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Physics and application: facility 
requirements

• drip line nuclear physics
– New magic number
– Super heavy elements
– Astrophysical r-process
– Multi-neutron correlation
– New decay modes: bxn, GS 

neutron decay
– Neutrino beam
– Data of n-rich nuclei
– Application of n-rich beams
– …

• RIB intensity vs. the 
depth of study
– >10-5 pps, for neutron 

drip line search
– > 10-2 pps, for half life 

and mass
– > 102 pps, for direct 

reaction
– > 104 pps, initiative 

structure study
– More intense, more 

precise
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Combined approach

• ISOL+PF: neutron beam from 
reactor or accelerator, with large 
235U fission cross section (585 b), 
easy ISOL selection of fission 
fragments, post acceleration, then 
fragmentation PF again: EURISOL, 
Beijing ISOL

• Pro and con
– Pro: 5-8 more neutrons than stable 

beam, with cross section increase by 4-
6 order

– Con: re-accelerated beam intensity 
weaker by 2-3 order: RIBF 238U 1012 pps
�Beijing ISOL 132Sn109-10 pps

– The net gain: 1-2 order or more intensity 
of n-rich beams!

I. Tanihata, NIM B266(2008)4067
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Advantage of using reactor

• High intensity of thermal 

neutron: 1014 n/s/cm2

• Large fission cross section: 

585 barn

• Simultaneous use of reactor: 

only using one horizontal 

tube, a super spectrometer

• Reactor delivers stable n flux 

once it operated: a stable 

beam intensity

91Kr 

8.6 s

132Sn

39.7 s

Large yield

Long half live

Easy to separate
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Combined approach 
merit

• Merit: combination of established technique
– Good and easy beam: long half life, high yield, normal 

ISOL
– 10 pnA order beam acceleration: no limitation of space 

charge and difficulty of beam diagnostics
– The techniques afterwards, e.g. fragmentation and 

selection: are well established
– Less burden in PF target: lower intensity of primary 

beams
– Less burden of ISOL: only select long life, high yield 

fission products
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Design criteria of 
Beijing ISOL

• Competitiveness: first class beam and research 
platformàdouble driver and reactor-accelerator coupling 

• Multiple purposes: meet the user requirements ranging 
from basic science research to urgent applications à
multi-beam, multi-energy and multi-terminal

• Feasibility: relatively mature but also advanced 
technologies à double driver to achieve high duty factor 
and feasibility, as well as good cost performance ratio

• Complement to other facilities: complement the existing 
facilities in China and world wide à beam varieties, 
detector performance and facility location



BISOL
	��������u2011, CIAE - PKU MOU
uISOL-type RIB facility in Beijing
uCARIF and ImPUF merge to Beijing-ISOL 

Major  milestones 
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BISOL
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uOct. 2012, an IAC was formed 
uReview meeting was held at PKU 
u“Initial Conceptual Design of the 

BISOL”.
• “The Committee considers the 

research potential of the 
proposed facility in both, basic 
as well as applied and 
interdisciplinary research

• as excellent and highly 
competitive on the world level. It 
promises a unique science 
reach in several respects

• in particular with regard to the 
most neutron rich exotic nuclei 
and the study of the 
astrophysical r-process.”
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BISOL
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u 2013, advanced ISOL-type facility 
was adopted in “the national mid-
and long-range plan ( till 2030) of 
the major facilities for science and 
technology development”.

u Aug. 2014, a Xiang Shan Forum ( 
503th meeting in the series) was 
successfully organized and a road 
map for major nuclear physics 
research facilities was established, 
including the BISOL as the future 
major facility. 

u May 2016,  a domestic expert 
meeting was held at CIAE to 
evaluate the preparation works of 
the BISOL, aiming at a proposal to 
the 13th 5-year plan of the central 
government of China. 
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uMay-June 2016,  proposed 
large-scale science facilities 
(more than 50 proposals for 
all fields) were reviewed by 
the National Development and 
Reform Council. 

uBISOL was successfully 
classed into the list of the 
preparation facilities (10+5 
facilities in total).

uDec. 2016, the government 
has officially announced the 
results for the 13th 5-year plan.
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uJan. 2017, a specialized IAC 
meeting was held at PKU-CIAE, 
dedicated to the accelerator 
based intense neutron source, 
in particular the high-power 
target systems. 

uMar. 2017, the 1st BISOL user 
meeting was held at PKU, with 
�150 participants and very 
active discussions.

uJun. 2017, BISOL-CD-1 was 
finalized and evaluated by an 
internal committee, being ready 
for the next national review and 
the next IAC review. 13
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one of the two basic 
units of nuclide which 
determines the nucl-
ear isospin

Neutron: essential for both basic and 
applied nuclear sciences

a main player of the 
fission and fusion 
nuclear energy systems. 

