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CEPC Layout

Off-axis injection i - y Off-axis injection

LLRF for:

Collider SC Cavities;
Booster SC Cavities;
Linac NC Acc-tubes;

from CEPC CDR



Superconducting Cavities of CEPC Accelerator

Booster H W Z
RF frequency [MHz] 1300 1300 1300
Cavity number 96 64 32

Injection and extraction cycle [s] | 13.5 16.5 26.5

QL 1E7 1E7 1E7 SSA
Lorentz force detuning [Hz] -337.3 | -111.0 | -117.5 ’ | Waveguide %

Microphonics detuning [Hz] 20 20 20
Cavity bandwidth [Hz] 130 130 130

Cavity time constant [pus] 2449 2449 2449
Injection cavity voltage [MV] 0.9 1.4 2.8
Extraction cavity voltage [MV] 19.1 10.9 11.3
SSA power [kW] 25 25 25

SSA number 96 64 32




Superconducting Cavities of CEPC Accelerator

Collider H W Z
RF frequency [MHz] 650 650 650
Cavity number 240 216 120
Beam Energy [GeV] 120 80 45.5
Optimal QL 1.566 | 3.2E5 | 4.7E4 Hgsi?f:rH“”p'e

: ) Klystron Circulator
Optimal detuning [kHZ] -0.2 -1 -17.8 = ETZ%‘C} -

RF voltage [GV] 2.17 0.47 0.1
=G

Cavity bandwidth [kHz] 0.4 2.0 13.7
Beam current / beam [mA] 17.4 87.7 460
Cavity operate gradient [MV/m] 19.7 9.5 3.6
Synchrotron phase [deg] 37.1 43.7 68.9
Input power / cavity[kW] 250 278 275

Klystron number 120 108 60




Linac MW system parameters

SHB1 Freq [MHZz] 142.8375
Power [kW] 10
SHB2 Freq [MHz] 571.35 SSA cn ! Modulator
143&375 S71.95MH: Klystron 80MW
Power [kW] 7 '™ I "® _RF window
MW Freq [MHz] 2860 — J———
Power [MW] 80 — .
Power divider
Pulse width [us] 4
Repetation Rate 100 load
B
MW Freq [MHZ] 5720 SHB1 SHB2 Buncher Accelerating structure
Power [MW] 50

Courtesy by ZHANG lJingru, this conf, CEPC linac injector status and R&D



LLRF Requirements

Booster/Collider requirements

Value

Phase stabilization

0.1deg (rms)

Amplitude stabilization

0.1% (rms)

Run mode

CW

Linac

Value

Phase stabilization

0.2deg (rms)

Amplitude stabilization

0.2% (rms)

Run mode

Pulsed

Aim of LLRF:

- control of phase/amplitude/frequency
- feedback/feedforward

- beam loading compensation

- guench detection

- monitoring of forward/reflected/pickup
power

- calculate vecter-sum of double-cavities
driven by one klystron

- life protection of klystron

- to/from interlock/Bl/timing system
- remote diagnose and control

- sufficient smart and automation

- high reliability, stability

- easy maintanence



CEPC LLRF research and
development



LLRF Structure for Booster cavities

Similar of Collider cavities/Linac except for high power sources and cavities
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Why we choose MicroTCA.4 standard

O Big project like CEPC, maintanence and reliability are ulta important, as many controller stations
exists all over the machine km away. And the trip rate should be considered (not zero), on-site
maintance every time will not acceptable.

O So LLRF system MUST remote accessable through Ethernet, diagnose remotely and control
directly into the electronics board level and crate/rack level - management of the crates.
Automatic operation of the hardware system, stability 99.999%(with 2x redundancy).

O LLRF system MUST monitor all the signals of the RF/cavity system,

125MHzx16chx2Bytes=4GBytes, VME/CPCI/PXI... will not fulfill the task.

Data rate management remote stability Cost vendor Clock
MicroTCA.4 | 10GB/s- IPMI Yes 99.999% SSS medium, full trigger,

40GB/s standarized WR..
OpenVPX 10GB/s IPMI, not req Yes 99.9%- SSSSS | customized Yes
CPCI-Serial | 10GB/s IPMI, not req Yes 99.999%? SSS few No
PXle 10GB/s No No ? SS many No




MicroTCA.4: A Modular Crate System Community members
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LLRF Rack

LLRF Control System @ PAPS for 650MHz CEPC SC Cavities

LLRF system includes: Power Meter

- MicroTCA.4 based hardware, very high stability
and reliability, maintainance, remote managable,

10Gb data bandwidth;

- sampling all signals(>18) of powers source and
couplers and cavities and HOMs; Master Oscillator

- control of piezo/motor for frequency stablility;

