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” The project is proposed-and constructed by4MPCAS ).
The campus locates in Huizfou”City of Guangdong Pfovinee == == s
The total budget is 3.0 billion CNY
The construction of project started at the end 2018, and the period is 7 years




7 @

—

E5.o High-Intensity Heavy lon Accelerator Facility-HIAF HIAF>

Accelerator components and experiment terminals
@ Radioactive beams [

High energy experiment

station ggh PhysicSiatian
» Hyper nuclear physics
 Phase diagram of ‘4,“ <
strongly interacting ¢ ‘: i
matter £ ;‘& Ry

spectroscopy

Spectrometer ring
Circumference: 273m

SEs Lo 48

Fast cycle ring
Circumference: 590 m
Rigidity: 34 Tm T
71 T ISECR:
Superconducting
ECR source

Low energy nuclear structure
and irradiation terminal

BIM (Building information model) of HIAF facility
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High-Intensity Heavy lon Accelerator Facility-HIAF
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HIAF>
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B HIAF main parameters

To provide very high intensity heavy ion beam

SECR iLinac BRing HFRS SRing

Length / circumference (m) 114 569 192 277
Final energy of U (MeV/u) 0.014 (U%%) 17 (U 835 (U3°) 800 (U°%) 800 (U%*)
Max. magnetic rigidity (Tm) 34 25 15

_ _ 2x101ppp (U3) (0.5-1) x10%2ppp

35+ 3B+y | T FFEEAE S
Max. beam intensity of U 50 ppA (U>>*) | 28 ppA (UY) 6x101pps (U%) (U2
: fast ramping (12T/s, Momentum- :

Operation mode DC CW or pulse 3Hz) resolution 1100 DC, deceleration
Emittance or Acceptance o +30mrad(H)/+15 | 40/40, 1.5% (normal
(H/V, =-mm-mrad, dp/p) /5 AR, O mrad(V), 2% mode)

HIAF: for advances in nuclear physics and related research fields
B Questions of nuclear physics:

® To explore the limit of nucleus existence
* To study exotic nuclear structure
* Understand the origin of the elements

B High charge state ions for a series of
atomic physics programs.

B Slow extraction beam with wide energy range for

applied science

B High energy and intensity ultra-short bunched ion
beams for high energy and density matter research
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HIAF>

IMP . " - I 1r -
High-Intensity Heavy lon Accelerator Facility-HIAF QUATS
B HIAF construction time schedule
2019 2020 2021 2022 2023 2024 2025 2026
Civil construction
Electric power, cooling water, compressed air, network, cryogenic,
supporting system, etc.
ECR design & fabrication SECR installation and commissioning *
Linac design & fabrication TLIEE ms’_cal_latl_on il DEL) O *
commissioning exp

Prototypes of PS, RF cavity, chamber,
magnets, etc.

fabrication

BRing installation & commissioning

Day one
exp

HFRS & SRing installation & commissioning

Day one
exp

Terminals installation

YV VYV

The ion source SECR will provide first beam early next year

The low energy CW ion beam of iLinac is expected at the end of 2024
The high energy pulse ion beam from BRing is in September of 2025

The Day One Experiment in SRing will be in April of 2026



High intensity beam dynamics studies



e High intensity beam dynamics studies HIAF>

Concepts for approaching the unprecedented heavy ion intensity

! 4 Stl’lpper 3'5 tlmeS g ES 4 Tilted ES
\J?/% ' o S e e Barrier bucket N
238 J3o+ W 238 )92+ T Y — SN

I b HFRS

Incoming beam
e et S X Incoming beam \Q\ g
3y | 0 12 X E\\
kel 1x10 Ppp '

Acceptance

Acceptance

Novel two planes painting injection
scheme - 2.0x10 ppp (6x10pps)

Fast ramping rate - 12T/s

y (mm)

High repetition frequency - 3-5Hz

Stacking longitudinally from BRing to SRing

Injection Single

lons Plane e
- Turns injection
ILInac
i — 1L o - H 33 3.3x1010
= i i L = L S - -
T 238( |35+ Vv 16 1.6x1010
High current superconducting linac 45 GHz superconducting ECR H+V 150 2.0x1011
« Pulsed 28 ppA U3, U+ . Pulsed 50 ppA U35+, U+ . o -
« CW 15 ppA U3+ . CW 20 puA U3+ 2.0 x10* with two planes painting, nearly 10 times
« 17 MeV/u . 14 KeV/u

over the conventional single-plane injection.
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Development of simulation code CISP-GPU

HIAF

developed to perform 1:1 end-to-end multi-dynamics coupling simulations in high intensity ion accelerators

Particles

simplified longitudinal space charge

Gr-PIC for free space

Space Charge

Gr-PIC for rectangle boundary
Coasting, bunched longitudinal dist

KV, Gaussian, uniform transverse dist.

