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&3 tRes R ALE Physics and application: facility 5%

o requirements e
° drlp line nuclear phySiCS e RIB intensity vs. the
— New magic number depth of study
— Super heavy elements ~ >10° pps, for neutron
] drip line search
— Astrophysical r-process — > 1072 pps, for half life
— Multi-neutron correlation and mass

_ . — > 102 pps, for direct
New decay modes: xn, GS Ceaction

neutron decay — > 104 pps, initiative
— Neutrino beam structure study

: - — More intense, more
Data_ofn_ rich nuc_lel orecise
— Application of n-rich beams
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viouUL Combined approach

* ISOL+PF: neutron beam from
reactor or accelerator, with large
235 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 233U 1072 pps
, Beijing ISOL 132Sn10°19 pps

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

* High intensity of thermal
neutron: 10" n/s/cm?

« 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
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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 f&A

Beijing ISOL

« Competitiveness: first class beam and research
platform—->double driver and reactor-accelerator coupling

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

* Feasibility: relatively mature but also advanced
technologies - 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 > beam varieties,
detector performance and facility location

16/56
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Major milestones

42011, CIAE - PKU MOU
€ISOL-type RIB facility in Beijing
€ CARIF and ImMPUF merge to Beijing-ISOL
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€ Oct. 2012, an IAC was formed

€ Review meeting was held at PKU |

® “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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The Beijing ISOL
Initial Conceptual Design Report
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€ 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”.

€ 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.

€ May 2016, a domestic expert
meeting was held at CIAE to e
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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4 May-June 2016, proposed
large-scale science facilities
(more than 50 proposals for
all fields) were reviewed by
the National Development and
Reform Council.

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

&4 Dec. 2016, the government
has officially announced the

results for the 13t" 5-year plan.
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®Jan. 2017, a specialized IAC |
meeting was held at PKU-CIAE, ¥
dedicated to the accelerator : |
based intense neutron source, s £
in particular the high-power E—
target systems.

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

4 Jun. 2017, BISOL-CD-1 was
finalized and evaluated by an
internal committee, being ready
for the next national review and
the next IAC review.
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BisoL Neutron: essential for both basic and
applied nuclear sciences

p-dripline
s \,

—

fusion and
triton breeding

one of the two basic
units of nuclide which
determines the nucl-
ear isospin

a main player of the
fission and fusion

nuclear energy systems.
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Great scientific questions at the expanded nuclear chart

® New physics at the drip-lines

® Nuclear-processes in creating heavy elements in the stars
® Ways towards the super-heavy stable island

m Stable
\ [ Unstable 114 v
Predicted super-heavy
island
o]

stable nclei 82 . '/
C s 184

p'n
unstable nuclei

laquinp uojoud

light drip-line
nuclei

new physics\/ p'n

Neutron Number




Needs for application of intense neutron beams
® Mechanism of n-irradiation damages

® Material evaluations

® Reaction data with fast neutrons

ol 3 .
gt

G4 fission
reactor

Fusion reactor (DEMO, CFETR..|

7 “
: —
’././_,,.__.“ . RN

Space radiation

Applications in multidisciplinary areas
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RIB Requirements

Physics problems measurements

1. New phenomena

Ground state properties Mass& moments

Symmetry test and
energy

Shell & magic # CS & momentum
Clustering CX & Breakup
Strong couplings

. Synthesis of SHN Elastic & inelastic

new mechanisms

3. Nuclear astrophysic /’

rp- & r-processes

QF Knockout

Transfer reaction

Fusion-fission

requirements

keV-MeV/u,
keV-MeV/u,
MeV-GeV/u,

1013 pps
10'-4 pps
101 pps
tens of MeV/u, 10*4 pps
all energies, 104> pps
> 100 MeV/u, 10%% pps
1-50 MeV/u, 1056 pps