Timing Module

LLRF Front-end

LLRF Controller _
(MicroTCA.4 Crate) &

10MHz Rb Clock




LLRF hardware and test for SC cavities

LLRF test: phase stability :<0.02°rms

\]“” Ww M Iy W W \y it il W A M'H ‘\" il !\ il W“o’w\ W‘My ) Sterence
CRef: 650MHz ; ]
OCrate: nVent-9U, PS: Wiener-1kW; e I
OMCH/CPU: NAT MCH-PHY80/RTM; S
0SIS8300L2/DWC8VML1 from Struck; oL QQ '
08 ADC ; 2 DAC ; o |
OTiming: trigger through backplane;




LLRF has been working for horizontal test of CECP Cavities

Generate drive signals;

Monitoring a'II sflgnals; Typical User Interface of the LLRF system using CSS based on EPICS
Vacuum, radiation recorded;
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LLRF development for Linac



LLRF development for Linac

O Frequency bandwidth:300MHz-6GHz ;

For Klystron and Acc tube
08 ch ADCs . ch DACs : conditioning (S-band)
O RF Front-end: generate LO and CLK ; | 0 e
O 3U MicroTCA.4 crate ;

Downconverter
could be used for 2860MHz and 5720MHz, 1.3GH~z

HHHHHHHHHH




LLRF development for Linac

. . User interface of auto-conditioning
Platform for conditioning and test of Linac
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LLRF development for Linac

O Direct sampling RTM board

O Input bandwidth: 0-650MHz : for both SHB and 650MHz SC Cavities;
O 99.96MHz clock jitter: 98fs ( 10Hz-10MHz ) ;

06 ADC , 2DAC ;

O need no LO, CLK module integrated in one board;

ﬂﬂﬂﬂﬂ

o ————— U ' | .
Courtesy by Gan Nan T e e o v e FPGA ‘I o
e | System |




LLRF development for Linac

preliminary tested with Struck SIS8300L2

166MHz DS
P-P Err < +0.02°
RMS Err = 0.007°

byl

00
Time (s)

499MHz DS
P-P Err < £0.07°
RMS Err = 0.019°

Tifim()
166.6MHz direct sampled 499.8MHz direct sampled

- Courtesy by Gan Nan SFDR better than 80dB



LRF development for Linac

DS RTM on HEPS SHB TB
@166.6/499.8MHz

“ | [

HEPS SHB1 Auto Conditioning

Vacumm
HUNGIOE VSWR VAC Severity vAC FWD PWR REVPWR  CURRENTAMP SWRILKCNT  VAC ILK CNT

0.893 kW 68.000 212 1
MINIMUM AMP  TARGET AMP VAC LOW VAC HIGH

VAC HIHI
| 000 | 75.00 | 1.00€-8 mbar || 5.00€-8 mbar || 1.00-7 mbar

vac] power | ampitude | Arcive |
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LLRF development for Linac

- 8ADC ; 2DAC ;
2019.10 ' tor -
N . -vector modulator ;
N’ {pg il - Ref: 2856MHz ;
Signal Fanout g\ - 8 microwave monitor ;
N - 2 HV/I monitor ;
Power Meter S - Trigger ;
3 = -digital PSK for SLED ;
| - fully digiital ;
MicroTCA - LLRF for S band Linac
LLRF Crate
Front-end - Y20-Y21, 6 new S-band
SSA LLRF system installed on
UPS

BEPCII Linac and in

operation stable

:



LLRF development for Linac

O Timing/interlock fanout board

00 used for local timing of modulator/SSA/LLRF/power meter...
[0 using openmmc;

0 work well with MicroTCA 4 crates;

00 8 electro-10s & 4 optical-IOs to backplane MLVDS

Remote monitor and control
FRU, HOTSWAP. PAYLOAD, SDR(TEMP, VOLTAGE, CURRENT), GPIO

nat> show sensorinfo 8 nat>show_fruinfo 8
e ————— FRU Info for device 8:
# SDRType Sensor Entity Inst Walue State Name Commen Header 0x01 0x00 0x00 OxOL OXO7 Ox10 BX00 Oxe7
- MDevLoc Oxcl 0x64 DIO 1.0 OIERLARMSLE S
1 Compact @xf2 Oxcl ox64 0x0l HOTSWAP AMC Chassis Info Area : -
2 Full Voltage 0xcl @x64 3.280 V ak AMC +3.3V L v AT ot offes lencas
3  Full Voltage @xcl Ox64 4.984 V ok AMC +5.8V MEnUTECLUrar(85) s
- Full Voltage Oxcl Ox64 0.000 V ==lnr RTM +12V Board Name(08) : AMC-DIO
5  Full Current @xcl ©x64 1.824 A ok AMC +3.3V Curr zﬂtia; "gmb?g;}‘” : ;’1'6000099
ar umber =
6 Full Current 0xcl ©x64 0.800 A ok AMC +5.0V Curr FRU file ID(08) . DIO-FRU
T Full Current 6xcl Ox64 0.000 A ok RIMIEL2Y CirErE =00 [cesssrceossmescemssmeceomsee o e
8 Full Temp Pxcl Ox64 27.5 C ok TEMP 1 Product Info Area : at offs=56, len=72
Manufacturer{es) : THEP
9 Full Temp Oxcl ©x64 30.5 C ok TEMP 2 Product Name(08) i AME D
10 Full Temp Oxcl ©x64 27.5 C ok TEMP 3 Product Number(@s) : DIO-1.0
11 Full Temp Oxcl ©x64 28.5 C ok TEMP 4 Par; Versionurn ber }: 1.0
Product Serial Number(10): SN:060000
12 Compact @xf@ Oxcl 0x64 Ox10 HS 008 AMC4 Asset Tag(12) e e BRI
---------------------------------------------------------- FRU file ID(08) : DIO-FRU