Wake given by data sheets
RLC wake

Bump magnets

Electrostatic septum

Pickup
C;SP

RIS RLARINT &

Beam Diagnostics

Bunch merging and splitting

Barrier Bucket

Excitor for slow extraction

Injection

Dipole

Drift

Other kicks

N « All important beam dynamics in
(S
3 high intensity ion accelerators
Wake

Nonlinear
fields

are implemented in the CISP

* Employ transport-kick model to
include all these beam dynamics
in a single simulation to get
closer to the actual accelerators

?/@ GPU-accelerated parallel computing of all beam dynamics: Higher performance - Much higher accuracy

138
3000 - f @ CPU Ver. > Weeks _ GPU Ver. 1000x
=
£ &
GPU Ver. ~ Hours CPU Ver. 1x .
e ] ' _Macroparticles
b 10° 10° 107 10°
Q
&
§ ol Usual setup ~100x | GPU Ver. 100x
=
@
CPU Ver. .
o Ix Slices
ot 10° 10* 10°

Wake (Norm. Signal}

104

—— 3.2E5 macroparticles
—— 3.2E6 macroparticles
—— 3.2E7 macroparticles

—— 3.2E8 macroparticle:

« ~ 108 macroparticles
and 10° beam slices

» study the interaction
between ultra-short
wakes and ultra-long
bunches, and many
other multi-dynamics

0

coupling effects

25000 50000 75000 100000 125000 150000 175000
Time (s)
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Nonlinearity and Space Charge

HIAE>

Key
issues
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—— 4 Skew Sextupoles

O Large magnet apertures and large beam sizes - Strong nonlinear magnetic errors
O Low and medium energy ion beams in all beam manlpulatlons - Strong space charge effects

H— WthuutE rror

—— with Error
Error With Compensation

® o

y

Redistribution due to
+ space charge fields

compensation scheme reduces the
beam loss from 39.86% to 0.54%
which is close to the linear situation.

/IZ(JDI/SP simulations show that the I

© 0o

0 1000 2000
turns

3000 4000

« All 39 order resonances driven by field errors with space charge could be compensated by correctors!

|
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Bx Ha rmonic Analysis
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]\ e bdOv=3dy

4Qx=36
TIE

Tune Scan Beam Loss Map (No Error)

; -\‘ e | 8 Y

i

¥ s
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* CISP Slmulatlons ’

Structural resonances mQ,+nQ, = 36 or 39
could be driven by space charge fields in the
HIAF given by the theory, which is completely
verified by the CISP-GPU simulations.

Work point stay away from the red area;

correction scheme is under investigation
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S Collective Instabilities <HIAF>

O With CISP-GPU simulations, it is the first time to study collective instability stimulated by the extra
broadband impedances from 3D-printed titanium alloy supported vacuum chamber in the BRing

y_center(m) over time(s)

1400 ——————————————— ores : ——
o Cover panels are employed voe| Asingle-bunch , s
M reduce the impedance . ' instability occurs
e 0.0050
1000 : s

. 00025

without cover panels

s
E
L 2
2 i 3
g 800 + with cover pancls, width = 57 mm . ! 0.0000 —_———— —— T
° with cover panels, width = 86 mm | ! | | z -10
] : : * -0.0025 ] 1 &
=3 600 ~—with cover panels, width = 95 mm | | ]
£ —— with cover panels, width = 110 mm ] -0.0050 Eof
b with cover panels, width = 120 mm | 4 1 -15
_g 400 P R ~0.0075 s 1
E ) o] matneus |
— —0.0100 RS S B
> 200+F R ! i s e .
. . . . . 0.30 0.35 0.40 0.45 0.50 1 2 3 4 5 6
tme(s) Intensity lel2
0 100 200 300 400 500 600

In the proton beams, high order transverse mode coupling instability is
stimulated as the bunch g, is about 5 m while the peak of wake is at 0.1 m.

