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The SC Linac In IMP %%

CIADS — The Mega

Watt Level ADS demo

HIAF — The high
Intensity heavy ion
accelerator, it has
finished installation.

Facility, which is under
installation.
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CAFE2 — China Accelerator
Facility for nEw Elements.

Huizhou:

« CIADS - The SC linac of China initiative Accelerator
Driven System.

* HIAF -- The superconducting iLinac for heavy ion.

Lanzhou:

« CAFE2 -- China Accelerator Facility for nEw Elements
Facility for superheavy element (SHE) and material
irradiation.

Z. Gao, MicroTCA 2026, Beijing



HIAF Facility A

HIAF: High Intensity heavy-ion Accelerator Facility
 Mainly designed to provide high energy (~800MeV/u) and
high intensity (10*ppp) heavy ion beams (up to U 3°%)

«  Civil construction was started in the end of 2018
«  Beam commissioning date is December 2025

Approved in Dec. 2015, Ground broke in Aug.
2018, Officially started in July 2021

 Leading institute: IMP

*  Location: Huizhou, Guangdong Prov.

Z. Gao, MicroTCA 2026, Beijing



The RF System Layout of HIAF iLinac Lz

81.25 MHz 162.5 MHz
< > <: :> Amp. modules (6
per layer, plug-in
66 structure)

1 3 30

Power divider

DC power supply
(50V, current-
sharing mode),

OO0 @ @ O

The RF power L
transmission line [Owersmoe | :
Water/electrical
interfaces and cooling

Stable RF reference line
water outlets

 The RF system parameter table

Section Freq. Qty. RF PWR per SSA | SSA
(MHz) Power (kW) rack (kW) Qty.
RFQ 1 160 24 8

> The RF system of iLinac can be divided into two

sections 81.25

—~ The normal con_ductlng section which consist of RFQ MEBT 81.25 3 10 24 5
and buncher cavity.

- The superconducting section which include QWR and QWR007 ~ 81.25 30 6 24 °

HWRO015 162.5 66 6 24 17

HWR cavities.
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The SRF cavities for iLinac &ng

ILINAC 96 SRF cavities parameters and features:

# Design Specification: Continuous wave (CW) and pulsed beam £ . iy I

€ Operation Characteristics: All SC system will operate in CW or
Pulse mode, which will result in extreme operation condition and

raise sophisticated measurement demand. :
QWRO007 HWRO015 : P

Scissors mechanis of tuner
IR L 8125 1625 1.0emA, BUT

S Fo
Scissors mechanism of tuner ﬂ“i 4 ==
0.07 0.15 1.0 emA, 8Kr'®  pulse
4.69 4.7 1.0 emA, 1808
> | NINONHiE 5.97 5.96 0.6 emA, Hy"

" CW

LFD
Coefficient -0.8 -1.5 10 puA, Xe-U

Cavity with helium jacket

Motor of tuner
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The LLRF control system for iLinac 7>

» The diagram of LLRF Control for One RF Station

Cavity pick up
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el . i
| Pf | |
et T T
- | |
| I
| |
| |
| l
| |
| |
| |
I |

The hardware of LLRF control system:

« The digital control board mainly consist of three parts, SOM core board,
carrier board, AD/DA daughter board.

> HIAF iLinac Control Equipment Hall Design based on the latest embedded FPGA architecture, The baseline
where LLRF chassis located in design of AD board is 10 channels, cover 8 channels card.
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The measurement automation system for large scale SRF &%

N
e T [

Cavity parameter measurement is 0 | T [ »

essential for: " ,

« Performance evaluation SR

« Parameter calibration ‘ l

« Control & anomaly monitoring e

Conventional approach i - ~ 7 7 77

- Different parameters — different T rdurduranrdnrd
measurement configurations NN NG N

* Serial measurement: one cavity Standardized measurement procedure and parallelized
after another measurement architecture enable fast commissioning of

« Poor consistency among large-scale SRF systems. Demonstrated on HIAF-iLinac
different operators with 96 SRF cavities for online batch measurement

of Q;, fu, Kirp, df /dp, and others.

Z. Gao, MicroTCA 2026, Beijing



PC/Host

I0C

CM

’

\

Cavity Select

Dynamic detuning
Resonant Freq

QI module

Ul Framework
FW Calibration

KLFD module

Graphic display

Df/Dp

SEL Offset

Algorithm(scalable)

.

J

i Vi
The measurement automation system for large scale SRF @gp

\J

'/

Cavity Select

Dynamic detuning
Resonant Freq

QI module

Ul Framework
FW Calibration

KLFD module

Graphic display

Df/Dp

SEL Offset

\

Algorithm(scalable)

\

J

[ Processor%

?

|
|
I
I
|
I

|

Z. Gao, Mic

[ ProcessorN ]

EPICS
Data Acquisition

Sensors

Cryomodule

roTCA 2026, Beljing

?

I
|
I
I
|
I




The measurement of QL = e

Calibration of QL under impedance mismatch

 Error] from £30% to =2 %
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The measurement of static LFD coefficient P>

Procedure for static LFD measurement:
« Measure dynamic frequency detuning Af (t)during RF pulse.
* Extract steady-state detuning Af;s at flat-top and record the corresponding Epeak-
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N
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o
o
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w
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Perform a linear fit of Af,;versus Egeak ;the slope gives the static LFD coefficient.

