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T Summary o acilities
ry of PF facilit

L= (EK) BT [A] RN AR S5 KB IR M ELR 44 FR
GANIL(#:[H) 1985 4 95 AMeV Hi & [A])iE LISE, SISSI
GSI(f£[x]) 1989 4F 1 A GeV H &1 HZ+[R 2P FRS, ESR

Dubna(& %7 1) 1996 4 B [AlE ACCULINNA, COMBAS
KVI(fif 2£) 2007 4= K600 i 251 [A])3E TRIMP
NSCL(ZEH) 19814E, 20014 K500—1200 & 1 1] i A1200, A1900
RIBF(H 7%) 19924, 2005 4F 135—400 A MeV H &1 [A]jjE RIPS, BIGRIPS
IMP(+1 ) 19884, 2009 4 80 A MeV H & F-[HljiE, 1 A GeV CSRm [A| RIBLL, RIBLL-II, CSRe

 For physics of extreme isospin
 Using in-flight separation PF method
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1oL Summary of ISOL facilities

2 H(HZ) B A7 ] IR S5 JE IR S5
LISOL(AH}) 1989 4% 30 MeV J&i T 200 pA [BljiE K110 [a]fiE
SPIRAL(%: ) 2001 4F 95 AMeV HEF 6 kW [alfiE K265 [AljiE
SPIRALII(#: ) 20104F 40 MeV 1 57 T HZ K265 [a]iE

REX ISOLDE(%i 1) 2001 4F 1.4 GeV Jii¥ 2 pA [F]2 3 AMeV HZk
EXCYT(EAAF) 2006 4F 21 Bl 15 MV i3]
ALTOG%H) 2010 4F 50 MeV 10 pA B HZk 15 MV H5]
HRIBF(3E[H) 1997 4% 50—100 MeV i, JiFlai=-20 pA [Alj5E 25 MV H%1]
ISAC-1(II1EEK) 2000 4 500 MeV Jii 100 pA [A]iE 1.5 A MeV H%Z
ISAC-2(JINEEK) 20104F 500 MeV JfiiF 100 pA [AljiE 6.5 AMeV B £k
BRIF(H [#) 2014 4% 100 MeV JIiF 200 pA [A]j5€ 15 MV H:5

 For precise physics with high quality beams
e Advanced target and ion source technology needed
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IOUL RIB facilities under construction and

in design stage

b S GRE) IX By i A =Pl IBEE e B A
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Bisol BISOL layout
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Bisol Basic research and application on BISOL

- Basic research Applied research

e n irradiation of fusion reactor
e Middle mass n-rich beam

physics material

e astrophysical r-process ¢ neutron physics

e new way to SHE e production of isotopes
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&3 @AM 2A%E Thermal Neutron Fission of U-235

Advantage of

using reactor | EREPNSLELERFUNE.
* High intensity of thermal L
neutron: 1014 n/s/cm?2 = Y v
» Large fission cross i L ST J? 2oy
section: 585 b § ol |
« Simultaneous use: only =
using one terminal: a ¢ b j T

et

Lol

super spectrometer e
» Reactor delivers stable B 7
n flux once it operated: Tl T

Pc47E-4 795614
7176-9  Pas1E19 = :
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unknown aaple
beam LBl

Z, number of protons

Pcs1Es 812615 = U
B 7466 8.28E-16 .
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Basic parameters for Beljing

ISOL

* Reactor and target: 3X1014 n/cm?2/s, 5 g of 235U

* Fission beam: 2X101° 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

18/50
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Design goal of Beijing ISOL

Competitiveness: first class research platform - reactor-
accelerator coupling

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

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

Complement to world facilities: middle mass very n-rich beam in
middle energy = 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

16/50



Reactor ion source
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High power target
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ISOL and transfer line
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Stopped beam facility
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Low energy beam facility

{KBEIXSLLE low energy experiment (LEE)

KABMEREZENRENTREZRER (~20 MeV/u) , FR#ZK

N ANZEINE . BRR2AKXK
= +hEsE
BT+ KT
FpIENIE S+
FRER REE IR
target

chamber

e

,%

e e

\

- = | B =R e ’ i B ;
R s R AR R S AR ARRATRA NS e ol 2 EFIRE
\ iy S, | SLLEE:
J ' ‘ |