Frequency [MHz]
=

300_IIII|IIIlllilI|Ill|]llll|llll[|lll

~——— FEEDBCAK OFF | -
~—— FEEDBACK ON —

* Instability stimulated by the
broadband impedances from
rings is stabilized by:

200 -
100 |

1. Chromaticity of a relatively
large value ~ -5

Vertical Bunch Center (mm)

-100 |-

Vertical Bunch Center (mm)
(=]
T

-200 F All instabilities -

2. Wideband feedback system r Feedback are stabilized.
- Lo b oo b by v by b by w0
with a band-width > 500 MHz 03— 100 . s . o %0000 0 100 200 300 400 500 600
Time (ms) Time (ms)

""Development and Application of High-Performance CISP-GPU Code for High Intensity Effects in HIAF by Jie Liu



Key technical challenges and R&D



MR- 45 GHz superconducting ECR ion source HIAF,

The first 4A5GHz superconducting ECR in the world: 50 ppA (U%*)
.- | The crltlcal oneisto fabrlcate a fuIIy Nb,Sn superconductlng magnet

Nb3Sn Magnet

Sextupole Coils integration Full-sized cold mass
Most technical challenges have been verified, system integration is under progress
B 45 GHz microwave coupling

7 [04kiNe18GHz “off T 20kWa45GHz "off”
_ 6l x; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
z e
— 5 ----------------------------------------------------------------------------------
z Beam Recover
£, | 45GHz+28GHz+18GHz | Il | T e
U
£ | EcrH
€3
3 2qkWa 45 GHz “on”
g
f.é 0.4kW@ 18 GHz “on”

R RS WU || 6 N S

0

0 50 100 150 200

Time (s)

45GHz/20kW microware transmission system based on the quasi-optical design, ECR plasma with 45GHz
microwave has been tested with exiting SECRALZ2 ion source. The first beam at 45 GHz is expected in 2024
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S High current superconducting ion linac - iLinac <H/AF
ILinac
swe [ vews (R | wewr | o ) * Pullsseh Zopre L

« CW, 15 ppA U35+

0.8MeV/u 5.3MeV/u 17MeV/u

TR T TR F : : 4 : ! =
Fmsaontil iili‘llhll'Z[i‘!Hlll i|i*li|l!l'ilZ‘llJ!IBTQ“Q'IIIEHJi sl
. 8 € L L L3 A LS L L3 S e sjerarraries

To BRiIng or 2021
Terminal 1 5-10mA , 100-200kW, CW

Uy

o | gL "Qﬁm I
2019 i
16.4MeV@2.11mA CW s s =%
2016 T
RFQ HWR 015 10MeV@LI13mACW B i o [

2015
5MeV@3mA CW

o %ﬂﬁ
In order to demonstrate the SRF x ks

technologies, a 25MeV SC linac
has been built

Several types of SC cavities
have been developed
The CW beam power reached | .EGR‘S

200kW in 2021 + Supported by “Strategic Priority Research Program” of
the Chinese Academy of Sciences.




High current superconducting ion linac === d’l_‘\b

m RFQ and SRF cavities fabrication

superconducting solenoid solid state amplifiers

-‘ SFR cévity tuner



S Fast cycle booster synchrotron BRing <HIAF>

» Fast ramping rate mode FITY, . Doion . O ‘
Why? " " 1Y [\ [
Due to space charge and

dynamic vacuum effect,
beam should be launched to the . 38000A/s
high energy as soon as possible. = ey “

/| ,366ms
353%34 0120 30

Repetition rate: 3-5 Hz, 5-10Hz

The highest ramping rate for heavy ion synchrotron, challenges for key system,
such as power supply, RF and vacuum chamber

A major breakthrough through innovative technologies:

1. Fast ramping : 2. Magnetic __' 3. Ceramic-
rate full energy £ 4 = alloycore @4 lined thin
storage power ik . ‘ loaded RF B wall vacuum
supply i Sy system chamber
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s Fast ramping full energy storage power supply  <IAE
» Load specification and performance requirement of magnet power converters featured by fast
ramping rate: 12T/s, =38000A/s, the peak power reaches *230MW totally at full load

as0onsa00 " oo | Challenges:
116mH Nl 12000 150010 High tracking precision and
36.4mQ § 2000 fo %{ % low current ripple, especially
=aceelthoe 81000_ ] 2o® }s-wo"g strong un-allowable line
ig'zi ] 4000 {-1.0010 voltage fluctuation due to
Fatoperror  [ERE) o o o g o a7 [ENE39 G VRN Cii

