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Introduction

FRARTE: RIBAEXGH. RN,
BRE, BEGHK. BTHEEEFRSH

NZ: EHErcit->EEruidl

Operated Large Facilities:

y ST S ::—5@
> BRIF (since 1980s in Beijing) g @ﬁﬁ% __
> HIRFL (since 1960s in Lanzhou) s A s T
o u_l m}* @({w rg 1}.3,
B e
Constructing Large Facilities: L > ok
B

» SLEGS/Shanghai
» JUNA/CJPL Jinping, Sichuan e R Re
» HIAF+CiADS/ Huizhou, Guangdong e

Main Research Teams:
> CAS: IMP, IHEP, SINAP, ITP, USTC...
» Univ.: >15 high rank (Stronger)

CSNS, JUNO

> Company: CIAE/CNNC, GNC - stronger in i1 €10

applications, ex.NE



> AT G EXBLARURNLOMMERTCALA



& 1masti At First ISOL facility in Asia: BRIF (Beijing
cyclotron Rare lon beam Facility)

Tandem

BRIF RI beam map . K ‘& ISOL 20000 mass
- resolution

' ISOL

super-con duct
LINAC 2 MeV.

100 MeV 200 pA

Approved 2004

Final budget 2009
Civil engineering 2011
Cyclotron move in 2012
Commission 2016 -
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Heavy Ion Research Facilities in Lanzhou(HIRFL)

SSC(K=450)
100AMeV (H. 1), 110MeV(p) e

« ECR + SFC +SSC + CSR (2007) = 19885 8 & (“£5") G 17 S0y CSRe
Sﬁﬁﬁﬂﬂfﬂ 14Ei 1%2*&5{‘_5.'] C=128.8m, Bp=9.4Tm

T 2007 @ ik (“NE")
SFCHE %% 30007 1T CSRY RitH LR

SECR + LINAC + SSC + CSR (2021)

—

* Ions: proton - Pb, U S B el

* Energy: KeV-2>~1 GeV/u il G P e SN Y

* Nuclear, Atomic physics and // Chttm h £
multidisciplinary Thgw, 2007 i (NE°) 53

Main Nuclear Experiments
* RIB/RIBLL, RIBLL-II, CSRe
* IMS Mass measurement at CSRe

* New isotopes synthesis at HIRFL &
CAFE2 (CW-SCL)




y Te sive CW SCL (Leading)
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» 17.3MeV&7.3mA ~126kW, Available ~93.6% (108hr) 3/2021
» 17.3MeV&10.1mA ~174kW, Available ~ 96.2% (12hr) 3/2021
» 20.2MeV&10.2mA ~205kW (>120kW beam dump )

Beam Intensity ~10x, matching Industry Requirement>85%]
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CAFE2

CAFE2 (operated since of 2022):

»> Quasi-SECR + SCL(CW)

> E:4.5~6 MeV/A & 5~10ppA|,0-3

> 40Ar, 4048Caq. 51V, S4Cr, 55Mn->68.70Zn
»> Synthesis(test run) : 207Th, 204Ac

CAFe - SHE plan to update with the - [ -- oY &=l parameters | _ Goal |
“ 7 T ca-zn

experimental medical isotope project in

Lanzhou ~ 2024
5~10 ppA
> SECRII + SCL oW

> E,~100 MeV/A Quasi -SECR Tpcam = >10x L~
Physics Letters B 834 (2022) 137484 SHANSZ
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SLEGS : NP, Astrophysics...