<30 MeV/u, 1056 pps

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




Basic solutions provided by BISOL

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

Material
Radiation

Low energy

p, D LINAC, experimental

20-33 MeV/u, BSOL, station
10mA 1e13-14 /s

RFQ/QWR LINAC

/HWR HWR Shell

r-process

LINAC 150MeV/u
10-70MeV/u @ 91Kr, 4e11

Pps

Reactor, n, ISOL, 2e15
2e14/cm2/s /s

Decay
Materlal

19




Bisol More configurations

Material CARR ®
Irradiation on
| source

-

s

HRS Cooler Breeder

MAINS

ECR RFQ SCHWR

Kicker

Charge
Stopper RIB LEBT selection
) D* 40 MeV

Driver accelerator p 33MeV sc sc

FRS  PFtarget Postaccelerator HWR QWR Rrq Stable IS
o aa aa - —+—
150 MeV/u
70 MeV/u 19.6 MeV/u

IEE LEE SEE
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World Race of Rl facilities

Type

PF
running

PFupgrade

PF
Const-
ructing

Const-
ructing

Super
ISOL
Planning

Facility

RIBF
2015

RIBF2
FRIB
RISP

FAIR

ARIEL

HIE
ISOLDE

SPIRAL2

SPES

EUR
ISOL

. Use+
8]

| US6+
= 0+
e uTBl+
- us-
1500MeV

& S0MeV

10000mA

| p 500MeV
100mA

q p 1GeV
a1 omaA
d 40MeV
I 5000mA

40MeV
I I pZM'nA

1GeV
o0

car BISOL I Reactor

Beam
Power

(lkw)

8

8

10

~100

200

am

&M

Target(ISOL) or
Beam current(PF)
o Fsionsts
PF pnA
PF 58 pnA
PF 2000pnA
PF 8000 pnA
PF 8000 pnA
PF 30 pnA
Direct 1°10*
D&C 4*10%2
Conv T
Direct 1*1043
D&C 1*10%°
reactor 2°10%

(Post) acceleration
MeV/A 18250 /s
345 3*106
345 2*108
200 108~10°
200 10%~10°
1500 107~108
5-11 2*10°
5-10 2*10°8
3-10 2*10°
10 3*108
20-150 4*101
>100 5*10%0

running
plan

2020

2019

2018

2015

2015

2014
2020?

2016
?

?

slide from Shegio Koyasu(RIKEN) at the C12 meeting, Tokyo, Aug. 2017
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Bisol. Design concept of BISOL

1) Double drivers

@O CARR: 8x1014 n/cm?/s)
, 5g2U; 2x10'f/s

@ D-LINAC: 40 MeV, ~10
mA , LLi target; 5x10
n/cm?/s

2) ISOL+PF
ISOL: m/Am~2000-20000

SEE: Separation Energy _ _
Experiments (~20keV/q) 3) Multiple-operation schemes

Post-Acc: 20-150 MeV/u @ CARR +ISOL + PA for RIB
D-LINAC + LLi for n-beam

@ D-LINAC + LLi+ PAforRIB

® D-LINAC + LLi for n-beam
PA for stable beams 23

PF separator: 7 Tm
LEE: LE Experiments
IEE: IE Experiments



BisolL Science focus of BISOL

R " R
FraE 4
p'n
T
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R
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AR > HMTE e PN
o hFH

® Structure at ~ n-drip-line in the medium-mass region
® starting part of the r-process
® reaction mechanism with extremely n-rich beams
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« 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

17/56
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Fission products by CARR

70 F

50

13ZSn
7x10" pps

Proton

40

10"%/s fission rate |
1s  extraction 7
0.6% efficiency -

30

30 40 50 60 70 80 90 100 110
Neutron

Latest calculation by J. Su
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RIB to dripline with fission beams

T ¥ T T 1 T 1
o} =R TR PRI . |
B,=0 .o
100 p .
T g
Sn - —— —
-
\
BSP o A 142Xe B,=0
5 o€ / FRTFRTRAERLR
/
b 132N
”~ -
-7 120Gy
r-id 32 )
78N n-rich beams at BISOL 7
1 J# 1 1 1 1 l 1 1 1 1 1 1
40 45 50 55 60 65 70 75 80 85 80 g5 100
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YRUL ISOL beam intensity
>U/g o/b n-flux, f/s
/cm?/s