Parameters of BRing bending magnet
power supply

Time(s)

reactive power

Parameters of BRing bending magnet power supply

» A innovative power supply topology are proposed for HIAF BRing ( variable forward excitation,

full energy storage, PWM rectification technology )

Energy from
capacitor tank

Energy from
magnet load

to magnet load

to capacitor
tank

Circuit diagram of bending magnet power supply

» Energy capacitor will be used to store

energy during the falling, and provide
the energy for next fast ramping

» The energy can be controlled by PWM

rectification technology, only active
power will be taken from the grid!
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+0.385/4000 \
=+9.625E-5

! / 150ms EF/FHERI $
PENNRC - AP K

-3 1 L
0.00 005 010 015 020 025 030 035 040 045

B3E (s)

» First actual power supply of mass production, leading level performance has been achieved

4.0 LS [P
los Power requirement | Conve | Energy
3.0 (MVA) ntional | storage
{0.4
®, ;I?L BRing bendng magnet 180 15
7 2.0 0.0 7 i druol
(kA) LS BRing quadruple
04 % magnet >0 6
1or — Wk _
— wiRig£ 08 Total of BRing 250 41
SRBEIR £
005 o010 015 020 025 030" Total of HIAF 297 88

B e 1 (5)
Test results on the real magnet loads:
Current 4000A, ramping rate > 40000A/s, tracking error< +9.625e-5, power requirement of power
convertors for bending and quadrupole magnets will reduce from 230MVA to 21MVA
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e Magnetic alloy core loaded RF system HIAF>

A High voltage: 240kV Q Short rise time( <10ps) for beam compression

MA RF system:

Compared with ferrite, MA cores have the characteristics of high
gradient, wide band, and fast response

250 \—k\l\

= Phi

nN
8
8
)

g

n
o
Synchronous Phase(®

Gap Voltage(kV)
8

Not well established yet:
Fabrication of MA core module

&
S

K W Cooling of MA-loaded cavities operating at intense power dissipation
Voltage and phase waveform of
BRing RF system C System Com ponents )
A4
Y Y Y
Large size oil cooled High gradient direct cooling Broadband push-pull Multi harmonic

MA core MA- loaded cavity tetrode amplifier digital LLRF




e Magnetic alloy core loaded RF system HIAF>

> Independent research and development of magnetic alloy (MA) core

O Over ten years exploration from small(¢90), medium (¢460), to large (¢780) MA core.
O The thickness of ribbon is getting thinner from 18 to 14um, and the performance of MA cores are getting better.
O Q value: 0.65~0.3@0.1~20MHz; wpQf :5.3GHz@0.3MHz, higher than Hitachi's products.

N\
\

W'pQf (GH2)

N » o ©

=

== Hitachi ®850mm(t25mm) FT-3L MA Core
——— [MP ®780mm(t35mm) MA Core

2 4 6 8 10 12 14 16 18 20
Frequency (MHZz)

technological -

product : : '
blockade 95 X 65X 25mm 460 X 230X 25mm 780X 360 X 35mm

bans

o

Size: ®780Mm 27
6 Ribbon:14um :
Size: ®780Mm  Company: Yunlu 2.4
5 Size: ®460Mm  Ribbon:14um o1
E Ribbon:18um  Company: Yunlu : J— Hitachi ®850mm(t25mm) FT-3L MA CoreL
o FSize: ©460Mm Sioe: O78Mm [goo S0 | Company: Yasle 18] |—— IMP ®780mm(t35mm) MA Co
= 4 FRibbon:18um Size: ©780Mm  Ribbom:18um o L She
=3 :(‘nmpany: Liyuan pibbon:18um Company: VAC = ‘c"‘é :
. ~, ., [N
- be n 1.2
@ 3 - Company: Liyuan o
S, f
= 2 y 0.6 1
C 0.3
1
- 0.0
= 0 2 4 6 8 10 12 14 16 18 20
O 1 1 1 1 1 E (MH )
requenc z
2017/5 2017/7 2018/8 2019/5 2019/10 2021/3 2023/3 d 4

MA loaded cavity Development history of MA core Parameters of MA core
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e Magnetic alloy core loaded RF system HIAF>

