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Brief Introduction of the Institute of Modern Physics (IMP), 
Chinese Academy of Sciences (CAS)

>1200 staff  and  >700 students
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Lanzhou: Main Campus & Existing Facilities

CAFe

Demo front end of CiADS

First stable 10 mA CW proton 

linac, maximum power 200 kW

Heavy Ion Research 

Facility in Lanzhou 

(HIRFL)

Nuclear physics research

With high energy heavy ions

CAFe2

Superheavy Element Synthesis
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Huizhou: Second Campus & Two Large-Scale Projects

强流重离子加速器装置
HIAF

High Intensity heavy ion 

Accelerator Facility (HIAF)

Nuclear physics research

Beam commissioning in 2025

China initiative Accelerator

Driven System (CiADS)

Nuclear waste transmutation

Complete linac installation in 2026
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Accelerator Technology Center
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Low-Energy Particle Beam Technology Center
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Linear Accelerator Center
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Chinese ADS Front end (CAFe)

Four Cryomodules，23 SRF Cavities，Cavity Bandwidth：80 Hz~200 Hz，HWR010+HWR015）

CAFe (China ADS Front-end demo linac) @ IMP 
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Chinese ADS Front end (CAFe)

• Resolved critical challenges in high-current CW superconducting hadron linac

• Stable operation >100 kW for >100 hours

• First verification of 10 mA CW proton beam with fully superconducting linac

 126kW/17.3MeV/7.3mA ，
108小时，可用性93.6%，可做
为同位素生产、核物理实验用户
装置

 174kW/17.3MeV/10.1mA ，
12 小时，可用性96.2%，验证
工业ADS流强指标

 205kW/20.2MeV/10.2mA ，
达到设计指标
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China Accelerator Facility for superheavy Elements 
(CAFE2)
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China Accelerator Facility for superheavy Elements 
(CAFE2)

差分段接受度

40Ar12+ Beam current highest in the world

最高流强的
重离子

Statistics of SHANS Experiment Time

(2022 ~2024)

Particle
Accumulated 

Beam Hours

Targeting 

Hours
Particle

Accumulated 

Beam Hours

Targeting 

Hours

40Ar13+ 248 248 40Ar12+ 1669 1597

40Ca13+ 962 717 48Ca14+ 1885 1732

55Mn17+ 232 134 54Cr17+ 4008 3427

Beam on-target 7855h，availability>90%Superheavy synthesis: 119、120
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Future Plans for  CAFE2

2026 2027 2028 2029-2030

Trial with 10 puA 15 puA operation 5000h, 95% availability >6000h per year

• Goal: routine operation with 15 puA 54Cr, >5000h annually, availability >95%

• This year:

– New ion source

– System maintenance

▪ CAFe and CAFE2 together >10 years
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IP-SAFE: Medical Radioisotope Facility

• Isotope Pharmaceutical production platform based on Superconducting 
Accelerator Facility for Effective therapy (IP-SAFE)

• World’s first demonstration facility that mass produce alpha-emitting medical 
isotopes using a superconducting linac

• Targeted alpha therapy

~100 kW
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Jul 2024 Feb 2026 Ongoing Dec 2026 2028 2030

Project launched

Linac installation 
completed

Warm frontend 
commissioning

First beam on 
target at 100 MeV

115 MeV, 1 mA beam on target, 
verify multi-target scanning

115 MeV, 2 mA beam 
in production mode

Cavity 

Type

Cavities 

per CM

No. of 

CM

HWR010 9 2

HWR015 6 3

HWR040 6 6

14



Gyeongju, Korea, April 2026

Photos of IP-SAFE
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Two Large-Scale Projects in Huizhou

High Intensity heavy ion 

Accelerator Facility

（HIAF）

China initiative Accelerator 

Driven System

(CiADS)
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Aerial View (March 2025)
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HIAF Layout
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HIAF iLINAC

RFQ

Installed

Warm front 

end first beam

QWR007

installed

HWR015

installed

2024.06 2024.10 2025.06 2025.08 2025.122024.09

MEBT

Installed

QWR007

First beam

2025.06

Beam to BRing

MEBT QWR007 section HWR015 section3HB+RFQ

ions Q/A intensity
Energy

(MeV/u)

Operation 

mode

238U35+ 1/7 1.0 emA 17

pulse
78Kr19+ 1/4.1 1.0 emA 27

18O6+ 1/3 1.0 emA 33

H2
+ 1/2 0.6 emA 48

48Ca-

70Zn
- 10 puA 4-8

CW

Xe-U - 10 puA 5-22

HIAF-iLINAC 参数
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HIAF iLinac: Photos and Beam Parameters Dec 2025

