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Methodology

Nuclear astrophysics and
sensitivity study

Direct in Gamow
window
(underground)

Shell model and mean

fald calculation Reaction rate database

Nuclear input database

Shell model and mean Mass and decay rate
field calculation database
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Big platforms in China
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T A JUNA

Milestones of NA in China

2013, direct
1993, first RI-beam 2011, NSFC oLi(p -7)7Be if 2015, NSFC
line in China . group fund for PLB, ! major fund for
2005, in-direct Nucl. Astrophys. JUNA
extended to
8Li(n,y)°Li
A
// 2005
1996, ik 2012,
"Be(p, v)°B in- rp ma’ss .13C.((x, n.)16o
' ' In-direct in
direct in PRL PRL. APJ AP
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Direct measurement
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Indirect measurement
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r'p process decay

Isotope  T;,(ms)
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Testing IMME

M(T' T) =a+ bT +cT? +dT’

Q, ~13028(25) keV Ni

T
/ Iy e /=
1,=22(1)% (T, =552 ms

[ (%) logfi
4385, .s*":'of;"; SH(7T) 4.28(6)
‘ T2 AAS | SK11)  336(10)

2 17(%) 451220

J. Su, W. P. Liu et al., PLB756(2016)323
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Mass in CSR Lanzhou

Counts
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More from M. Wang in this meeting
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Full coverage of NA

Interaction
Mass-Theory-Network: Lanzhou-
X. D. : : Shanghai-MSU, PRL, ApJ
Tang Li W.P.LiuZ H.Li J.J.He Reaction-Network: 13C, Beijing-
B. Guo L.Gang Y. B. Wang Monash, APJ

Data-Observation: CIAE-NAO,
Decay-Mass: °3Ni, Beijing-Lanzhou,

~———— PRC, PRL

INPC2016, W. P. Liu, JUNA progress 13 /10



JUNA

Underground nuclear astrophysics

e Direct is the way to
get rid of model
dependence

Maxwell-Bt¢
exp(-E/

Relative probability

e Direct in Gamow
WIﬂdOW have tO gO Background at ground
underground

« Underground is list in
top priority

« Many world lab
planned, with LUNA
operational
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JUNA

_ SHe(*He,2p)*He
o Kmmsetal s o PRL82(1999)5205

A LUNA 1998-1999 (26, 27)

v Kudomi et al. (60) - 2H(3He, p)4He
PLB482(2000)43

*H(p,y)’He
NPA 706(2002)203

SHe(a,y)’Be
PRL 97(2006)122502
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PLB 591(2004)61

“N(p,y)'°O
PRCS2, 055804(201

N "O(p,y)"°F
- LA COCHENENE  PRL 109, 202601(201
Broggini C, et al. 2010. WP 11B(p, )"

Annu. Rev. Nucl. Part. Sci. 60:53-73 25Mg(p,Y)26Al
Paolo | PLB 707(2012) 60
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Physics focused

Physics Reaction Current Desired

Massive star 12C(a,y)'°0 60% 20%
890 keV 220-380 keV

s-process neutron 13C(a,n)'®O 60% 10%
source 279 keV 140-230 keV

Galaxy 2°Al source 2°Mg(p,y)%¢Al 20% 5%
92 keV 50-300 keV

F aboundace 19F(p,a)’®0 80 % 5 %
189 keV 50-250 keV
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CJPL underground laboratory

Most deepest

700m
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CJPL advantage
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CJPL-II experiments

Nuclear
Astrophysics
JUNA
400 kV

., HpGe

e —— 1 % CDEX 1T
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JUNA
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JUNA |AC
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IAC, CJPL entrance
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JUNA

JUNA funding

Detectors (NSFC $1.3M)

Electronics, shielding (NSFC $1.0M)

lon source (CAS $0.8M), accelerator
(CNNC $1.0M)

Lab CJPL Il (Tsinghua, NSFC $1.2M)

total $4.8+ M
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JUNA plan
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+ JUNA

G_r‘ound facilities

N | 4 \\
CIPL low

background station
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lon source and accelerator

\
(’ﬂ'n'u” 1, d

lon source installed,
1 mA tested;
//31/16

Accelerator tank
established 8/30/16

Accelerator tube
check by NSFC
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12C progress

