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r-process nucleosynthesis and N = 126 neutron-rich nuclei

Nuclear properties of neutron closed shell N = 126
nuclei
— r-process in astrophysical nucleosynthesis

O Known mass
O Known halflife
O r—process waiting point (ETFSI-Q)
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H. Grawe et al., Rept. Prog. Phys. 70, 1525 — 1582 (2007).

Lifetime and mass of waiting point nuclei
— Astrophysical environments of r-process

Atomic number

83

82

81

80

79

78

7

76

75

74

73

72

5x108y = T, M0m=T,,<30d
30d=T,,<5x10%y T, <10m
Unknown

116 117 118 119 120 121 122 123 124 125 1%

Neutron number



Uncertainties of r-process abundance pattern: half-life

Theoretical nuclear models play crucial roles in the Isotopic abundance pattern variance
simulation of the r-process nucleosysnthesis. from uncertain B-decay half-lives
(0.1 ~ 10 X T112)

Half-lives of N = 126 isotones
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Nuclear production around N = 126 by MNT reaction

Macroscopic approach Semi-classical approach
(Langevin-type dynamical equation of motion) (Single-particle transfer probability)
136Xe + 208Pp (E,,, = 450 MeV) 136Xe + 198Pt (E,,,, = 645 MeV)
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Experimental study for MNT reactions of 135Xe + 198pt

136Xe (8 MeV/nucleon) + 98Pt (1.3 mg/cm?)

Projectile-like fragments (PLFs) were detected by large acceptance magnetic spectrometer
VAMOS++ at GANIL, and target-like fragment (TLF) distributions were deduced.

Y X Watanabe et al., Phys. Rev. Lett. 115, 172503 (2015).
Isotopic distributions of target-like fragments (TLFs)
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TKEL dependence of isotopic distribution

TKEL: Total Kinetic Energy Loss 136X e + 198Pt (8 MeV/A) at GANIL
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KEK Isotope Separation System (KISS)

& e Construction at RIKEN since 2011
K‘ S5 * Online test since 2013

KEK Isotope Separation System
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KISS experimental setup

Beam monitor, - water-cooled beam dump Multipole RF ion guides
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Element

Au
Pt
Ir
Os
Re

Ta
Hf
Lu
Yb

Experimental results

-y spectroscopy at KISS
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B-y spectroscopy of 1980s
Y. Hirayama et al., Phys. Rev. C 98, 014321 (2018).
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Single-particle levels (MeV)

Systematics of osmium isotopes

Single-particle levels of 29JW,,
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Laser spectroscopy

of nuclei around N =126

Laser spectroscopy — Hyperfine structure

* U, Q — Wave-function

* Isotope shift — Charge radius — Nuclear deformation

[ I I |

EilE]lilEilIll!lE!!!

iEIiEIi

>

d<r

___iIIEI|EiIIiIIi

© 187 \
NN RENEEAYNNE RENEE

e
’
/\
LN

-

|
Lt

Iilliiliill

1% at KISS for study of nuclear structure

IEIT’E

-

[

105 110 115% 120 125 ¢

N A 4
\\ ,/

N~___f

D. Verney et al., Eur. Phys. J. A 30, 489 (2006).

In-gas-cell laser ionization spectroscopy



Count/ 0.5 keV

HFS measurement for ground and isomeric states of 1°°Pt
Y. Hirayama et al., Phys. Rev. C 96, 014307 (2017).
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HFS measurement for ground and isomeric states of 1°°Pt
Y. Hirayama et al., Phys. Rev. C 96, 014307 (2017).
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High-precision In-gas-jet laser spectroscopy

More precise study of wave-function and deformation
«— High-precision laser spectroscopy
Narrow-band LD laser + Dye amplifier + Intense YAG laser

In-gas-jet laser spectroscopy
194pt (/= = 07)
Width : 0.60(1) GHz (FWHM)

198Pt (/= 0*)

\ In-gas-cell laser spectroscopy
Width : 12.5 GHz (FWHM)
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3D tracking gas counter for low-background rate of 0.01 cps

To go further to lifetime measurements of more neutron-rich nuclei, lower
background rate of the gas counter is necessary (~0.01 cps)

Proportional gas counter: Ar + CH,(10%), 0.1 MPa
2D tracking : AQ = 80%, background rate 0.1 cps
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Mass measurements at KISS

Mass measurements
Multi-Reflection Time-of-Flight

§ Mass Spectrograph
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rs
)
(@]
2 \
. - N
= Multi-trap ,>
ion buncher T
window-less i £
entrance —
He gas cell y,
ion cooler \
,_ f it llo
////’* L I [E== |
RF ion guid
RF-Carpet
KISS beam DC-field

Collaboration with IBS (Korea) ;

50

w b
o o

counts / 6.4 ns
N
o

-
o

| R_...~ 150 000

i b
S "3
r A A
’ —
| s

¥ F
[ S
{1 B .
1 e
I T 7
-,

n=148 laps




Summary

B Systematic nuclear spectroscopy (lifetime, mass, f-y spectroscopy, laser
spectroscopy) around neutron magic number 126 are important for identification of
astrophysical environments of r-process.

B MNT reactions are promising for production of neutron-rich nuclei around N = 126.

B KEK Isotope Separation System (KISS)
* MNT reactions of 136Xe + 198p¢
« Gas cell + Laser ionization + ISOL
Efficient collection and separation of MNT reaction products
 Lifetime measurements & B-y spectroscopy
199-201p¢ 196-200]p, 195-198Qg (136X e + 198Pt), 185-187Tq (136Xe + nat\y)
» Laser spectroscopy
199p¢ 196-198|y
« High-precision in-gas-jet laser spectroscopy was prepared
« 3D tracking gas counter is under development
 Mass measurements with MRTOF-MS is planned

KISS is open for external user programs

Pre-proposals will be discussed in the SSRI-PNS collaboration meeting (September)
SSRI-PNS_contact@kek.jp
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