5 585 3x1014 2x1015

nuclei |Fis. yield rate LELE LR G CB eff Linac eff. |intensit
-y (ref. PIAFE) : y

MKr [3.2x10-2 6.4x101% [13.0% 10% 50% 4x10M
142Xe (4.3%10°3 8.8x1012 (2.0% 10% 50% 9x10°
132§ (5.7%x10-3 1.2x1013 [8.0% 10% 80% 7%1010
81Ga |[7.6%x10-° 2x1011 8.0% 10% 95% 1x109°

Latest calculation by J. Su
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Protons

36

34

32

30

28

26

24

PF rates using 2'Kr

Beam: "'Kr (4x10"" pps)

34

36

38

40 42
Neutrons

44

46

48

50

52

54

"Ni (250pps)
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Protons

50

48

46

44

42

40

38

PFrates using 132Sn

Beam: ’Sn (5x1010 pPps)

"l

AJHll

TC

52

54

56
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60
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64 66
Neutrons

68

70
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74

76

78

80
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PF rates using '4?Xe

142

-10° Beam: '“Xe (9x10° pps)
o4 10°-10
10*-10
52 10*-10
10°-10
50 B 10710
10*-10
48 - 10°-10 d
® <10" Ag
G 46 Pd
o
T
Tc
42 H
40 m
Y
38
50 55 60 65 70 75

Neutrons

80 85

120§r ~ 104 pps
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Comparison of typical RIB

intensities
Facility BISOL EURISOL SPIRAL2 FRIB RIBF FAIR
Year? 2025+ 2025+ 20187 2020 2007 2020
Fission/s 2x10'5  1x10%5  1x10"
MKr(pps) 4x10™ 3x101°
1328 n(pps) 5x1010 4x10™
8Ni(pps) 250 20 150 10 10
AR 2x10-4 2x10-6

1208r(pps)

33



BisoL BISOL n-source performances

High flux region: Middle flux region :

B ~10-20 cm’ I=10 mA, E~40 MeV, D-'Li J FEU G

B 8-15 dpa/fpy B > 3dpa /fpy

B Small sample
PIE

Distance (ofm)

Low flux region :
B Neutron data
0 4 8 12 16 20 7T H Detector calibration

Fast neutron region :

B ~100 cm3 Distance (cm) B Imaging
B 1-2 dpa/fpy Rough neutronics calculation| B Isotope production
B Fission PIE in pure Fe " ...

34



Bisol Comparison with other n-sources

Flux \"/

IFMIF D* 2*125 Liguid-Li ~100 1*10'>  300-500

LIPAc 9 D* 125 1125 No
SARAF 40 D* 5 0.2 Y Solid-C 1*1014

SPRAL 40 bvp 5 02 Y solidc 14014 ~10

BISOL 40 D% p 10 04 Y Liquid-Li ~4 5*1014 10~20

® BISOL n-source similar n- 1] /
124

spectrum and intensity as IFMIF,
\smaller irradiation volume.

fRF&® (appm

14 01 1 L
E{u#s (dpa)




Section 1: Reactor target

# HRIB
fedt htesk  MAMEKR KETE EER | side the

\ reactor hall

=% v,

TETE

CHMHE 18
ik B KK

A AECRE T & A COOLER 1#

= .ﬁ'\’\—, C— &
- I

s ot 4o 44 44 target and
transport tube

S A BE 14

ISOL
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Section 2: D-LINAC

HEBT |l ahieiessin

d-ion source

LLi target
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BisolL 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

