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What in my talk

• Physics frontier 
• World facilities 
• BRIF progress 
• BISOL design 
• Conclusion
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Let’s start from MSN

• NSM 
• LIGO find 
• Other messengers 
• r process elements 
• NP play role 
• Far from enough 
• n-rich physics 
• Facility enough?

EOS

T1/2



High I and Tz
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JUNA

RIBF

60Ca

n drip line
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Why search for n-rich  
limits• Probe nuclear force 

• Find new magic number 
• Test mass model 
• Find new way for SHE 
• Looking for exotic decay 
• Get r process path
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World wide efforts
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Part of  NP 
facilities in 

China

8

HI-13 
BRIF 
BEIJING ISOL

CSR

CSNS 
Daya bay

SSRF

HIAF 
CIADS

NSRLCJPL
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Summary of PF facilities 

Some data adapted from EURISOL report 

• For physics of extreme isospin 
• Using in-flight separation PF method
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 Summary of ISOL facilities 

Some data adapted from EURISOL report 

• For precise physics with high quality beams 
• Advanced target and ion source technology needed
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BRIF (Beijing Rare Ion beam 
Facility)

Cyclotron
ISOL

Tandem

SCL

super-conducting  
LINAC  2 MeV/q 

ISOL 20000 mass  
resolution

compact proton cyclotron  
100 MeV 200 µA 

Approved 2004 
Final budget 2009 
Civil engineering 2011 
Cyclotron move in 2012 
Commission 2016 
Day 1 exp. 2018

cyclotron
Tandem

ISOL

beam time



BRIF  beams
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evaporation 
transfer

fission



H- compact cyclotron for BRIF
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ISOL day-one exp.

4252
4653

β-α-γ decay

20Na 1×105 pps  
@ 5 μA proton 

1

2 4

5

6
7

8

9
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11262→1633

11262→0

10884→1633

10274→1633

9873→1633

β-α decay

γ decay
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Why search for n-rich  
limits
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RIB facilities under construction and 
in design stage 

ISOL
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Intensity and physics

RI intensity

Experiment

RI intensity by fission  
driver

event

cross section

intensity

discovery half  life

reaction
structure
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Way of RI production

ACC ISOL
POST 
ACC

EXPTAGET

ISOL

ACC FRS EXPTARGET 
PF

PF

REACTOR 
/ACC ISOL

POST 
ACC

EXPFRSTARGET TARGET 
PF

ISOL+PF

BRIF, HRIBF, ISOLDE,  
ISAC, LEUVEN

GANIL, FAIR, NSCL 
RIBF, CSR

Beijing ISOL, EURISOL

New!



BISOL layout
Reactor

ISOL

d LINAC

RI separator
Stopped 

beam
Low E 
beam

Material 
science



ISOL+PF approach

PF

ISOL
fission

PF



Basic research and application on BISOL
• Basic research 

●  Middle mass n-rich beam 

physics 

● astrophysical r-process 

● new way to SHE

Applied research
● n irradiation of fusion reactor 

material
● neutron physics
● production of isotopes
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Advantage of 
using reactor

• High intensity of thermal 
neutron: 1014 n/s/cm2 

• Large fission cross 
section: 585 b 

• Simultaneous use: only 
using one terminal: a 
super spectrometer 

• Reactor delivers stable 
n flux once it operated: 
a stable and parallel 
beam 

• Large yield, long half 
life, easy to separate

91Kr  
8.6 s

132Sn 
39.7 s
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Basic parameters for Beijing 
ISOL

• Reactor and target: 3X1014 n/cm2/s, 5 g of 235U 
• Fission beam: 2X1015 fission/s 
• D-LINAC: 20-33 MeV/u 10 mA 
• High power target station: thermal power 400 kW.] 
• Isotope separator: mass resolution 1000−20000 
• Post accelerator: HI-LINAC, 150 MeV/u 
• RIB intensity for 78Ni: 102-3 pps 

• Easy ISOL beam: long half life, high yield, normal ISOL 
• 10 pnA order beam acceleration: no limitation of space 

charge and difficulty of beam diagnostics 
• Techniques of PS are well established 
• Light duty PF target: lower intensity primary beams
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Design goal of Beijing ISOL

• Competitiveness: first class research platform à reactor-
accelerator coupling  

• Multiple purposes: user ranging from basic science to 
applications à multi-beam, multi-energy and multi-terminal 

• Feasibility: mature and  advanced technologies à double driver 
to high duty factor, high cost performance ratio 

• Complement to world facilities: middle mass very n-rich beam in 
middle energy à PF of ISOL n-rich fission beam

• BISOL experiment 
• Look for the active and productive cases up to year of 2030 
• Not determine very soon, and keep more space for future 
• Open to domestic and international community 
• Select the basic detector idea and spokes person world wide



