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HIAF site

HIAF site

High-Intensity Heavy Ion Accelerator Facility



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

Background and science motivation

Proposed by IMP in 2009.

Approved in principle by the central government in the end of the 2012.

Design Report(v1.0) was published in July 2014

The final approval was in the December of 2015

Start of operation 2024

Milestones of HIAF
……



Nuclear physics

Nuclear astrophysics

High energy and density physics 

Atomic physics

Spontaneous electron–positron pair production 

Science motivations



Nuclear Physics

Precise mass measurements for short-lived nuclei
Synthesis of new isotopes near the proton-drip line
Structure and reaction mechanism with exotic beams
Properties of asym. nuclear matter  at high density 
Decay and chemical properties of super-heavy nuclei
Evolution of collective motion in complex  nuclei

Exploring the limits of nuclear stability
New phenomena far from stability
Shell structure far from stability

HIAF Science-1
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Main components

extraction: 
800 Mev/u, 

~1.0 1011(U34+)

injection: 
17 Mev/u, 

1.5 109(U34+)



BRing

SRing

MRing

iLinac
SECR 

iLinac: Superconducting linac
Length:100 m
Energy: 17MeV/u(U34+)

Main components

extraction: 
800 Mev/u, 

~1.0 1011(U34+)

injection: 
17 Mev/u, 

1.5 109(U34+)



BRing

SRing

MRing

iLinac
SECR 

iLinac: Superconducting linac
Length:100 m
Energy: 17MeV/u(U34+)

BRing: Booster ring
Circumference: 530 m
Rigidity: 34 Tm
Beam accumulation
Beam cooling
Beam acceleration

Main components

extraction: 
800 Mev/u, 

~1.0 1011(U34+)

injection: 
17 Mev/u, 

1.5 109(U34+)



BRing

SRing

MRing

iLinac
SECR 

iLinac: Superconducting linac
Length:100 m
Energy: 17MeV/u(U34+)

BRing: Booster ring
Circumference: 530 m
Rigidity: 34 Tm
Beam accumulation
Beam cooling
Beam acceleration

MRing: Figure “8” ring
Circumference: 268 m
Rigidity: 13 Tm
Ion-ion merging 

Main components

extraction: 
800 Mev/u, 

~1.0 1011(U34+)

injection: 
17 Mev/u, 

1.5 109(U34+)



BRing

SRing

MRing

iLinac
SECR 

iLinac: Superconducting linac
Length:100 m
Energy: 17MeV/u(U34+)

BRing: Booster ring
Circumference: 530 m
Rigidity: 34 Tm
Beam accumulation
Beam cooling
Beam acceleration

MRing: Figure “8” ring
Circumference: 268 m
Rigidity: 13 Tm
Ion-ion merging 

SRing: Spectrometer ring
Circumference:290m
Rigidity: 13Tm
Electron/Stochastic cooling 
Two TOF detectors
Four operation modes

Main components

extraction: 
800 Mev/u, 

~1.0 1011(U34+)

injection: 
17 Mev/u, 

1.5 109(U34+)



Ions Energy Intensity

SECR 238U34+ 14 keV/u 0.05 pmA

iLinac 238U34+ 17 MeV/u 0.028 pmA

BRing 238U34+ 0.8 GeV/u ~1.4 1011 
ppp

SRing

RIBs: neutron-rich,  
proton-rich 0.84 GeV/u(A/q=3) ~109-10 ppp

Fully stripped  heavy 
ions 
H-like, He-like heavy 
ions  

0.8 GeV/u(238U92+) ~1011-12 ppp

MRing 238U92+ 0.8 GeV/u ~1.0 1011 
ppp

General description – Basic beam parameters



Two-plane painting during 
multi turn injection procedure
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Acceptance

Large space charge leads to the shift and spread of the tune that 
can bring additional losses on the septum and acceptance



Transverse plane during injection

Acceptance

http://betacool.jinr.ru



1.5e9 x 90 injections = 1.15e11 (85%)
(no space charge effect)
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15

Injection efficiency on tune diagram 

Multi turn injection into BRing
with particle losses on septum and acceptance 
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Tune shift diagram

Tune shift diagram is calculated with
Winagile program

Tune shift diagram is calculated with 
averaging over betatron oscillation 
for 2D space (coasting beam)

Tune shift diagram is very important for long beam dynamics
when particles cross the structure resonances and can be lost.



Method of Molecular Dynamics
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Crystalline beams for infinity channel

Helix or Tetrahedron ( ion < 3.10) Shell + String ( ion < 5.7)
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Betatron tune shift
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Particle coordinates are changed after (i+1) turn with phase 
advance of transformation matrix as [MAD program]: 

Betatron tune shift for each particle 
can be calculated as:

cos
sinarctan

2
1Q

Q = [-0.25…+0.25] 

Tune diagram
dQx=dQy=0.3



Injection efficiency and tune diagram

Working point:
Qx = 0.45
Qy = 0.42

N=1.5e10
E~1 pi mm mrad
dQx=dQy=0.28



1.5e9 x 90 injections = 9.6e10 (71%)
(space charge effect on)

dQx ~ 0.02 for 1st injection and 
dQx ~ 0.08 after 90th injections !



5e9 x 90 injections = 2.5e11 (55%)



1.5e10 x 90 injections = 5.61e11 (42%)



Transverse shift of ion beam
Ex = Ex = 5 pi mm mrad

dQx = dQy = 0.316



Electron cooling with angle misalignment
angle x/y = 0.001/0.001, Ex = Ey = 5 pi mm mrad

Ion beam distribution with normal electron beam position

Ion beam distribution with transverse angle of electron beam

transverse plan horizontal phase space transverse profile



Tune diagram (dQx=dQy=0.262)
after one turn

normal electron beam angle misalignment



Particle distribution after 70 turns



Conclusions
• Space charge has not large effect on injection 

procedure in BRing (1.5e11, 17 MeV/u, U34+)

• Electron cooling during injection procedure in Bring 
leads to very large influence of space charge effect

• Influence of space effect is significantly decreasing 
for non-uniform ion beam distribution

• But space charge leads to fast mixing (relax) of 
particles distribution and beam becomes uniform
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