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,\\\/} Brief Introduction of the Institute of Modern Physics (IMP), &
Chinese Academy of Sciences (CAS)

#iﬁ!&sﬁiﬂiﬂ’r#‘cii

Driven System

IMP is the biggest nuclear physics research center in China for
heavy ion basic-science and nuclear technology application

Nuclear physics

Atomic physics

Nuclear chemistry

Radiation chemistry

Material science

Hadron physics

High Energy Density physics
Accelerator physics

High Priorities at IMP

Precision mass measurement of exotic
and stable nuclides, RIB physics, SHE

CIADS and HIAF project, ADANES
Tumor therapy
Irradiation Material sciences

.
|
)
|

Radiation biology

Radiation medical science
Radiation material
Advanced nuclear energy
Nuclear-detector technology

® |on Accelerator facilities
® Large-scale experiment facilities
.===:p ® Special experiment facilities

>1200 staff and >700 students
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CAFe
Demo front end of C1IADS
First stable 10 mA CW proton
linac. maximum nower 200 kW

Heavy Ion Research
Facility in Lanzhou
(HIRFL)
Nuclear physics research
With high energy heavy ions
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CAFe2
Superheavy Element Synthesis

Heavy lon Research Facility in Lanzhou (HIRFL)
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China Initiative Accelerator Driven System
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China Initiative Accelerator Driven System

Accelerator Technology Center

—— 4 Skew Sextupoles )

N 3Qy 28

ZQ\\QW 28

x+2Qy 28 \

D.S 0 8 1.0

RN -003 -002 -0.01 000 001 002 003

, Korea, April 2026



China Initiative A

a ceelerator Driven System

Nb;Sn Magnet

Gyeongju, Korea, April 2026 )



Aok BB X AAEKE

China Initiative Accelerator Driven System

R Ll 15

Tmax=30°C Tmax=26°C

Gyeongju, Korea, April 2026 7



Chinese ADS Front end (CAFe) D

nitiative Accelerator Driven System
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%l% Chinese ADS Front end (CAFe) D

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
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China Accelerator Facility for superheavy Elements i
(CAFE2) Lazmeazmaes
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Chin: Accelerator Driven System

(3f) < Future Plans for CAFE2 &

This year:
New ion source

System maintenance
CAFe and CAFE2 together >10 years

2026 2027 2029-2030

Trial with 10 puA 15 puA operation >6000h per year

Gyeongju, Korea, April 2026




Driven System

P> IP-SAFE: Medical Radioisotope Facility "’9

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

232Th(p,x)
Targeted alpha therapy &

223R,
Cancer cells ZZSAC

Drug that selectively
accumulates in cancer

Alpha-emitter
(Actinium-225)

Administered Alpha particles

. intothe body
Alpha-particle based
radiopharmaceutical

Gyeongju, Korea, April 2026
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115 MeV, 1 mA beam on target,

Project launched verify multi-target scanning
Linac installation First beam on 115 MeV, 2 mA beam
completed target at 100 MeV in production mode

HWRO010

Cavity Cavities | No. of | ‘ 5

HWRO010 9 2 S ;

HWRO15 6 3

HWRO040 6 6
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Photos of IP-SAFE D

China Initiative Accelerator Driven System
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China Initiative Accelerator Driven System

China initiative Accelerator_ s
Drlven System S
(CIADS)*

;»Hizgh';i‘ntensity heavyion
Accelerator Facmty
(HIAF)
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HIAF Layout &2

Booster Ring: High Intensity Radioactive Beam Line:
Circumference: 569 m Length: 1(92 m 72 Spectrometer Ring
Rigidity: 34 T Bp =15 (25) Tm '
L i i e Spectrometer Ring:

Aaccumulation

Cooling & acceleration Circumference: 277.2 m

o ~ Rigidity: 15 Tm
Electron cooler
Stochastic cooler

lon Sources:

\ \ a 45 GHz FECR

a 28 GHz SECRAL
a 2.45 GHz ECR

Superconducting lon Linac:
Length: 180 m
Energy: 25 MeV/u (238U34+)
CW mode: 10 puA with A/Q=2~5
Pulse mode: 1.0 emA with A/Q=2~7

Fast ramping operation
Repetition rate:3 Hz

Gyeongju, Korea, April 2026




HIAF iLINAC

Warm front
end first beam

RFQ MEBT
lﬁl" | Installed  Installed
A i
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China Initiative Accelerator Driven System