15



Great scientific questions at the expanded nuclear chart
l New physics at the drip-lines 
l Nuclear-processes in creating heavy elements in the stars
l Ways towards the super-heavy stable island  
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Material irradiation research and tests

Space radiation n-data

G4 fission 
reactor

17

Fusion reactor (DEMO, CFETR…)

n-imaging

Applications in multidisciplinary areas

�������
��	��
Needs for application of intense neutron beams
l Mechanism of n-irradiation damages 
l Material evaluations 
l Reaction data with fast neutrons 



RIB Requirements

1. New phenomena 
Ground state properties    
Symmetry test and 
energy

Shell & magic #
Clustering
Strong couplings

2. Synthesis of SHN
new mechanisms

3. Nuclear astrophysics
rp- & r-processes

Mass& moments             keV-MeV/u,    101-3 pps

Decay                               keV-MeV/u,      101-4 pps

CS & momentum            MeV-GeV/u,    101-4 pps

CX & Breakup                tens of MeV/u,   102-4 pps

Elastic & inelastic           all energies,        104-5 pps

QF Knockout                   > 100 MeV/u,  104-6  pps

Transfer reaction            1-50 MeV/u,      105-6  pps

Fusion-fission                  < 30 MeV/u,       105-6  pps

Physics problems measurements requirements

1) Mostly at LE (keV-MeV/u) and ME ( ~ 100   
MeV/u) , but some at HE (300-1000 MeV/u).

2) RIB intensity as high as possible 18



� reactor driver (RD) + intense deuteron-beam driver (IDD)  
� isotope separation on line (ISOL) + projectile fragmentation (PF)
� basic science questions + key application questions   

IDD

RD

Basic solutions provided by BISOL

19

ISOL

PF



10 mA

More configurations 
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2X1015 f/s

IEE LEE SEE

2´1015 f/s
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slide from Shegio Koyasu(RIKEN) at the C12 meeting, Tokyo, Aug. 2017 

BISOL
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Design concept of BISOL  

1�Double drivers
� CARR�8´1014 n/cm2/s�
�5 g 235U� 2x1015 f/s
� D-LINAC�40 MeV� ~10
mA � LLi target; 5x1014

n/cm2/s

2�ISOL+PF
ISOL: m/�m	2000-20000
SEE: Separation Energy

Experiments (~20keV/q)
Post-Acc: 20-150 MeV/u
PF separator: 7 Tm
LEE: LE Experiments
IEE: IE Experiments

3�Multiple-operation schemes
� CARR + ISOL + PA for RIB

D-LINAC + LLi for n-beam   
� D-LINAC +  LLi + PA for RIB  
� D-LINAC + LLi for n-beam 

PA for stable beams 23



Science focus of BISOL 

l Structure  at ~ n-drip-line in the medium-mass region
l starting part of the r-process  
l reaction mechanism with extremely n-rich beams
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RIBs energy ranges 
and physics

• 20 keV range, separated beam, SEE, for mass, 
decay and basic interaction studies

• 20 A MeV range (ISOL low energy), LEE, for 
near barrier, SHE and nuclear reaction and 
structure studies

• 150 A MeV range (PF intermidate energy), IEE, 
for drip line search, shell evolution and nuclear 
state isospin dependent studies



Beijing ISOL 
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Fission products by CARR  

Latest calculation by J. Su
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ISOL+PF�
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RIB to dripline with fission beams

n-rich beams at BISOL

28



235U/g σ/b n-flux, 
/cm2/s f /s

5 585 3×1014 2×1015

nuclei Fis. yield rate Target +isol eff. 
(ref. PIAFE) CB eff Linac eff. intensity

