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> IMP was established in
1957, located in Lanzhou
City, Gansu Province

» In 1991, a National
Laboratory was

established relying on IMP
» Employee on payroll: 979

InspectiomndTes
tingCenter
Isotope laborato

> Researcher and technicist:
894
» Graduate student: 543
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i y Research Interests C{,}l%
% Do \O\& ‘y—_

\ . FUNDAMENTAL RESEARCHES ON NUCLEAR & ATOMIC

PHYSICR%actions with exotic nuclei, Nuclear structure, Nuclear astrophysics, Nuclear
\ matter, Highly 1onized atomic physics, High energy density physics ...

nuclear

physics,

accelerator-

APPLICATIONS WITH HEAVY IONS

Radio-biology and medical application, mutation breeding, functional
materials, single particle effect of aerospace components, ......

driven
nuclear
energy

ACCELERATOR-DRIVEN ADVANCED NUCLEAR

%%lcEere‘thr-driven System, cyclic utilization of spent fuel, nuclear

SYStem / ' material research, heavy ion driven high energy density physics
. ACCELERATOR PHYSICS AND TECHNOLOGY
/ - Generation and precise control of ion beams: high intensity, high power and
high quality
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Research Facilities in Operation

Heavy lon Research Facility in Lanzhou (HIRFL)

SSC(K=450) 1988

100 AMeV (H.1.) SFC (K=69) 1963
10 AMeV (H.l.)

the Sector Focusing the Separated Sector
Cyclotron (SFC) Cyclotron (SSC)

CSRm 2005;
1000 AMeV (H.1.)

the Cooler Storage Ring (CSR)

Operation status
operation time: >7000 hrs. / year
beam time: ~ 5000 hrs. / year

Experimental status
experiments: ~ 200 items / year
user units: ~ 80 / year

- the largest ion—-accelerator complex in operation in China
- more than 20 experimental terminals

Statue of CiADS and HIAF Projects, Yuan He



Research Facilities in Operation

China Accelerator Facility for Low Energy intense—highly—charged
Superheavy Elements (CAFe2) g i0n Accelerator Facility (LEAF)

-

BT -~z v
4.5MeV/u-7 MeV/u o
3-10 puA =7
cw

Particle. H~238U
Energy. 0.3 AMeV~ 0.7 AMeV

320 kV Highly Charged lon Super Low Energy Heavy lon
Beam Platform Experiment Platform (EBIS)
i S v} Ll
Particle . H:;g8U Particle . HHe N O Ar Fe ...
Energy. 15 keV~10 MeV Energy. 500 eV~40 keV
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Experimental terminals

facility for in-beam

Radioactive ion beam External target Gas-Je.t targelt Isochronous mass ipectrmtneter fo(; gamma
line in Lanzhou facility of CSRm experimenta spectrometry at CSRe cavy atoms an
terminal at CSRe nuclear structure spectroscopy

 more than 20 terminals were built for the experiments

« experimental researches for heavy ion nuclear physics, nuclear
technology, highly ionized atomic physics, and applied researches In
the field of biology, materials and advanced nuclear energy

2 a'..

Dielectronic Single Event Effects High temperature & stress Experimental terminal for
Recombination Experiment Terminal irradiation terminal Membrane Technologies deep-seated tumor therapy and
high-energy biomedical
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Overview of CiADS and HIAF in Huizhou

SONFREESSD | L ® SRR
13696m? | 4185m?2

FREMEAT
8543m?

=

BEX (2008) BERERA2AE, FEMFRMIE, —HIGiE128E
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Q Outline &1,

Background of CiADS Project

Challenges and Progress of CiADS

Background of HIAF Project

Challenges and Progress of HIAF

Summary and Perspective
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China Initiative Accelerator Driven System

“Holding the increase in the global average temperature to well below 2°C above pre-industrial levels
and pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels.”

The Paris Agreement

Shares of nuclear and renewable energy in the electricity generation mix

and corresponding climate warming across IPCC ARG scenarios. _ Greenhouse gas emissions from electricity generation technologies.
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Source: IASA (2022) and IPCC (2022a).  Renewables** share of electricity generation, 2050 (%)  excluding biomass CCS — carbon capture and storage.

https://www.iaea.org/topics/nuclear-power-and-climate-change/climate-change-and-nuclear-power-2022

« To achieve carbon neutrality in the coming decades, a key to avoiding global warming of more than 1.5C, investment in
the energy sector must be scaled up and directed towards cleaner and more sustainable technologies that support global
climate change mitigation and adaptation.

«  With one of the lowest carbon footprints, 24/7 availability and the operate flexibly, nuclear power can make an irreplaceable
contribution to a stable decarbonized power system and act as a regulator to renewable energy such as solar and wind.

CiADS and HIAF Projects, Yuan He 10
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nitiative Accelerator Driven System

Perspective of NE Development

O Nuclear power is gaining support again after years of decline
52 more reactors under construction, 2/3 in Asia.

« ~30 new countries are looking at nuclear energy to meet their power and climate needs.