SSRF: 3.5GeV & ~300mA since 2009
Laser: 100W CO,

Operation mode: Backscattering (180°) ,
slant-scattering (20~160°)

Main Parameters taking

KeygReaturnes]

Energy of Gamma-ray
T Beam

10.25 10 211 MeV in slant-scattering
{20° 1o 160%)

Energy Resolution

2% with a s1 mm collimator

s4 2022 Hes SLEGS )

oy {iH:45' mAER RN T

=g EMeV)
1-20 21-60 04-211 217

LT fE E[GeV] 0.4-0.7 07-1 35 35
MNFHBOEE S [nm] 450-1064 190-450 10640 10640
T 5 (ph/s] 1082 108 1058 108
A A HE %] 0.8-10 25
e E I [keV) 40 14
RSt i [mrad](8=1/y) 1.27-0.73 0.15
TR b 3R R 0.7 X 10%0.4 X 105 1.2X10%1.2X 108
[ph/s/mm?] (A IR 60 m) (A )EYF 2138 m)
TR AR k%) 20 <5
e R IR T /min B AdH /s

ARSHEYIR : BT LBTEFEL>8GeV y

Schematic Layout of the SLEGS Beamline

Interaction Chamber
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Coarse
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ma N\ Slant Scattering Mode

Expenimental
Spectiometers
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charged-particle
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Counts
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Aug 2013
Startup

Project
commission

JUNA stop in 2022 as CJPL starting civil construction for 2 year ?

Jan. 2015
Project
inauguration

25\, 19F, 13C
and 12C data
ready

Vbr. 2016
On site start

S ki

“Tala gla

Dec. 2020
Beam
underground

April 2019

Target ready
Acc. Ready

I The first ground experiment ~ 4
Ly
19F(p, ay) 15O
11 @ 260 keV, 150 jA
CaF, targ ey
0 T
!

Moy |
| TP | T
T T A W 0
o

Der. Ready
Beam 10 mA

WPLetal,SciChinab9@016)2

From Prof. WP Liu
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VD VS TS Structure, Astrophysics; Nuclear Matter, Hadron Physics

* Foundation: HEDP -> Heavy Ion Inertial Fusion

* Bright Frontier:

Nuclear Energy & Nuclear Material (Key Demand, Market Frontier)

01 PLN ) RE N D N IR G119 98 Transmutation + Breeding + Electricity, Burning R-UNF
VIV RIS TS B Close fuel cycle, UNF, Isotope fuel, sustainable fusion fue
* Nuclear Material:

Precision Radiotherapy (Health frontier)

N oElL el el /AN External Radiation Treatment ( Proton ~ Carbon), Flash Radiation

— « Measurement & Detection:




HIAF CDR Approved >

Eg;: 0.8 AGeV, 3x10'ppp >#U%*  After Optimizing, HIAF-I: 2018-2025

1.75AGeV, 7.5x101%pp 8Kr!+ beam intensity ~10x
2.6~3.0AGeV, 1.0x101ppp 1606+ beam energy >138%

> Budget: 1.6+1.2 B CNY

A

SRing: Spectrometer ring
Circumference: 273m

Rigidity: 15220 Tm
Electron/Stochastic cooling
Precise Measurement by Two TOF
detectors, Four operation modes

External target station

High Energy Density Physics
Nuclear Matter study-CEE
Hypernuclear

High energy irradiation

e SECRAL and FECR
% 28-45GHz, 1. 0emA(U#)

BRingl: Booster ring 1
Circumference: 600 m
Rigidity: 34 > 40Tm iLinac: Superconducting linac
Large acceptance (200/100) Il Low energy nu?lear Length:100 m

Two planes painting injection [ structure terminal Energy: 17~22 MeV/u(U%*~46%)

Fast ramping rate (3-10Hz) s




4’ Chinese Initial Accelerator Driven System (2021-2027)

Design Particle proton Beam trips goal:

Energy 500 MeV <10s, -

CW Beam current 5 mA i‘;:;:min’ 2350(:)% y
Beam power 2.5 MW Availability > 90%

Operation mode CW&Pulse

Beam loss <1W/m

Reactor power 7.5 MWt

Cryogenic 2/4K

D SC linac ® Beam dump and granular
@ Coupling transport target exp.
® Target and reactor hall  ® Cryogenic plant upgrade ISOL target: iLinac of HIAF is post-acc, to 100 MeV/u

@ Accelerator equ. hall @ SREF hall



) HIAF Beam Physics R&D Progress (Leading)