91Kr 3.2×10-2 6.4×1013 13.0% 10% 50% 4×1011

142Xe 4.3×10-3 8.8×1012 2.0% 10% 50% 9×109

132Sn 5.7×10-3 1.2×1013 8.0% 10% 80% 7×1010

81Ga 7.6×10-5 2×1011 8.0% 10% 95% 1×109

ISOL beam intensity 

Latest calculation by J. Su



PF rates using 91Kr

r-process

30
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PFrates using 132Sn 



r-process

120Sr � 10-4 pps

32

PF rates using 142Xe
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Facility BISOL EURISOL SPIRAL2 FRIB RIBF FAIR

Year? 2025+ 2025+ 2018? 2020 2007 2020

Fission/s 2x1015 1x1015 1x1014

91Kr(pps) 4x1011 3x1010

132Sn(pps) 5x1010 4x1011

78Ni(pps) 250 20 150 10 10

Drip-line

120Sr(pps)
2x10-4 2x10-6

Comparison of typical RIB

intensities 

33



High flux region�
n ~10-20 cm-3

n 8-15 dpa/fpy
n Small sample 

PIE

Middle flux region：
n ~50 cm-3

n > 3 dpa /fpy

Fast neutron region：
n ~100 cm-3

n 1-2 dpa/fpy
n Fission PIE

Low flux region �
n Neutron data
n Detector calibration
n Imaging
n Isotope production
n ……

BISOL n-source performances

34

Rough neutronics calculation
in pure Fe
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l BISOL n-source similar n-
spectrum and intensity as IFMIF, 
\smaller irradiation volume.

E
(MeV) ion I

(mA)
P

(MW) n Target S
(cm2)

Flux
(n/cm2.s)

V
(cm3)

IFMIF 40 D+ 2*125 10 Y Liguid-Li ~100 1*1015 300-500

LIPAc 9 D+ 125 1.125 No

SARAF 40 D+ 5 0.2 Y Solid-C 1*1014

SPIRAL 
II 40 D+, p 5 0.2 Y Solid-C 1*1014 ~10

BISOL 40 D+, p 10 0.4 Y Liquid-Li ~4 5*1014 10~20

Comparison with other n-sources  

35



Section 1:   Reactor  target  

Laser-driving IS

In side the 
reactor hall

target and 
transport tube

ISOL
36



RFQ

Section 2: D-LINAC

LLi target d-ion source 

HWR SC 

HEBT

37



Section 3:   High power target and 
material irradiation station

1�LLi target and 
irradiation unit

2�Maintenance and 
transportation 

3�Li  circuit and 
cooling 

4�Wastes storage

1
43

2

38

Schematic (IFMIF)



ECR charge breeder Mass separation 

Section  4:   ISOL

LLi target station  39



Internal conversion
spectrometer

Charge breeding e-
beam ion trap

Collinear resonant  
ionization spectroscopy

4p Si-trip array

Section 5: Separation energy 
experiment s (SEE),  at ~ 20keV/q

Dedicated to measure nuclear properties

40



Section 6: post-accelerator

Superconducting accelerator (200 m): 

20-150 MeV/u�10 kW LT factory�

2.0 K operation 

SCL1 SCL2 SCL3 SCL4
SC cavity-type QWR QWR HWR HWR
f 81.25MHz 81.25MHz 325MHz 325MHz
Cavities/module 4 8 6 8
SC solenoid 2 3 1 1
module 4 12 13 10
# cavities 16 96 78 8041



Dual-arms 
spectrometer

Large size target 
chamber with ToF

Section 7: Low energy experiments
�LEE�,  at �20 MeV/u

4π γ-array

Dedicated to LE reactions

42



Section 8:  PF separator and  intermediate 
energy experiments (IEE),  at �150 MeV/u

0-degree 
spectrometer

IEE 

PF target

High power separator 

Dedicated to removal reactions

Brmax Dp/p DFx DFy

7 Tm 6% ±60mrad ±60mrad

D: NT 
Q: SC

PF Target & cooling

43
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Location for BISOL in CIAE

11000  m
2



Existing CARR in CIAE

• 60MW, neutron flux 8�1014

n/cm2·s
• Engineering started 2002
• First critical May 2010
• Reach full power May 2012
• First experiment Aug. 2012
• Stable operation since 2015
• ISOL for NP installed



Present R&D at CARR
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2.45GHz ECR D-IS
at PKU