100% ! *~._Fission Q-value (1 tonne-U-ore ~ 970 GWth-day energy)
; N Multi-recycle fast reactors with CR > 1, or hybrid completely burning actinides
J&frlﬁﬂ- I I SSFR Assume: Depleted Uranium Assay=0.2%
8.¢FMSR BatchﬂCore? o
America - Latin . B Operational e CANDLE: Battery Core: size limitted
é 10% 0/ Pu/U
: % - Breed/Burn
- [ Multi-recycle SFR
Construction S TWR CR=0.00-0.75
psia-For ot | 2
£ HTGR-UOX
- : S 0. LWR-UOX e
Asia - Middle East and South _ B o os s B %
—] o T ass 1 Y
S g ,/'m oy gl N
Europe - Central and Eastern _ [ “Generic" / Il . %
r CANDU "Pebble Bed, o
I 100 MWDIkg™ /’ -
= 1to N recycle LWR-MOX Peigmalic,
0 20 40 60 B0 100 120 140 O

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Heavy Metal Consumption Rate (tonne-ore HM/GWth-day)

O More than 22 countries to advance the aspirational goal of tripling nuclear power capacity by
2050, as well as statements by the IAEA and the nuclear industry.
O But the NE technology is still far from advance.

CiADS and HIAF Projects, Yuan He
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Radioactive waste removal rate(%)

» 8 tons of natural uranium --> 1 ton of nuclear fuel -> only 50 kg is burnup into fission products
> Reusable fuel (950kg) + depleted uranium (7 tons) has huge untapped potential for energy
»> By 2035, UxC estimates that spent fuel emissions will be close to 618,000 tons, according to tripling nuclear
power by 2050, that means at least 30,000 tons/y

CiADS and HIAF Projects, Yuan He




Sustainability of Nuclear Energy M‘!M

hina ccelerator Driven System

B the next generation nuclear power should be sustainable

O Breeding O Transmutation

« U238 9 Pu239 fragments

B decay P decay

0 o Fast neutron . R -7
Py p E - - E *) -
A ' A (>0.1MeV) p
neutron . ¢O0 5 N [verienl Q> 2
)

U238 U239 Pu239

« toincrease the amount of nuclear fuel by
hundreds times

 to reduce the amount of nuclear waste by tens
times

 to shorten the radioactive-lifetime by

Reactor thousands times
operation ,

recycling

CiADS and HIAF Projects, Yuan He



Aok BIRAIY X MAEE

China Initiative Accelerator Driven System

Accelerator-Driven System

I Pr|n0|ple of ADS

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

Accelerator

Wr: fission power  S,: source densit]%

Fission neutrons
>1000 n/proton

Energy production Spallation neutrons ~20 n/proton

Subcritical reactor

CiADS and HIAF Projects, Yuan He
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O Effect of MAs on an FR O Reactivity control of a subcritical FR:
g O Critical reactor : -
= 6% 1 ‘ - . Sodium void | off T 1 10
| S e Wr = Wy exp —t ~ I BETA=0.00354677 Ketr
10 et | ; LAMDA= 4.1E-7 ——0.995
" | - 0.8
0 e | | | | Reactivity _ | — 0.
b o o ol Zos —
R ] | con - .
2 \\ ' ! \D\ _Delayed neutrons e 006

.

rel.ro

.20 c ' — 04 -
\ | O Subcritical reactor : \\\

, 0.2 .
- 40 B\ = Loss of reactivity Keff _M\\;\\__
€5 : | D el Doppler effect 1 K ) 0.0
0 2 4 6 8 10 - e T T T T T T T T T
| Minor actinides (%) ff (0] 2 4 6 8 10
’ External neutron source control Time(sec)
The relative change in core parameters is a function of the MAs content in the fuel
Subcriticality is independent of MAs content in the fuel, and reactivity is linearly related to

With the increase of MAs proportion in fuel, external neutrons
+ the difficulty oflcritical reactor control increases The power of the critical FR is affected by the reactivity and changes exponentially after
* the void eff.ect Increases, the reactivity is introduced
* the proportion of delayed neutrf)rlls decreases The ADS power is controlled by the accelerator neutron source, and the change of
* doppler effect and loss of reactivity decreased external neutron reactivity is linear and controllable

Critical reactor: Keff ~ 1, Power changes with (Keff-1) , to ensure safty, the proportion of MAs should lower than 5%

Subcritical reactor: Keff ~ 0.98, Power varies linearly with acc neutrons, the proportion of MAs is almost no limited

CiADS and HIAF Projects, Yuan He
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The conditions of ADANES burner : accelerator current <20mA, reactor keff <0.98

* Preliminary reprocessing:

I " I ! I I .
16X 10" 7
. -u a
-y o Ty FN 0.98
L4X10'7 v/ % / \ /
S Lk e . . "
2 x -
% 1.0X10" o7 0. 96 |3 22c
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N 1717 o S Y e
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0.0- 0.92
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Time (day)

ADANES enables at least 4 fuel cycles

The burn-up depth of a single cycle can reach 10%.
The utilization rate of uranium resources can reach 30%

« Advanced reprocessing:

1 i 1 i | i 1

1.00 -

0.95

0.80

Reprocessing loss rate:1%
Fuel manufacturing loss rate:0.2%

0.85 -
0.80 -
0.75

0.70 +

0.65 +

Utilization rate of uranium

Oﬁ'ﬂ I T ] L ] ¥ T

Burn-up depth(fission/loading)