)2

MV
m

KLFD[HZ/(

For nearly 80% of the cavities,
| Kipp | lies in 0.1-0.2, with just
one cavity above 0.6

-0.1

-0.2

-0.3

-0.4

-0.5

-0.6

-0.7

-0.66




The demonstration of Measurement Automation P>

« Automated batch measurements of cavity parameters: Q,,static LFD coefficient (K gp)

Cavity Loaded Q Static LFD Coefficient
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. . i
ML-based Abnormal Detection Online c%g?

« Various abnormal events can occur during automatic RF conditioning.

« Machine learning automatically identifies abnormal events — feed-line faults and
multipacting.
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® Automated RF Commissioning
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The automated RF commissioning system — Top layer Uls %4%

*Designed & developed independently for HIAF’'s complex conditions

«>10 iterations | 240+ functional modules refactored

*From engineering black box — visualized workflow

*Key outcomes: & Lower Operation & maintenance threshold «” Reduced misoperation risks
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The automated RF commissioning system — Key Design Features Q{;ﬂ/p%

Multi-process architecture

» Each cavity operates independently in a
separate process

» Mutual isolation between processes

* The failure of a single cavity does not affect
other cavities

* Managing with multiprocessing.Process

Exception handling strategy

* Low-temperature anomalies and normal-
temperature anomalies should be handled
separately

» Abnormality triggers automatic shutdown of
RF and amplitude

» Supports automatic and manual recovery

* Reset frequency detection to prevent frequent
resets

Thread cooperation mechanism

« threading.Event Implement inter-thread
communication

» mStartEvent: Control task start/stop

* mNonLowTempExceptionEvent: Low
temperature anomaly signal

 mNonNormExceptionEvent: Other abnormal
signals

Configuration-driven

* All PV names are defined through CSV

» Supports both default configuration and
cavity-specific configuration

» Configure hot loading (takes effect after
restart)

* Decoupling of parameters and code

Z. Gao, MicroTCA 2026, Beijing
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PV callback mechanism

* epics.camonitor Monitor PV changes
* Real-time response to GUI commands

* threading.Lock Concurrency Conflict
Prevention

» Asynchronous event-driven architecture

log management

* unified management

* All core modules share logs

* Output to the logs/ directory

» Support operation status tracking
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The demonstration of automated RF commissioning <imp>

The goal of conditioning is to gradually increase the RF power to the Epk Before / MV/m After / MVim
design value, eliminate field emission sources, and reduce the risk of CM8-3 31.073 41.62
sudden breakdown during cavity operation. CM8-4 17.373 23722
« Automated conditioning + intelligent abnormal waveform CM8-6 21.366 42.347

recognition CM9-4 39.351 41.579
* Fully automatic conditioning with real-time smart monitoring - . o
- Enables large-scale 24/7 non-stop conditioning Mo 13468 18675

b e R e e e A Gt
ot

CM10-6 15.01 24.86

v both warm-conditioning and cold conditioning
for all 96 SRF cavities of HIAF-iLinac

v" Significantly accelerated commissioning
progress

v' Developed a standardized, portable intelligent
conditioning framework

v' Ready for direct reuse in other superconducting
cavity conditioning

Z. Gao, MicroTCA 2026, Beijing



Cp Vacuum 2 (iLinac-CM03:SPS)
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The RF commissioning result at room temperature s>
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| i
Automated turn on RF for Close Loop Operation C{\MS

 The RF control system automatically turn on and load all superconducting cavities in pulse mode.
« Each cryomodule is sequentially powered and monitored through the automated startup interface.

flo-a-sl6xls e [ a
o e
HIAF, 3%:@%%?3{”3;3%%%%‘“ . Radio Frequency Control System
cLock status (EHED

cm.lmul.m- CM2 AutoLoad = CMO02 Off CM3 AutoLoad  CMO03 Off CM4 AutoLoad CHNO“‘ CMS5 AutoLoad  CMO0S Off CM6 AutoLoad  CMO06 Off

MHB CM1-LBQLL = Cm2 - LBQLO2 CM3 - LBQLO3 CM4 - LBQLD4 CMS5 - LBQLOS CM6 - LBQLOG

sssssssssssssssssssssss

‘ ST [
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The Commissioning Status

N

Post-conditioning gradient test results of 96 SRF cavities with comprehensive digital parameter

archiving
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Over 2,000 parameters acro
ss all 96 SRF cavities were p
recisely measured and syste
matically characterized, esta
blishing a fully traceable digit
al database to support cavity
performance tracking and fut
ure intelligent operation.
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The Commissioning Status(cont.) é\%}
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Hiar, BRERFMBLREE o Beam Diagnostics Monitor System

i e The beam commissioning result

is € Beam commissioning of RFQ

i - Designed Energy: 0.8 MeV/u

e*wg * Length: ~9.8 m

s e S————— B . * Pulsed: ~98 kW for M/Q=7

100 200 300 400 r.s.(:g(...) 600 700 800 900 1000 ° CW: ~56 kW for M/Q:5
MACCT: 0.099 mA Tran eff: 92.274 % . . .. .
LACCT: 0108 mA « Transmission efficiency: 83%(Design value)
MFC: 0.059 mA Acc eff: 54.753 % . L.
€ First beam of iLinac: Oct. 2025.

» The pulse beam signal
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Summary >

O An integrated LLRF automation framework was developed,
enabling automatic measurement of key cavity parameters —
loaded Q, Lorentz-force detuning coefficient, and system
characterization.

O Automated characterization, conditioning, loading, and
anomaly handling have significantly streamlined RF
commissioning.

O Real-time batch operation was achieved for automated RF
conditioning and pulse-mode loading across multiple
superconducting cavities

Z. Gao, MicroTCA 2026, Beijing



Thanks

Z. Gao, MicroTCA 2026, Beijing



