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Hadron Superconducting Linac Worldwide <&
of SC Scctan | Feaiency Operation | g,
(MeV/u)
SNS H™,H* 1000 186 402.5 38 1.6 pulsed Operation
PIP-II H ,H* 800 2.1 162.5 5 1 Pulsed/CW  Construction
ESS H* 2000 90 352.2 62.5 2.5 pulsed Construction
I[FMIF D* 40 5 175 125 125 CW Construction
SARAF  H* D* 40 1.5 176 5 5 CW Operation
CADS H* 25 2.1/3.2 162.5/325 10 10 CwW Operation
ATLAS  H™, ions 20 0.3 60.625 0.01 0.001 Pulsed/CW Operation
SPIRAL2 H:mf?- 33%05/ o 0.75 88.0525 5/5/1 5/5/1 CwW Construction
ROAN  H*~-238y  600/200 0.5 81.25 0'68 2/30.0 0’662/30'00 CW Construction

FRIB Ht~238y 200 0.5 81.25 0.7 0.7 CW Construction
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Beam instruments for the proton SCL

* 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-
SPIRAL?2,

* Beam loss: Halo ring, 1on chamber, scintillator-based detector,
diamond/silicon detector, thermometer, neutron detector



ESS linac beam instruments
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System LEBT RFQ MEBT DTL Spk MBL HBL HEBT A2T DumpL TOTAL
Position 0 0 Fi 15 14 0 21 16 12 4 08
lonization profile 0 0 0 0 1 3 1 0 0 0 3
Fluorescence profile 1 0 2 0 0 0 0 0 1 0 4
lonization chamber 0 0 0 5 52 36 84 49 37 6 269
Neutron detector 0 0 3 11 14 4 0 1 0 0 35
Wire scanner 0 0 3 0 3 3 1 3 1 0 14
Bunch Shape 0 0 1 0 1 l 0 0 0 0 3
Faraday cup 1 0 1 2 0 0 0 0 0 0 4
Current monitor 1 1 4 3 0 1 1 2 3 2 20
Emittance | 0 1 0 0 0 0 0 0 0 2
Aperture monitor 0 0 0 0 0 0 0 0 3 1 4
Doppler 1 0 0 0 0 0 0 0 0 0 1
Multi-wire grid 0 0 0 0 0 0 0 0 1 0 1

Tom shea, IBIC2017 moZ2ab?



FRIB driver linac diagnostics
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Beam Position Monitor

Beam Current Monitor (ACCT)

Beam Loss Monitor — Halo Monitor Ring
Beam Loss Monitor - lon Chamber
Beam Loss Monitor - Neutron Detector
Beam Loss Monitor — Fast Thermometry System
Profile Monitor (Lg., Sm. Flapper)
Bunch Shape Monitor

Allison Emittance Scanner (2 axis)
Pepper pot emittance meter

Faraday Cup

Fast Faraday Cup

Viewer Plate

Selecting Shits System - 300 W
Collimating Apertures - 100 W

Intensity Reducing Screen System
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SNS beam instruments
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BCM
BPM
BLM
BSM

DTL
10 Position and Phase
5 Wire
& Los= (IC)
5 Faraday Cup
& Curent Transformer
18 MNeutron Detectors

RING
44 Posihion
54 Loss (I0)
1 Wall Current Monitor
12 Fast Beam Loss Momtors
2 Video
2 Electron Profile Scammer
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2 Wre
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1 Cinrent Transformer
362 2 TDhump Video
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7
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MEBT 10 Position and Phase
6 Position and Phasze 2 Wires
2 Crrent Transformer 48 Loss (IC)
5 Wires 1 Faraday Cup
1 CHUMPS 4B5h:
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I Transverse feedback system (analog)