0.0 01 0.2 0.3 0.4

05

ADANES can achieve continuous fuel cycle

The burn-up depth ~10%, Uranium resource utilization ~90%
The burn-up depth ~20%, Uranium resource utilization ~95%

CiADS and HIAF Projects, Yuan He
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ADANES — a Promise Solution f&?ﬁ

erator Driven System

To “fully” use depleted uranium, spent fuel, and “flexible” integration with the existing
nuclear power industrial system

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

* Spent fuel reprocessing: Partially remove fission
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
e Advanced burner ADS: —— External neutron driven

subcritical reactor (LFR), transmutation, breeding, and
energy production

e  Utilization rate of uranium resources : ~1% =2 ~95%

Energy production
* Radioactive waste lifetime : Hundreds of thousands of years =
Several hundred years « Complete reprocess of ADANES fuel cycle
Radioactive effluent : ~25t > ~1t (1GWe/pile year) - Each time, removing the fission products, and
« Reactivity control : Critical operation = Subcritical operation adding spent fuel or depleted uranium

CiADS and HIAF Projects, Yuan He 17




4 Challenges of ADANES L&D

» High power (tens of MW) accelerator
» CW beam 10-30 mA, Energy: 0.8-2 GeV
» High availability
‘ > High power (tens of MW) target
» target window = 40 dpa
» 2 10-20 MW heat removal
» Subcritical LBE reactor

Accelerator

’ > Fast neutron reactor
» Material in LBE and with high dpa
Coupling of .
Afcﬁ;g:r, > Spent fuel reprocessing
Target and > remove most of fission fragments by high temp.

Reactor

dry processing
» high radiation fuel production

CiADS and HIAF Projects, Yuan He
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China Initiative Accelerator Driven System

) i Roadmap of ADANES in China

4B CNY 3B+ 7
~1.7 B CNY Phase II Phase I11 Phase IV
Phase I 2017--2027 2024--2035 \
20112019 S — ~ o \
\ ‘ \ .
Inject I ) : .
- | L J N 0.. . ..’. \
Inject I1 | ‘i .".'.. ““‘ . “
. E " o
10 Mev N, - \ - \
| s A : \ W
2014 2017 2027 \ <2035 \‘ ~2040 \
~2.5 MeV ~25MeV  \ ~500 MeV . ~1.0 GeV \ ~1.0 GeV
&10mA &-10mA - &SmA \ &<15mA : &>15mA \
Key Tech. R&D : Acc., Target, Blanket... \ ’ \ \
Prototypes . __ . _ . _ . _ -, Tl Eacilty . Demo.Facity '\ _IndustFacilty
o : \ ‘ \
“strategic Priority Research Program” of the Chinese \ R . R \ .
Academy of Sciences . ClADS \re CyClln g . \

CiADS and HIAF Projects, Yuan He
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China Initiative Accelerator Driven System

* to Demonstrated 10 mA CW proton beam: et T62.5 MER Bl wave Gaviry
v CW RFQ, CMs, Low beta cavity 5 ;
v system integration and control

v high beam power commissioning

— — 162.5 MHz Taper HWR
Current 10 mA
Energy 20/30/40MeV

Temp.

DC 162.5 MHz 162.5 MHz 162.5 MHz 162.5 MHz 162.5 MHz
=& 20 kV 65 kV 26 MeV/m 26 MeV/m 26 MeV/m 29 MeV/m
Supported by “Strategic Priority Research vy
=7 ECR 4-vane HWRO010 HWRO010 HWRO010 HWRO15

Program” of the Chinese Academy of 5
Sciences. = 1 1 6 6 6 5

CiADS and HIAF Projects, Yuan He 20
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China Initiative Accelerator Driven System

/ IFMIF/LIPAC \

\A,L‘ 40MeV D

® ECRIS + RFQ 20
® Energy ~2.1 MeV
® June 06,2014, first beam

-

\ 5mA, 40MeV /

® ECRIS + RFQ + MEBT + TCM1
(single HWR) 15

® Energy ~2.5 MeV

® QOctober 01,2014, first beam

%)

otk CAFe \
LAE5 LE

® ECRIS + RFQ + TCM6

® Energy ~5 MeV

® June 06,2014, first
beam

Riftifto®m (

3
. Eggs;jgorw + \(/:M1 +CM2 EfR SARAF SPIRAL2
L] Ezz:smber 15,2016, first 5 | % IFMIF
4 PXIE \ _
et e e 0.5 mA@fkH
e gomsenraccne T R
5 ® Energy ~25 MeV 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

® May 28,2017, first beam

Achleved 10 mA, 20 MeV, 200 kW in 2021, the world record intensity of CW beam
CiADS and HIAF Projects, Yuan He




The world’s first MW-level

*T1

: ADS Terminal, 10MW reactor, K4 0.75~0.96;
e T2:
* T3:
* T4:
* T5:
* T6:

Phase II - CiADS L&D

nitiative Accelerator Driven System

22 S— * Beam Energy: 500 MeV (upgrade to 2.0 GeV)

ADS prototype P =~ ' ~— BeamPCurrent:15O Tﬂﬁ\;\/(upgrade to 10 mA)
R . < - atal Power: <