» MA RF system with oil cooling has been constructed and power test show the good performance
O The cavity RF voltage can reach 66kV@0.3~2.1MHz, with 3Hz and 70% duty cycle operating mode

700 50

% 40
600 o ——
\ I/ — 30
500 Y T~ 20
/ \\ —_—Z(2) §
Phase of Z(deg) 10 S
— 4004 & < =
g \ 0 1\5‘
N 3004 ° \\ 10 8
=
\ 20 =
200 - B
\ -30
100
-40
0 -50
0.0 0.5 1.0 15 2.0 25
Frequency (MHz)

Impedance of MA cavity High voltage pulse (50kV/10us)

MA loaded RF system prototype MA loaded cavity LLRF VPX hardware



14um ribbon production Ribbon shearing 1~2pm silica coating Constant tension winding Water proof coating Atmosphere annealing

» The manufacture of MA loaded RF systems (6 sets)

O 170 high-performance MA cores have been produced. The manufacture of amplifiers and cavities are in progress
O The online installation and debug of the MA loaded RF systems will be carried out in May 2024

Tetrode TH558 MA cores 500kW Push-pull tetrode Amplifiers



e Titanium alloy lined thin-wall vacuum chamber ~ <H/AF>

Due to high ramping rates, thin wall vacuum chambers are needed for all magnets to keep eddy
currents at a tolerable level.

B Thin-wall vacuum chamber B New scheme:

with reinforcing ribs . Thin-wall chamber supported by ceramic rings
o » Complicated fabrication process

Special material with high cost
S Low finished production rate
Large gap of the magnet

Stainless steel-0.3mm

Rib-15mm,one side Stainless steel-0.3mm

Ring-4 mm,one side

Ceramic ring with

golden coating Titanium alloy-

CT4 cage

Thickness :4mm

Thickness :5mm
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“we-  Titanium alloy lined thin-wall vacuum chamber ~ <H/AF>

Advantages for TC4 cages manufactured by 3D-SLM(Selective Laser Melting):

* Occupied a less magnetic gas gap; A higher yield strength with 912 MPa; A lower outgassing rate with
1.12x101 mbar.l/s.cm?; In addition, high reliability, easy to manufacture, and low cost......

—=— Strain gagel
—e— Strain gage2
|| | —— Strain gage3
—v— Strain gage4
- | —¢— Strain gageS

Stress/MPa

100 F M’Vrl/
OF

0 500 1000 1500 2000 2500
Load/N

Mechanical loading test of titanium alloy ring

Comparison of Mechanical Properties of Materials

Outgassing rate  Yield strength  Density

mbar-|/s-cm? ~MPa kg/m3
Titanium alloy 910-960 4510
Zirconia 380 _(Anti- 6050
ceramic bending ) The titanium alloy-lined thin-wall vacuum chamber
stainless steel 202 7900




“we- Titanium alloy lined thin-wall vacuum chamber ~ <H/AF>

Progress: The thin-walled vacuum chambers with various cross-sectional specifications, such as
octagon, circular, racetrack shape, and so on, have been developed by IMP.

fjvm‘v HITHLE A 3\'@

=N TN h
e S e ——

~ N ) Ly N
N2 \\‘-L &S

The chambers of quadrupole magnets

* Currently, 48 sets of bending magnet
chambers and over 80 sets of quadrupole
magnet chambers are under fabrication
and are expected to be completed by

e December 2023.
Welding quality



S Beam test run of the key technologies HIAF
Proton Radiation Effects Facility (PREF)

| 5 ; ‘ _— S
[ -
I§ ” , 1L} - m‘
== = B Jle =
|F

i (uA)

4000
4000
2000
03 ] 0 2 30 . 30

0 30
i) (s)

2.87E+10ppp@60MeV

« Applied in PREF facility and have been verified with proton beam. Two months beam test run
show good performance and reliability



Project progress and status



S Hardware components HIAF>

Superferric bending magnet
with warm iron

‘ Coil dominated Canted Cosine

Fast ramping full energy storage power supply Electronics devices Theta multipoles magnets
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2 S Hardware components

d t of key system and devices “ :
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Test and measurement of superferric magnet Kicker power supply test with real load High power primary target test



e Common Utility HIAF>

i

N

10kW@4.5K/2.0K for superconducting linac

o%
' g ..

