¥ 6437 S DERFRIAMEHER

&/ \" Institute of Modem Physics, Chinese Academy of Sciences

s CHINESE ACADEMY OF SCIENCES

IUPAP WG9/C12 AGM and Nuclear Science Symposium 2026

HIAF status and beam commissioning

Zhiyu Sun
Institute of Modern Physics, CAS
2026/04/15



R

Outline

General introduction
Construction and beam commissioning
Future plan

Conclusion



1. General introduction oG

One of the major
national science and
technology infrastructure
In China, with a total
budget of 2.8 billion CNY
and a construction period
from 2018 to 2025.

Where is the HIAF?

Located in Huizhou of Guangdong
Province, strategically situated close to
Shenzhen, Hong Kong, and Guangzhou.

Share the campus with CIADS.

HIAF, CiADS Facilities




1. General introduction

N

HIAF: High-Intensity heavy-ion Accelerator Facility

The HIAF project consists of a superconducting ECR ion source (SECR), a

superconducting CW heavy ion beam

linac (iLinac), a fast ramping rate

synchrotron (BRing) and 6 experimental terminals
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source

Superconducting ECR

(@ Low energy nuclear structure terminal
@) High energy experimental terminal

@ High energy fragment separator HIRIBL

@ High precision spectrometer ring SRing

®) Electron ion recombination terminal

® Radioactive ion beam physics terminal




General introduction S

Beam parameters and features

« High current low energy CW heavy-ion beams provided by iLinac
* highest intensity pulsed heavy-ion beams provided by BRing

SECR ILinac BRing HIRIBL SRing
Energy (MeV/u) 0.014 (U3*) |17 (U3 835 (U3°) 800 (U%2%) 1100 (U%%)
Magnetic rigidity (Tm) 34 25 15
. : 1.7 emA 1.0 1x101ppp (U3 (2-5) x10Yppp
Beam intensity of U (U mAUS)| 3x10%pps (USY) | (U%2+)
: Momentum-
Operation mode DC CWor fast ramping resolution | DC, deceleration
pulse (12T/s, 3Hz)
1100
: +30mrad(H)/* 0
Emittance or Acceptance 5/ 200/100,0.5% | 15 mrad(V), 40/40, 1.5%
(H/V, = mm mrad, dp/p) 1904 (normal mode)




2. Construction and beam commissioning B>

Civil construction
10 above-ground building and a 2 km long underground tunnel at a depth of 13 meters




2. Construction and beam commissioning

Installation schedule

<

27t Mar. 2024

The first dipole
magnet of
BRing has been
moved into the
tunnel

Aug. 2024 Nov. 2024 Sept. 2025

The ECR ion
source has been
successfully
installed

The first dipole was moved into
the tunnel in 27t" March, 2024

19-month

The installation
of BRing, SRing,
HFRS and beam
lines has been
completed

The installation
of iLinac has
been fully
completed.

iLinac was installed into tunnel
in Sept. 2025

==

The first beam
of 0% jons was
successfully
accelerated in
HIAF

The first beam was accelerated

in BRing on 27t October, 2025




2. Construction and beam commissioning

< IMR >

A

238) Beam Intensity (epA)

Superconducting ECR ion source for highly charged ions

« 3 (28 GHz) and 4" (45 GHz) superconducting ECR ion source are installed

L7 s

A highly charged heavy ion could be ——cee § —

created with high magnetic field and
high microwave frequency
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e Bi3>*: DC beam current is about 350
euA , the new record of Bi ion.

« Bi3*: peak currentis 1 emA with
the afterglow operation mode.



2. Construction and beam commissioning <lE>

RFQ and SRF Linac

 Normal conducting RFQ is used to accelerated ions to 0.8 MeV/u
« SRF CW linac is used to accelerated U3>* to 17 MeV/u (O°%* to 33 MeV/u)

4 I | . .. .
I__" H—'W\;szwmmmu-sw 1ururcan 2098'31+ CommISSIOnlng:

B0 WCCTO |-||

H | € RFQ run at full power: 100kW 3ms@5Hz
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2.

Construction and beam commissioning <>

BRing with a dipole magnetic field ramping rate of 12 T/s

Because of the space charge and dynamic vacuum effects, heavy ion
beams should be launched to the high energy as soon as possible

- f/ - "
Extraction | 1.58T &/ g s
Ll 5 Y L) - ‘.‘ - -

Transition

Transition ! |1}

i 31;366ms-

R '
323084'3 q U’ 0‘120 .

Repetition rate: 3-5 Hz, 5-10Hz BRing accelerator tunnel

Challenges

* High current ramping rate up to 38 kA/s for dipole PS, drive 12 T/s dipoles
* High acceleration voltage up to 240 kV/turn, satisfy to energy gain/turn
* Thin wall vacuum chamber less than 0.3 mm, avoid distortion with eddy current

10



2. Construction and beam commissioning

\ A\
< IMR.>

DA

Current(A)

Fast ramping rate full energy storage power supply

Requirement of magnet power converters featured by fast ramping rate:
12T/s, £38000A/s, the peak power reaches 230MW totally at full load
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« Energy capacitor is used to store energy during the falling, and
provide the energy for next fast ramping

1.2

« Achieved leading level performance, and power consumption largely

reduces to 10%

---Expert Evaluation on 28/09/25

...which fully satisfy the excitation
current specifications of pulse and
DC power supplies for the HIAF
facility.