E_ 600 keV — O, 7) O
Ha 2 om A background

M i) 30K

>
oY
x
.
@
(@
8
c
-
(o)
&

7000 8000 9000

Simulation fro BGO

implantatio
n target
tested

30/8/16 Test exp. SCU 12/16

INPC2016, W. P. Liu, JUNA progress . Lian 27 110



JUNA

Mg progress

— *Mg(p, 7)
—— beam background
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BF progress
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JUNA

15C progress
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JUNA

Rotation target tested
30/8/16
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[ ab construction

Accelerator floor plan
30/8/16
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JUNA

HPGe and BGO background in CJPL-|
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JUNA

JUNA expectation

reaction beam inten. Ec.m. Cross section target eff. CTS BKD
(emA) (keV) (mb) atoms/cm®> % (/day) (/day)
C(a,y)°0O *He“* 2.5 380 10~ 10% 75 0.7 0.7
BC(an)'®0 | *Hel* 10 200 10712 102! 20 7 1
SMg(p,y)*°Al | 'H'Y 10 58 wy21x107P eV 06 ug/cm? 38 1.4 0.7
BF(p,a)'°0 IH!+ 0.1 100 7.2x107° 4 ug/lem* 75 27 0.7

reaction physics current precision  ref. JUNA Gamow precision
limit (keV) (%) limit (keV) energy (keV) (%)
C(a,y)0O Massive star 890 60 [17] 380 220-380 test
BC(a,n)'°0 HI synthesis 279 60 [18] 200 140-230 20
Mg(p,y)*°Al | Galaxy 2°Al 92 20 [13] 58 50-300 15
OF(p,)'1°0 F abundance 189 80 [19] 100 50-350 10

Background  Fabrication Installation Experiment
2015 2016 2017 2018-2019
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Tandem lab.

Upgrading project BRIF:

100 MeV proton 300 pA ( First beam
2014, 20 pA 2015)

ISOL (resolution 20K) RIBs

SC Linac (now 2 MeV/q, will be 14

MeV/q)

Current Tandem lab:

3000-4000 hours of beam time
PAC select from 2X applications
Nuclear physics

Nuclear application

INPC2016, W. P. Liu, JUNA progress



Beljing ISOL layout

Beijing ISOL

Irradiation unit CARR

Target station
Low resolution
nuclide separator |
U target /
lon source< ion source

Target station High res.
v nuclide Beam Charge
separator cooler breeder

cick Three
ECRIS RFQ SRF HWR Icker charge

Beam dump RIB LEBT states
Deuteron accelerator D* 40 MeV injector

Secondary PF p 33 MeV SRF SRF Stable
beam line target SRF HWR SRF HWR HWR QWR RFQ beam IS

150 MeV/u RIB accelerator
19.6 MeV/u
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Reactor

Target/lon source
He-jet/In-pile

Beijing ISOL physics

5 g 235U

| | 2x1075 fis./s

50 MW,

3x10" n,/c/lem?

D LINAC
d 40MeV p 33Mev 50 mA

Drip line search
New magic No.
ixn decay

Exp. Term.
Hi,n, v, p

!

Unstable Data
Nucl. Effects
Misc. App.

Beijing ISOL

ECR
Stable IS

280 g 38U
1x1075 fis./s

AM 1000-20000

Ftom Phys.l

LINAC B
10 MeV/u

Nucl. Mat.
Radiation
Neutron data

n converter
[target

Decay Spec.
Nucl. Data
Basic Sym.

Nucl. Astro.
SHE
Rl reac. Sepc.

Explore extreme

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

1328n 5%10"% pps
NKr 4x10" pps
14 Xe 9x107 pps

Production target

FRS »
DP/P 6%

"ENi 250 pps
1205r 2x10“ pps

5 mg/cm??Be

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

LINAC -
150 MeV/u

Proposed and succefully
evaluated future facility,
CIAE-PKU

Expected to start up
around 2020




JUNA

Summary

- Nuclear astrophysics in good progress in China

- In-direct approach still productive

- Decay and mass measurement get new finding

- Live theoretical activities and network calculations
- Underground JUNA is In progress, see schedule

- JUNA collaboration needed to tackle key experimental
and technique challenges

- Beijing ISOL will open up new opportunities for nuclear
physics
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