Test room
7 Cryogenics

— WLy o7 | 1

The test of negative pressure
heat exchanger

3 i
e - "1 3P Arriving > Debugging > Operating
sl Cryogenies ™ i November, 2023 August, 2024 January, 2025

2.5KW@4.5K for superferrit magnets  500W@4.5K for test cryogenics station

AT L

assembrlry of cold box Tank processing

~

Components fabrication has completed and Pipelin_e Iaying_, equipmept instal_lation, an_d system
installation is expected in November 2023 integration are being carried out, will
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Civil construction

2023.00.25 "

e




e Civil construction




Civil construction
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- Civil construction HIAF




Brief introduction of the CIADS
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5 CIADS-China Initiative Accelerator Driven System "

Initiative Accelerator Driven System

Accelerator-driven subcritical systems (ADS) is considered to be the most effective and promising method
to solve the nuclear waste. CiIADS will be the world’s first prototype of ADS facility

Megawatt level to explore the safe and proper

(@ High power lead-bismuth @ Sub-critical lead-bismuth technology of nuclear waste disposal

eutectic (LBE) spallation eutectic (LBE) fast reactor

=) ‘
A
|
-
~
v

* Beam Energy:
500 MeV (upgrade to 2.0 GeV)
e Beam Current:
w5 mA (upgrade to 10 mA)
“==w._ *Total Power: <10 MW

/ Wth reactofipower

@ The experimental™
terminals ,

, “The total budget is

774.0 billion CNY

Construction period:
2021-2027, 6 years

The same campus
with HIAF

e High power Target experimental Facility
e Muon experimental Facility ; "y
Multifunctional Irradiation Research Station ;

Nuclear Data Experimental Terminal

ISOL for rade .
HPe @ Superconducting proton

linear accelerator



S Superconducting proton linac élD
162.5MHz 325MHz 650MHz
s o wa -
|
| |

. Target&

Reactor

Research on the stability, reliability and long-term operations of the superconducting Lianc
The overview design consideration :

« RAMI - oriented

* Redundancy design

* Modular design current 5/10 mA
* Fault-compensation scheme

i i i
0.02MeV 2.1MeV 500MeV

Particle proton

Energy 500 MeV

- Beam loss control Beam power 2.5 MW
 Economy RF freq 162.5/325/650 MHz
« High utility efficiency of Key components
(cavity and SSA) Epeak 26/28/29/29/29 | MV/m
*  Well developed technology at IMP
Num of CM 32 -

* More focus on the system integration and
optimization (LLRF,ICS) Num of cavity 151 -

« Upgradeability _ o _ _ _ _
. Energy ~2 GeV ""High availability oriented beam dynamics for CiIADS proton linac

* Current ~ 10 mA by Shuihui Liu




e Superconducting proton linac
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B Demonstration SC Linac
Strategic Priority Research Program” of the Chinese Academy of Sciende€
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e 100.69 kW

Proton, ~35m
25 MeV, 10 mA
CW, 4.5 K operation




%> High power lead-bismuth eutectic spallation target . &2,

China Initiative Accelerator Driven System

B Verify the Accelerator-Target-Reactor Coupling Technology

1 FREXNTTTSTTT]

Heat exchanger

— Reaction
! Area
1
1

ancillary systems

Stress, MPa
143

Beam Power: 250 kW - 2.5 MW
Thermal Output: 10 MW

Schematic view of Target System !

> (S ——




“we-  High power lead-bismuth eutectic spallation target &2,

China Initiative Accelerator Driven Syste

B The first prototype of LBE high-power target and its testing platform

* No in-beam test.
« Verify the reliabilities and performances

of key components.

* The prototype has been installed in Oct.
2022.

 Experiments have been performed

High precision measurement of pressure,
temperature, liquid level of liquid LBE fluid,

and the flowrate calibration




Subcritical LBE Fast Reactor

Aok BRI T ALK R

China Initiative Accelerator Driven System

B The conceptual design of the main process system of the subcritical reactor has been completed: determined the
overall parameters and the primary and secondary loop coolant parameters, confirmed the list of system
equipment, and finished the preparation various designing specifications and other related critical works

type
Power
fuel

Main coolant Configuration
Main coolant driven mode
Coolant
Main coolant pressure
Main coolant temp
Main heat exchanger
Main pump
Secondary Loop coolant
Secondary Loop pressure
Secondary Loop Temp

| Toplevelspec.

