 0.095 0.105

CM2-4 0.325 0.312



Beam-loss with Wrong Phase Setting

DefocusingFocusing

• All HWRs phase are set to -20 deg. But 
HWR2 and HWR5 are actually 20 deg
due to the wrong phase sign of LLRF. 
This causes beam loss, measured by the 
temperature sensors on the tube at the 
end of CM and in HEBT during beam 
power ramping by increasing duty 
factor.

HWR2, rising edge is the focusing edge, opposite to other cavities.

Simulation shows beam energy spread is -2 MeV at the exit of CM 

Duty factor



High Current CW Beam Demonstration

RFQ down

• June 6th, 2015, 5.2 MeV, 10.2 mA; June 
24th, 5.3 MeV, 2.7 mA, first CW beam; 
Nov. 28th, 4.6 MeV, 4 mA, 40 min.

• Vacuum in RFQ and HEBT got worse 
due to beam-loss in RFQ and beam-
stopper in HEBT.

• Almost no temp. rising of sensors at 
HEBT.

Temp. sensors at HEBT

Vacuum



Beam Drilled a Hole in Faraday Cup 

Dec. 4th 2015, 4.6 MeV, 3.9 mA, 
18 kW, CW beam, 90s

21

• FC3 was a stopper, because 
30 kW beam from RFQ was 
stopped before.

• The current of FC3 became 
unstable, but was ignored. 

• Beam was off-centered by 
~20 mm. It drilled a hole in 
FC3. MPS was triggered. 

• CM1 was degraded. It was 
removed from tunnel to 
refurbish.

FC3valvesFC1, chopperHV corrector



Long-time CW Beam Demonstration

Jan. 2nd, 2016, 2mA, 4.0 MeV, CW, 7.5 hours; some trips were recovered automatically.

RFQ TripCurrent drift

HWR4
failed

LLRF
unlock

22



Commissioning of CM1 + CM2

• First cooling down and conditioning of coupler 
on May 3rd, 2016

• 4 couplers (single-window) were broken in May
• Four broken couplers were replaced by double-

window in tunnel in one week.
• Second cooling down in August. First beam was 

achieved on Sept. 15th, 2016.



Window Broken of Couplers

Broken windows
in 2015

Operated for 6 
months after broken

Broken windows
in 2016 

The reasons of windows broken are still discussed and investigated.



Replacement of Broken Couplers

windows

Replacing double-window couplers in tunnel



Phase unlock causes beam loss and triggers MPS

Temp. of  beam line flanges in CMs

Sept. 24, Achieved CW beam 1 mA

HEBT DCCT

LEBT FC out

Chopper Duty Factor

HEBT BPM SUM

HEBT Vacuum

Sept. 16, 7 MeV, 10 mA , 20 us ~7 hours

CM2-2 
Phase unlock

CM1-2 
Phase unlock

LLRF 
Testing
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Accelerator 
segments

First CW 
beam

Maximum 
(MeV)

Beam time
(hours)

CW beam time
Total (hours)

CW Current 
Max (mA)

CW Power 
Max (kW)

RFQ Jun. 21, 2014 2.15 1819 68 11 23
TCM1 (1 HWR) Nov. 24, 2014 2.55 208 22.5 11 28

CM1 (6 HWRs) Jun. 24, 2015 5.3 400 20 4 21

CM1+CM2 
(6 + 6 HWRs) Sept. 24, 2016 7 177 0.6 1 6.65

28

Summary of CW Commissioning

• Tens of kilowatt CW beam achieved in 
superconducting front-end of Chinese 
ADS.

• The tuning procedures of high power CW  
beam has been demonstrated successfully.

• The dumper is a limit for tuning higher 
power beam.

• The front-end demo Linac will be finished 
in 2016. 

• Higher power and higher stability will be 
demonstrated in the future.
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Welcome to SRF2017 in Lanzhou
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