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Beam Energy
(MeV/u)

Start Energy 
of SC Section 
（MeV/u）

frequency
（MHz）

Ipeak
（emA）

Imean
（emA）

Operation 
mode Status

SNS 1000 186 402.5 38 1.6 pulsed Operation

PIP-II 800 2.1 162.5 5 1 Pulsed/CW Construction

ESS 2000 90 352.2 62.5 2.5 pulsed Construction

IFMIF 40 5 175 125 125 CW Construction

SARAF 40 1.5 176 5 5 CW Operation

CADS 25 2.1/3.2 162.5/325 10 10 CW Operation

ATLAS 20 0.3 60.625 0.01 0.001 Pulsed/CW Operation

SPIRAL2 33/20/15/
8.5 0.75 88.0525 5/5/1 5/5/1 CW Construction

ROAN 600/200 0.5 81.25 0.66/0.0
08

0.66/0.00
8 CW Construction

FRIB 200 0.5 81.25 0.7 0.7 CW Construction

……
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• Beam current: Toroid, WCM, Faraday cup, EIDs
• Beam position and phase: Warm and cold BPMs
• Beam transverse profile: scrapers, wire scanner, grid, IPM, BIF, 

imaging, e-beam scanner
• Beam transverse emittance: Slit-grid, Allison,  pepper-pot, phase 

space scans
• Beam energy: TOF
• Energy spread: Magnetic spectrometer, Rutherford scattering, 

Schottky signal, Doppler system 
• Longitudinal bunch shape: BSM-INR Feschenko, FFC, BEM-

SPIRAL2, 
• Beam loss: Halo ring, ion chamber, scintillator-based detector, 

diamond/silicon detector, thermometer, neutron detector
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Tom shea, IBIC2017 mo2ab26



J.Wei, et al., IBIC2017 mo1ab1
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A.Aleksandrov, DIPAC09 MOPD21

BCM 23

BPM 160

BLM 362

BSM 7
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10 mA, 10 MeV

25 MeV

Inject II - IMP

Inject I - IHEP

• Design: Proton, 25 MeV, 10 mA, CW, ~ 35 m, 4.5 K operation
• IMP collaboration with IHEP
• Major target: to demonstrate the technology of 10 mA CW 

beam of superconducting linac at the front-end of CiADS
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Detector 
• ACCT for short Pulsed beam
• DCCT for long pulsed/CW beam
• Faraday Cup (beam dump)

Data acquisition: 

Motion Control: Servo-Motor@EtherCAT
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Test CM exit E=2.5 MeV

Ibeam

Water temperture

10.8 mA@2.5MeV
CW for 1h, 27 kW

Proton, 10.8 emA, 2.5 MeV, CW, Φ=10 mm
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E=25 MeV
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Stripline

Capacitive-Warm BPM

Button – Cold BPM

• Output: X, Y, Sum, phase 
        @ f1 and f2
• Interlock signal: adc, 

position, sum, and phase
• Interlock response time: 

< 6 μs

Yuan He, HB2018 MOP1WB01

Beam orbit measurement, orbit deviation < ±4 mm
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Jan. 2th, 2016, ～2emA, 4.0 MeV, CW, 7.5 hours 

RFQ Trip

HWR1/5 
Voltage drift

HWR4
failed

LLRF
unlock

HWR
cavity

ΔE
(MeV,TOF)

ΔE
(MeV,Phase)

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

• Accurate phase measurement
• Good agreement with simulation
• Reliable for the interlock system

Phase measurement

Huan Jia, HB2016, TUPM8Y01
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• Max Sampling rate :60 MS/s
• Precise :12 bit
• Storage :16 M
• Absolute position accuracy 
      (sensor): 0.5 mm
• Position resolution: 0.01 mm 

• Profile: Wire / scraper+FC
• Emittance: Wire + Slit / 

slit+slit+FC
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Magnetic Spectrometer

MEBT 
result

HEBT 
result



3.0 kW
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PIN Detector

Rutherford scattering

Gold foil
Thickness=100 nm

0.0 kW 1.7 kW

4.3 kW3.5 kW

2.36 kW

Optimum phase

Not optimum phase
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• Fast Faraday Cup (FFC): stripline structure with 50 ohm

REVIEW OF SCIENTIFIC INSTRUMENTS 89, 053303 (2018)

Measurement result σ=22 degree

simulated result σ=20 degree
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• Secondary electron emission (INR)
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differential mode f: 325 MHz

Qunloaded=1886
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Lesson learnt: for high current long pulsed/CW linac beam, beam can melt everything or drill a 
hole everywhere if something is wrong,  except the beam dump at the right position. 