LBE sub- FR
10MW1 (incl. beam)
UO, (19.75%)
0.75~0.96
Pool-loop
Forced circulation
LBE
Normal
280-380°C
Main exchanger X 4
Mechanical pump X 2
LBE
Normal
220-230°C

Fuel handing

machine Primary pump (2)

Rotating plug Primary heat

exchanger (4)

Fuel elevate
machine

Reactor vessel

Reactor
vessel head

Inner barrel Core internal

structure

Lead-bismuth eutectic (LBE) as the coolant, a spallation target window reserved
on the reactor roof and a pool-type design main container, can simultaneously
achieve the coupling and physical isolation with the spallation target. A passive
containment thermal conduction system will be used to ensure the safety of the

sub-critical system in the accident conditions.
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=== CiADS-China Initiative Accelerator Driven System &2,
B CiADS Research Plan (2025~ 2030)

2026 ~ 2027 2024 =2073 2029~2030

ADS/ADANES
ADS/ADANES demonstration i
10MW system coupling

N
(=
NS
2
N
(=
NS
)

{®

transmutation research

Accelerator ~2.5MW
Target ~2.5MW

¢ K~0.75

Reactor ~7.5MW

ADS Coupling
Early Fuel test A

Accelerator 2.5MW
Target 250kW
K.=0.96

Reactor ~9.75MW

Construction
Accelerator and Target AR

Accelerator 250kW
Target 250kW
hd Keﬁ~0.5

High power target demonstration
ADS operation with high power

O
O
« Accelerator 25kW O Full fuel online O Transmutation demonstration
. Target >25kW * Reactor~30kW O Neutronic study of Subcritical Reactor O Test fuels with deep burnup
o srapo, 3 LRSI G ot o
O Accelerator stability study _ O ADANES preliminary design report
N O ADS systematic study
O Accelerator Commissioning O Reactor stability study | O ADS operation key tech study
O Target thermal study O Beam-target-reactor coupling O 2.5MW beam test for accelerator
O Beam-target coupling tech O Low power test for fuels O ADANES design demonstration
O Reactor thermal study O Low power exp for reactor
O Beam-target coupling
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Thanks for your attention!



7 ®

R High-Intensity Heavy lon Accelerator Facility-HIAF HIAF>
el eiery Redrts To answer the fascinating and crucial questions
slogy. Some Bl Light particle reactions B Neutron reactions
gy ............... L * Toexplore the limit of nuclear existence
Stable and naturally * To study exotic nuclear structure
(o]0 A — Tesxoltsolgssra ioactive 1. o Understand the Origin Of the elements
B reererrrrnnrrnrniniei | - o TO StUdy the properties Of High Energy and Density Matter

(o))

o
z
=
)
o
D
—t
o)
o
D

<

Number of protons

Predicted, but as yet

uniconfirmed, Isctopes B SPIRALZ2 at GANIL in Caen, France B NICA at JINR, Dubna, Russia
0- B FAIR at GSI in Darmstadt, Germany B HIIAF at IMP, Guangdong, China

0 20 40 60 80 100 120 140 160 180

Number of neutrons [ | FRIB at MSU in the U.S. | EURISOL in Europe

HIAF: for advances in nuclear physics and related research fields

B Questions of nuclear physics: B Slow extraction beam with wide energy range
* To explore the limit of nucleus existence for applied science

* To study exotic nuclear structure
* Understand the origin of the elements

B High charge state ions for a series of
atomic physics programs.

B High energy and intensity ultra-short bunched
lon beams for high energy and density matter
research



High intensity beam dynamics studies <HIAF
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=S Key technical challenges and R&D <HIAF>
» The modules and power units have been processed and the system are being assembled

Module of power supply Power units  Assembling of the batches production

» New generation of FPGA-based full digital controllers: high-speed
serial communication, distributed real-time high computing
performance control system

The series of full digital controller SZF-3 for HIAF
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R K

oY Titanium alloy lined thin-wall vacuum chamber ~ </AE>

B For high vacuum and reduce dynamic vacuum effect, magnetron sputtering coating machine has been
built for NEG coating, films have been deposited on the TC4 cages using TiZrV flat targets

Characteristics of NEG films:

» The grains uniformly growing
upward in a columnar structure
A thickness of approximately 2
micron

The cross-section SEM « Pumping speed of 0.42 I/s.cm

= | S ' s o 3 {‘
— NEG flat targets

09 O] det mod f— 1L De—

—=&— Simulated values with uncoated
—®— Actual values with uncoated

14E-11F —&— Simulated values with uncoated
1.2E-11E v— Acutal values with coated
1E-11 B '] 7 .
. Achievement :

i After baking at 250° for 48
hours, the average pressure
with 5E-12 mbar is obtained
for 5 measured points.