WE RNz
& A
Large 0 .
acceptance
spectrometer




PF facility
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Bisol - BISOL layout
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The space allowed for Beijing ISOL
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ISOL beam intensity

- 2

2350/ o/b n fLux, fem?/| o /s

5 585 3x1014 2x1015
nuclei |Fis. yield rate ;Z?f,tl;:fg; eff. CB eff Linac eff. |intensity
91Kr 3.2%10-2 6.4x1013 13.0% 10% 50% 4x1011
142Xe [(4.3%10-3 8.8%1012 2.0% 10% 50% 9%10°
132§n  |5.7%x10-3 1.2x1013 8.0% 10% 80% 7%1010
81Ga |7.6%10-5 2x1011 8.0% 10% 95% 1x10°

Latest calculation by J. Su
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36

34
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Protons

28
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Neutrons

78Ni 400-700 pps, the possibility to do transfer reactions for structure and r-
process 35/50
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RIB with 142Xe beams

10° Beam: '“Xe (9x10° pps)
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r-process nuclei to 102 pps, can do in-dits¢l {F°g) and decay
The possibility to explore neutron drip line
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High yields and
fewer isobaric
contaminants

Can also reach r-process and detect drip line !



82 1R RULATE
* BISOL as Rl factory :

o 132§n, for SHE
« 78Nj, for structure, using double driver merge, 400

pps (CARR), 300 pps (d LINAC) : RIfactory!
« 66Ca, for drip line search, now to %0Ca

PHYSICAL REVIEW LETTERS 121, 022501 (2018)

Editors' Suggestion

Discovery of ®Ca and Implications For the Stability of "°Ca

stable SHE now SHE in BISOL?

O
o e o e o oo o e frerf oo

RIBF 2/week BISOL 1/week
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BIGRIPS 70Zn+Be—60Ca

BISOL 80Zn+Be—¢%6Ca

beam intensity (pps) 1.25%1012 5.56x107
beam energy (MeV/u) 345 150
Be target (atom/cm?2) 1.85%1023 5.70%x1022
cross section (mb) 2.0x10-13 1.0x10-8
transport efficiency(%) 12 12
Count rate (pps) 5.6x10-6 3.7%x10-6
time (hour) 99 100
Total counts 2 1.3

80Zn ISOL ion source eff. 10%
80Zn+Be—>66Ca is assumed same with 0Zn+Be—>%6Ca
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Pt e Comparison of highest fission

Ll I =

rates of various facilities

BISOL CARIBU SPIRAL2 TRIUMF SCRIT

Chain US France canada  Japan
status plan operation construct construti operation
ion on
fisls 2X1015 10° 1X1014  5X1013 2X1011
target reactor, 252Cf spallation photo photo

235) 5  fission 238U 280g fission  fission
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Comparison of relevant

facilities in the world

Beiiin EURISOL
Facility |scj)|_g FRIB RIBF FAIR EU
Country China USA Japan | Germany

Commission 2020+ 2016 2009 2016 | 2025+

Budget(100M
USD) 5 7 6 14

4%1011 3x1010
MKr (pps)

7%1010 9x1011
1328n (pps) 1x108
8Ni (pps) 400 150 10 10 20
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ek W8 China Advanced Research |
e utron flux to Reactor CARR )

of the world level
* Engineering started in ovemvae

layer(14)

2 0 0 2 of warm water

" Pool gate(17)

= 0w = . layer(13) o

- Civil engineering | ~ Benbed
flnlshe N 2005 r ion. chamber (?on-cr‘et'ers?lelc-ilvrigUS) :

* Reactor core finished "0 " rechaniam

In 2007 ot pa pramesmnit
= mgm u coolan
* First critical in 2010 _ radiated fue

juiding tank(9) Guide tube of control
rod(3)

" Core vessel(1)

* Full power in 2012

« 138Cs fission ISOL il
extracted 2013 O ben)

Cold neutron source ayed tank(10)
2017

30 days continuous
operation in 30 MW in
2018

 water tank(8)

" Fuel element(2)

_— Control rod drive
mechanism(4)

NIQF

C ANICTT

C ANIC
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St el Components layout in details A3

