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@z [ lintroduction ]

Search of nuclei: current understandings
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«xv [ _II. Bulk properties of nuclear mass ]

Weizsacker-Bethe semi-empirical atomic mass formula

Mws(Z, N)=Z mH + Nmn — B(Z,N)

=Zm_+Nm_ —ayA + a A% + ay(N-2)?/A + acZ(Z-1)/AV3 + 8,
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#! From the ‘exp. shell energy:

eExistence of magic number
N=28,50,82,126
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Proton Number Z
N
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N
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| Z=28,50,82
*Wigner energy

N=Zridge
*Depression due to the deform.
rare-earth, actinide

Mass data : 2012 Atomic mass evaluation
(M. Wang, G. Audi, A.H. Wapstra et al.)
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20 Trend in MeV-order




«zv [ Shape transition and shell energies |
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e /=50, N=82 and Z=82 discontinuity of derivative: Spherical single-particle shell closure

Notable feature on discontinuity of derivative of mass values

e N=88-90 discontinuity: Shape transition




@@ ( Mass relation: Garvey-Kelson systematics ) ¢
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@@ ( Mass relation: Garvey-Kelson systematics ) ¢
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6 Trend in 100 keV-order




KTUY mass model



KUTY (KTUY) Mass fOrmUIa (Koura,Uno, Tachibana,Yamada (00,05)
M(z, I\I):Mgross(z’ N)+Mgo(Z, N)+Mgpg) (£, N)

cl. Phys. A 674, 47 (2000)
. Theor. Phys. 113, 305 (2005)

(Q_

MgrOSS(Z, N): gross term

(Z,N)=M ,Z+M N+a( A) A+b(A)| N-Z | +c(A(N-Z)*/ A+ E(Z,N) — k ,Z**°
a(A) = a,+a, A" *+a, A" +a,(A+a,)”

gross

b(A) = +b (A+o,)™
c(A) = c+c, A" +c ;A +c (Ara)™

Mcpen(Z,N): shell term

Spherical nuclel

Calculated from Spherical single-particle potential
for any nuclei (includes the BCS paring, reduction)

Deformed nuclei (Spherical-basis condieration)

Obtained by an appropriate mixture of the above
spherical shell energies + liquid-drop deform. energies




KUTY MassS fOrmU|a (Koura, Uno, Tachibana, Yamada (2000))

o Mo (£,N): shell term

Spherical nuclei
calculated from Spherical single-particle potential

M(Z, N)=Mgy066(Z, N)+Moo(Z, N)+Mp o (Z, N)

H. K. and M. Yamada, Nucl. Phys. A 671, 96 (2000)

for any nuclei (includes the BCS paring, reduction)
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Differences between calc. and exp. levels: within 330 keV for 132Sn, 208Pb



Nuclear shell energy with deformation

(Spherical-basis consideration)

H. K, et al., Nucl. Phys. A 674, 47 (2000)
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Other mass models and comparison



@»| skyrme-Hartree-Fock-Bogoliubov mass formula | @r
(2002') by S. Goriely et al.

Accuracy
_ . The long road in the HF B mass model development Orms (2149 nuc)
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@ (QENCKSYS checkforiie formuaer )
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-HFB calc. seems to violate the GK summation.
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AME11(exp)
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. FRDM and KTUY give a smooth trends.
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@ Extrapolation to the n-rich nuclei

n-drip of
Mass value is subtracted by WB2o12. W
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. In old-type mass formulae (-1988), mass values extremely

diverge In the very neutron-rich region
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@ Extrapolation to the n-rich nuclei @S,F
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Mass-model dependency



@ (____R-process nucleosynthesis

-Check the

mass formulae as astrophysical data-

-

e | Canonical model

Steady flow +Waiting point Approximation

Neutron-number density (Nn) and temperature (Tg) are constants

(n,Y)-(Y,n) equilibrium is established over an irradiation time T
N,,Tg,T: chosen to reproduce the abundance peak at A=130 (obs.)

2

S . for equilibrium eq. (determine the path) and Q[3 for Ag:
estimated from mass formulae (TUYY, KUTY, FRDM)
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@ SZn systematics é%)

Bunched (Twisted)
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Proton number £
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60

KUTY

Proton number Z

(@))
o

FRDM

N
o

Proton number Z

o)
o

N
o

o)
o

0

rmation p

7

ar
0

80

50

60

90
60

|
70

ameter Ao

RO

=

A=130

/=38

dip of S, <=> change of O,
(FRDM)

/=38

40 50 60 80 90
Neutorn number N
40 50 60 70 80 90
T T T T T 60
50
40
40 50 60 70 80 90
Neutron number N
-0.3 -0.2 -0.1 -0.0 0.1 0.2 0.3

O

Discontinuous change of shape
would gives kink of Sn. (FRDM case)
Theoretical (humerical) problem?
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Deformation parameter alpha2 of KUTY

Potential energy surface
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Effect of fission
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( Neutron-induced fission and B-delayed fission )

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

. . . | T
® n-induced fission o S >B:
7(m\n‘: . =110 ISS
RN O
1 > fission 2 100 7o B
Sn(Z, N) Y g 90 "wEin et —
fiss 5 80 . 254E55n and 5,501
v Q_ [ :
(Z, N+1) 707 a 55B. —
neutron-induced fission 60 ! - | 7 | L |

140 160 180 200 220 240
Neujfron number N

atfiie 5

110 [235,,| _—;

° B delayed fission N1202278[“31'298“}41184'n;;:;nm

(Z, NN = neutron emission E1oo ) —
x—)fISSIOH g 90'“ _
o ‘
- O o E g
B(Z o8 S, and S,,50
70 7
(Z+1’ N'1) 60 | | [ | | |

140 160 180 200 220 240

f-delayed neutron emission and f-delayed fission
2% Neutron number N



@ ( B-delayed fission probability P: : KTUY model ) é,sz?)

P: (no correction) P: (B: is 3MeV reduced)
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Time evolution of the r- process r

S=200, B; -> Biktuy-3MeV
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@ Recent study: Improvement of the gross theory @?

Gross theory
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Improvement of the gross theory : Hindrance
factor is introduced for allowed transition on
change in parity obtained from calculated SPL.
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Steep changes at N=82(closed shell) disappear.
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@ (7 Vi Cenelusion )

® A short review of systematical properties of experimental nuclear masses is given.
= Mass-systematics like G-K is a good tool to check mass values.

® Some mass formulae are reviewed and compared:
= Old-parametrized mass formulae (in 1976, 1988) generally fail to extrapolation.
= HFB-type mass formulae give anomaly on GK-sys.

® A mass-model dependency to the r-process is discussed.

® Fission cycle would affect the r-process abundance.
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