Reactor ion source

ion source in 
horizontal 
tube

source platform

ion source in 
reactor hall



Ion source,RFQ, HWR, beam line, 40 MeV, 10 mA, d 

beam, LLi target n converter 

HWR

ion source
LLi n 
converter

RFQ

d LINAC



PART 03   高功率靶站及核能材料辐照装置

高功率靶站利用强流氘束轰击液锂靶，产生通量达 5 X 1014 s-1cm-2中子，用于材料辐照或在重靶中产生裂变

碎片。主要包括4个部分：

1、Li靶及辐照单元（红色
框）：容纳液Li靶、测试模块、
放射性离子源

2、靶维护及样品更换区(AC)
（粉色框） ：出入通道（天车通
道）、热室及远程操控

3、液Li回路（蓝色框）：主回
路、纯化回路、冷却回路

4、放射性废物处理及存储区
（黄色框）：液态及固态放射性
废物

radiation module

1
43

2

High power target



PART 04  ISOL分离与输运

ECR charge breeder mass analysis

利用电磁器件传输和分离所需的裂变碎片，

质量分辨本领2000-20000。 

mass resolution 2000-20000

ISOL and transfer line



   PART 06 后加速器

多重电荷态束流注入RFQ加速， 

超导加速器增能重离子束至150 MeV/u； 

高能段3~5个电荷态同时加速； 

ns级束损设备紧急保护； 

10 kW低温工厂； 

2.0 K工作温度。

4 type 
42 low T module 

276  Nb model 
200   m  SC length

SCL1 SCL2 SCL3 SCL4
腔型 QWR QWR HWR HWR
频率 81.25MHz 81.25MHz 325MHz 325MHz
腔/模块 4 8 6 8
超导螺旋管 2 3 1 1
模块数量 4 12 13 10
总超导腔 16 96 78 80

 SCL1 QWR

HWR2 low T cabin

HI LINAC



分离能区实验（SEE）seperation energy experiment

内转换电子谱仪 
Internal conversion 
spectrometer

电荷增殖电子束离子阱 
Penning trap

共线共振电离谱仪 
collider laser

采用ISOL分离出来的不稳定核束（~20 keV/q）， 
或者从中能束减速引出的极端丰中子核束， 
开展核性质或核衰变测量。

   

4π带电粒子探测器阵列 

charged array

Stopped beam facility



  PART 07  低能实验区（LEE）

低能区实验 low energy experiment（LEE）

采用后加速中段产生的低能不稳定核束（~20 MeV/u），开展核反
应和结构测量。

双臂大接受
度磁谱仪 
Large 
acceptance 
spectrometer

直径2米大
靶室+旋转
靶室+飞行

时间谱仪+
静电偏转板 
target 
chamber

RMS 

Low energy beam facility



   PART 08  PF分离器与中能实验区（ IEE ）

零度谱仪 
zero angle 
spectrometer 次级束流分离器 

secondary beam lien

 IEE 

PF secondary beam line

PF target

利用弹核破裂（PF）方法，将150 MeV/u的裂片束流打靶产生极端丰中子同位素，经次级 

束流分离器选择后送到中能实验区。

双消色差系统粒子分离能力 
double acrobatic

PF facility



BISOL layout
Reactor

ISOL

RI separator

Stopped 
beam

Low E 
beam

Material 
science

双



PKUNIFTY ECR d ion source

n photography based 
on d LINAC

RFQ LINAC

2X9cell LINAC

R&D in PKU
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The  space allowed for Beijing ISOL
CARR hall

CARR  
cooling 
tower CARR  

pump

Power 
station

Neutron bldg

Mini reactor

Main gate

142 m

96
 m

95 m

71
 m

Total space: 12455 m2

CH-DTL 10

SC CH-DTL 150SC CH-DTL 90

IH-DTL 3 RFQ 0.45 RFQ 0.05

Strip Sep

Strip 
Sep

LINAC hall  
2400 m2

120 m

20 m

80 m

20 m
40 m

15 m
Low energy  
Experimental hall 
1600 m2

ISOL hall 
600 m2

Secondary beam hall 
2400 m2

120 m

20 m

80 m

40 m

40 m

20 m

High energy 
Experimental hall 
3200 m2

Power supply hall 
800 m2

From LINAC hall

F2-F3F8-F9
F0-F1F4-F5F6-F7

F10-F11

PID



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
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RIB produced by CARR

r process

n drip line

current limit
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RIB with 81Ga beams

r-process

78Ni 400-700 pps, the possibility to do transfer reactions for structure and r-
process



36/5636/50

RIB with 142Xe beams 

r-process

r-process nuclei to 102 pps, can do in-direct (n,g) and decay 

The possibility to explore neutron drip line
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RIB produced by D driver

Can also reach r-process and detect drip line !
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BISOL as RI factory 
• 132Sn, for SHE 
• 78Ni, for structure, using double driver merge, 400 

pps (CARR)，300 pps （d LINAC）：RI factory! 
• 66Ca, for drip line search, now to 60Ca

40Ca 41Ca 49Ca48Ca45Ca 47Ca42Ca 43Ca 44Ca 46Ca 54Ca53Ca50Ca 52Ca51Ca

55Ca 56Ca 64Ca60Ca 62Ca57Ca 58Ca 59Ca 61Ca 69Ca68Ca65Ca 67Ca66Ca63Ca

stable SHE now

RIBF 2/week BISOL 1/week

SHE in BISOL?



