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- Physics motivation of the KISS project

- Recent activities at KISS stage |
-> Lifetime and mass measurements

- Summary



Atomic number

What is KISS 7

- How are the gold and platinum synthesized ? -
-
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H. Grawe et al., Rep. Prog. Phys. 70 (2007), 1525-1582.
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Physics goal
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Directly
- (n, r)-(r, n) equilibrium:
r-process path
- lifetimes of waiting nuclei
duration time to form the third peak
- steady flow approx.:
correlation between T and N,

-

Unique circumstance for r-process ?

Indirectly
- neutron fraction (7-Y,)
- production rates of fissile isotopes
* nuclear properties in waiting region

-

Clarifying origins (CC-SNe, NSM, ..)

Temperature (10° K)

1018

— Lifetime and Mass measurements —

from K. —L. Kratz, et al., Ap. J. 403(‘93)216.
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GW170817: from optical (UV, IR) observation

- r-process heavy element synthesis is occurred in the NSM event(< Lanthanoid)
- Further questions: heavier element synthesis, fission recycling, termination

of the r-process



KISS: KEK Isotope Separation System

- New research method for waiting nuclei of A=195 peak -
\!L‘ Decay

measurement
station

(1) Multi-nucleon transfer | (2) In-gas laser ionization

reactions Neutralization of RI by argon gas

. + Laser resonance ionization (Z) \
n-rich beams (~10 MeV/u) + mass separation (A)

ie. (B6-14)X e 198pt + Det. system at low-background

E3-room

2011~2012:installation
2013-2014: R&D’s
Y. Hirayama, EPJ 66('14)11017.

Radioactive Isotope Beam Factory (RIBF
ad P y ( ) Y.X. Watanabe, P.R.L. 115(’15)172503.
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Uncertainty of lifetime & mass predictions

Stage | (~2020, 136Xe, 250 pnA) to Stage Il (2021, 238U, up to 10 puA)
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KISS (KEK Isotope Separation System)
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Decay measurement
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| Mass measurement | (Installed in 2017)
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Lifetime confirmation and decay spectroscopy

in FY2016 to 2017 o dantificati
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Direct mass measurement
with Multi-Reflection Time-Of-Flight Mass Spectrograph (MRTOF-MS)
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— Comprehensive mass determination of

- L\ \ radioactive isotopes available at RIBF
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Termination properties of the r-process
proved by nuclear mass measurements

.
KEK Wako Nuclear Science Center
Direct Meas. (KEK .

._ : ( ) Hot fusion o
Indirect Meas. (KEK) _ 1609
Direct Meas. (GSI) reactions 117Ts
Indirect Meas. (GSI) ) aLV

.. ldentified isotopes Cold fusion d 115M

¢ : a decays -
(Mass Number) ) reactions ALY o |
nsNhlzrs]
112C"‘, a »a
111Rg 274 280
11008 < »0 »a
1°9Mt, 266 |[270 276
10eHS I/C.( © »a »a
10.’,Bh> 2‘61. 262 ‘ 266 272
10699 ~afa < »a »Q
1w0sDb 257 258 262
104RF G a » ) a
3|_r 253 254 \

102NO X d v
oMd \ Nuclear fissions

1o0FmM
ooES & - NN B- decays \

140 150 Neutron Number N 160 Lh FEFH N \

P. Schury et al, Phys. Rev. C95(2017)011305R
NIM B407(2017)160

Y. Ito et al., Phys. Rev. Lett. 120(2018)152501.
\ B- decays from the r-path



Summary

Center
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- KISS project has been launched since FY2015 to determine astrophysical
conditions of the third abundance peak synthesized in the r-process.

- Decay measurements in the vicinity of N=126 waiting region has already
been started using KISS at Riken.

- Decay properties of n-rich 12 isotopes has been investigated to contribute
nuclear model improvements.

- Newly developed MRTOF-MS has revealed its high performance in heavy
element region.

- Mass measurements at KISS will be ready within this year not only for the
N=126 waiting region but also for the r-process termination region.
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