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1320 Project Background
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Heavy-ion Research Facility in Lanzhou

SFC was commissioned in 1962
SSC was built in 1988

CSR was adjoined in 2007
Limits of ion species, energy and Intensity

Next generation heavy-ion accelerator facility

o 2 F A



Project Progress
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Milestones of HIAF Project

Jul. 2010 May 2011 Dec. 2015 Apr. 2017 Jun. 2018 Aug. 2023 Dec. 2025

Proposal Assessment Approval Budget Start-up of construction Installation Commissioning

The preliminary goals: exploration of the unknown nuclear chart and study of exotic nuclear

structure and properties, synthesis of super-heavy elements and nuclides, understanding of the
origin of heavy elements in the Universe, and development of new heavy-ion applications
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Funding agency: The National Development and Reform Commission and local governments , 2.67 billion CNY



Photo of HIAF campus taken by a drone
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Booster Ring: High-rigidity Radioactive lon Beam Line: Spectrometer Ring:
e Circumference: 569 m ¢ Length: 192 m
o Rigidity: 34 Tm e Bp=15 (25) Tm

e Circumference: 277.2 m
¢ Rigidity: 15 Tm

e Aaccumulation o Cooling devices
e Cooling & acceleration HIRIBL / ks . lon Sources
£ g ‘

-~
“
“

e 45 GHz 20 kW FECR

Y& B > 7 R i 8 W‘ 'm,, ;7
— X RN T M e 28 GHz SECRAL

e 18 GHz ECR
lon Linac:
e Length: 180 m
2 e Energy: 17 MeV/u (238U34+)
o CW: A/Q=2~5, 10 ppA
e Pulse: A/IQ=2~7, 1.0 emA

In 2400 m tunnel underground 13 meters. Power supplies of 69 MW + 32 MW

Fast ramping
Rate: 2 Hz




Facility Capability

----------------------------------------------------------------------------------------------------------

Typical Beam Parameters From the Booster Ring

p 9.3 2.0x1012
1806+ 2.6 6.0x1011
BK 19+ 1.7 3.0x101
209B;31+ 0.85 3.2x1010
238]J35+ 0.835 1.0x1010

“ Energy(GeV/u) Intensity (ppp) Dec. 12. 2025

First beam 1806+
2.6 GeV/u
2.5x10"ppp

Dec. 27, 2025
Heavy beam 209Bij31*
0.85 GeV/u
3.17%x10"%ppp

The maximum beam intensities were estimated by optimizing the charge number

Higher beam energies available on a tradeoff of the beam intensities
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Intensity-energy Diagram of 238U Beam Stored

Loxto" | .238U35+ _
: e 23837+
\.238U39+
8.0x10" |- \ s
@238 J41+

6.0x10" \ —
\ 238 J43+
\.238u46+

4.0x10"° |-

Intensity (particles per pulse)

\
o0yt 2/yrer 23880+
238U50: @ ® ® ® ° 5
0 ;238u81
2.0x10 |- -
00 L1 4 1 o 1 . 1 N T T T T T
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Energy (MeV/u)

The maximum particle numbers stored at the corresponding charge states



Capability of Producing Nuclides
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Nuclides Available (Daily Production Yield) at HIAF

T . 10'6
One of the most powerful facilities to explore the virgin area .

EA 1014
< 8Ni: ~0.4/s

S 10"
2 100Sn; ~0.3/s

S 132Sn: ~10%/s 1010

o

- 10°

10°

. 10*

8 ___.li" ol i Boundary of Known Masses -

Neutron Numb’er

Prolific nuclides far from the stability line available. The limits are the production
rate of one nuclide per day, enabling the “discovery experiments”
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All nuclei above Fm
are neutron deficient

120
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o
N

number of protons
o
(0]

o
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o
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z
19 known neutron-rich isotopes
of cesium (Z = 55)

and only 5 isotopes of platinum (Z = 78).

40

Fractions of full stripped ions

o
w
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o
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out

The uniqueness of HIAF: Relativistic energy heavy projectiles

v" Nearly bare ions produced, and hence making particle identification easier and cleaner
v" Recoiling out target in small forward angle, leading to higher efficiency of collection and transportation

v" Thick target and multi-step reactions, enhancing the production yields of nuclides far from the stability line

Competitiveness: explore n-rich region south of 28Pb using 2“*Pb or 2"?Bi projectiles



Facility Capability
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B stable

A Discovered nuclide with unknow mass

A @® Nuclide with only half-life boundary information but unknow mass
> New isotope | U | EY
| W
J |

r-process

102
106

Acumulated yields in a 5 day beam time assuming 3x 101" pps of 208Pb and 23U beams
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Isochronous Mass Spectrometer
’Q P e Schottky Spectrometer