Dipole power supply

11



2. Construction and beam commissioning >

Magnetic alloy core loaded RF system

Developed large-size nan-crystalline magnetic alloy rings, uQf value has
reached the highest world level. o
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---Expert Evaluation on 16/10/25

Facilities Aol T0 [N BT [ N ET o[ [Zal88  The measured results of the HIAF Y [ e @sSommzSman FT-3L Ma Core]
(kV) () (kV/m) high-frequency system have all met 5o
JPARC- the design  specifications. o2
RCS H 1.78 23 internationally  advanced  and
SIS18 50 2 25 satisfies the design requirements of
the HIAF facility’s high-frequency T2 4 6 & 10 12 14 10 18 2
HI AF_ 20 5 35 system. Frequency (MH2)
BRing 12




2. Construction and beam commissioning

< IMP>

DA

Problem: fast ramping of the magnets induces eddy currents:
B The chamber walls are heated

Titanium alloy-lined thin-walled vacuum chamber

B Generation of additional harmonics in field

Rib-15mm,one side

T —————

DPRBUY i comorcs

..............

Stainless steel-0.3mm

IMP: thin-wall chamber supported by rings

---Expert Evaluation on 26/09/25

Static average vacuum in 570m ring
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..Which delivers the highest vacuum level among comparable large international
accelerators in operation, offering a key guarantee for high-brightness, long-lifetime
beam operation.
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< IMP >

2. Construction and beam commissioning G

The first beam commissioning on October 27th, 2025

« 180%* peam was accelerated up to 2.6 GeV/u with peak current of 3x10 ppp
« the 2 km-long accelerator was successfully commissioned in just ONE day

— Projectile SCL
Eproj. (MeVIU)  I(ppA) - Egej (GeViu) — 1(ppp)

1800+ ~33 ~35ppA 2.6 2.5x1011
209Bj31+ ~17 ~8.3ppA 0.85 3.0x1010

4.0 x 10"

Average: 3.10 x 10'° ppp

3.0 x 100

1 HIAF design goal

Particle Num (ppp)

1.0 x 101 4

) 8 hrs >
The first beam was injected, accelerated in BRing ' & I & & & &
. N N N o Q O N
in 27t October, 2025 A I D A A
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2. Construction and beam commissioning

Beam intensity

10'?

-
Q

Particle number (ppp)
=3
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10%

The pulsed particle number of O% and Bi®l* beams has exceeded the

highest beam intensity record of SIS-18 at GSI

4D phase (H & V) painting injection gain factor larger than 60
Intensities of all ion beams will exceed 10! ppp by 2030

100000

0

HI mBi3l+ mO6+
\ AF 2030 target 10000 4D painting injection

o gain factor>60

Mg Ar 1000

Kr Xe \
Ni
A 100
Sm 14 AuBi
10
0 20 ‘ 30 40 ‘

beam current (uA)

Sn

1

50 60 ‘ 70 80 90 SECR RFQ iLinac
Atomic Number

1

Accelerator

BRing
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2. Construction and beam commissioning >

R From HIRIBL Spectrometer Ring
Circumference:273 m
Rigidity: 15 Tm

N ' : e
W W e AW W W e

2 Setup for Reaction DVR”Spectrometer

° " @ Operation modes

S e Y T S

Sl o JF o5 , 8 > Isochronous mode
kTR -z T S > Normal Mode

§ N ._ | = > Internal-target Mode

Bp-Defined IMS .|
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2. Construction and beam commissioning 5

Commission run for Schottky mass measurement in SRing

Primary beam: 2°°Bi31* ~546 MeV/u, particle number: 10 ppp every 3 seconds
10 mm-Graphite target Hot beam from HIRI‘B"I’_~ 1/3 Hz

5 3
A
19:51:04 (’:’\
19:51:07 § 5
19:51:13 @ 4
@ 195116 ; O :
% 19:51:19 5 e = H IAF-
z ‘ Bl ‘
519:51:25 iy 4 it L — Spectrometer
é 19:51:28 : 1
: Ring
£ 19:51:31

(SRInQ)

19:51:37

19:51:40

19:51:43

v, = 1.43 (IMS mode)

=500 —-400 -300 —-200 -100 0
Center Frequency: 309.10 MHz [unit: kHz]

10—15 10—14 10—13
Power Spectral Density [arb. unit]



2. Construction and beam commissioning >

Commission run for Schottky mass measurement in SRing

!6-03-23 15:24:50

_ 200A 79+ ZOOmAu79+ | 3
| 18.7(5) hr ' 200 A (79
E*=1.01(4) MeV - 48.4(3) min -

ME:-27240(27)
48.4(3) m

6x1074

!6-03-23 15:24:40

B-=84(1)...