5 Electon Cloud Detectors

CCL/5SCL Transition
2 Pomton and Phase

1 Wire
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Outline

Beam diagnostics developed for CADS 10-25
MeV CW proton linac

Beam current

Position, phase

Transverse profile, emittance

Energy spread

Longitudinal bunch shape



 Chinese ADS(CADS) project o5
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* Design: Proton, 25 MeV, 10 mA, CW, ~35 m, 4.5 K operation :
e 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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Beam instruments on CADS

LEBT MEBT Cryomodule 1,2,3, 4 HEBT
Wire Scanner 1 Cold BPM 5 ACCT 2
DCCT 1 Cold BPM 5 DCCT 1
ACCT 1 Cold BPM 5 BPM 4

Cold BPM 5 Slit(H/V) 2
ACCT 2 FC 1
BPM 5 Scraper(H) 3
Scaper 3 Momentum Spread 1
Wire Scanner 3
Slit 2
Emittance 2
FFC 1
FC 1
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HEBT Beam instruments on CADS
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Beam Current Measurement
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Detector Data acquisition: PC| 6712

ACCT for short Pulsed beam

DCCT for long pulsed/CW beam
Faraday Cup (beam dump)

Channel : 4 Channels / Board ;

Input Impedance | 1IMQ / 20pF ;
Sampling Frequency : 60 MS/s ;

AD resolution: 12 bit,

DC accuracy: 0.2 % ;

Sampling Length : 16 MS

Sampling Delay : £16 MS

Trigger mode: internal, external

Range : £100 mV, +200 mV, +500 mV .
£1V, 22V, 24V, 210V, £20V
Bandwidth : 0 ~ 20 MHz (-3 dB) ;
DI/DO: 16
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Beam Current Measurement

Water Temperature [degree]

. _ 20 - 100
Test CM exit E=2.5 MeV —— LEBT_BD:DCCT:I (mA)
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Beam Current Measurement
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E=25 MeV

DEV: ACCT1 DEV: ACCT3

Transmission |96.1062 % ‘

Transmission (98.1518 %

DEV: ACCT4
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ACCT1 ACCT3 ACCT4

ACCT 12 3 ACCT4

Sampling Settings

Vol. Range -10V-10V | Ext.Triger ‘

-10V~10V External
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Sampling Delay _m us
Avg. Start | &0 _:_ points
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Position, Phase and Energy Measurements

AN

<amp>
A

Stripline

Button — Cold BPM

)

ng.ﬁlﬂﬂ[mm

*  QOutput: X, Y, Sum, phase
@ f1 and 12

* Interlock signal: adc,
position, sum, and phase

* Interlock response time:
<6 us

mmy

Y SHz(
Hooa

naex

Yuan He, HB2018 MOP1WBO01
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Position, Phase and Energy Measurements

BPM phase (deg)

180

140

120

100

80

60

m  Measurement
¥ Fitting

Ep=16.03 MV/m
Ep=13.35 MV/m
Ep=10.29 MV/m

-180

420 -60 0 60
HWR2-5 phase (deg)

10 4150 -

. 1100 -

1 50 +

Phase measurement

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

Jan. 2th, 2016, ~2emA, 4.0 MeV, CW, 7.5 hours
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‘Transvers Profile, Emittance Measurements

AUE A @ e o

e Profile: Wire / scraper+FC e

. . . = e Emittance Measurement OPI . _‘
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Energy, Momentum Spread Measurements

Magnetic Spectrometer o = measureddata =

— fitting curve

| Reduced 000133
ACCT2 1 | Chesar
] X 3 09888
I Energy Spectrometer on i Vi SanimdEn
i — 08 ¥ 000841 0.00044
movable test bench % mesi oo
¥ A 095764 001674
FWHM 22TT12
Ares 23126

06 |-

Aplp = 2.277/239 = 0.95%
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02|

MEBT
result
]

Normalized current transmission
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Energy, Momentum Spread Measurements
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Rutherford scattering
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. . CIMPD
Longitudinal Bunch shape measurements N

* Fast Faraday Cup (FFC) stripline structure with 50 ohm

Measurement result 6=22 degree
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Longitudinal Bunch shape measurements

* Secondary electron emission (INR)

Resolution: 6 ps

User: CERN Linac 4/3/2, FAIR GSI, FRIB
MSU, ESS ERIC, SNS, DSEY H™
LINAC, J-PARC, LANSCE, SSC ......