In-ring Reaction Setup

DR Spectrometer

Setup for Nuclear Matter Study

High Energy Irradiation Terminal
Setup for Hypernuclear Study

High Energy Station H|R|B|- N
"'/ ,-;'\ “\%'

Gas-filled Recoil Separator
Low Energy Spectrometer

Low Energy Irradiation Terminal
Low Energy Station
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Experiments @iLinac

Low Energy Station

Pulse Mode: injector of the Booster; CW Mode: deliver intense beams for low-energy experiments

Pulse mode:
1.0 emA beams with A/Q=2~7

Energy Adjustable

CW mode:

FUSIOnS 100225~ 102
1000 ///‘ \.?}\:v:\ >1_ng_>19§\ . .
/T SRS SIS » synthesize new elements and isotopes
__oof // // /// \;(\\/’C\\;};A(;\ \\\\\
2o S TN iy ¥ » measure nuclear masses and lifetimes
g 4 ] >4 .
g > build the decay schemes
2 oaf Z=100, 2381y 4 248¢
2 oo Ec.m= 770 MeV » map out the drip lines

reactions i o > build a bridge to the island of SHN
'''' 10°8 » simulate the rp and r processes

I L A [ - By > study the evolution of shell structure

fragment mass number

To produce heavy and super-heavy nuclei by fusion and MNT reactions




v" To synthesize new elements and isotopes
v" To study chemical properties
v" To measure masses

SHE production yields

£
3y Spud, 10 pb: ~10/day o
£ 259 265 SEE
3 : HE
g BAm
_§ 214,21 5’216U,219’220’222'224N p,""’Pu .
o 203,204,205Ac 2°7Th,21°Pa 37,238Th 239Pa
82 T N O
139py 1420, 149y i e A 202y 208, 209Hg
135Gd 137Gd 139Tb L Hui 175E 185, 196Hf 1970s
123,129Pm:1293n,; . ”r” :
‘2‘Ce,‘25Nd :
I I _ Only two masses
Ru :
zp g measured of SHN
1] R
| : : HE Known nuclides
20 [-oeoeee § ! m Stable nuclides
; : i ® Discovered in China
8 .
2

2 8 20 28 50 82 126 Neutron number




Alkali ion source ﬂ
[ ] Injection endcap Mirror Electrodes Ejection endcap 3

1] Detec
Linear PT Einzel Lens T —— —pr— — ---\1_I
Fla . J\“ ...... EiM1 f
" ] Steering ﬁ JJV
Linear PT L Gate Valv ---- = o [T [T
'} J Plused Mirror electrodes Lens Electrodes
RFQ
i | | RF Carpet
amca |l l Mass & Spectroscopy
| | v New masses
| Reaction | 7 ;,,, a1 175 177
Il . i B sl v' B decay spectroscopy
X oyl "oy | "oy = .
“ro [ “rof “ro] "o Tro v" Chemistry of SHE
*Gd | Gd‘ o o '
T Eu‘ .
%- Exlpore island of SHN
o ﬁw New Masses Modelling the r process

The separator provides pulsed Iow-energy, high-quality n-rich beams



Experiments @Booster Ring
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High Energy Station

DC-type extraction from the Booster Typical beam parameters from the Booster Ring
[ m [ e || meldy |
p 9.3 2.0x1012
186+ 2.6 6.0x101!
K P19+ 1.7 3.0x101
209831+ 0.85 3.2x101°
23835+ 0.835 1.0x1010

Slow extraction: ~ 3s beam duration
Not supported by the approved budget
The high-energy stable beams are ideal to produce hypernuclei and nuclear matter

Properties of nuclear matter: supported already by CAS and NSFC, about 200 Million CNY
Synthesis of new hypernuclei: seeking for financial support, international collaboration?

Moderate intensity and high energies. A/Z=2 beams up to 4.25 GeV/u available




1Cippyy OF

Hot participant zone

NS
Oz. N

Expected reconstructed rate

1 20Ne + 12C at 4.25 A GeV
1 Beam intensity: 107 /s

Single-A Double-A
hypernuclei hypernuclei
per day 8 X 10° 9 X 10!

per week 6 X 10¢ 6 X 102
per month 2 X 107 3 X 103

Possible hypernuclear setup at HIAF

Straw tube hodoscopes

super-conducting

Solenoid magnet RPC

hypernuclei
Si micro-vertex I
|

L |
= |1

<1 '-|
target |

residues

plastic barre!