Intense D-accelerator 
at PKU RFQ accelerator

made by PKU

SC acceleration 
at CIAE

2 x 9 cells SC 
accelerator at PKU

ISOL-type BRIF 
at CIAE

Existing accelerator technology
at PKU and CIAE 
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Opportunities for EOS
Ø Intense middle n-rich  132Sn like beams from 20-

150 MeV/u, 5x1010 pps

ØMuch extremely n-rich beams near drip line for 

new and/or precise M, T1/2, Pn, and ng

Ø Much more n-rich beams like 78Ni for extreme 

neutron skin study, ~102-3 pps, 150 MeV/u

ØNear more input and instrumentation idea!

49
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n BISOL, in combination of the ISOL production through 
either the high-intensity deuteron beam driver or high 
thermal neutron-flux from the reactor, together with re-
acceleration of RIBs up to projectile-fragmentation 
energies (i.e. ~150 AMeV), promises the most intense 
RIB capabilities in the medium mass region. 

n Availability of accelerator-driven high-flux neutrons, 
produced with an intense beam of 40MeV deuterons, 
provides for a wide spectrum of applied research over a 
range of energies, in particular for unique materials 
research relevant to next generation fission and fusion 
reactors.   

n Facility cost is applied 3.5 B RMB  (�500M USD) plus the 
infrastructure & manpower investment by domestic 
goverment.  The timetable is not clear yet but we expect 
a completion time in 2025-2030.  51



Websites:
http://sklnpt.pku.edu.cn               
http://www.ciae.ac.cn

My email: wpliu@ciae.ac.cn

n BISOL will be user facility and cooperation between 
the major institutes & universities is highly welcome

52
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Fission beam intensity 
estimates

235U, g �, b
N flux, 

/cm2/s
Fis. rate, /s

5 585 3×1014 2×1015

nuclei Fis. yield rate
Target +isol eff. 
(ref. PIAFE)

Charge eff Linac eff. intensity

91Kr 3.2×10-2 6.4×1013 13.0% 10% 50% 4×1011

142Xe 4.3×10-3 8.8×1012 2.0% 10% 50% 9×109

132Sn 5.7×10-3 1.2×1013 8.0% 10% 80% 7×1010

81Ga 7.6×10-5 2×1011 8.0% 10% 95% 1×109
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Beijing ISOL

CARR
ISOL

LINAC
20 MeV/u

ECR
Stable 
IS

LINAC
150 MeV/u

FRS
DP/P 
6%

Reactor Target/Ion source
He-jet/In-pile

1 
p�AM/�M 2000-20000

5 mg/cm2 9Be

60 MWt

3×1014 nth/c/cm2

5 g 235U
2×1015 fis./s

Production target

Exp. 
Term.
HI, n, �, 
�

78Ni 250 pps

Decay 
Spec.
Nucl. 
Data
Basic 
Sym.

Nucl. 
Astro.
SHE
RI reac. 
Sepc.

Drip line search
New magic No.
�xn decay

Atom Phys.

Cancer The.
Nucl. Matt. Irr.
Single Part. Eve.

Unstable Data
Nucl. Effects
Misc. App.

Explore extreme
Extend application
Combine ISOL and PF
Using mature technology
Aiming world class facility

132Sn 5×1010 pps
91Kr 4×1011 pps

142Xe 9×109 pps

D LINAC
d 40MeV p 33MeV 10 mA

Nucl. 
Mat.
Radiatio
n
Neutron 
data

n converter
/target

SEE

LEE

IEE
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Beijing ISOL detector map

Det MAS LAS BGA BTP BDA BSD CLIB BGD

Fig

Full 
Name

multiple 
application 
spectrometer 

Large solid-
angle spec

gamma array Trap decay array solenoid collinear 
laser-ion 
beam

general 
purpose 
detector

Measured 
quantity

Reaction, 
astrophysics

Reaction Structure Mass Half life, 
branching 
ratio

Reaction, 
astrophysics

nuclear 
moments

Identification, 
reaction

Physics
example

Shell 
evolution
Reaction rate

SHE 
mechanism

Shell 
evolution
Reaction rate

Shell 
evolution 
Drip line

Intensity, 
pps

103-105 102-104 102-104 10-1-102 10-2-102 102-104 102-104 10-4-103