128 hours beam including 2.1MeV, 
4.5h,10mA, and 6h 6mA CW beam.

2.1MeV, 6 h , 4mA,  
1ms/50 Hz pulsed beam

Valve: 2.5 MeV, 2.7mA, CW,  5 
seconds, 0.038 MJ

FC: 4.6 MeV, 3.9 mA, CW,  90 s, 1.6 
MJ, beam off centered 20 mm

Bending vacuum tube, 2.1 MeV, 2 mA, 1 m,  
500 ms / 1 Hz, bending magnet with wrong 
set

Tungsten wire broken many 
times 
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Lesson learnt: for high current CW/long pulsed linac beam, beam can melt everything or drill a 
hole everywhere if something is wrong,  except the beam dump at the right position. 

CW beam, proton, beam 
aperture=10 mm (±3σ)



Lesson learnt: for high current CW/long pulsed linac beam, beam can melt everything or drill a 
hole everywhere if something is wrong,  except the beam dump at the right position. 

Ø Importance of beam loss monitoring and machine protection system!!
Ø High average beam power needs minimally invasive diagnostics
Ø Diagnostics and instrumentation must be fully integrated with timing and 

machine protection system.
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Beam instruments challenges for high power long pulsed/CW beam:

• Big challenge for invasive diagnostics

• Beam loss monitoring for low energy intense beam
• Low detection sensitivity on low-energy beam
• Short range, high power concentration

• Beam halo measurement for high power beam  in CW machine
• Significant fraction  
• Must be understood to prevent slow degradation of superconducting RF 

cavities under long term “slow” beam loss conditions

• Errant beam diagnostics (SNS): sudden beam loss caused by off-
normal beam pulse or pulses

• Damage the SCL cavities: beam hitting rf cavity surface desorbs gas and 
creates an environment for arcing / discharge

• Super Conducting Linac (SCL) cavity performance degrades over time
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IPM measurement result

Wire scanner measurement 
result
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Compact IPM Field inhomogeneity: 0.11% > 0.03%
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e-gun

Beam  direction

IHEP
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• Thermometer

Yuan He, HB2018, MOP1WB01
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• Beam loss monitoring experiment for low energy beam at 18.3 MeV

Ion 
source

RF
Q

MEB
T

CM
1

CM
2

scintillator

diamond

ACCT

slit

• Beam: proton (pulse length10μs)
• Energy: 18.3 MeV
• Intensity: 1 emA
• Detector: scintillator and diamond
• Comparison with difference ACCTs

HEBT
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• Beam loss monitoring experiment for low energy beam at 18.3 MeV

BLD-scintillator

BLD-diamond

Slit inserted Slit outside

8000

150

10 μs

Conclusion: scintillator is much more sensitive than diamond detector (10 mm*10 mm)
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• Beam loss monitoring experiment for low energy beam at 18.3 MeV
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• There is a linear relationship 
between BLM’s signal and 
beam loss at 18.3 MeV.

• The scintillator BLM is very 
sensitive for proton beam 
loss at 18.3 MeV.
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Interlock signal output
ACCT 4

ACCT 5

Interlock output signal

Trigger signal

DBCM interlock lab test

DBCM interlock beam test

Filter=10, 2 us signal abandoned, FPGA time < 2us 

13.6 us

• DBCM development
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• DBPM development

Z.Xie, IPAC2018, WEPAL006

Different sigma and different current

• Bunch length
• Beam position
• BPM characters

• Beam velocity
• Electronics gain
• ……

R.E.Shafer
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• Scintillator was used for each 
SC cavity calibration.

• During beam Commissioning, 
it is found that Scintillator can 
give out the beam loss at each 
SC cavity.

The beam loss is defined as the sum of 

four quadrant temperature raising per 

unit time at a certain temperature probe:

Yuan He, HB2018, MOP1WB01



l CADS 10-25 MeV proton linac have been constructed 
l Diagnostics are well developed
l Beam commissioning: nearly all beam parameters have been 

measured except the longitudinal emittance (FFC less resolution)

l The work planned to do
l DBPM 
l BSM (high resolutoin)
l Beam loss detection, especially inside CM
l More beam time for the beam instruments test
l High reliability, availability, ……
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Thank you for your attention !
Any comments welcomed!