associated n and K

Cost of ~60 million CNY
Courtesy: T. Saito

e 1B
S

[3%) Experiments @Booster Ring

Synthesis of New Hypernuclel

Hypernuclei produced in high-energy peripheral collisions
Above 3.75 GeV/u, produce double-A hypernuclei

High energy & moderate intensity

Open New Domain: Hypernuclei with Double Stmngeness\

Production of AA hypernuclei

e d + HE° -> nAA
U | + 57 -> nnAA
# He + = -> 4, H
B ‘He + = ->5,,H
P SLi + 5 ->7,,He
P 7Li + 5 ->8, He
# Be + =~ -> 10, Li
# 10Be + 5 -> 11, Li
0B 4+ = ->11 Be
+ 5 -> 12, Be

Decay of AA hypernuclei

NAA -> 3He + n= + 7

nnAA -> “He + n= + -
4\H->p+3He + = + o~
S\AH ->p+4%He + = + -
7\AHe ->7Be + = + &~

8. AHe -> “He + 4He + = + &~
10,\Li -> 1B + 7= + -

1 \Li->1B+ 7 + 7
11,,Be -> 11C + = + 7~

12, \Be -> 12C + 7= + 7~ /
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Study of the QCD Phase Structure

—_ " FAIRNICA quark-gluon plasma
2
> Critical Point and
160 Symmetry Energy |
'; Ug = 500 MeV
=
s
2 &0
£
(b}
|—
0 n 1 n n -
0 500 1000 1500
Baryon Chemical Potential pug (MeV)
AR B B R Energy scan program!
o, I Au + Au Collisians at RHIC | Ko?2
-)cz | 4 i | 0:5% centrality | 1
s HIAF A A 1 N baseline
E N Y . @ net-proton -
%1 —-—L — ¢. | Observables:
of e g4 | net-proton fluctuation

i N .
2 5 10 20 50 100 200

Colliding Energy Vs, (Gev)  Net-baryon collectivity

Experiments @Booster Ring

Lattice QCD: from the QGP to the hadronic phase

At ug~0, the smooth cross-over transition
At finite ug, the first-order phase transition

Thermodynamically, a critical point must exist:
the end point of the first-order phase transition line

ZDE

Beam monitor

HEEINRE

The External Target Experiment Setup
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Experiments @HIRIBL

High Rigidity Radioactive Beam Line (HIRIBL)

Slow extraction and RIB produced by HIRIBL

»

[ ] m.Acc. [‘%]‘ ] |

e

|

—

Momentum accptance [%]
[=] [¥)
Chh—Lnihwia b in

lﬂlllil i ||l|]]1 I ﬂill

12345678910111213 12345678910111213 12345678910111213
Experiments Experiments Experiments

Acceptance, and Momentum Resolution

AN NI N N NN U U U N N N N

Physics Cases @HIRIBL

New isotopes in the south east of 208Pb

Neutron dripline up to Ni isotopes

New isotopes by 238U fission

New isotopes using two step projectile fragmentations
Synthesis of neutron rich hypernuclei

Study of tensor interactions: a basic change in structure model
Particle decay in flight of unbound nuclei

Nuclear matter radii

Nuclear proton radii

Charge exchange reactions and 3 decay of r-process nuclei
Nucleon excitations in nuclei

Giant resonance of neutron rich nuclei

Elastic scattering and transfer reactions

Spectroscopy of meson-nucleus bound system

Various experiments can be done at HIRIBL



e Lz g ME2 Main Separator = =
MF 1%
MFO0 : @ ® MF6
»
MF3" = =
MF4
® Particle identification detectors
PFO0 Production target @ Secondary or tertiary targets

Important beam parameters: Characteristics: Two operation modes
e All elements from H to U ® Bpmax = 15 (25) Tm, Ap/p = 2% Dispersive and achromatic
e Beam intensity up to ~10%2 pps o &, =&, =30 mm-mrad e Secondary/tertiary targets
o GeV/u beam energies o ¢, = +30mrad, ¢, = £15mrad e Degrader stations

Slow and fast extraction

¢, = £30 mrad, ¢, = +15 mrad e Ancillary detectors



Structure and Performance of HIRIBL
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The part from MF4 to MF6 as a zero-degree spectrometer 4

rre B . MF2 Main Separator %%
MFO  mFq , Secondary target o
o osition
TOF1  pegrader ‘ MF4 Z*MF5 TOE3
N moml _m oo A
Degrader MF3 = = 5 - AE
Position Position
TOF2
PFO Production target AE
i A point-to-point focusing optical system
Achromatic mode |+p ----------- ek e il S ’l
PF3 ap "lpe ME2 Main Separator —
MFO MF 6
TOF1 | Position
" MF5 TOF2

T M
AE

MF4
Degrader
Position

Degrader

PFO Production target



Structure and Performance of HIRIBL
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70 -
leo 600~

_lso 500

40 400~

—i30 300~
20 200~

10 100~

I Y I IR R P It IR

Sn

. ]l Wl

]EJ[.