L

LRF development for Linac

O Modulator HV/Current monitoring ; 1) perveance
monitor 2 ) digital trigger btw HV and MW pulses ;

O timing through backplane , SSA/modulator/PSK ;

O input drive signal customized ;

O reverse protection ;

O feedforward ;

O I/Q modulator calibration ;

O interlock ;

DAQ Channel Select Channel 1 DC Channel Enable °

LLRF Centrol

LINAC K9 LLRF Control Panel

TEL:18611785020
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||| 2 ||| w8 2 0f |+ | alel| )

s R o K T NN ] Y [

20299 1803+ [ 5038
[ 4000
15000 4000
10000-|
8 o F 2000
- ]
: 5000 s o
) 1 o ©
2 A .1000 g
5 - g
E-SDM 1 2000
10000 oLl
-15000-] B
3000 -4000
o 1 2 3 a 5 6 7 s 9 10 11 12 13 14 15 16 17 18 1% 20 215 o 1 2 : 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2149

Time (us)

|5 %|| alm|r]| mlbEa]s ot ([« ]| 5le|| @)

Time (us)
[—Channel 11 Data|—Channel 1 @ Datal

5176+ . 153.4 y
10
100.0 Vi
4000 =35 -
H {
. 50.0 230 /
3 4
L]
F3000 00 F g2 ’\
5 ]
% WVJJ‘\J"L 8 Sz [
£ 2000 50.0 s
515 ‘
F-100.0
1000 10 ‘
5
150.0
0 Ty 0.0 0 l

T T T T T T T T T T T T T T T T T T T T T T+-180.
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21.49
Time (us)
—Channel 1 Amplitude [—Channel 1 Phase

0 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20 2149

Time (us)

—Channel 1 Power

Reference Line (2856 MHz) RF ON/OFF
REF Phase
24.32 deg o @
VM Amplitude SSA Amplitude KLY Amplitude SLED Amplitude
/ \ 23.64 9 818 9 49.45 o 16.83 9
'SLED ACC
4 VM Phase SSA Phase KLY Phase . SLED Phase
I 4993 geg 118.22 deg -170.63 deg 106.97 deg
Waveform | Waveform w: Waveform |
—Phase Adjust —Amplitude Loop i
Alafa A a T
Error 1.15 % Close Looj Ty
P "aoas
PID Output 038 % e
v|lwv|lw v | w =
Loop Status E-"‘“
AJala A | a <
Amp Output  20.00 % . 49,31 T T T |
E+ 1 7 0 0 0 21:09:50 21:10:30 . 21:11:00 21:11:45
vijiwv|w v|wv —Phase Loo f170:08
)
Error 0.40  deg Close Loop @
—Setti T170.2
| r 7 on® B 1703
Main Trigger Output PID Output 017 deg =
E ] i o
Feedforward | (IQ Calibration| PSK Loop Status ':;:“'
| | | | | | “170.45 T T T
| = 21:09:50 21:10:30 21:11:00 21:11:45
Interlock ‘ DAQ ‘ Attenuator I Eh O put 28.43  deg ‘ Time
P | = e 2
F A R = R R B N N T P T R
1 =
S I e
~ ,'. b
7 / N
I / W
AT A | 7 %
| s \
| g
\ /
| 4
| | £
|
"
|
\
\ |
\
Wi _./
— ———y =Tk} vy T T
1 i 4 [ ] | 1 13 13 14 1] 1 3 !
Time jus)
KISARERT | T L]




LLRF development for Linac

OStability
short term amplitude 1%(p-p) , phase 0.5°(p-p) , x4 better
7 7
5 ——Phase jitter —e—Amplitude jitter 5
s 5 S
g =
g4 *E
3 3 3 £
£ 5
5, /._/ 2 g
o o
1 1
New LLRF
0 0

0123456 7 8 9 101112131415 168A9A11A13A

Klystron item



Future plans

OA universal LLRF solution has been developed for 100MHz-6GHz applications,
Optimize hardware and software will be continued to next version.

00650MHz Cavities test and beam experiment @PAPS will continue in the next
months;

O Cavity-Beam interaction and control, cavity control using modern control
algrithom are being studied, will be tested on the real cavities and beam next.

Owe will continue to strength the local MicroTCA.4 vendors, and an industry-
research alliance is considered in China for big-science project control system.