- | BE redtterand LBE target

-
.._.Eﬂﬁ‘ B )

accelerator bldg;
2022~2024

reactor and exp bldg;
2024-2027

High power Target experimental Facility;
Muon experimental Facility;

Multifunctional Irradiation Research Station;
Nuclear Data Experimental Terminal

ISOL for upgrade

CiADS and HIAF Projects, Yuan He
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Background of CiIADS Project

Challenges and Progress of CIADS

Background of HIAF Project

Challenges and Progress of HIAF

Summary and Perspective

CiADS and HIAF Projects, Yuan He




Y

(R e Goals and Configurations of CiADS M‘!Di
» CIiADS is committed to the integrated D
coupling operation of 2.5MW accelerator, Total power 10 MW
target, and reactor as a burner for ADANES. Designed life 20 Year
Full power time 3 Year
Proton Accelerator
» ADANES fuel cycle will be carried out by only Accelerator SC Linac -
removing part of the fission fragments Beam energy 500 MeV
through a simple HTD-process to obtain Beam current 5 mA
PUMA fuel, in order to achieve multiple cycle. Beam power 25 MW
LBE Spallation target
_ _ S Neutron per proton 9 n/p
» Finally, ADANES can realized minimizing Tolerable beam power o5 MW

HLW accumulation and maximizing fuel

e L : LBE subcritical reactor
utilization with other nuclear energy systems

235 i o)

in the next hundred years. U enrichment of fuel 19.75< wit%
K 0.75~0.975 -

Reactor power 7.5~9.75 MW

CiADS and HIAF Projects, Yuan He




Concept drawing of CiADS L&D

hina elerator Driven System

pibspaililenonilepyeysd

Core Spent fuel

Sub-criti'ca\rl Reactor

i E z 4 Transmutation
; <3 1t —
: s s

Spallation Reaction Spallation Target

CiADS and HIAF Projects, Yuan He
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hina Initiative Accelerator Driven System

Energy/MeV 500~1000

Beam current/mA 5~10

Operation mode Pulse & CW

Current stability +2%@100ms Ellip082 x 7
Cavity number 151 sy Ellip062 X 10 zsscsazvolrt:nes

A 3 cavities .
CM number 32 . 1 HWR040 x 10 bt
e 6 cavities+2 solenoids
! HWRO19 x 4 0-038m P
: - 6 cavities+6solenoids e
HWRO010 X 1 6.038m ection _ 500 MeX
9 cavities+9solenoids ucting il ;
162.5MHZ 6.038m S“percond‘ - 5 o i & . .
- .1Me\7 . > I '_

2021.07 Project approved and linac Baseline design
2023.12 First beam from NC frontend

2025.12 SC section installation in tunnel

2026.06 First beam out of CiADS and acceptance
2027.06 Accelerator\target operation

CiADS and HIAF Projects, Yuan He
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Beam
dump

ECRIS ( LEBT RFQ : MEBT - superconducting section

2. lMeV SOOMeV
Beam quality Beam loss Beam unlform

» LEBT : Transverse beam » Low beam loss control » Beam ll.IllfOl’ mity by M“ltl
quality control- Bend structure v' Lattice optimization order Sine wave scanning
+ beam scraping compact qusi-periodic > Fourier harmonic superposition
» RFQ : Longitudinal beam structure and periodic lattice > Easec.i on scanmagnets
) . . ourier harmonic superposition
quality control- Full particle v ngm matchlng for | based on RF cavities
optimization mitigating halo formation and
» MEBT: Beam halo control- beam emittance growth -
Full space scraping v Beam halo collimation to

reduce the probability of
beam loss on SC elements

CiADS and HIAF Projects, Yuan He
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China Initiative Accelerator Driven System

Fault recovery scheme

~ 20 T T
Rematch twiss parameters to avoid beam It is more effective to achieve Ml v gl
loss at the location where the failure energy compensation by cavities in ;%‘ZZ I— e N
occurred by adjusting the neighboring the high energy part because of the 2 ]| o I v
.. : . . R B il M N T 31 S ,
cavities and magnets of the failure greater acceleration capability of the L R R ) & e
cavity high beta cavity T 0 ] el e e
" S ———— - . _ . g fgz_ —— Elip062com E : EZ —== j“ =
| 1 Acceleration ability is gradua § . | § i § N
: " mm s R S " improved V 1 RIS R TR
0 i = @ 200 o D S
—_ = 97 0 20 40 60 80 100 120 140 16 = 7 £ —
l\e 5 § S Cavity list No. < £ T
= v D 5 ° 2 H 3 H
® \ = 1 % e v T T s ] g 1 LN
%‘)-10 \\ § 4{ % j: i 0 st;us‘vnn;m:)sc 200 0 mPﬂ?i\?aoﬂ(n;)so 200 i
e'-15’ § é :SE—HWRmOcam T :E;;:Puuwm = = e
_200 3 10 15 20 5 o ; . . é::‘]i‘—Ellilpoﬂcon: , , , , , E 1 : E JE e T iy \:l._:‘_
Pogan (m) 50 100 50 T 0 20 40 60 80 100 120 140 16 ‘“pﬂs;f:n(ﬁ A ; Gins;jfm:.f“ ®oa 5‘i,osi:fn“n(m‘;” =
Position (m ) « Cavity list No. (€
Twiss parameters matching Energy compensation
Matching point [ \
c 3
e . // o // e
v v

60 . : . , R
-40 -30 -20 -10 0 10 20 30
z(mm)
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e
Sy

Beam splitting requirement and difficulty

Different terminals in experimental hall:
HiTa/MIRS/NDET/MuST
High power (2.5 MW) CW proton beam, kicker is not ﬁ%‘ﬁe- e

R
i

A

G A

SRR ma\\ N
HA SRR

ST e
SRR W\ﬂ? %1 \ R R

S

L e
A e T T s A

.