QWRO007 .
First beam Beam to BRing

QWRO007 HWRO015

installed installed
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@7&&&&%@%& ::%: .
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s E Ener Operation
@shsmsciaLLiE L1l Q/A intensity 8y P
O BB IRFE{LSRing MeV/u mode
O F-BETF SHERIEN
Dk AR 1/7 1.0 emA 17
OET3 S L3
1/4.1 1.0 emA 27 pulse
1/3 1.0 emA 33
1/2 0.6 emA 48
L - 10 puA 4-8 o
\ - 10 puA 5-22
GG
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China Initiative Accelerator Driven System

“ Current (emA) Energy (MeV/u)

1806+ 0.462 33.5

* ||H|"\]|m’“r\;‘_fﬁ_ 209
UL g Bi31+ 0.270 17.04
TLRSE.=  ia -
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Y48 L|AF Beam Commissioning in Oct-Dec 2025
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Typical Beam Parameters From the Booster Ring

“ Energy(GeV/u) Intensity (ppp) Achieved Dec 2025

p 9.3 2.0x10"
18()6+ 2.6 6.0x101 2.5 x 1011
K+ 1.7 3.0x104
209R;{31+ 0.85 1.2x1011 3.0 x 1019
ZERT 0.835 1.0x10! Both world’s

highest to-date
The maximum beam intensities were estimated by optimizing the charge number

Higher beam energies available on a tradeoff of the beam intensities

Gyeongju, Korea, April 2026
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China Initiative Accelerator Driven System

Accelerator and
supporting infrastructure

Reactor and
experimental halls

Gyeongju, Korea, April 2026



CiADS Linac Layout &2

hina Initiative Accelerator Driven System

Energy/MeV 500~1000

Beam current/mA 5~10
Operation mode Pulse & CW
Current stability +2%@100ms Ellip082x7
_ i
Cavity number 151 Ellip062x10 28; c8aZv(;nlles
CM number 32 3 cavities o
HWR040x10 4.480m
SR S R ® 6 cavities+2 solenoids
HWR019x4 S
6 cavities+6solenoids
: I.It\.VlioglOrl " 6.038md ting secﬁon _
cavitiest+9solenoids u D A .
rcon , - o, im0, 2
162.5MHZ 6.038m S“pe . 6 _“6‘ - - - = =

Front end 2AMe r =
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China Initiative Accelerator Driven System

ADS consists of an accelerator, a spallation target, a subcritical reactor, and energy systems. The

subcritical reactor is driven by a high energy proton, works like an energy amplifier.

162.5MHz 325MHz 650MHz O
AT S OB Y5l HWR0108019 | HWR040 | Ellip062&Ellip082 7 HEBT -

Accelerator

Sy source
density

Proton~1 GeV ‘.

Wr: fission
power

Fission neutrons
>1000 n/proton

5~10%

Energy production Subcritical reactor

Gyeongju, Korea, April 2026
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China Initiative Accelerator Driven System

ADS consists of an accelerator, a spallation target, a subcritical reactor, and energy systems. The

subcritical reactor is driven by a high energy proton, works like an energy amplifier.

162.5MHz 325MHz 650MHz O
AT S OB Y5l HWR0108019 | HWR040 | Ellip062&Ellip082 7 HEBT -

Accelerator

Sy source
density

Proton~1 GeV ‘.

Wr: fission
power

Fission neutrons
>1000 n/proton

5~10%

Energy production Subcritical reactor
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Sustainability Issues of Nuclear Fission Energy: &
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Waste & Wastage LAERIALAREL
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10° level of nature U

Tocxicity of Spent fuel

PWR

93.486% 104 : s
° 10° 10" 102 10° 10* 10° 10° 107

01 Attt} bt ettt
0.1 1 10 100 time years
Radioactive waste removal rate(%)

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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Breeding Transmutation

fragments

U238 - Pu239

B decay [3 decay

Fast neutron

neutron , ; g % % % (>0.1MeV) -

U238 U239 Np239 Pu239

~100 times increase in amount of nuclear fuel

~10 times reduction in amount of nuclear waste

~1000 times reduction in waste radioactive-lifetime FOLn9

Reactor
operation

Gyeongju, Korea, April 2026



Accelerator Driven Advanced Nuclear Energy System P o)
(ADANES) Lazmeaxaane

"Full" use of depleted uranium and spent fuel, and "flexible" integration of
the existing nuclear power industrial system

