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HIAF: background and motivation < AF>

Next-generation high intensity facilities are required for advances in
nuclear physics and related research fields:

Isotope-discovery technique
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Next-generation facilities are being constructed or proposed worldwide:

SPIRALZ2 at GANIL in Caen, France
FAIR at GSI in Darmstadt, Germany
FRIB at MSU in the U.S.

NICA at JINR, Dubna, Russia
EURISOL in Europe

High Intensity Heavy-ion
Accelerator Facility

HIAF in China




HIAF: background and motivation < AF>

HIAF: One of 16 large-scale research facilities proposed in China in order to
boost basic science, next generation high intensity facility for advances in nuclear
physics and related research fields.

The HIAF project:

- Proposed by IMP in 2009.
- Approved in principle by the central government in the end of the 2012.

. The final approval was in the December of 2015
- Final preparation for starting of construction are under way and will start
in coming few months

Science motivations:

> High intensity radioactive beams to investigate the structure of exotic nuclei,
nuclear reactions of astrophysics and to measure the mass of nuclei with
high precision.

> High charge state ions for a series of atomic physics programs.
Quasi-continuous beam with wide energy range for applied science.

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

> Spontaneous electron—positron pair production




Main accelerator components <1 AF>

a SRing: Spectrometer ring
BRing-S: Booster ring ‘/i"‘/ Circumference: 273m
Circumference: 650 m ¢\/ Rigidity: 13-15 Tm

Rigidity: 86 Tm

Beam stacking
Beam acceleration

- Electron/Stochastic cooling
2\ Two TOF detectors
Four operation modes

-] ircumference: 273m
V. ) Rigidity: 15 Tm
o “*-r.";‘-.“\ lon-ion merging
BRing-N: Fast
Circumferenge;
Rigidity: 3 . - iLinac: Superconducting linac
Large acceptance (250 Length:100 m _
Two planes painting injection o Energy: 17-22 MeV/u(U )

Fast ramping rate (5-10Hz, 20Hz) :‘5‘;“; ,f

These tunnels will be built in a cut and cover method and will be filled with
5 m overlay of soil. This conforms to the requirements of radiation safety.



Facility for world class experiments

Unprecedented parameters and unique features:

Highest beam Intensity (Comparison with HIRFL) :

- Primary beam intensity increases by x 1000 - x 10000
- Secondary beam intensity increases by up to x 10000
- Highest heavy ion beam intensity in the world

Precisely-tailored beams - Precision frontiers

- Beam cooling (Electron, Stochastic, laser; high quality, very small spot )
- Beam compression (Ultra-short bunch length: 50-100ns)

- Super long period slow extraction (Super long, high energy, quasi-continuous beam )

Versatile operation modes:

- Parallel operation, beam splitting ( increase of target time, high integrated
luminosity)

Parallel mode
, Chopper
Switch iLinac Switch N

SECR




Experiment terminals

. RIBs physics station

External target station

High precision
spectrometer ring

High Energy Density Physics
Nuclear Matter study-CEE
Hypernuclear

High energy irradiation

SECR

Low energy nuclear
structure terminal

Low energy irradiation |



<H AF

Items 15t phase (vrws)
iLinac 360
BRing 350
Beam transfer line 50
Experiment setups 240
Cryogenics 80
Civil engineering 190
Tunnel construction 160
Contingency cost 100
Total of facility (central ;gigrnment)
1000

Infrastructure & common systems
(local government)

Total 2530
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<H AF

Design concept and unique
features

» Unprecedented heavy ion beam intensity

» Multi-function storage ring

» Figure-8 shape ion-ion merging ring



Unprecedented heavy ion beam intensity QAF%

Concepts for approaching the highest heavy ion intensity

BRing-N
Novel two planes painting
injection scheme - 2.0x10% ppp

Fast ramping rate operation
mode- 3-5 Hz

BRing-S
Innovative timing system of RF
synchronization

5 times increase of intensity
1.0x10*2 ppp



Unprecedented heavy ion beam intensity QAF%

Y
ES

Acceptance

Incoming beam

=10

Y

Two planes painting injection

\Tilted ES

‘ Incoming beam
Lgx

o N %
Acceptance
Gap=38mm
N x Uniformity: 3.82%

Simultaneous injection in H and V planes using tilted septum
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The beam intensity could reach 2.0 x10!! with two planes painting, nearly
10 times over the conventional single-plane injection.