BIGRIPS 70Zn+Be→60Ca BISOL 80Zn+Be→66Ca

beam intensity (pps) 1.25×1012 5.5×107

beam energy (MeV/u) 345 150

Be target (atom/cm2） 1.85×1023 5.70×1022

cross section (mb) 2.0×10-13 1.0×10-8

transport efficiency(%) 12 12

Count rate (pps) 5.5×10-6 3.7×10-6

time (hour) 99 100

Total counts 2 1.3

80Zn ISOL ion source eff. 10% 
80Zn+Be—>66Ca is assumed same with 70Zn+Be—>56Ca
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Reach new region

60Ca 65Ca

81Ga
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Comparison of highest fission 
rates of various facilities 

BISOL 

Chain
CARIBU 
US

SPIRAL2  
France

TRIUMF 

Canada

SCRIT 
Japan

status plan operation construct
ion

construti
on

operation

fis/s 2X1015 109 1X1014 5X1013 2X1011

target reactor，
235U 5g

252Cf  
fission

spallation 
238U 280g

photo 
fission

photo 
fission
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Comparison of relevant 
facilities in the world 

Facility 
Country

Beijing 
ISOL 
China

FRIB  
USA

RIBF 
Japan

FAIR 
Germany

EURISOL 
EU

Commission 2020+ 2016 2009 2016 2025+

Budget(100M 
USD) 5 7 6 14

91Kr (pps)
4×1011 3×1010

132Sn (pps)
7×1010

1×108
9×1011

78Ni (pps) 400 150 10 10 20
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China Advanced Research 
Reactor CARR

H

SANSⅠ

NRA

SANSⅡ

NSE

NRⅠNRA

TAS

TOFS

HIPD

FCD

RSD

NRⅡ

RS

To BISOL

• Light water cooling, 
heavy water reflecting, 

• 60MW, neutron flux to 
be 8×1014 n/cm2·s, one 
of  the world level 

• Engineering started in 
2002 

• Civil engineering  
finished in 2005 

• Reactor core finished 
in 2007 

• First critical in 2010 
• Full power in 2012 
• 138Cs fission ISOL 

extracted 2013 
• Cold neutron source 

2017 
• 30 days continuous 

operation in 30 MW in 
2018
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Components layout in details

Post accelerator
Reactor
Target

Drive accelerator

Accelerator

Reactor

Li
qu

id
 L

i 
ta

rg
et

Neutron
Radiation

From Y. L. Ye



BISOL



BISOL装置基础科学前沿开拓
◆ 2011, CIAE-PKU MOU 
◆ 2012, IAC Review Beijing 
• 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

Milestones 

!52

◆ 2016,  national large-scale 

science facilities  selected 
BISOL as candidate facilities

◆ 2017, IAC meeting for high-
power target; 1st  BISOL user 
meeting, with ～150 
participants and very active 
discussions;BISOL-CD-1 
ready



1986 
Beijing Tandem HI-13

～2026+ 
Beijing ISOL

2014 
Beijing  BRIF

1988 
Lanzhou cyclotron SSC 2008 

Lanzhou storage ring CSR

～2022+ 
Huizhou HIAF

Part of Nuclear physics road map in China



BISOL in the world
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From	Kazuhiro	Tanaka

ANPhA	chair	n,	Japanese	Nuclear	Physics	ExecuJve	CommiMee	and	KEK
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Beijing ISOL output

CARR
ISOL

LINAC  
10 MeV/u

ECR 
Stable IS

LINAC  
150 MeV/u

FRS 
DP/P 6%

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

10 pµA

M/ΔM 1000-20000

5 mg/cm2 9Be

60 MWt 
3×1014 nth/c/cm2

5 g 235U  
 2×1015 fis./s

Production targetExp. Term. 
HI, n, γ, β

78Ni -400 pps

Decay Spec. 
Nucl. Data 
Basic Sym.

Nucl. Astro. 
SHE 

RI reac. Sepc.Drip line search 
New magic No. 
βxn 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 7×1010 pps 
 91Kr 4×1011 pps 
142Xe 9×109 pps

D LINAC 
20-33 MeV/u 10 mA Nucl. Mat. 

Radiation 
Neutron data

280 g 238U  
 1-2×1014 fis./s

n converter 
/target
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Summary
• n-rich region is a rich play ground for nuclear frontier 
• Current facilities still far from the limit 
• BISOL uses double driver and two step ISOL+PF, and would 

result the extremely neutron-rich beam, with intensity by 
1-2 order higher than current and coming facilities 

• Wish to have your great suggestions and comments; your 
support is most important!

CEFR
2010

BISOL
2026?

CARR
2010

101
1958