I Analvred beam

. .__.-

—U o + sm{mt + @) + Ustger r'
Ir x
[r-T-';EPr i ’ WO IL| Iry ciccirons H’z,.l L na

U_,l".:l: 2 bll'li_(-l.lt + 'P} u:[eer

‘ X
z

Time, us

Phase, deg 805 MHz
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Longitudinal Bunch shape measurements

1.13et08
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3. 2zet07
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differential mode f: 325 MHz
¥
S, S - &
passe B
2D Mazimum [U/m]: 97, 1e*06
Frequencr: 0. 3244697
s ;
i 5:09 AM
é;: 01743-MA
Trel S11 Smith 200 mU/ Ref 1 U Math Offs Mem3[Trc1] S11 Smith 200 mU/ Ref 1 U Offs 1
T M1 324.938575 MHz 48.194 O
- 7.666 0
. 63.891 pF
M2 324.844700 MHz 28375 O
24362 0
11.936 nH
\ M3 325.030000 MHz 20.618 O
— 423997 0
i 20405 pF
M5 324.761000 MHz 12.099 O
j20.940 Q
10.262 nH
\ -M6 325.105400 MHz  9.611 O
18.980 Q
35793 pF
Ch1 Center 325 MHz Pwr 0 dBm Bw 1kHz Span 3 MHz
® 7] 4 AM
1743-MA
Tt $11 dB Mag 10 dB/Ref 0 dB Math Offs  Mem3[Trc1] S11 dB Mag 10 d8/ Ref 0 dB Offs 1
M6 M1 324918881 MHz 40.0963 dB
&b e

M3 325.014400 MHz -6.7333 dB
M5 324.738800 MHz -3.3568 dB
*M6 325.081600 MHz -3.6113 dB

~ Qunloaded=1886
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Outline Q)

Review beam diagnostics for CW and pulsed
proton superconducting linac

Beam diagnostics developed for ADS 10-25 MeV
CW proton linac

Beam current

Position, phase

Transverse profile, emittance

Energy spread

Longitudinal bunch shape

Lessons, challenges and improvements
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Challenges and lessons N

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, 21MeV. 6 h , 4mA. Tungsten wire broken many
4.5h,10mA, and 6h 6mA CW beam. ( 1ms/50 Hz pulsed beam

-y &
1 P a 2 LA
L] 7

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

==

FC: 4.6 MeV, 3.9 mA, CW, 90s,1.6 Bending vacuum tube, 2.1 MeV, 2 mA, 1 m,
MJ, beam off centered 20 mm 500 ms / 1 Hz, bending magnet with wrong
SEL
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Challenges and lessons

0
<IMPD
N

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.

1400

1200

—
o
o
o

—III‘IIIIIII‘III‘III||I

800

600

Temperature (°C)

400

200

Stainless steel (316L)’s temperature . with time

— 2.1 MeV@10mA
5 MeV@10mA
—— 10 MeV@10mA
25 MeV@10mA

CW beam, proton, beam
aperture=10 mm (£30)
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Challenges and lessons N

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.

» Importance of beam loss monitoring and machine protection system!!

» High average beam power needs minimally invasive diagnostics

» Diagnostics and instrumentation must be fully integrated with timing and
machine protection system.