Unprecedented heavy ion beam intensity QAF%

Fast ramping rate mode of BRing-N
Why?
Due to space charge and dynamic vacuum effect, beam
should be launched to the high energy as soon as possible.

Extraction 1.58T

Transition i

i WFalling

_Jii ot
Acceleration: :! Ts

12T/s

Transition [} | !

Y 3e6ms

3230843930120 3¢

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



Unprecedented heavy ion beam intensity <H AF>

Barrier bucket stacking

800MeV/u (#°8U%*) 5 times 2.3GeV/u (238U35+)
iLinac wemp 2.0X10"" mmmmm) Barrier buckety = 1.0X1012

Innovative RF timing system
BRing-N BRing-S

Challenges:
- Fast e-cooling for high energy heavy ion
- High intensity effect of barrier bucket stacking

11 1% | = —
\ \ ) ' B
| }r : R K= - L] ——
4 7 3 N
| N Une S HUSHEN | F—_J
'y : NN
{ &
Fo

Momentum spread Emittance Intensity

5 times increase of beam intensity through barrier bucket



Unprecedented heavy ion beam intensity #Q

Basic beam parameters

lons Energy Intensity
SECR 23835+ 14 keV/u 0.05-0.1 pmA
iLinac 23839+ 17 MeV/u 0.028-0.05 pmA
BRing-N  238Uss* 0.8 GeV/u ~2.0x10" ppp
23835+ 2.3 GeVlu ~1.0x10"2ppp >
BRing-S 238U 5.8 GeV/u ~5.0x10" ppp
238| J92+ 7.3 GeV/u ~5.0x10™" ppp
RIBs: neutron-rich, _ —409-10
| g 0.84 GeV/u(A/q=3) 10%19 ppp
SRing _ _
Fully stripped heavy ions 0.8 GeV/u(238U%2*) ~10"12 ppp,

H-like, He-like heavy ions



Unprecedented heavy ion beam intensity QAQ

The highest pulse heavy 1on beam intensity in the world

BNL AGS Booster 5X10° Au3?t
CERN LEIR 9X108  Pb*
JINR  NICA Booster 4X10° Aud?t
GSI SIS18 1.0X101 3 X101  OEias 2.7Hz
FAIR SIS100 4.0 X101 U228+
IMP HIAF-BRing-N 2.0 X101 U3t 5-10Hz, 10-20Hz
1.0 X102

IMP HIAF-BRing-S U3+

2.0X1012



Multi-function storage ring <4 AE>

Key devices Operation modes Experiment programs
> Electron cooling » |sochronous mode » (Gas-jet target experiments
» Stochastic cooling » Normal Mode » DR experiments
» Two TOF detectors > Internal-target Mode » IMS & SMS
> Electron target > lon-ion merging Mode > Laser cooling

» lon-ion merging experiments

Precision frontiers machine for in-ring experiments



Multi-function storage ring

Isochronous mode with two TOF
HIRFL-CSRe

After correction  Before correction

s =01y OQRYs X AAODeN . === n/q=2.69 ——m/q= 2.69
Beams: °®Ni, 78Kr, 8Kr and "12Sn i

43 masses are measured T A=+ 1.0%10%
Measured for the first time: 16

Precision improved: 27 ' ‘

Precision achieved: AM/M~10-7

Demonstrated the TOF mode ol Tl Tt b ke
first time in the world AM/M~10-7-10-8

TIme Resolution deltat/t [107]

Momentum acceptance
Ap/p=10.2%




Figure-8 shape ring for ion-merging < AF>

Spontaneous electron—positron pair production

Free Pair Productio\
!

Negative Energy Continuum et

® A fundamental question of QED-spontaneous electron-positron pair creation
in supercritical Coulomb fields

® Theory prediction: occur in the collisions of two very heavy ions with the
total atomic number Z1 + Z2 > 173.

® Failed to observe in fixed target experiments due to the interference of
extranuclear electrons.