Pressure/mabr
[e)]
m
]

B
m
o
< wg
).ﬁ'

2E_12 1 1 1 1 1 1 1 1
0.0 0. 1.0 15 20 25 30 35 40

Distance/m




Common Utility

HIAF,

| | | | |
Cooling Air Electrical Electro Magnetic Cryogenics
Water Conditioning i Equipment Compatibility System

Common
Utilit
I

construction - budget compilation ) bidding and . . )
drawing design ) and review > installation

)

System

Equipment purchasing and processing progress

Equipment installation and debugging progress

Cooling Water

Air Conditioning

Electrical
Equipment

Electro Magnetic
Compatibility

Cryogenics System

40%

50%

60%

70%

80%

90%

100%

Equipment has all been purchased and processed gradually, and will be installed in

batches according to the delivery schedule of civil construction




Sy Common Utility <HIAF>

Cooling  pipe network: installation of main line in underground tunnel and integrated pipe corridor (BRing
Water tunnel: 90%), all pipeline installation and pressure tests will be completed by the end of 2023.

capacity Recooling plants: main equipment installation, system integration, the installation and debugging
25 MW  will be completed by tne end of November 2023

: ... .» Air conditioning duct, cooling water pipe, chiller, water pump and other equipment

Alr Condl_tlor_nng (materials) enter in batches, and pipeline assembly and welding are being carried

and ventilation oyt 9096 of air pipes (BRing, HFRS, SRing) in the tunnel have been installed.

Capacity 6 MW the installation in the air

B B | B == by B conditioning machine room

is divided into unit
installation and debugging
according to the civil
construction progress and
process requirements




S Common Utility

Electric power supply system

[ | 110 kV % 1L 3 & 8 ]
() () () (waen)
3 Yy
M1
b
_< mff.éi& _< ﬁa“:ézza> () —mmeeais
() smma
(= L g Equipment assembly, integration and testing are being carried out

» Cabling system: the bridge and tray in the tunnel
have been gradually installed, and the installation
of the main bridge is expected to be completed by
the end of 2023.

The first power distribution room was completed on April 2023,
It is expected to complete the installation of all power
distribution rooms in June 2024




e Common Utility HIAF>

i

N

10kW@4.5K/2.0K for superconducting linac

o%
' g ..

Test room
7 Cryogenics

— WLy o7 | 1

The test of negative pressure
heat exchanger

3 i
e - "1 3P Arriving > Debugging > Operating
sl Cryogenies ™ i November, 2023 August, 2024 January, 2025

2.5KW@4.5K for superferrit magnets  500W@4.5K for test cryogenics station

AT L

assembrlry of cold box Tank processing

~

Components fabrication has completed and Pipelin_e Iaying_, equipmept instal_lation, an_d system
installation is expected in November 2023 integration are being carried out, will
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S ADANES - a Closed Fuel Cycle in China D

nitiative Accelerator Driven System

Accelerator Driven Advanced Nuclear Energy System

«  Renewable fuel ——Partially removes fission fragments
from spent fuel

«  Robust fuel (PUMA=Pu+U+MA): fine separation of
uranium, plutonium, and minor actinides not required

« Advanced burner——External neutron driven subcritical
reactor

« Breeding, transmutation and energy production
integrated using PUMA

Spent fuel, Natural Uranium, Transuranic

PUMA Fuel regeneration
system

Superconducting linear accelerator

Short Life FPs

107 ‘ . - . - . - . Energy pfoduétlon
L — — Closed fuel recycle
10° ::_:!*IKI‘I._V_ —m— O-T 3
3 S T O Environment-friendly innovative closed fuel cycle
E 107§— \ -\.\\.\ } .
CRRLARN WAL o I W s S R : — Natural resources preservation
% 108 i_NatruaIUranlum dose .\*?—m__.‘_ 3 .““‘-\_.}
o | TV — Burn the spent fuel storage from current reactors
10 e,
10 | TV — Fully utilize nuclear energy resources > 95%
10000 10 100 10t 105 108 107 — Waste minimization < 400 years

Year