Based on Corner Septum 4 D space phases beam inject & painting, Accumulating gain

>10x > Highest pulse Beam

Accum. Gain L
~15 L

Accum. Gain
~150

X'(mrad) 7
bbb o=
| L L R

60 L L 1 1 L L 1 1 Il L L L
-60 -50 -40 -30 -20 -10 [} 10 20 30 40 50 60

-5
-80 -70 0 -50 -40 - - 10 0 10 20 40 S50 70
x (mm)

M.M injection-2 D phases 4 D Space Phase Painting &

Laboratory Facility Desgin Inten. Reach Inten. Heavy Ion  Repeat frequency
BNL AGS Booster 5X10° Aud?t
JINR NICA Booster 4X10° Au32t
GSI SIS18 1.0 X101 3 X 1010 U2s+ 2.7Hz
FAIR SIS100 4.0X101 U2+
IMP HIAF-Sring 5/20 X101 U/Bi 3548+ = 5Hz, 10-20Hz




Ton
Beam

1606+
40 Arlz
40 Arlﬁ
40 A 18+
40Call+
40C314+
86Kr18+
SGKr28+

Xe26+

Xe30+

Xe42+

209Bi31+
209Bi50«r
238U33+
238U46+

23854+

SECRAL
(epA)
(2015-2019)

6700
1420
620
15
710
270
1020
146
1100
365
17
680
10
450
26
2.6

LBNL VENUS

beam Intensity

2019 (epA)
4000
1060

523
4
854
285
770
100

330
6
300
27
440

34
35
37
42
46
49
50
54
56

2023y
620
545
290
100
61
28
38
19
9.5

2022y
400
310
115
62.6
36.2
11
20.1
10.4
0.9

Yy (eu/-\)

Beam Intensit

0.01

=@=Ar18+
oo ek e d | el Xe30+
e=f=l=Bi31+
=0 =U35+

1995

1998

2001

2004 2007 2010 2013 2016 2019 2022
Year

45GHz 12T Nb;Sn
SECRIS Under
Assembling




Key Tech. Developments (Leading)

Heavy lon Synchrotron:

® Vacuum ~10-22mbar> 0.3mm Chamber

® Fast Inj., Accum.”>Magnetic Alloy RF

® High repetition acc. > active power source

® Beam physics based accuracy control % 1 :

® Numerical Twin: Design, Fab., Assemble, o 0.3mm vauum ‘ High gradient
Tuning chamber magnetic alloy RF

Verified in other National scientific-facility

EETREMLE M
Ensure HIAF: wsﬂﬁ;ﬂ:‘ Aﬁmﬁ
O Beam Intensity - 100x s i IRARKE

O Repeatly acc. > ~10Hz
O Assemble Time : years > months
O Tuning : months-> days

Space Envir. Mockup Facility



Pre-Separator

BD2 BD3 Degrader (D1) BD4

HFRS Paramters

Bpmax. 25Tm
P/AP 750,799,1100
ABp +2.0%

AQ +30 mrad(x)

Beam spot AD

+20 mrad(y)

+1 mm(x)
+2 mm(y)

“HY

HFRS particle ID
& experiment setups

In Flight RIB:

e Projectile Frag.

e Fission

e ISOL + In Flight
Hybrid



High Accuracy Spectrometer at SRing

Isotopes produced, separated on HFRS and injecting into SRing

Experimental Setups: New Tech.:
Isochronous Mass Spec.(10-% 2>keV) E-I Spectrometer v Bp - defined IMS(10~100us)
Schottky Mass Spectrometer (SMS) Nuclear Reaction Spectrometer v~ Isochronous Schottky Spec.

