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JUNA

| ERR2EE (CEMP) i-gi@hFE  *
- Hampel et al., ApJ 831(2016)171 CS31062-050
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| | 1 1

[X/Fe]

[— n=10"cm ", * =26.46, d=0.9161 ]
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1.8 Solar mass ~—Ba
Z=0.01 ; —Pb
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Guo,..,Lugaro,.. et al. (2012)
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Fraction of Change in the 13C(a,n)'®O Rate at 0.1 GK
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Need consistent measurements in a wide energy range

8.5
3/2- 1.
3/2
8 1521 1/2-
3/2- —
7.5 / >
2
7
6.5 1/2+ |
6.363(3) | 5,=6.35859(0)
a+13C
6

Faestermann et al. PRC(2015)
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13c{a,n) 160

. Direct measurement is
. needed below 0.3 MeV!

0 0l 02z 03 Ol. 05) 06 07 08

(M

C m.
FIG. 6. ""C(a,n)'®0O S factor. The dotted line represents the

GCM resuit; the full line is obtained with the Breit-Wigner pa-

rametrization (see text); the dashed lines are the experimental

data taken from Ref. 3 (a) and Ref. 4 (b). The arrows indicate P. Descouvemont PRC(1987)

the energy range where the experiments are carried out.
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COUNDATION Physics in Europe

NuPECC Long Range Plan 2010
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The'Frontiers’of NuclearScience:

A LONG RANGE PLAN

£00z13qwag

The large uncertainties in the main astrophysical neutron sources 3C(a,n) and 2?2Ne(a,n)
need to be addressed in order to understand the s-process.

AIEfEs-IiE, FERMDPRFIERRE3C(c,n)F12Ne(o, n) A RENM
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Background reduction in LNGS
(shielding = 4000-m w.e.)
Radiation LNGS/surfz;ce
Muons > 105
“~Neutrons ‘ 1073
=\ _Photons %o-!

[
| "

* %:‘kﬂzu *gﬁﬁﬁ’? LU NA 107 §_ O Dwarakanath & Vl\a’inkler{SS)
WA e EE o S
° 50 kV*D4OO kV}JDﬁ%’% 1045_ v Kudomiet al. (60) J

+ SRR N BRI :

g

10°F
N a v C. Broggini et al.,
= oia E E
¢ 4%%@%1%*%@}% ::? E_ LUNA '0_.0 Annu. Rev. Nucl. Part. Sci. 3

2010. 60:53-73 E
1012 E

LUNA-MVIEAEFRITBTER : L e(He 2p)iH
103 F : e elp S -
*He(a.,y)’Be, **C(a.,7)*°0, 2

1015 ;—

13C(a,n)60, 22Ne(,n)B5Mg "

Ecy (keV)

Cross section (b)

Solar Gamow peak
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JUNAZRIINESS + 4 JuNa

e 2400 m overburn (6700m w.m.), the deepest underground lab by now
 The 3rd underground accelerator facility after LUNA and CASPAR

cosmic beam energy (keV) beam |ntenS|ty (emA)
muon bkg energy stability
(cm2s) He?* He?*

LUNA 50-400  50-400 0.3~1 0.3~0.8
CASPAR : ~ 1 100-1000 100-1000 - 0.1 0.1

JUNA : 50-400  50-400 100-800 | 10 10
S Eit TN YIRS FEYIE A RRTT & 20235R7-128 F5iMl
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40 |- A  Exp.outerring - - - -Sim. outer ring -
]
-
35 30
S Ry
g !
2 e T
& 20f e
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o 1 1 1 1 1
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Neutron & alpha Calpha

.+ BINFREMEATE, BRCE T TR
+ EORFRF RS AR B

+ JUNA

30 T T T
- — -Sim(iso)
—— Sim(Paris/Hale ENDF-8)

Efficiency (%)

v Exp
- — -Sim(iso)
—— Sim(Paris/Hale ENDF-8) |

1000

COUNTS/HR

Ground JUNA underground

ZFH, KEE, SREKE, NST(2022)
HELE, SAKE, NIMA(2021)
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JUNA design Limit

10
— ® He2+
=
£ o) ® He+
@ JUNA design Limit
- 1 LA
t
1]
o
1=
p ..l 5
. ® ®
3
s 01 ® .l... .'..
E o*® »
g LUNA ®
0.01
0 200 400 600 300 1000
Alpha particle energy (keV)
Preparation + Beam time: Jan. 27 to Feb. 16, 2021
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+

' JUNA

a7 LUNA(italy) ___JUNA(China)

SR 7 o <0.2 particle mA
F02Y >100

RHEEX (MeV) 0.234-0.31

= R kA BENE
RMEEPFAK  3cnts/hr
s/NEE 1.1pb

BEZIE T35 3% *1V/(p,n)5*Cr
SR B 1] 240 days

0.1-2 particle mA
3

0.24-0.6

= RNE

4.7 cnts/hr

1.9 pb
51\/(p,n)3LCr

14 days

B Es, BN, BEIEREXERAERMESEIE =R /17/98T

[B]RB i LUNARYSITE B ¥R, F7£0. 24-1. 9MeV

REX it BIA R EHIE
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| °Clon) ORRIEE