In-flight fission of 238U with energy of 800 MeV/u
Particle ID: AE — ToF — Bp

AE :0.5%; ToF: 40 ps; Position: 1.0 mm

Under development:
v Multiple sampling ionization chambers for AE measurement

1l UL 1

45.4 245 25 255 26 265 27 275 28 285 29 0 8.5
A/Z

2% 26 26 27 25 28 v Diamond detectors for ToF measurement

A/

The peculiarities of the HIRBL:
A maximum Bp=15 (25) Tm, and thus high-energy secondary beams available
High separation power, and fully stripped ions of all elements available
Versatile spectrometer modes by different combinations of separator sections

Bp=25Tm

Unique Experiments

=

v GEM-TPC detectors for position measurement

— @ Synthesis of neutron rich hypernuclei
e Nucleon excitations (A resonance and N*) in nuclei
e Giant resonance of neutron rich nuclei

— @ Spectroscopy of meson-nucleus bound system



Physics @HIRIBL

4
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Explore hitherto unknown territories and study new phenomena

] [Systematic measurements of mass and Iifetime]
Nuclear Structure and Dynamics T e -

:Shape evolution along the N=Z Iine]

r|n_ﬂight decay of unbound nuclei] - — — [Nuclear size and matter distribution]
L - . _—

82HJ[Evqution of single particle state ]
_I_I_,

New forms of collective motion and shape coexistence]

:Isospin symmetry breaking]
28 A=

:New np paring]

[New iIsotopes and neutron drip Iine]

)

Clustering, halos and giant neutron halos with > two neutrons]




HlRIBLk\\ IS IB3 IB4 FaSt eXtraCtion- RIB and highly'Charged ions
P Operate in three modes:

IS/ES - injection/extracti t " 1 el

IRVEK - njetionextaction iker v Isochronous: high precision mass measurement
IB - injection bump magnet Sy

SCPU - stochastic cooling pick-up it u . . .

SGK - moehasic Cool ekl b v Normal: Schottky and atomic physics experiments
GIT - gas-jet target

ET - electron tarbget " . . .

E-Coolr - electron cooler v" internal target: in-ring reactions
TSR - transverse Schottky resonator 8

LSR - longitudinal Schottky resonator b i

RF - 1f cavity i [0 oObserved nuclei

TOF - time of flight detector / Predicted nuclei

Il Stable nuclei

B Nuclei with known mass

LSR TOFISCK _ g%
== S i = laboratory

Spectrometer Ring: Experiments:

» Orbital: 188.7 m » Isochronous Mass Spectrometry
» 1.5~15 Tm Bp range » Schottky Spectrometry

» Electron cooler » DR Spectrometry g
> Stochastic cooler > In-ring Nuclear Reactions : > Neutron Rumber

> Proton Number




i AT 1 Am/ A
Bp-Defined IMS =2 = q_(l_y_2>_v IMS: ¥y =y; Schottky: v~0

B =L g B s R

e Conventional IMS Bp-Defined IMS
S  Wge ?:2_ %, =1.02 ?:_ %, =0.67
2 100-~100 keV unce{t?inty 2 - ~10 keV uncertainty
N s sf R H s sf
S : i B A !
2& —sof—{ . {4 { 2.& —~50f-
; S . > %_;:é* * « Reference %J_j:z; « Reference
L | g * New mass g * New mass
_200_|655. — ,61;0. — ‘6.%5| — ‘64110‘ — _200_|655. — ‘6ZI§0. — ‘635 640 .
v Eliminate the systematic errors o -
o " Novel Schottky spectrometry
v" Single-ion sensitivity ] »
, _ _ Conventional Schottky: IMS: Isochronous condition
v Applicable to short-lived nuclides , ,
v Non-interceptive prober v/ Fast measurement
v" Fast measurement _ ,
, o v Mass and half-lives x Interceptive detector
v High precision _ _ _
, x Long time cooling x Not for half-lives measurement

Broad band measurement : o .
Schottky Prober working in isochronous condition

Phys. Rev. Lett. 135, 012501 (2025); Phys. Rev. Lett. 133, 222501(2024); Nature Physics 19, 1091-1097 (2023)
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- — 4

—

— e e
- -

@™ Setup for Reaction

‘ DR Spectrometer

_ "