HIAF -> International Storage Ring Physics Center: Collaborator: GSI, MPI, RIKEN



CEE R&D and Fabrication

Beam Monitor

T0 T TeRC
RMAEIRNES SBIATERNEE e

»Finished key tech. R&D,
under fabricating

» Sub-system
testing with
beam

Overview

et FEE

— s BDMEH
Wl = =
sca B [ol i
SCA_A
MWDC — = KINEXT
P # FEE2 E“# N R
- TR
- sca_
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scab [
IO Array (SCA) Chip

E
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.g 400
§ 0-draft<500 um
& 350
300 —
250
A ~
200 :XE]!E
150
100& o ‘10‘00‘ zo‘oo‘ ‘ ‘30‘00‘ o 40‘00 - ‘50‘00
DriftTime(ns)
2000
Fit Result
jpu—
_Amp=96134
Time = 315.87
LeftTime = 20.00
RightTime = 42.31
Fit Status = 0
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RIB produced by ISOL + In Flight based on HIAF+CiADS

> Integrating CiADS & HIAF

> 2.5~10MW ISOL target

» Extracting Gas or low boil T or gas isotopes, ex. He, Ar, Kr, Xe...
> Inject to iLinac of HIAF and post-acc. 2 MeV~ GeV/u RIB

» Using HIAF Low Energy cave for RIB induce SHE synthesis




L1 VN Y Optimizing [

Eg,: >9AGeV, 2x10%2ppp U922+
~9.3AGeV, ~1x1013ppp 129Bj83+
~10AGeV, >1x1013ppp 129Xe*+
~12AGeV, >5x1013ppp He2*
~24.8GeV, >1x104 ppp H

u or  beam further Update? 5, + Polarized e, h beam
and inject to Figure “8”
ring = ElcC-1

4, 7, p...2nd beam by
Intense ion beam

2, MRing: Figure “8” ring
Circumference: 273m
Rigidity: 20230 Tm
lon-ion merging

A\

- . R - Caw - CIADS- linac
1-1, BRing2: Boosterring 2 \: - AN - A —
Circumference: 600 m B e S veamirom clabSinae
Rigidity: 86 Tm (T,,,,<3.6T) i B — ] ST oL Target
Beam stacking 1-0, iLinac: Superconducting linac 3, ISOL RIB machine

Superconducting S E UL L, HIAF+CIADS, B beam
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REGE: 232Th(p,x)>227Th/223Ra, 224Ra/2'2Pb/212Bi, o
225 \¢c/213Bi, 230l). 211Af 68Ge/%3Ga. 76Kr/7¢Br

EFEIR: ~4007$EHaiEE/X(>100MeV@2mA) o) R

Cross Section [mb]

0 25 50 75 100 125 150 175 200
Proton Energy [MeV]

28pg | 21Spa | 220py | 221pa | 222pg | 22ipa | 224pa | 225pa NI J 233pa

2|
2.41e+3 RIS

5.33e+1 | 1.23e+2 | 152e+2 | 4.15e+2 | 551e+2 | 1.13e+3 | 1.43e+3
0461% | 0736% | 0.653% | 1.327% | 1.352% | 2.18% | 2.168% | 2.838%
I I a Iy

27Th

7.42e+3
0.641%

2eTh

177e+4
1.059%

FIETY

de+4
1717%

20T

6.15e+4
1.963%

2Ty | 22Th | 29Th | 24Th
2| 2] 2|

102+5°| 146e+5 | 251e+5 | 361e+5
2494% | 2833% | 3.068% | 4777% : . 6 0 0.003% =
216p¢ 217p¢ 2187c 2197¢ 2200 21pc Ac 2 c c 226 A 221p¢
508e+4 | 7.66e+4°| 8.96e+4°| 149e+5 | 215e+5 | 28045 1 1.02e+6
1.436% | 1785% | 1794% | 2649% | 3491% | 4286% [RCICANEAY 31.546%
216Ra | 21IRa | 218Ra | 21%Ra | 220Ra
2 2

1.04e+5 | 12e+5 1.39e+5 | 1.63e+5 | 1.87e+5 | 2.15e+5 | 2.84e+5 | 3.82e+5

2.482% 3.002% 3.808% 5.028% 6.752% 9.431% | 15.834% | 28.35%

MEp, | 26p, | 207F; | 218, | 219f, 215,

2
206e+5

6.21e+4
1.516%

2p,

[ELEVRN 7330+4 | 7.20+4 | 836e+4 | 9.44e+4 | 109e+5 | 192e+5 [BLLERNCRICEE) 1.02e+4