38
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Section 4: ISOL AtloR

RIB &1 0 &

iR E o
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10 .
7 Byl A
TR A
At
\2432
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BisolL Section 5: Separation energy

experiment s (SEE), at ~ 20keV/q

Dedicated to measure nuclear properties

| — Flucrescence Y-array
Lo oo 5 Do Detoction Region %
VALIAN E = 30-60 kaV
e S coelorat /
‘\i'-:u., ‘(:‘}
actrase {)& e ““ *He tubes
. Qs . - - i@
' ‘ [ i e
oo cu " . N
— a \ .
Bt FEE8 WO X P
- Pennci'ng-tra o Collinegr laser ls;'pectros&op — Decay °spectro‘soo .
Internal conversion

spectrometer

I I T

] 47 Si-trip array
Charge breeding e- Collinear resonant
beam ion trap ionization spectroscopy 40
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Section 6: post-accelerator

el _ X1 1 1
S\v
SCL3

L2

(R S SN BN -:_},Rlﬁ{_—mq]
SCL4

—

-{—-]}(—{—‘f][“F{l B O 3

T

)

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 325MH:z
Cavities/module | 4 8 6 8
SC solenoid 2 3 1 1
module 4 12 13 10
# cavities 16 96 78 80,




BisoL Section 7: Low energy experiments

(LEE) , at ~20 MeV/u

Dedicated to LE reactions

Large size target
chamber with ToF

Dual-arms 41 y-array
spectrometer

42



BisolL  section 8: PF separator and intermediate
energy experiments (IEE), at ~150 MeV/u

Dedicated to removal reactions

__________________________

Production at IEE by 132Sn beam

T 132§n Ei
L 11

S Wem . t
NRWN R RN BN RN NN f

e ——
IllllmlmulmMMIllmllulmll

68 70 72 74 76 18 80 8 N
I\&imﬂ k Large Acoeptance \M]I\l venatkc High Resabution Mode J|D~p«\n Spectrometer Mede I

| W- PF Target & cooling
0-degree

spectrometer

ysIp 103w

High power separator 43



Bisol Location for BISOL in CIAE




Bisol Existing CARR in CIAE

« 60MW, neutron flux 8 X1014
n/cm?-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
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Present R&D at CARR

46



BisoL  Existing accelerator technology

at PKU and CIAE

— T N
i 7<=
SC acceleration

2.45GHz ECR D-IS ISOL-type BRIF at CIAE
ot PKU : at CIAE |

—
|l —~— Y !
N 10
id ‘

Intense D-accelerator 2x9cells SC |
at PKU accelerator at PKU RFQ accelerator

made by PKU
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Bisol

Opportunities for EOS

> Intense middle n-rich 1328n like beams from 20-
150 MeV/u, 5x107° pps

»Much extremely n-rich beams near drip line for
new and/or precise M, T,,,, P,,, and ng

» Much more n-rich beams like "8Ni for extreme
neutron skin study, ~10%-3 pps, 150 MeV/u

»Near more input and instrumentation idea!

49
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Bisol

B 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.

B 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.

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

THANK YOU FOR
YOUR ATTENTION!

Websites:

http://skinpt.pku.edu.cn
http://www.ciae.ac.cn

My email: wpliu@ciae.ac.cn

52
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Fission beam intensity

1 O\J
estimates
N flux
235y 1, b ’ Fis. rate, /s
9 ’ lcm?/s ’

5 585 3x1014 2x101°
nuclei |Fis. yield rate -(I;Z;g:tl;‘::sg)l et Charge eff |Linac eff. intensity
MNKr [3.2%x10-2 6.4%x10'3 [13.0% 10% 50% 4x10"
142Xe 14.3%103 8.8x1012 |(2.0% 10% 50% 9%x10°
1328n |5.7%10-3 1.2x1013 [8.0% 10% 80% 7%x1010
81Ga |7.6x10~ 2x10" 8.0% 10% 95% 1%10°
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Reactor Target/lon source Beljlng |SOL

B He-jet/In-pile
5 g 235U
2x10' fis./s
I Atom Phys
ISOL

60 MW;
3%x10"4 ny,/c/cm? I\f 2000-2 001D i LlNAC
\ UC eca eV/u
. » ‘
d 40MeV p 33MeV 10 mA
Radiatio
n converter SEE

n
Explore e Nedtron 5asIC

Extend
C)(():Irtl)lnae ga.fad PF 1§¥';Q1’010 pps

Using mature technology 91Kr 4x10" pps
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