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Uncertainty of lifetime & mass predictions
in N=126 isotones

KEK Wako Neclear Science Center
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KISS (KEK Isotope Separation System)

Ar gas Beam dump
0.1ppb - Y. Hirayama et al., NIMB 412 (2017) 11-18.
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Decay measurement

M. Mukai et al., NIMA 884 (2018) 1-10.
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Lifetime confirmation and decay spectroscopy
- Y. Hirayama: NP1512-RRC41-
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Preliminary lifetime systematics of Ir and Os isotopes
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' I v l ' ! J ' A DF3 '
. + FRDM
- + A Ext 2007 (PF@GS))
— Expt. NuB —
100 = / + |e Expt. KISS (MNT)
= & + (Very preliminary)
- KTUY
w 100 - B (2014) T
o 10 =
1 — 1
_ Os
0 . 1 — \ ] L | \ — O ? 1 |
196 200 204 208 196

N<126: FF transitions are dominated.

V(3p12) orv(3ps,n ) > 1 (3sy2) and v (2fs, ) or v (3psn ) 2 11 (2d3), )

e Measured half-lives of 12°Ir would become close to the DF3 and KTUY predictions.
e Newly obtained half-life of 1°7-80s would be longer than the DF3 by a factor around 2-3.
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Laser spectroscopy

of n-rich isotopes in non-volatile elements

*In-gas-cell(~*2017) to In-gas-jet laser spectroscopy (2018~):
- effective laser ionization with high frequency narrow band laser
— reducing Doppler and Pressure broadening to 1/10~1/40: total width 6v~0.3 GHz

- Precise HFS measurement: + quadrupole moment and spin/parity
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KilonovalZ & 1731
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BAREBEDORAEE (GRRETHKEE)

A.N. Andreyev et al., Rept. Prog. Phys. 81(2018)016301

KEK Wako Nuclear Science Center

Beams Direct kinematics [nverse kinematics

238U1. MNT-induced fission with ISQL/In-beam@ JAEA(};“254Es—tgt

Stable Beams, up to Prompt fuston/transfer-induced fission rompt fuston/transfer-induced fission,
(n,p, light/heavy ions, y,¢) ~ SF; ADF VAMOS at GANIL [39]
Future/Proposed

Photofisston with briliant -ray beams at e.g. ELI [42],

SE, ADF with §3 at GANIL
Radioactive 1on beams (RIBs) — ADF of low-¢nerey 30—%0keV bea ~ Coulex of relativistic secondary beams

| o ®/"2. BDF of MNT-TLF’s with @KISS |

(fragmentation/spallation of "U)  at ISOLDE [10] SOFIA at GSI {11, 40, 41]

Future/Proposed, se¢ section 3

Prompt fuston/transfer-induced fission with 3. p.Jp/Coulex with SAMURAI at RIKEN
post-accelerated RIBs ¢”-RIBs with SCRIT at RIKEN, ELISe

4. Fission study of further n-rich isotopes with
MNT of n-rich RNB’s @OEDO at G|



1. Multi-nucleon transfer reactions and fis

sion @ JAEA

In the multi-nucleon transfer (MNT) reactions:
- We can generate many nuclei depending on transfer channels.
- Excitation energy of compound nucleus distributes widely.

Silicon AE- E@ Fission fragment detector
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Measured and Planned experiments using 180 beam and targets of
232Th, 238U, 248Cm, 237Np, 249Cf, 243Am’ 2498k’ 254ES

Courtesy of K. Nishio@JAEA
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Fission Probability and Fission Barrier Height
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Experiments using 433Es target and Multi-nucleon Transfer reactions

Neutron-rich

|

—_

Courtesy of K. Nishio@JAEA
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Accessible area with KISS
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3. Fission study with (p, 2p) probe at SAMURAI
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4. fission study of further n-rich heavy isotopes
produced through MNT of n-rich RNB’s________

_
KEK Wako Nuclear Science Center
Courtesy of X.Y. Watanabe @KEK
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HX(F : All about MRTOF-MS
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Relative strength: B-decays & n-captures along the path at N=184 vs N=126

A ~ 110 - 170 (including rare-carth peak): A ~ 195 peak:
Fission Fragment Distribution (ny) & B competition (N=126 shell)
Fission rates A~278 (N=184) + late-n capture (prompt fission neutrons &
+ (ny) & B competition P-delayed neutrons)