EEICEN 2921% | 3364% | 4681% | 6.436% | 0647% | 2316% [ EEEIEY 6 7.459%

23Ry | 2MRp | 215Rn | 216Rp | 217Rn | 218Rp | 21SRn | 220Rp | 2400  222Rn

4.67e+4 | 512e+4 | 8.66e+4 | 9.45e+4 | 4.97e+4 | 2.93e+4 | 9.72e+3 | 459e+3 RIFLICH 6.24e+2

4.542% uS 56% | 15.153% | 23.404% | 18.167% | 16.556% | 9.024% | 7.47% [PRALLEN 3.969%

202a¢ | 213a¢ | 214A¢ | 215a¢ | 216A¢ [l T EUTEE T T
2| 2] =

6.26e+4 | GSe+d | 225e+d | 1.62e+d | 4.95¢+3 [ENikLERMNNNIETSR R H: K ERS RS B - A5 4
19.01% | 22136% | 14.607% | 15.625% | 8.605% [ECReElE NNCALIC NNV L S VL)

i [ haaiell s P 5
2pg | 2M2pg | 213pg | 2Mpg | 218pg | 216pg | 217pg | il EEETCIN
2 2)

2 2 2) 2 2
258e+4 | 111e+4 | 563e+3 | 261e+3 | 1.17e+3 | 594e+2 | 244e+2 | 7.95e+1 [PALEES] 0
19.153% | 12.809% | 10.418% | 8.052% | 6281% | 5878% | 4704% | 3207% [PNPECS 3
2108;  2Mgj  212p;  213gj] 2B 216gj | 217p; | 218;

6.56e+2 2095e+2 1.32e+2 575e+1
5912%  4.844% .112% 621%

20ppy | 2pp | 212pp | 213pp
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Th-227 18.7d 0.638% <0.04%
Ce-139 | 13764d <0.001% -
T — Pa-233 | 26.967d 0.026%
il el) Zr-95 62.04 d <0.004%)
Nb-95 | 34975d 0.031%
2WRaFIPBSAKLEREISE #10. 1021/acs. inorgchen 0c01081

%ﬂ']\lﬂl‘“*ﬁ?ﬂ][‘ﬁ .50 pm, J_ﬂls-TFiE!IIfﬁFEX 51&%7:_.1*51]571&%?3'2*( 1 mm)



2 e o BT FESRES T~ IRIX

Bigitha A=INEX, G147, ERERLZI2.85F

JEEN

B HREZSERREE, F2021.97T, 20225 K5ERk
HiEF, 2023.5321FEH

B 2022 84 =S EIRTIARIZIZNE "EFINiEEER

B 2023F5EpZERINIR R (R ER th SeRkiim Rt I8 SR 4) o IHEHIA, EFRESH
B 2024 FEEMERHEERRAERS o EYIFFBISREAR IS SRt
!Er'ﬂm{!\ﬂﬁz Btk gﬁgﬁ AR SERNT S T F

[y
|

b .»
P op
)
.y [
Ped g o
’ o

]

AN
™~

i T e



&ﬂ‘l‘l HIRFATERERFE

..

n BREEFIMERES (HIAF) (B£%16.71(Z7T)
-  EfFEBARREERENESFINESEE> EEFIEEM R MNAHT . 2018.12-2025.12

Ekﬂﬁ B NEEIEAEEHTES (CGADS) (EI£318.16+H1%10(Z5%)
. EREEMOKRBADS RUHTEE S NEEIB R SRR, 2021.7-2027.12

u l"' ".Fﬁ %i‘l‘ll'ﬁ%‘lﬁ EEBEI&#E)\B 54+{Z5T

"!h

‘im\'ﬁ‘ |

*A Errg Ll 5 SN .

- La\\f‘L\\.\\\i

Nov. 2022




e

e