Beam splitting with transverse field RF cavity and ~— =~ .

septums
Based on 162.5 MHz beam bunch and time structure

T

S
7

R R

RF cavity for preliminary kicker + Septum for secondary kicker

Roam enlittinag with wa:oiopplng f( e N—
4,—,7 L w12
100 Septums E
-t R i “ns of H £ 1o —
“ RF cavity — =~ ﬂs o /._-—",__.-—-
Oe-t g : /’—
= V 1.0e- 03ET -'“E"' 0.6 \ /
‘ » ﬂ el T
e~ e - N ~
=== = 1.0 o4ql«n O 1 l.lr a a4 / / \\ T
= 0.2 =  i— — —
1.0¢-05 / P— \\.—-_“'———- € - ; L
) L 0 20 40 60 80 100 120 140 160 180 200
5 10 {5 20 L. -
4L L\.«LJ o UDOI:“']:an(L)V tJ.L VtJVL VA LAV vy Lth a dlff ThICkness(ug/cmAz)

Beam splitting with RF cavity and septums Beam splitting with stripping foil Experimental hall layout

CiADS and HIAF Projects, Yuan He
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China Initiative Acceler:

elerator Driven System

O Muon terminal area: ~800 m? el Ll it e e
N M REERERE L o m ez
Cl.%rﬂﬁ%‘]i i _@800 fj: //:ﬁ
O Construction plan of 2 phases | : - é
» Phase I (2025-2028): one target station (300 kW), i é
b é‘ﬂ/}’x%/#/{/’- ;if/x/-. f.//-/
two muon beamlines 556
. /000
» Phase II (2029-2032): Add one additional target /000
. . 000
station and two beamlines, power upgradable to 3 MW /000

<
o=

S AR

O Design goals: capable of alternating global leadership

with PSI in key performance metrics

Beam . Muon
power Target Focusing method intensity (u*/s)

Solenoid +

Ist phase Graphite quadrupole > 1E8
300 kW | rotating target )

Full solenoid > 5ER
Solenoid +

2nd phase | Liquid lithium quadrupole > 2E9
3 MW target .

Full solenoid > 1E10

CiADS and HIAF Projects, Yuan He



RT Front-end &1

China Initiative Accelerator Driven System

* First beam at 2023, test-MEBT update and systematic commissioning at 2024, completed installation

Beam parameters

Parameters data unit

4 | (e i 1 I ; ‘ 1 I i i Particle H* -
""" | I3 il | N 1= : : oo g odl == il e Energy 2.1 MeV
11 i : : Current 5 mA
Frequence 162.5 MHz

> Orp;lr (E)lfile(:m Pulse/CW -

IS+LEBT RFQ

m CW power{kW)

m Vacuum |over threshold Trips

i Breakdown Trips e
70
80
2 "
E=
) [7a)
; 60 50 2'
L
o =
= Lo
u 40
30
20
20
l ” l -
I !

[} ] T "
2024/4/3 2024/4/16 2024/4/23 2024/4/30 2024/5/7 2024/5/14 2024/5/21 2024/5/28 2024/6/3 2024/6/11 2024/6/18 2024/6/25 2024/7/2 2024{7/9 2024/7/16
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High Stability of SRF L&D

erator Driven System

CMO010 cMo19 CcMo040 CMO062 CcMO082
HWR cavity, beta= 0.10| HWR cavity, beta=0.19 HWR cavity, beta= 0.40 Elliptical cavity, beta= 0.62 Ellipticalcavity, beta= 0.82

O Total 151 superconducting cavities with five cavity types for the CiADS linac
« HWRO010(9)/HWR019(24)/HWR040(60) & Elliptical062(30)/Elliptical082(28)
O The baseline Bulk niobium cavities show promising results

* Prototype meets the requirement of operation at 2K

O Cu/Nb Composite Cavity as an alternative choice for 4.2K operation

* Thermal stability, Mechanical stability

CiADS and HIAF Projects, Yuan He




nitiative Accelerator Driven System

R i Bulk Niobium SC Cavities =3

Bulk niobium cavities have entered batch manufacturing stage

All the HWRO10 cavities has been fabricated, ready for hotizontal testing in CM

The HWRO19 cavity is in mass production

The prototype of 325MHz HWR shows the vertical testing result achieving the nominal specification

The elliptical prototype has been manufactured, prepared for VT

E10 - - - T ' T - - - T [
E 1E11 ¢ . I r T T I T T T T T 800
F B QU-4.2K- HWRO3U cavity