Accelerator Driven Advanced Nuclear Energy Spent fuel, Natural Uranium, Transuranic

RIS A%
Spent fuel reprocessing: Partially remove fission > UPereonducting linearaccelerator
fragments from spent fuel, Mix fuel PUMA =
Pu+U+MA : (NO fine separation of uranium,
plutonium, and minor actinides, even a few FP)

PUMA Fuel regeneration
system

Short Life FPs

Subcritical reactor

Advanced burner ADS: —— External neutron driven
subcritical reactor (LFR), transmutation, breeding,
and energy production

Utilization rate of uranium resources : ~1% - ~95% “_" L

nergy production
Radioactive waste lifetime : Hundreds of thousands of years
— Several hundred years

Radioactive effluent : ~25t > ~1t (1GWe/pile year) Each time the fission products are removed,
Reactivity control : Critical operation - Subcritical operation and add some spent fuel or depleted uranium

Complete reprocess of ADANES fuel cycle

Gyeongju, Korea, April 2026
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China Accelerator Driven System

Challenges of ADANES

» High power (tens of MW) accelerator
Accelerator » CW beam 10-30mA, Energy: 0.8-2GeV
» High availability
‘ » High power (tens of MW) target
Rer;ée > 240 dpa target window
» 210-20MW heat removal
» Subcritical LBE reactor

’ ’ » Fast neutron reactor

Coupling of » Material for LBE

Accelerator, .
Target and » Spent fuel reprocessing

Reactor

» remove most of fission fragments by high temp.

dry processing

Gyeongju, Korea, April 2026



ADS/ADANES demonstration
10MW system coupling ‘

Roadmap of ADANES/CiADS

ZV2H =229,

2025 ~ 2026 2026 ~ 2027
ADS Coupling
Early Fuel test -
Construction

Accelerator and Target | Accelerator 250kW

* Target 250kW
* Accelerator 25kW " K0 a
e Target >25kW * Reactor~30kW O
* AtHiTa . O 3 Fuel Assemblies online E
O Accelerator stability study =
— 0O Accelerator Commissioning O Reactor stability study O
O Target thermal study O Beam-target-reactor coupling -
O Beam-target coupling tech O Low power test for fuels O
O Reactor thermal study O Low power exp for reactor
O Beam-target coupling

Accelerator 2.5MW
Target 250kW

+ K =096
Reactor ~9.75MW

Full fuel online

Neutronic study of Subcritical Reactor
Operation study of Subcritical Reactor
LBE cooling demonstration with power
ADS systematic study

ADS operation key tech study

2.5MW beam test for accelerator
ADANES design demonstration

Gyeongju, Korea, April 2026
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hina Initiative Accelerator Driven System

2029~2030

ADS/ADANES
transmutation research

Ooooooao

L

Accelerator ~2.5MW
Target ~2.5MW
K.#0.75

Reactor ~7.5MW

High power target demonstration
ADS operation with high power
Transmutation demonstration
Test fuels with deep burnup

Fuel test with high power density
ADANES preliminary design report




erator Driven System

) > Muon Beamline at CiADS &2,

First continuous wave muon beamline, 108 p/s

Ongoing R&D
High power muon target
Muon collection and transport system

Gyeongju, Korea, April 2026



() <> Spin-off: Compact CW Electron Linac &2,

Driven System

Conduction-cooled liquid-He-free Nb3Sn cavities
Commissioned in pulsed mode, developing electron gun for CW operation
Goal: 4 MeV, 10 mA CW

ACCT = Ay
) i a ¢ o Sy o~ FC2
‘ T — T f.""'fff{»
7 ‘ - _7 .
. = L = g . o L ¥ -
- Al LN S R | i Wi iy " 3
= L2 , -
w e A- ; i3 ‘J
! il AL
l.} . “‘;La:/,;:‘;; — —
| = U i
S BR R BB F 46 082 650MHz 5cell /23 wEE FC1

60keV DC3R P sdit
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Two major goals:

High availability and reliability
Low beam loss

Gyeongju, Korea, April 2026
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erator Driven System

Input phase + Phase offset

! T

Parrival = (Pref + (‘Pinput + (Poffset) —n X 360°
J

\
/ \ v
Beam synchronous phase  Ref. phase

-- -—— ————

Two unknowns
When the beam arrives (corresponding to Pref )
Cavity phase offset (¢, ffset)