G

From Y. L. Ye

45/50






BisolL Milestones

¢ 2011, CIAE-PKU MOU
¢ 2012, IAC Review Beijing

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

Yo TRV IR SRR FHOE N R i
ST LRI i

* in particular with regard to the most
neutron rich exotic nuclei and the stuc
of the astrophysical r-process |

¢ 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 7 ki
discussions;BISOL-CD-1 Ll g

A

.& : : . e v = d :
ready _L__\. ;:’Z ."' : o. ,?’.?'?;1?7:0‘ :
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Part of Nuclear physics road map in China

1986 1988
Bei jing Tandem HI-13 Lanzhou cyclotron SSC

2008
Lanzhou storage ring CSR

2014 ~2026+
Beijing BRIF Bei jing 1SOL

JERISOL 1Ry

Booster Ring: Spectrometer Ring: IR AR S BE P FREE
Circumference: 471 m Circumference:188.7 m B =,
Rigidity: 34 Tm S Rigidity: 13 Tm ¥ mge O cuns
Beam accumulation PN Electron cooling ?é He-je/In-pile BABL0e e S -
> % 2% 153> i‘luils M/OMe 200 ]
; Loeed
SRR aisd  wANA

. . MM =20000
In-ring experiment —

Beam cooling 7 ~ Stochastic cooling
s A
Beam acceleration ﬁ’/ De-acceleration

m 'l T HH RAUEE R \Sorn
& | L f SBTEAN
& RIBIEABAIZE
zh
# (.
E ‘ RIBEEBHIEER “
il e EET BEOVR :
1P
/ T ——— L V—Y XY
1’,/’1“' " B & [ ! Ny L SRR ALALES §
e e, 1 HBETE l
B E 2>  apip-6% e
ZmraEm
1 11 Pk ki 2110 e
. . WNE 120 pps
Superconducting Linac:
Length: 180 m hHERIRE BRI ST
Energy: 17 MeV/u (U3%) BTRERS FATERE BE A moma
2 EREAHNS) RN
CW and pulse modes FEOREEL  HUH BRSBLN



BisolL BISOL in the world

Accelerators for Nuclear Physics in the World
Beams Asia Europe America Comments
LHC (AL ICE) Missing Asian?
Hot QCD A+A — FAIR(SIS300) |RHIC J-PARC-HI for dense
NICA matter?
J-PARC+Hd
hadron THACX EAIR(SI1S100) [-- Missing American?
HIRFL+HIAF
N) I 8 (LEPS
Cold QCD e pirf g MAMI JLAB-12GeV |1+many
ELPH
BES-I11
collider NICA eRHIG 1 in the world?
Belle-11 elC
RIBF d
PF TupPErade .s1/FAIR FRIB
HIRFL+HIAF
Both RISP
Many body ot Good competitions!!
Problem BRIF SPIRAL2
(RI Beam) 1SOL RIB-ANURIB SPES ARIEL-I1
HIAF+CiADS? |HIE-ISOLDE
Super ISOL |Beijing— ISOL |EURISOL —— FRIB upgrade for US?
(High Resolution)]Pol proton [RCNP RC KVI Texas A&M iThemba (South Africa)

From Kazuhiro Tanaka

ANPhA chair , Japanese Nuclear Physics Executive Committee and KEK
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RREEE CHINA INS

What in my talk

* Physics frontier
* World facilities
 BRIF progress
* BISOL design

e Conclusion
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m‘f" Reactor Target/lon source Beijing ISOL OUtPUt
He-jet/In-pile

5 g 235U
2%1015 fis./s

60 MW,
3%1014 ny,/c/lcmz2

D LINAC .
20-33 MeV/u 10 mA

n converter Radiation Nucl. Data SHE
Drip line search |/target Neutron data Basic Sym. Rl reac. Sepc.

New magic No. Explore extreme
fxn decay Extend application Cancer The.

Combine ISOL and PF 132§ 7%1010 bDS
Using mature technology MKy 4%101 pppps Nucl. Matt. Irr.

Aiming world class facility 142Xe 9%x109 pps
Production target

FRS LINAC <
DP/P 6% 150 MeV/u

8Ni -400 pps 5 mg/cm29Be

1-2x1014 fis./s

Nucl. Mat. Decay Spec. Nucl. Astro.

Sinale Part. Eve.

Exp. Term.
Hl,n,vy, B

Unstable Data

Nucl. Effects
Misc. Apbp.
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B ettt 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!
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