B Q0-ZK-HWRO30 cavity
o x tsmHszWRoso vty 4 700
- O - Xray{uSvim}-2K. avity

1E9 oo | e

[ ]
o
1
W B
g8 8
X-Ray(uSv/h)

1E3 » COPARDIGNT] | 1E9 |

— 200

%

B

e |
Xray2[HWR010-15]

5o ]
oie - 100
g
3 5 o g0
OO0 GODIIBNCG-0G 0 -0 000 -9~ 0 0HF =02 gy - & 0 40
1E8 L 1 L 1 " 1 " 1 " 1 "
0 10 20 30 40 50 80
Epk(MV/m)

- »
BN g Sy et R T T W Lo

{ET i L L i L N 1 . 1
0 10 20 30 40 50

Epk(MV/m)

HWRO010 test result at 4.2K Prototype of medium beta HWR 040 and test result Prototype of elliptical cavity
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Aok BIRAIY X MAEE

China Initiative Accelerator Driven System

Preliminary cryogenic results indicate mechanical
stability
Cu/Nb structure: Imm Nb+5 mm Cu ;

Surface treatment: 30 um BCP, 380°C /2.5 hours heat treatment for
stress relief of copper, 30 um BCP, HPR, 120 C /48 hours in clean

room,;

Slow cooling at T, crossing of niobium adopted, ambient magnetic
field < 10 mG;

Qg vs. E, at 4.2K meets the operation requirement;
Df/dp improved by 70.9% ;

LFD coeff. improved by 76.8%. The assembled 9 HWRO010 Cu/Nb cavities string
104 T T T T T T -110 5 T T T ¥ T v T v -50 ¥ T X T ) T T T T
F = HWRO010-1# 3 -100 SH3HS df/dp(Hz/mbar)-Nb cavity w/o stiffening rlhs -43.709 o Il:'lzg:ggzg:ggfﬁabvg‘m;? SR T
5 e HWRO010-2# 1 ol [T dfidp(Hz/mbar)-Cu/Nb cavity g5
10°F & HWRo10-3# P 1 ~ &
= v  HWRO10-4# R A ‘ =80 ~ B ~
= + HWRO010-5# - o i, = TOL £
Z 10°F < HwWRoI0-6# oot T e tar > 1 & ~ 70.9% S ~ 76.8%
= » HWRO010-7# v e © A" £ 60 ~\ 5 -~ .070
= 1 = HWROI0-8# Pl e iz el 1 -JN: -0 1 = \
Z10'F ~ HWRoto9% * ¥.* 1 = ] 5 A 1
"g E :. - ‘ ‘ o 3 g -40 | ? 8
= [ v* a ] T 0l -27.183 i !
L so- NN _-27.183___ S - 4-28.799 o -10.2
zZ 10k f}v N - - 23 HE0 =] 2 o} - . e - 10208 10,42
SR e = 2t . lﬁt - ﬂ TH
= Vo aadr ; 0] Average value of Cu/Nb cavity | Average value of Cu/Nb cavity
107! !'3‘:{‘1. ' . o 1 5 ; ‘ : \ ) n 1 0 L L .
- 3 HWR010-3mm Nb  Cu/Nb-45 Cu/Nb-46 Cu/Nb-52 HWR010-3mm Nb Cu/Nb 46 b5 2
—2 1 1 1 1 1 1 . . . .
10 S 20 35 30 35 20 15 50 df/dp comparison between Nb cavity LFD coeff. Comparison between Nb cavity
Epk (MV/m) w/o stiffening ribs and Cu/Nb cavity w/o stiffening ribs and Cu/Nb cavity
X-Ray vs. Epk
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China Initiative Accelerator Driven System

distribution system for CM testing
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China Initiative Accelerator Driven System

\ g%f/p% The Layout of the Reactor Hall

4 % : Reactor Hall Main parameters of CiADS
= K eactor Ha Thermal Output 10 MW

14,700

, =
o] WK/W Primary Coolant LBE

vl Reacto
g ;

4 L WIN L e 2 .
7z

Z ol

e Linear Accelerator
Accelerator I Beam Proton
s——— 10 0 00— ; Energy 500 MeV
. E} ) RETE Max. Current 5 mA
I W v w% i wen Max. Beam Power 2.5 MW
igif [ %i ,, _ % . ﬁmgjn VA0 4;,,;,;4/,; :.;f:: L A
I 2 “J Beam Tube 1007 - Pulse CW
ol ﬁW%//////WW%%“ w7 \'ﬂ& — e Spallation Target
S = i Target Meterial LBE
////////% a,./,{, 20w, / ///////y;;/;;/;////' iﬁ]ﬁw‘i#"i -E- ’,; A, {-";’
I he - —— Target Power 2.5 MW
- H% % Sub-critical Reactor

NNSARSNSANNNN

\\\T\\\\‘_\"\\\\\
1
i
‘ E’
‘ B8-8
s S
‘ 8.8,

’4‘w 570 y,;'fy POWGF 7 . 5 MW

4
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N\

|

Top View Side VieW
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Mechanical | G S Structural features:
Pump * The target is fixed with the
Mounting flange reactor vessel by a mounting
flange.
* The beam tube is fixed with the

guide tube and connected with

Guide tube for installation

accelerator.

Target * The beam tube can be replaced
Outlet , separately.
Guide tube for flow
* The bottom of the guide tube is
Beam window constrained its radial position by
the grid plate.