1

1 ¢ Drotleft % Heil
100 # LUNA A Harissopulos
107 H & JUNA i scu
10° B— LUNAbestfit —low LUNA | & o cuoug
. B— JunA fit
10
__107°
.,
o 0 Consistent measurement from pb to b
%10'? Min xsec: 1.9+/-0.3 pb
10°8 Ground: 60+/-40 pb
10 LUNA: 1.1+/-0.2 pb (world record)
1071° Wide energy range
o K JUNA: 0.24-1.9 MeV
b 2 LUNA: 0.23-0. 3 MeV
1'[]_13 | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0.2 0.4 0.6 1 1.4 1.6 1.8
E.m (MeV)

* JUNA data analyzed by B.S. Gao (IMP)
* SCU data analyzed by W.P. Lin(SCU)
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I 13C(o,n) 160 S-FEF + | JUNA

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

107 — 4 Drotleft 4 Heil ; LUNA
— ¢
— + LUNA 4; Harissopulos
o — S-Ji%i — LUNA best fit — low LUNA /g%_ %
=
® X ' -
= N l j
:% NN
¢ 10°

i—IIFEEEX : LUNAKER TS EASEERIE, FEDE, IMEIRZE>S0%

s—ITFZREX : LUNAMKRAT BIG IS RERIE, SMEIRZE 50%
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} 3C(o,n)'60 S-BF

+ | JUNA
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I R AR + L, Juna

fiab (E) = 05 (E) /oy (E) =~ exp (U, /E) > 1

3.0 10°
2.5
2.0% 10°f ’
o > 15
> 1.5%x10% =
o =
E 1
@ 1.0X 10%} 0.5
)
0
-0.2 -0.18 -0.16 -0.14 -0.12 -0.1 -0.08 -0.06
Reduced width (MeVv/2
Ue=0, 0.937, 2 keV educedwidth (MeviH)
Scanning result for U, and Reduced Width

01 02 03 04 05 06 07
E. . (MeV)

Trippella & Cognata (2017)
Stridder, Rolfs and Spitaleri (2001)

U,=0.78+/-0.43 keV agrees with U_=0.937 keV predicted
using the adiabatic limit, rules out other predictions.
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S-factor (MeV b)

| RS + 4 o

A s DrotlefTetal. (1993) ' I T .
\ = Heil et al. (2008) | i modified ANCA2 for the threshold state
' +  Harissopulos et al. (2005) & i
10 F\ %X2.5 |— Pellegriti etal. (2008) l ~ 10.00
R Guo et al. (2012) I ; ] ’
4 \ i | 1= 9.00
AR l b 15
1; f =800
J\h I 4 =
ﬁ 3@;,%‘ g | £ 700
b ~ 6.00
4 \ I o
ke I%fﬁ 12 5.00
%L"\; < 400 I
6 . 13 |
10°F . 42 300
B 13 200
iyl B B B B B
deBoer et a/ (2020) . 0.00
1 1 | 1 1 X
X . iy o
0.0 0.2 0.4 0.6 0.8 Lo P PR .
Center of Mass Energy (MeV) & o & & &
< \\5‘\ oo‘

JUNA direct measurement:
e Reduced width =-0.145+/-0.019 MeV'/2 gt R=6.684 fm

 Modified ANC2=2.1+/-0.6 fm™! with Ex=6.356 MeV

* Important for quantifying the systematic error of transfer reaction
Guo2 taken from Shen, Guo et al., PLB(2020)
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| 36LERIHEE (1987-2023)

l |
13¢(a,n) 160 !
31 |
Descouvemnt (1987): |
" Direct measurement is |
‘needed below 0.3 MeV! |

, \

S (106 MeV b)

—

0 01 02 OBE 04 05) 06 07 08

(M
c.m.
FIG. 6. ""C(a,n)'®0O S factor. The dotted line represents the Phu Quoc May 8, 2023

GCM resuit; the full line is obtained with the Breit-Wigner pa-
rametrization (see text); the dashed lines are the experimental
data taken from Ref. 3 (a) and Ref. 4 (b). The arrows indicate
the energy range where the experiments are carried out.
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Cross Section (Barn)

101
13C(a,n)160
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10-11 4 2001 Jaeger et al.
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17-22 September 2023
Institute for Basic Science (IBS)
Daejeon, Korea

17th International Symposium on

Topics

*Nuclear reaction rates and stellar abundances
*The s-process

*Nuclear properties for astrophysics
*High-density matter

*Novae and X-ray bursts

«Core-collapse supernovae, mergers and the r-process
*Underground nuclear astrophysics

*The early universe

*Galactic evolution

*Radioactivity and meteorites

«Stellar modelling

8- 2 ___ Nuclei mthe,pp;s.mos(NIC %Ml.l.)mumuumw =i

Important dates

» Abstract submission: Apr. 4-May 15

» Oral/poster presentation notification: early June
» Early registration (with payment): May 1 - July 31
» Registration deadline: Sep. 10
https://indico.ibs.re.kr/event/548/

NIC School The School for NIC-XVII for graduate students
and young postdocs will be held at the Institute for Basic
Science, Sep. 11-15. The school will provide lectures on
basics and the current subjects in nuclear astrophysics,
from theories to experiments and observations.
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| Lk S ERte + | JUNA

o ERNHXFRB RMSELG=FERINESIZ R P IR
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ICIMER I EE

o WiHFHEFIRIAPRFARIE, FIFHZERHAMR{AR+3He
Rz e EdlalphaK ik, FARKESIZ]
0. 4cnts/hr

o 2023FFFRE3C (a, n) ¢0, 22Ne (a1, n) Mg FN0
0B (¢, n) "N, 170 (a1, n) Ne F FiEAF 3R
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