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Search of nuclel: current understandings

|dentified

taken from Chart
of the nuclides by
JAERI and JAEA
(HK, et al., 2015)
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Overview of identified nuclei from Chart of the Nuclides 2014
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Why nuclear mass?

=3

. Equivalence to total energy of nucleus: E = mc?

= Governing nuclear reaction and decay modes

E=mc?

U) —
é § Erent .
A EA 2 Deca value ﬂ '
5 : mac2 > mcc y Q | A T
o MAC =4 \ mpc2 g s,
S 7 % nucl. C P l
© — (parent) nucl. D Sqared Nuclear
g nucl. A nucl. B _g (daughter) Daughter Miatrix Elements
= 0
1
Nucleus A can not decay.  Nucleus C can decay. A= 5.3 lga|? - IMo(Ey)|? f(=E, + 1)dE,
Q

Diff. of mass(total energy) determine the
direction of nuclear decay. Decay rate of beta'decay
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[ Prediction of nuclear decaysj S
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( Mass model: Spherical-basis method (KTUY) J
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Nuclear shell energy
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Fission-barrier height is defined
289110 as the highest saddle point

179 measured from the ground-state energy
(the saddle-point must be prolate)
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Calculated log10(Tsf/(s)) for odd-odd nuclei
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s- and r-process path
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S- and R-process path from °°Fe regarded as a seed nucleus
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|. Fission Fragment mass distribution

Potential Energy Surface (PES)

Liquid—drop model + Two-center shell model

l Code:Yamaji-lwamoto (70)

PES: 3-dim. deformation parameter space

: 7
- Center-of-mass distance: Z = ﬁ

_3(a-b)
- Deformation of fragment:™ — », .,
A1 — Az
oL =
- Mass asymmetry. 4 + 4,

3+9
[B =3 +26 , R : Radius of the spherical compound nucleus ]

Tatsuda,Ohta
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Path of fragments In the 3-dim. deformation space

LD+(Microscopic correction)

SClSSlOH
Zcrit Zerit-0.2 Zerit-04 Zcrit-0.6

. . ! 'dle

Liquid Drop (LD) Part 258P |,

Tatsuda,Ohta
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Region of Symmetric/Asymmetric fission

Analysis of PES near Scission Point for Fm isotopes

16
i Potential Depth of Fission Valley: Fm
-18 - 23R .

(near Scission Point)

] 220
_ZO_E“Q 248

09 ]
g
-26 -
287 Asymmetric Valley
-304 around x=0.15, 5=0.2
_39 ]
_34 _.I
-38 - AS S+AS s
-40 - . , , , , . T , , . ,
240 250 260 270 280 290

Mass Number

" Z2b4

.

Symmetric Valley
around a=0. 8005

Energy (MeV)

Tatsuda,Ohta
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Result - Asymmetric parameter

Asymmetric coefficient a

p-drip of KTUY 164 f-stable of KTUY
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Well-asymmetric region:
Located around 2°4Fm
(Z=100, N=154) and 264Cf
(Z=98, N=176)

Symmetric-fissioning region:
Located around
264Fm(Z=100, N=164)

*

Double of
132§n(Z=50,
N=82) Tatsuda,Ohta




Results - 236, 239, 240Py, 234Am, 248Cm, 236U

Distribution width:Sum of 3 gauss. on analysis of multi-dim. Langevin eq.
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Nuclear mass and fission barrier height
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2. B-delayed fission (B-df) probability

Region of B-delayed and n-induced fission

Nuclear masses and fission barrier:
KTUY (Koura-Tachibana-Uno-Yamada) mass formula

- LEELL
® n- mduced fission 120
l@N),n s . 5110

: = fission g1oo B

Sn(Z N |y = g0 W _

Bfi SS -.9 .E...: o |

J E 80| S, anq S,>0

(Z’ N+1) 70 u Sn>Bfiss N

neutron-induced fission 60 [T : |

1S5.>B

fiss

140

| [ ] | !
160 180 200 220 240
Neutron number N

o114,

Gla gt

5110}

* p-delayed fission a0 Ll 7

O gt
ooppgHoooon
B

S, and S,>0

S —> fission g 90 agpii®
o ..Ellll
an(z 8 80f
o
70
(Z+1, N-1) 60 I—

140
45

B-delayed neutron emission and -delayed fission
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Neutron number N

Koura




B-delayed fission probability P

m— - Gross Theory of 3-decay
B-delayed fission or neutron probability (Tachibana,Yamada)