Reactor Target

CiADS and HIAF Projects, Yuan He
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China Initiative Accelerator Driven System

_ 2023%F 2026-20275F i
Prototype Target ||:> BW Test Loop ||:> On-Beam Test Target ||:>ii

(140 W) (250 kw) !

* Off-line test * Coulpled with Linac * Accelarator-Target couple tech. :: * Accelarator-Target-
* System reliability * Estimation of Beam * Various target techniques :: Reactor couple tech.
Window (BW) ! (CIADS: 10MW)

CiADS and HIAF Projects, Yuan He



Aok BRI EALEE
China Initiativ

hina re Accelerator Driven System

Verification:

* NOT coupling with accelerator

« Thermal design verification,
providing experimental data for
subsequent optimization
design of the target system

 Process feasibility and
reliability verification

« Performance and operational

Electromagnetic

'__4—__________‘:_____'_-;:-_____________

[ pump
stability testing of key
components
| Beanr e « Exercise the operation process
| Eidetule and maintenance techniques
— Target tube Status:
WL Beam window * The target has been installed
~ |— safety hull in Aug. 2022.

 Testing experiments have
been performed since Sep.
2022,

* Running time overed 800 hrs.

Target base

CiADS and HIAF Projects, Yuan He RLY



SRy @3—’;’3:
Loop shield box, 3 cm Pb
(After running, then cover)

23

L &

Aok BIRAIY X MAEE

China Initiative Accelerator Driven System

Verification:

* Coupled with accelerator (Low Power).

* To estimate the property of target beam
window.

* Similar temp. rise and stress with the real
target beam window.

* Under the premise of controllable risk

Target shield box
(Shield when running,
5 cm Pb)

Accelerator-Target
Coupling Section

GAFe2 Aicelemtor p > target window performance verification
' BW i : ) .
N o s ‘ > k. experiments can be conducted under
L ' e, exceeding rated operating conditions.
! Accelerato T8
i Status:
« BW test loop has been installed in
Nov. 2023.

» Testing experiments have been
performed during Jan. 2024.

* Running time overed 200 hrs.

tor « The next round of experiments will be

carried out in 2025.

& ﬁ—a i | v
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Prototype3: On Beam Spallation Target

Verification:

* Bombarded by proton beams with power of
250 kW - 3MW.

* Target and beam window.

e Heat removal system.

* Shielding of the target.

* Target maintenance system.

f
j— | .

DNy O ~Hh b W

i

: g )

I - . : Filling

S - &  Test loop and pump have been produced
Drain in Dec. 2023.

Heat removal system « Engineering designs of key sub-systems

have been almost completed in last year,
but major technical adjustments were
made this year.

Cover gas system Neutron lab

« Fabricaiton of each component will be

Model of the spatial
initiated in the beginning of 2025.

arragement

Test Loop for
LBE Pump

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
! Status:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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Non-Fuel Reactor Testing Facility L&D

celerator Driven System

@ A facility to do hydraulic and thermal experiments for PSAR
B Flowchart of main system B 3D layout of facility
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@ The equipment installation is almost completed,

commissioning will 1s on going.

AEmTRE  CSERRE  RHRG
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nitiative Accelerator Driven System

2025 ~ 2026 2026 ~ 2027 2027~2029 2029~2030

@g Milestones of CiADS L&D

ADS/ADANES

transmutation research

ADS/ADANES demonstration

10MW system coupling ‘ - Accelerator ~2.5MW

« Target ~2.5MW
o kyiw~0.75
Reactor ~7.5MW

ADS Coupling |
pre-Fuel test e

Accelerator 0~2.5MW
Target 0~2.5MW

Construction

Accelerator and Target < Accelerator 250kW * Ker~0.75
Target 250kW » Reactor ramping O 2.5MW tal.'get.coupling reactc')r
O Fuel test in high power density
 Accelerator 25kW Kor~0-4 O Full fuel online and deep burnup
Reactor~30kW O Neutronic study of Subcritical i i
. Target >25kW y O Transmutation demonstration
, Reactor O ADANES preliminary design
O Beam-target-reactor coupling O 2.5MW beam realization
O Accelerator Commissioning O Accelerator stability study O ADANES design demonstration
O Low power test for fuels

O Target thermal study
O Beam-target coupling

CiADS and HIAF Projects, Yuan He




» Background of CiADS Project

» Challenges and Progress of CiADS

» Background of HIAF Project

* Challenges and Progress of HIAF

 Summary and Perspective
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Background of HIAF

B HIAF (High Intensity heavy-ion Accelerator Facility) is one of the mega-scientific projects
for nuclear science constructing in China

» Mainly designed to provide high energy BN E ‘ ‘
(~800MeV/u) and high intensity (10"'ppp) heavy R R TR R 2%

ion beams (up to U35*) Sacial
Civil construction was started in the end of 2018 ‘

Y

» Beam commissioning date is December 2025

B Superconducting ECR ions source provides
highly charge heavy ions

B CW linac is used as the injector of synchrotron

B The booster is used to accumulated and -
accelerated ions "

B 6 experimental terminals will be constructed for
nuclear physics, atomic physics and application 58 E i
studies LR TFEBEN