Figure-8 shape ring for ion-merging < AF>

First ion-ion merging facility in the world

ey — == = - |l

Unique features:

« “8” shape ring i

* Coasting beam merging with itself /g /
scheme « No electron-electron correlation

Advantages:

il ii Ultra-low background signals
- Small angle collision provides the energy
(6~8MeV/u) to cross column barrier

* Based on SRing

* Sharing the injection and cooling
system

* No powerful RF system

Bare heavy nuclei, e.g. 238U%2%,

71 +72=184>173




Figure-8 shape ring for 1on-merging

Merging beam parameters - First phase

Parameter Value

T 2381 j92+
<Energy(MeV/u) 637(800) —

Circumference(m) 483.8

Frequency(MHz) 0.50(0.52)
<Crossing angle(°) 6.8 >

CM energy(MeV/u) 6(8)

Particle number 7(8) X 1010

Ex rms/ €y,rms (T MM mrad) 1/1

B*/B*y(m) 1/0.03

O rms/ Oy,rms (11111 1/0.173

Laslett tune shift -0.1(-0.077)

Hourglass factor 0.9

@ity(cm‘zs‘l)

4.4(5.4) X 105>

<H AF




Figure-8 shape ring for 1on-merging

Merging beam parameters — Update- 1000 times

Parameter Value
lon 238 J92+
Tnergy(MeV/y 400>
Circumference(m) 472.7
Frequency(MHz) 0.624
CM energy(MeV/u) 8
Particle number 3X1012
Ex ms/ Ey,rms (0 MM mrad) 1/1
B*/B*y(m) 0.1/0.02
Oy s/ Oy rms (M) 0.316/0.141
Laslett tune shift -0.08 Update-1: sC magnet to AT
Hourglass factor 0.9

Update-2: New interaction
minosity(cm2s™! 4.1 X102 . .
TLauminosity : 1X 10> section with small cross angle




<H AE,

Innovative technologies and developments

» Inclined electric-static septum
» Fast cycling magnet power supply
» Magnetic ally loaded cavity

> Thin wall vacuum chamber



Key technical-1

Inclined E-Septum

Inclined E-Septum
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Key technical-1 Inclined E-Septum QAQ

Inclined E-Septum

Big challenge — Vacuum seal in the extreme high vacuum -10-'> mbar

Multi-Differential Vacuum System was designed, a small prototype has been developed
for the verification of this system



Key technical-2 Fast cycling power supply QAQ

» The main magnets for BRing consist of 48 dipoles in twelve groups of four
magnets, load specification and performance requirement featured by fast
ramping rate

7 o~ — S000A 3

Parameters Values L6 . i
Resistance of load 24mQ 12410’ \)/ 1338%10°
6x10° 125x10°
Inductance of load 88mH L
48¢10° {16610° B
1ouft
Current 5000A 20 il i .
Voltage 3462V ~2810° Neo T
.. i —6.6x10° 4-920
Rising time 130ms ]
. “ 104100 S 4 1.78%10°
@mping/fallmg rate  1=38000A/s il R | P
. _4 _ y 7 B g 3
TraCkIng error Sil >< 10 LBl 0 0035 007 0105 014 0175 021 0245 028 0315 0.353'5 i
Platform error <+5X10° L.
Operation Waveform
Challenges:

e A broad dynamic current range

* A high precision and reproducibility

* Very low tracking errors relative to current reference

* The strong shock of large return power to the power grid



Key technical-2 Fast cycling power supply < AF>

Innovative concept based on full-energy store principle

» Voltage-changed stimulation
- o : asymmetrical multi-level
' ! | ‘ cascaded PWM

» Low voltage source for injection &
extraction platform, high voltage
source for fast ramping stage

» Energy capacitor will be used to
store energy.

voltage source PWM rectifier 1100V

» The energy can be controlled by
PWM rectification technology,
only active power will be taken
from the grid!

a0y
Low( Voltage SourceC) ('l?_':

Low voltage source

» Asymmetrical PIWM cascade
Structure: keep high accuracy and
fast output dynamic response

Modular designed circuit schematic diagram 29




Key technical-2 Fast cycling power supply

» PWM rectification and full energy storage technology have been tested on the low
power prototype, for the verification of this new design concept.