Ion Current (emA) Energy（MeV/u）

18O6+ 0.462 33.5

209Bi31+ 0.270 17.04
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HIAF Beam Commissioning in Oct-Dec 2025

2.5 × 1011

3.0 × 1010

Achieved Dec 2025

Both world’s 

highest to-date
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CiADS Overall Layout

Accelerator and 

supporting infrastructure

Reactor and 

experimental halls
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CiADS Linac Layout
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Accelerator Driven subcritical System (ADS)
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Accelerator Driven subcritical System (ADS)
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Sustainability Issues of Nuclear Fission Energy:
Waste & Wastage

• 8 tons of natural uranium --> 1 ton of nuclear fuel -> only 50 kg is burntup into fission products

– Reusable fuel (950kg) + depleted uranium (7 tons) has huge untapped potential for energy

• About 11,300 metric tons of spent fuel discharged annually around the world

– Radioactive lifespan extending hundreds of thousands of years

– It is projected that by 2050, China's annual discharge of spent fuel will reach about 6,500 metric tons.
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Road to Sustainable Fission Nuclear Power

• Breeding • Transmutation

• ~𝟏𝟎𝟎 times increase in amount of nuclear fuel

• ~𝟏𝟎 times reduction in amount of nuclear waste

• ~𝟏𝟎𝟎0 times reduction in waste radioactive-lifetime
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Accelerator Driven Advanced Nuclear Energy System 
(ADANES)
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Challenges of ADANES
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Roadmap of ADANES/CiADS
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Muon Beamline at CiADS

• First continuous wave muon beamline, 108 μ/s

• Ongoing R&D

– High power muon target

– Muon collection and transport system
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Spin-off: Compact CW Electron Linac

• Conduction-cooled liquid-He-free Nb3Sn cavities

• Commissioned in pulsed mode, developing electron gun for CW operation

• Goal: 4 MeV, 10 mA CW
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Beam Diagnostic Research at IMP Linac Center

Two major goals:

1) High availability and reliability

2) Low beam loss
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• Two unknowns

– When the beam arrives（corresponding to 𝜑𝑟𝑒𝑓 ）

– Cavity phase offset（𝜑𝑜𝑓𝑓𝑠𝑒𝑡）

• Phase scan circumvents the lack of information
– Complete setting without knowledge of 𝜑𝑟𝑒𝑓 和 𝜑𝑜𝑓𝑓𝑠𝑒𝑡

• Problems with phase scan
– Time-consuming, has to be done each time
– Cannot achieve online fault compensation

Conventional Method: Phase Scan

d

𝜑𝑎𝑟𝑟𝑖𝑣𝑎𝑙 = 𝜑𝑟𝑒𝑓 + 𝜑𝑖𝑛𝑝𝑢𝑡 + 𝜑𝑜𝑓𝑓𝑠𝑒𝑡 − 𝑛 × 360°

Beam synchronous phase     Ref. phase 

Input phase + Phase offset
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Beam-based Position Alignment & Phase Calibration
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On-line beam synchronous phase calibration

• Problem: hard to track phase drift caused by 

environmental factors

• Goal: on-line continuous beam phase monitoring
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High Dimensional Phase Space Tomography

1. Measurement methodology

– Schemes to obtain cross-plane information

– Choice of measurement parameters to improve accuracy

2. Tomography theory and algorithm

– Maximum entropy reconstruction from nonlinear projections

3. Difference quantification between distributions

– What difference values are large?

– Choice of measure depending on one

– Any connection with familiar beam physics concepts?

• Complementary to machine-learning-based efforts

𝐷𝑓[𝜌1 𝐱 | 𝜌2 𝐱 ∶= න𝜌2 𝐱 ⋅ 𝑓
𝜌1 𝐱

𝜌2 𝐱
𝑑𝐱
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Multi-electrode Beam Position Monitor

• Physical Design（First Proposed）

• Key Requirements of the RF Front End Design —— Ultra-high Gain & Ultra-low Distortion 

Beam Bunch Transverse 
Distribution

Induced Currents by the Beam 
Bunch on the Electrode Arrays

Major Difficulties in 
Signal Measurement

- ultra low power
- down to - 90 dBm

- ultra low SNR
- down to +15 dB

Crucial 
Technical 
Challenges！

Highly linear 5-stage cascade amplification

Proposed RF 
Front-End Architecture

Application: Non-invasive measurement of the transverse information from the beam bunch

Call for Cooperation!
Design and/or manufacture of the

state-of-the-art electronics system for 

acquiring, processing and analyzing signals 

from the electrode arrays
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Exchange & Collaboration 
Strongly Welcomed!

Thank You!
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