124.0

Phase scan circumvents the lack of information
Complete setting without knowledge of @,..¢ 1 Poffset

BPM PHASE (deg)
o

|
[
o
T

|
N
o

Problems with phase scan - /
Time-consuming, has to be done each time o~
Cannot achieve online fault compensation

-=30 1 1 1 Il 1 | | L 1 1 Il
-180-150-120 -90 -60 -30 O 30 60 90 120 150 180
Cavity RF phase (deg)

Figure 17. Phase scan signature.
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<P Beam-based Position Alighment & Phase Calibration

cM1 cm2 cM3 (a)
640.1mm 1777 Bmm 639.4mmBG40. 1mm640.6mmB33.8mm 1777.7mm 640.2mm
1 I l l
‘l:l-l:I-L_I:i-l-_l-l-—l-E-l:ll—'——;
(a) s *'. —I- ——I- 4 I ,,',. —I- I ‘I *I" 4 & & 208.9mm 209.Tmm 1344.5mm 508 omm 210.0mm209.0mm213.0mm 207.2mm 1347 3mm 208 5mm208.5mm
Az(mm) (b)
6: ® Cavity
(b) nigigi i : 4

(d) >

S osl s

i . _ S A » 06f 1300
I BPM (position not aligned) I BPM (position aligned) = é
Q L >
g 04f 1250 2
. 5
I Reference BPM Cavity (position not aligned) Cavity (position aligned) £ o02f 1200 g
5 | >
[ L | 7]

_02 L I 1 1 100

CM2-3 CM3-1 CM4-1
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Tra n Si ] Beam Im(Ve)
Problem: hard to track phase drift caused by 5 1
environmental factors F Ay a0
0 Time 0 B o, R4'
e(Vc)
G 0 A
Goal: on-line continuous beam phase monitoring g —
Time
70F SS Beam 4 Im (V)
_80 ° WDA -
® BPM ool {rxi | \ ,
Y |Ve|=1 \\)«
ol | € Trans (CL) B £ 0 . o \\
= 1\ A SS =50 | | A
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® © ’ s s ) 1+p "
() (] . 0.5 0.5 .
@ @ 20 E5 s -
10 1 ;—88 : ;-sg
%-85 : %-85
L L L L L L 0 L L L L L L -§-90 Jg-go
0 10 20 30 40 50 60 0 10 20 30 40 50 60 g ; § o
Beam current (BCM) [mA] Beam Current [MmA] 10 oTimel [Ns]m 20 100 oTime [Ms}oo 200

Gyeongju, Korea, April 2026




Q%é High Dimensional Phase Space Tomography =M

64 slice/ rotation

Measurement methodology
Schemes to obtain cross-plane information
Choice of measurement parameters to improve accuracy

Tomography theory and algorithm aEm
Maximum entropy reconstruction from nonlinearprojections [ H H HEHH H H B
DO@D EEE pEnE

HER

P1 (X)
f [.02 (x)

Difference quantification between distributions

What difference values are large?
Choice of measure depending on one Lo
Any connection with familiar beam physics concepts? -

D11 )10 ()] 1= j p>(X) -

Dy
0.6

0.4

0.2

0.0

Complementary to machine-learning-based efforts

Gyeongju, Korea, April 2026



VY,

#iﬁﬂsﬁiﬂiﬂ’r?&%i

erator Driven System

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

* Physical Design (First Proposed)| Beam Bunch Transverse Major Difficulties in
Distribution LA RRESY .. Signal Measurement

e ' == - - ultra low power
- down to - 90 dBm
- ultra low SNR

700 .
= 2000
i 600 b

4 1500
B S L A E : - down to +15 dB
gfv 0.1 02 -02 -0.1 gfv 0.1 02 Crucial
— Left Wall —— Right Wall — Top Wall —— Bottom Wall Tec h n i ca I

Induced Currents by the Beam

Challenges!
Bunch on the Electrode Arrays g
« Key Requirements of the RF Front End Design —— Ultra-high Gain & Ultra-low Distortion
o— = ===+ Call for Cooperation!
somreman " s Design and/or manufacture of the
Proposed RF ik state-of-the-art electronics system for
Front-End Architecture A A e . . . ..
il o acquiring, processing and analyzing signals
Highly linear 5-stage cascade amplification from the electrode arrays

Gyeongju, Korea, April 2026
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