_C /0 B Tk g Sg (E): B-strength function
) s+ Ty + T \: decay const. of B-decay

f (-E): Fermi function

k = f: delayed fission

k = n : delayed neutron KTUY mass formula
Qg : B-decay Q-value
Decay width I, and It Sh: neutron sep. energy

Br: fission barrier height
I(E) = ;ﬂ pé; Q%f‘g/ @p “(E— S — ¢)ede SW:shell energy
Ff(E):%@/_ (E-S5-¢ *

o 1+ exp( 21E [ hw)

Phenom. formula

Level density formula (Gilbert-Cameron type) (Kawano, Chiba,HK, JNST 43 (2006))
1 exp(2valU)2J +1 (J +1/2)2 L, = U+A
pacBe J) = BT 207 O\ T g0 * o = CUPAEU/A)
ok —~U
1 exp(2val) 1 a = a {1+ U (I—e™ )}
— pao(By) = - (MeV™H)
120-\/§ = / e : Tachibana
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Results -B-delayed fission probability Px

P: (no correction) P: (B: is 3MeV reduced)
N p-drip o{ KTUY p-stable of KTUY N p-drip of KTUY B-stable of KTUY
s 14— e s e e S o PR T
& 110 7 3
£ i 278113 £
E E [afarT-.
100 = -
b2,
§ oof i,  pes ' 7Bl —
150 160 170 180 190 200 210 R20
driod
B00Dg| & e Neutron number N ™ Kr%'gnef)
_________ i R
~27°No; B-delayed neutron P,
NI p-drip of KTUY p-stable of KTUY
L4 —x :
é 110 f’
H278113| oopoh
N11g. 2 100 oz
5110 5 ;
g o-decay dom. E 901
< 100 B p-decay dom. [Jou
S W SF dom. n-drip(inner)
S 90 O _p-stable nucl. Neutron number N n-drip(n
o

150 160 170 180 190 200 210 220 Tachibana. Koura
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3. Effect of B-df to r-process abundance

R-process network calculation

Trajectory of supernova matter

BRI B R LAY B N1 B R AL I R L 107

10 |- :
e Mns = 2Mggpar = 106

8 Rns = 10 km =
B Y, = 0.427 ] 5
6 L ceeeeee T,, Terasawa ------- p, Terasawa _§ 10

B T, Exp. model  * p, Exp. model 7
4 b 2 10°
N Y3 10°
0 I AR TT] R AN I N TT N S R N 111 M WA WA N7 . ||||||_| 102

10* 10° 102 107" 10°
t (sec)

p(g/cm?)

exponential model

Tg = Tgo exp(—t/TeX) + 0.7
3.33 x 10°Ty(t)?
p(t) = 5 49
To(t=0)=9

Considered fission:only B-delayed fission

48

Sumiyoshi, Chiba, Otsuki, Kajino




Time evolution of the r- process

S=200, B -> Bixtuy-3MeV
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Results -r-process abundances (fission effect)

S=200, B: -> BikTuy

FFMD: 2- center sheII
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Little contribution to r process
-> To check the effect of fission, we reduce fission barrier by 3MeV.
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Results -r-process abundances (fission effect)

S5=200, Bi -> Biktuy-3MeV

FFMD: 2 center shell. FFMD Symmetrlc
e KTUYBISMV g | . KTUYBIBMEV g |
—— FP —+— FP(symmetrical)

107 ¢ thout fissi 3 107k thout fissi E

—— without fission —— without fission

Abundance
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)
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I
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_II I T Y | | 17Tl _I T AN N R | 1 11| 1 11 1
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A A

Accumulated fission mass fragments could compensate A~110, 150
region.
(depends on predicted fission barrier heights)

Chiba
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Results -r-process abundances (S-dependency)

_2 B . . .
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Results - S-dependency of isotope ratio

B -> Biktuy-3MeV
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Summary

Bulk properties of nuclei

Current status of experimental nuclei

- Recent dat are reviewed by using the JAEA Chart of the Nuclides 2014
KTUY mass model (Spherical-basis method)

-Calculation of masses and fission barrier is reviewed

R-process and fission

From Nuclear Physics of superheavy nuclei:

*Fission mass fragment calculation from a two-center shell model
-Symmetric fission region is rather localized around 264Fm(100,164).

*Beta-delayed fission probability from the KTUY mass model
-Region with large Ps is rather localized around 3%Ds (110,190).

From the r-process study:

*Reaction Network calculation
-Fission fragment tends to compensate a discrepancy near A=110 and
140 region (without adopting an N=82 quenching) Qualitatively!
-S has to be larger than 2-300 or more? (by considering in our model.
More analysis is required.)
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