Statue of CiADS and HIAF Projects, Yuan He




Muon source at HIAF-U

d muon beams with HIAF-U ] |

Slow extraction: Quasi-continuous p/ion

= muon source with High-intensity proton/heavy ion beam T
= Fast/slow extraction modes s
= high-energy decay muons and surface muon beams Surface Muon Muon cooling
A Muon
Decay Muon tomography
L= e = . gt = % i

o . ” e 53 ; .
= *“::@hﬁw‘:izﬁt::‘:"::x

.
S - /~‘. . %,
i a. / d: n 2T i
T { L] ~ 1 N
N

[}

| { A

; ‘| \\k)/ w f.!
A\y Jil

i S e || -y e ¢

1
m———

e proton 9.3GeV, Carbon target@6x40x40mm

isiis

-

surface muon with HIAF—U
® Surface muon with momentum ~“30MeV/c (pion DAR)

® Surface muon with momentum ~240MeV/c (kaon DAR)
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l Beam parameters, here we selected the uranium as the reference particle

| sen mm

Length / circumference
m
Final energy of U (MeV/u) ECKAER(SES) 17 (U35+) 835 (U3s+) 800 (U92+) 800 (U92+)

Max. magnetic rigidity . _

L ~ 11
WV EVELEINRINCHEIWAJAVE 50 ppA (Usst) 28 ppA (U3sH) 1x‘(|3351))pp ------- (2 4)(612) PPP
fast ramping Momentum- DC,

QI ek Be o e gl (12T/s, 3Hz) resolution 1100 deceleration

Emittance or Acceptance o, T30mrad(H)/+1 40/40, 1.5%
(H/V, t-mm-mrad, dp/p) e LI, Uo7 5 mrad(V), 2% (normal mode)
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4 High Intensity Challenge of HIAF '

= The 4th generation of ECR ion source, provide highly charge U ions with the current about mA
= A CW superconducting linac is designed as the injector of synchrotron

= Two phase painting injection and fast ramping in the booster ring (BRing)

Bladder & Keys assembly

Statue of CiADS and HIAF Projects, Yuan He
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2 5L Outline

» Background of CiADS Project

» Challenges and Progress of CiADS

* Background of HIAF Project

 Challenges and Progress of HIAF

 Summary and Perspective
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Front End - LEBT HIAF>

et

€ Phase | of lon source Front
End ready for beam
commissioning

\:{T\/:zl\] T ‘. " N TS \""‘i:.. L - e ‘, 3
— e | @RS | AR | @ All beamline sections in place
‘ ‘ and readiness check passed

€ Higher performance ECRISs
will be ready soon

s

FLLL T ST

iy Wiipjgressts.
n "'—‘L.I«,

« 28 GHz SECRAL-IV (by 2024)

\- 45 GHz HIAF-FECR (by 20?

=<l

HIAF-FECR
(under construction) s

i = 5 | Wl
-7-:—{5'3‘_; e A e | {RERS)

RFQ Injection Beamline
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The first 45 GHz superconducting ECR in the world: Goal 50 ppA (U35)

n The first N_b3Sn superconductmg ECR ion source magnet

Nb3Sn Magnet s0em mAbeam

Extrac ction 5\19‘3"‘

Nb;Sn + Nle Cold mass ready FECR magnet cryostat integration
. F ECR and its ﬁrst beam @45 + 28 GHZ Test Bench

3 31+ 2+
Y i | Rt
B35t n | 29+
36+ ” e 350 epA Bi3s+
34+ 10 puA
j < ‘ N J J | @45 GHz +28 GHz

95 100 105 110 115 120 125
Dipole Current (A)
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-,
/

Frequency tracking Pulse Setting  Power Monitor u_m/
ey a1 ssroea AmeRe 1ot 3sA8) ki "
T, 55A 02 S161kW i >
w $54.03 5208/ ekt
e SSA 04 4054 kW oo =
aseq smax
semoin 8 Pa——
P oanert o aneyz

B L
¥ 51.58 kW

@ Designed Energy: 0.8 MeV/u

€ Length: ~8.7 m

€ RF Commissioning:
v' Pulsed: ~98 kW for M/Q=7

v' CW: ~56 kW for M/Q=5

Crst beam: October, 2024

- ) |
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Superconducting Linac

Ll Ll

CM-HWRO015 (Quantity. 11)
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Power supply for dipole (Full energy storage fast cycling power supply)

Nanocrystalline soft magnetic alloy loaded cavity

thin-walled vacuum chamber (Titanium ring supported thin wall vacuum chamber)
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HFRS and SRing

in tunnelf

B oo 0513-0. Sbar
[@ & @ 0513-1, Obar

0515-1. Shar
[# & = 0516-0. Shar

[ reslstor
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Installation and Commission

= The installation of Bring has been finished in = The installation of iLinac will be finished in July
the end 2024 2025

» The installation of HFRS will be finished in May = The beam commissioning will be in Sept. 2025
2025 = First experiment will be in Dec. 2025

s

==\[a

®

Facility campus
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» Background of CiADS Project

» Challenges and Progress of CiADS

* Background of HIAF Project

* Challenges and Progress of HIAF

 Summary and Perspective
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Summary and Perspective
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