200mA 79+ 200Hg79+

o

!6-03-23 15:24:30

3x1074
'6-03-23 15:24:20
201Au78+
2x1074 ,iL J

39 4 41 4 43 44 45 46
frequency [kHz] +3.087e5 '6-03-23 15:24:10
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Construction and beam commissioning <5
Commission run for Schottky mass measurement in SRing
209R {82+ 202
10~} - ME:-24353(23)
‘ ) 28.4(12) s
209pp81+ xe ,1 ) [p-=108%. .. B-=100%. .. 200g;82+
209B 82+ j:zm 20580+ - 4
_.E: 207 B-=10@%... 205pb804'
g 208B81+ 200g+mA 79+ SR
Z 209ppy81+ j ,_-2logjez 20881+
1 pO4T [80+ D06P}B0+ 207PhB1+
207ppB1+ / 206pp81+
203T |80+ 202 A 479+
104 4 205ppy80+ 206ppy81+ »/ j 205p 80+
La o /‘ %—L_‘.J | J =" » ves
201779+
307}50 308600 308350 308%00 308350 )09600 309}50 309300

frequency [kHz]
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Construction and beam commissioning 5
Commission run for Schottky mass measurement in SRing
«10~7 ‘ REWHM _, 6 () x 10° I
4.4 4.30x10°
2037180
421 ¢ TI%0* ZOOAym* 4.50%10°
4.0 - 207Bje1 N | 4.73x105
206p 80+ T
L 38 oA Au’>* 4 A | 498108
S / BioT+ \ 204mp 80+ 2 RFWHM
2 26 \ 205pp5o+ \\f . / {‘ "\ I 200mA Y79+ | 525x105
' " \ ! 206pp81+
3.4 A 5 $ ' 5.56x10°
o
1 204p 80+ 5
3.2 - 202779+ { f’/ 5.91x10
3.0 : : : : - : 6.30x10°
804 805 806 807 808 809 810
Revolution frequency (kHz) 20



2. Construction and beam commissioning B>

Commission run for Schottky mass measurement in SRing

R
80:~ 201 778+ 203HgB0+  200mp 79+ .
/ 202,79+ \ \-
< 60F o | 207gje1- 209PbETT T ;
Q I 200H 78+ 202|479+ L
) 40F 206p|y80+ 9 | Hg / \ 5
o ! | 201 A y79+ ;
W 20f / \ | \ G ;
2 | + :
J o e i
EI -20F / / A + QOIAY O+ |
o b posT|7O+ / 205ppy80+ / 207Pp81+ ? \ |
uP  Or 20881+ / \ g™ .
S ; 204mppB80+ 203T|80+ 4
-60 - 202T|79+ 204pp50+ 1

_anl Xrey = 0.82

80 Xvaita = 1.13

o(m) 11 keV B ;
- ~58x 1078 P BNl A MRV P I R SR M A S R
m 202 u 804 805 806 807 808 809 810

f o (kHZ) =
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2. Construction and beam commissioning < P>

Electron cooling Electron ion recombination terminal
First beam cooling test with 81  Use separated electron cooler and electron target,
MeV/u Bi3l*: to measure the dielectronic recombination rate
Isochronous mode: with a wide CM range and high precision.
Momentum spread before e- + AT+ _ A(@-D+""
cooling : 3 X103 fRimFa 4 L (DR)

. (g—1)+
After cooling (total): 1X10* 4 AT +hy

60 kV electron target | 22

Cooling process in longitudinal Schottky
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2. Construction and beam commissioning &>

Gas-filled recoll spectrometer High rigidity fragment separator (HIRIBL)

Y e

HFRS Paramters TR |

Bl max 15~25Tm
SC solenoid instead of quadruple P/AP 750,700,1100
magnets to get better acceptance ABp +2 0%
_ +30 mrad(x)
DSSD Energy Resolution: 30 keV AQ +20 mrad(y)
Si-box Det. Effic_:i(_ancy: 86% (o source) +1 mm(x)
MWPC Det. Efficiency: 99.8% (o source) Beam SROLA®| | o5 mii(y)
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3. Future plan BN

* lon beams of Bi, C, Ar, Kr and U will be provided to test the experimental terminals.

Mar
SMS & IMS Ext.

HFRS exps | €XPS

DR exps

Irrad. exps

* Mostly machine tuning, have the Day-one experiments at appropriate time.
« Pass the national acceptance inspection, probably in October, 2026

« Change to normal operation mode, available beam time will reach 3,000 hours in
2028 and ultimately 5,000 hours by 2030

24



4. Conclusion

IMP._

By providing intense heavy-ion beams, HIAF will open
new opportunities for science and technology.

The construction work for HIAF has been finished
successfully, the first beam commissioning with O¢+ and
Bi3'* were carried out, and very good results were
obtained.

Science cannot advance without good collaboration, as
an open, shared, and internationally connected research
platform, we sincerely expect that more scientists can
join us to explore the scientific potential of this facility
and to advance our common goals in nuclear physics.



Thanks for your attention!