Gas jet target




Experiments @Spectrometer Ring
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Setup for In-ring Nuclear Reactions

v" Position-sensitive silicon detectors in ultra-high vacuum

UHV-DSSD

- Al
> SNl
W iy

PR BRI
AE/E: 1%
Si(Li) detector

After baking, AE/E: 1%

N\
Heavy ion X
beam = \

v Low background in high vacuum
v High luminosity

_ v High-resolution measurement
Nuclear Reactions:

v (p, p), (P, P), (p; y), (a, p), and (a, y) reaction rates
v Solid target and active target with ion energy compensation




Experimental Measurements: L Sop=0
. Nuclear Masses with Highest Priority 10
e Nuclear Half-lives

« Exotic Decay Modes

———ETFSIQ, Pearson SZn

—— FRDM95, Moeller
- HFB24, Goriely m
= RMF, Geng

- WS2.4, Wang

—— KUTY05, KOURA

- G-K Equation, Janeke
Masson1988

Thomas-Fermi, Myers
¥ AME12, Wang

-10
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masses in broad regions 2070 60 80 100 120
Neutron number, N

map out the mass surface in broad regions and determine the drip lines

reveal the evolution of the effective interactions while changing the N/Z ratios
study the quenching of the known shell gaps and development of new ones

find out the deformation change and onset of exotic shapes along isotopic chains
simulate the rp process and r process
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e |n e-target, the electron beam has a
longitudinal temperature of less than 1.0 meV

e The cooling results in a very narrow
momentum spread for the ion beam of ~10-°

Dielectronic Recombination: While the ion A%* captures a free electron with well defined energy
provided by the electron gun, a bound electron is excited simultaneously

ESR storage ring at GSI: DR of Li-like Nd°7*

Recombination Rate: N(A(@-1*)/N(Aa*)

A=142 <r>=4.914 fm C. Brandau, et al., ]
——— A=150 <r>=5.047 fm PRL 100 (2008) 073201

56+ 2
4k Nd™ (15’ 2p,, 181 )

v" QED effects in strong Coulomb fields
. ‘{ v Electron correlations
Y v Ultra-fast collision dynamics

v Charge radii of nuclide

Rate coefficient ( arb. units )

To tune precisely the electron energy and count the

recombined ions, fine or hyperfine spectra are obtained Electron-ion collsion energy (V)



First Experiment @HIAF
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Nuclear masses around N=126 with Schottky spectrometry

Z:82 204Pb 04phH 205pb 06ph 07ph 08phH 209Pb 210pb 212pb 213Pb 214Pb 215pb 216Pb
2027 0 2047) 0 2067 2077] 2087 2097) 2107 2117} 2127
96 g 197Hg 98 g Sl g 00 g 0 g g 203Hg 04 g ZOSHg ZOGHg 207Hg 208Hg 209Hg 210Hg 211Hg

195Au 196Au 97 A 198Au 199Au ZOOAU 201Au 202Au ZOSA?/{AU 205Au 206Au
[ + .
94p 95p 96p 197p¢ 98p 199p¢ 200pt 201p¢ 202p\\ 203pt 204p¢ ) 2098'31 . ~3 X 1 01 O p p p

194“, 195|r 196|r 197|r 198|r 199|I' 200|r 201|r 202|r

v To look for new isotopes

v' To measure masses

oy | 1sow | sy | 292y N=126 v" To measure lifetimes




p-Ring
lectron 1on collider in China

EicC

l e-injector

) M Planned facility
Il Planned experiment hall
B Existed Facility

iLinac



(20 Summary
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HIAF is “next generation” type facility

RIBF, FRIB, RAON , FAIR and HIAF are complementary to each other

Let us work together to build a world’s leading unparalleled center for
research and education in nuclear physics, accelerator physics and
technology, and applications of energetic heavy ions

For details, please refer to: Status of the high-intensity heavy-ion accelerator
facility in China, Zhou et al. AAPPS Bulletin (2022) 32:35

Thank you for your attention!
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@ Heavy-ion Application

REERLEX

T =k

Fres

£l 43 BB 3 R =—';'—:: millil = M SHE Y SRR
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@ Heavy-ion Application

‘ ¥R B=R EORRRE e e .
% = W St e E voc::-o'-sy srpas ﬂ &/m ]
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2030 2015 2020
Wy R 625-1275K BE > 650K, LS TP BFE 575-1100 K, BRiE) 5
i = 5715 3-180dpa, 0.1-5 ppm He/dpa #15~100dpa, 0.1-5 ppm He/dpa #15~200dpa, ~10 ppm Hel/dpa
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®  Heavy-ion Application
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| wosasnamna

10 IO 10° 107 TOT T0° 107
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