A ~ 130 peak (2): .
If symmetric FFD at (?,;&&Uﬁ
A~278 with v~20 : :
prompt
neutrons emitted
A ~202:
BEKMBEE ~ r-BERES (ny) & B
RIAZIDIBICTT B (plus(t;zllst
A VIND ~ expanding
rajectories)
R A2CEN 80 100 120 140 160 180 200 220 240
R - ik BIEICES TS A

A INR—3Y S. Goriely, EPJA, 51(‘15)22



Hyperfine structure in the In-gas laser spectroscopy
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: : 300 .
Study of nuclear structure in the N=126 region (a) ®°Pt N=120
— 250
Laser spectroscopy b= (I=07)
i fwhm~3 pm
e [sotope shift e Hyperfine structure sg 150} SA~1 pm
- charge radius - W, Q 2 100l
-> deformation -> wave-function 8
- 2! 5
- 0 0
E i o
- i Spherical shape .
Ejo.s fm? | 7=82 g
— [ eformation | g
g g Shape transition / Hg 8
< F : /=80 3
% _:_ E =T
- —_ 199
E ,-:% 25t (c) Pt *
o g (I"=5/27)
B E 2.0}
= > = N=121 :
E cas q;’, 1.5} F_ =112
- = F_=5/2
i £ 1.0} . f;:if,z
'I_'Illllli:lllllllllllllllllllllilll]llIll 25‘.05 ," :\‘(X\% F—=3’2=U2
100 105 110 115 120 125 130 135 = 057 XA & 1
Neutron Number N = o : e e i *...\:EL:J‘

PRL98(2007)112502 —40 —-30 —20 —-10 (8] 10 20 30 40
Frequency — 1204992.36 [GHz]



Masses to be measured

wn/C B
Experimentally Synthesized : =3300 ;
- decay, reaction (660)

Mass Known(6m/m<10%): 2300 — =mass spectrometry

Synthesized but Mass unknown : =1000 i
note: many known masses e
re measured indirectly .= a0 T
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Summary of physics cases @ GARIS-II E6

B
10 events for

‘ @ ° Pin down masses of hot-fusion SHE o.4 mev precision

a a a a sf
288MC 284 Nh a>280 Rg _>276 Mt a>272 Bh _>268 Db Sf
287 83 279 275 Mt _>271 Bh _>267 Db

@D ‘ . First Masses N>162 deformed shell
Island of Stability prediction depends strongly on N=162 sub shell (cf. H. Koura)

“[AMof FRDM &
120+ "
‘ ‘ * A-identification 2 events s sufficient o} gt Close
243Am(%8Ca, xn)221*"Mc how many n evaporated? 'l Sl *

10 events is sufficient

@ Z-identification if theories are accurate

243Am(*8Ca, Op0a,xn)?1*"Mc . 29
zero charged particle evaporated? ;ivo-
g 5 i

rSmce Center

B8O - . — ~dr ;._..;I.,;J
120 130 140 150 160 170 180 190 20«
Neutron number N

‘°°"AM of ETFSI i ,

Feasibility Impact 182 : “._FjrAe:Ei::Zed 'Ma’ss Di'ffe’rer'mce in' A'-2'88 is'ob'ars
S 180 b :EESSE%; -3
X-I’ay’? % 178 --a--KUTYOS ’: AAAAAAAAAAAAAAAAA
ChemIStl’y ? é 176 ¢
not accepted by JWP of IUPAC+IUPAP % 174 | e : gno‘ |
but, they ask “Direct Physical Method ' N b
to identify Z as well as A” B T Y e
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Results -B-delayed fission probability P

P; (no correction) P: (B: is 3MeV reduced)
N p -drip of KTUY g-stable of KTUY N p-drip of\ KTUY g-stable of KTUY
- £ [2ane .‘T‘L“'—._"'- o e
e
: :
2 2
S 5
§ | | |
- 150' 50 170 180 166—200 $1Q 20" 150 160 170 180 190 200 210 220
o drip(inner) d
00Dl o MmN oty e Noutron number N Gicfiy -
____________ :: -"" I
~270N o] T ' B-delayed neutron P,
",’0 10%Q 30 4?3 f52 60 70 80 90 L, p-diip of KTUY frstable o KTUY
— 114t
Most dominanNdecay mode (KTUY) I
11 : — 100
3 11 |
210 ' 901 . -
c 5 bdecay dom. 150 160 170 180 190 200 210 220
43 90 G O B-stable nucl. Neutron number N “fdé'TpU'Q”ef)
® 150 160 170 180 190 200 210 220 | e ———

Neutron number N Courtesy of H. Koura@JAEA