Power supply A AT
based on PWM il = fi-'s-xﬂrﬁ

s “d—-ﬂﬂﬂ-
B !

oo . \ .5
rectification { \:-r_.::ﬁm
technology | ST

R -

i H24 3H 2016]
5M 5 0.00v [11:15:55 |

(@ 5.00V & 500V "”"1.00 [ 500kyT/F

Full energy storage
testing prototype

1M ==l &
450A full energy storage technology test




Key technical-2 Fast cycling power supply < AF>

» A full prototype (4000A/2770V) is being manufactured in the factory. The
distribution and process structure design have been established already.

\\ ,\ \
000

ANNY
oo

0 W
OO0

Distribution of the prototype

Structure of one power unit



Key technical-3 MA core loaded cavity

O High voltage: 240kV O Two functions: acceleration & compression
Q Short rise time: <10us MA core loaded cavity
——Phi
~ 200 ﬂ 305
§ 100 g
0 500 T (ms) 1000 1500

Gap voltage and phase waveform of
BRing RF system

2 Accelerating gap

L i |1IL T ||||||
|-\;:; ; : ,;:::fgl S e e = |

BusBar

T VA - AT T ,\::;:;i:;c,




Key technical-3 MA core loaded cavity

MA ring core test

s

» Established test bench and completed measurement under power and cold state

Measurement result

9 1.0
[ [ [ [ [ [
4
8 — 18 FINEMET-FT3M | |
7 - ccant 0.8 xi —— German-VAC ||
—~ 6 // 07 \ Domestic-1K107 |+
T s >l o ® o6 AN\
Q / — Tos \\
G 4 / >
S / O 04
3 314/ FINEMET-FT3M | | os
) —— German-VAC | |
Domestic-1K107 02
1 0.1
0 0.0
00 05 10 15 20 25 30 35 40 45 50 00 05 10 15 20 25 30 35 40 45 50
Frequency(MHz) Frequency(MHz)
Measured under power Power test result

| Wi _ 23.7°C

BA g Tt B
852 r 413 15

>

£=0.95
BG=22.0 B :
D=1.79m 9/5/15 16:25:46  T=100% D=2.73 m #™30/6/15 21:18:21 1=100%

N




Key technical-4 Thin wall vacuum chamber

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

The traditional technology is ribs supporter thin wall chamber

To withstand the atmospheric pressure the thin walled vacuum N
chambers are supported by ribs parallel to the magnetic field lines. '

B ] e e

e H
thermal-protective coatingi

ribs

——__f

i\
Thin-wall vacuum chamberfj

H

NN S

 Stainless steel
0.3 mm vacuum chamber design * Ribs supporter parallel to the magnetic field lines



Key technical-4 Thin wall vacuum chamber < AE>

Ribs supporter thin wall chamber — 0.3mm

e

L=1.2m, 2.0m long, curved thin wall chamber prototype have been developed



Key technical-4 Thin wall vacuum chamber < AF>

A novel thin wall vacuum chamber are designed for HIAF
(chamber supported by ceramic rings )

Chamber with ceramic supporter Static structural equivalent stress




Key technical-4 Thin wall vacuum chamber

Chamber supported by ceramic rings

] RS232
i) 4.34E-12 mbar  !Z
iE-12 F |i 1E-10

T




Key technical-4 Thin wall vacuum chamber

Chamber supported by ceramic rings

This new technology greatly reduce the cost of manufacture process,
the difficulty, shorten the production cycle, and improve the quality.



Summary

® HIAF will be one of the world leading facilities worldwide for
nuclear physics and related researches with unique features.

® A series of new design concepts and innovative technologies have
been adopted based on the experience of the exiting facilities.

® From technical aspects, prototypes have been developed for the test
and demonstration of technology challenges.

® Some of the technologies, such as, superconducting ECR source,
superconducting linac and stochastic cooing, plenty of experience
has been got through ADS, LIAF and update of our exiting machine.

® Technical design has been finished and the engineering design are

under progress and will be finished in coming few months.

® As a major step towards preparing civil construction, the legal and
regulatory procedures have been passed smoothly.



Thanks for your attention!

40
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