27



e
Challenges and lessons N

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
e Super Conducting Linac (SCL) cavity performance degrades over time

28



IPM measurement result
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Wire scanner measurement
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lessons and improvements - IPM
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lessons and improvements - E-beam scanner

IHEP
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Lessons and improvement - Beam loss monitoring

Thermometer
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Lessons and improvement - Beam loss monitoring X

* Beam loss monitoring experiment for low energy beam at 18.3 MeV

e Beam: proton (pulse length10pus)

* Energy: 18.3 MeV

* Intensity: 1 emA

* Detector: scintillator and diamond \
e Comparison with difference ACCTs l

HEBT




Lessons and improvement - Beam loss monitoring

X
c&lﬁ

* Beam loss monitoring experiment for low energy beam at 18.3 MeV

mmmmm [ J [ ]
E T\ l .
=}

BLD-diamond

Slit inserted

ADC synth buffer :: channel A

8000 -

6000 o

2 5000
= E

193 3
< 3000

10 pus

[ & [ b T ey

R AR N

T
500 1000 1500 2000
ADC samples

node  Event _|

I/0 Intr

#l ADC synth data on libera-blm, channel B = =
. ADC synth buffer :: channel B
150 =~
1
1
100 k :
z S
=
3 I
3 & i i
8 ; 1
2 1
04 L cnamdd )
50 4 ! i
T — T T T T T T T
0 500 1000 1500 2000 2500
ADC samples
o mede  Event _,
SCAN made I/0 Intr

8000

150

Slit outside

ADC synth buffer :: chann

el A

ccccccc

de  Event

I/0 Intr

Pt b ]
2000 2501

il ADC synth data on libera-bim, channel &

SCAN

Aoquu,

ADC synth buffer :: cl

hannel B

r T —T T T T T
0 500 1000 1500
ADC samples

sition mde  Event

node I/0 Intr

Conclusion: scintillator is much more sensitive than diamond detector (10 mm¥*10 mm)
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Lessons and improvement - Beam loss monitoring V\B

* Beam loss monitoring experiment for low energy beam at 18.3 MeV
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Lessons and improvement - Errant beam measurement

* DBCM development DBCM interlock lab test

EBT SRF

Source

DBCM 1nterlock beam test o ACCTS ot Acd
|

B RIS 700 il AMU SEO SN mEAM 1.3425

;[r::n-\ L b . Y8 Tiansmission 99.3007 % ;::::::;:;‘,I 98.6785 % :

Effickent{TVT2)

ACCT Controller

ACCTO  ACCTL ACCT2 ACCT3 ACCTA  ACCTS sleiel ulmlr] wie]s|a|slnfs o Acgl
Delay| 120 =om (00 wos | 0 10w [ A0 s [0 ]| siteh  Teert

“ 38 @B 39 6 W3 '| Intetlock signal vl
b bl b bl -

A:C:. AGETO_ NOTS..| NOTS.. NOTaS... NOTS.‘.‘NOT:... NOTS..| NOTS., NGTS. Set St -en e ACCT 4 nterloc sign. output

i l v i i i i i ii ACTIME | 20 us ~ N
a0 a/b |dd _ afb |ewz[ a/b v a/b Jeid  a/b | i Sam|
ADDPA | 10 point -
I b i o
1"

The y_ﬁ()(u)(n"lo'rhdl’m Thet2 1 00610 Thdam Thaa [0, 1000010

1L | acers l 1 |
. | ’

| Or operation |MA,,IM\,\'M. ,N_m}“%yﬂm \mmw e Vibm e AN 1

‘chckSignal

L




C{\MP

Lessons and improvement - Errant beam measurement o

e DBPM development L eN —t?
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Lessons and improvement — beam halo measurement

b

W
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Scintillator was used for each
SC cavity calibration.

During beam Commissioning,
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The beam loss is defined as the sum of

four quadrant temperature raising per

unit time at a certain temperature probe:
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Summary A

e CADS 10-25 MeV proton linac have been constructed

Diagnostics are well developed

Beam commissioning: nearly all beam parameters have been
measured except the longitudinal emittance (FFC less resolution)

e The work planned to do

DBPM

BSM (high resolutoin)

Beam loss detection, especially inside CM
More beam time for the beam instruments test
High reliability, availability, ......
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