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Mayer-Jensen’ s Shell Model
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E-dep. of n-A optical potentials
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Computational nuclear data tables

Inakura, T.N., Yabana, PRC 84, 021302 (R) (2011); arXiv: 1306.3089
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Issues In low-energy E7 strength

Inakura, et al., arXiv: 1306.3089

 Does the observation constrain
the neutron skin thickness and
the neutron-matter EOS?
— Yes, but we need to go to very
neutron rich!
— 84N is much better than %8N

* Does it influence the r-process?

— Significantly influence the direct
neutron capture process near the
neutron drip line

— We need calculation with a proper
treatment of the continuum.

E/N (MeV)

Relative abundances

— —
S ()
L.ﬁ1 d

[y
<
N~

1000

40

30

2

1

0

0

0

™)

"* 'PLB436 10 ¢ 0...

c' g iﬁa.n od .. o

--®---Solar System 1
—=— GDR
—v— GDR+PR

—a— CN+DC

80 90 100 110 120 130
A






RFZDERETIED B EMEN

o [RFIE“FLLY
-E2F%
- FREFIRILF—ZFEERTIFS
s D FIXRFEHEICLKDOIER
- HHR
o HBFRKIEDFEILEIANXLTER
~-E2F%




aT K K T35 =T AT —REPER =% IFLY
SF Hx H;O NH- CH: CO: N2 CaH,
s H:H H:O:H H:N:H H:C:H :0::C::0: NiiN: H:C::C:H
H H H H
5

#Et H-H H-O-H H-N-H H-C-H 0-C-0 N=N H-C-C-H
H H HH

-~ @ B @ @ D

znz | 00 B 6@ 2o
ERE PR =BTV 1EPYE BRIt EHRE FE

. HFE

— (& 144

BIZKAZTH (e
£ (L RIAE

L[




RTINS

Z CBINDING OF THE z B
s DIATOMIC MOLECULE (K} £ DEUTERON
z | 7](%%\% ¢ & 0.39410%m 2 | = BE 2 .- 05 fm
Ao - B - 251107 ev v | =2 D= 156 MeV
T Mc tsd c
2TE > 2F
g «
I =
i w
T =
2 s
lﬁ § {':‘é 1
= <T>«<-=V> < <T> -V >
2 5
(2]
7
¢ r/e
.- /,i 0 . . -
Foe 1 o 5 3 ? 8
3 5 BINDING ENERGY
S 3 - 2.23 Mev,
- = 14-10
B oo & Me?
- o
= z
= >
- L BINDING ENERGY > -iF
£ = bdT RV, =
> =110t R >
| ~2e9%
i’tin«;rn 2R Tha malieenlar iotnewdioan sarrrennnzke 44 n Y A ouon seadantial ¥ 1770 .0 NN ot ad e - 12 11 itk dha scmmrmdawids sbelicendaed

KR Ciaem KR THRIK
[=E:1:0 =FH



. BT

FiiRELTDIRF%

DFEIFE/INTA—A

~V,: fHE{ERAD#ES

—c: BRE{EAL Y

RGRICETAIE
BWVERFITILUTEYEIETAMNZ/NILVE

A =

o1

2Mc* 'V,

A #BEON
K= H) 0.06 E{A
Ay Ls(He,*He)  0.1~0.2 AR

%+ (n,p)

0.5

BRI




AREFR-RFHICETHER

s THITEPRDEFE Ty [THUVNTEIR
- 2x)LEFHOFHRRE Ty KY+5H K0
- BE. %FEZERE T, KUBEL

- BZFITERLI-ZANZE

* Tgsp Y

— |H

— SEERTER A (

I2EE TEH

v, ~0.3c

H ‘L’SSB

EE) DR

BERANRIEIL)

RUVLERI T, 2FrF RHEE) (zero-
point motion) [Z&k > TEkFZ D %
— R DO FEER BT
BnE E) (5RE

ﬂ_/\ﬁ(\_

S



Rotating objects In

the universe

Nucleus is one of the fastest
rotating many-body system.
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Low spin
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“Perturbative” Coriolis effects
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Structure change, band crossings
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Cranking model
Picture in the rotating frame

Time-dependent Schrodinger equation

0 .
lg‘q'(f» = H|¥(1)) 4

P
In the uniformly rotating frame with the rotational frequency w

woleo0l - r-aslao) - CEEED

Choose the rotational axis as x-axis:  “1-dim. cranking”
H=H-0J = H=H-w_J.

Cranking violates the time-reversal symmetry. However,

in case of quadrupole deformation, it conserves the parity and signature symmetry:

i, a= 1% Experimentally, often defined as
D -in, __-ina _
R =e r=e o, F=s L1 O{:{O a=1 (mod2)
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Cranking model is applicable to both cases.



Quasi-particle routhians

Quasi-particle eigen-energies of the “cranked” HFB equation

h - /LN - wrotjx A U . U
_A _(h_m_wrotjx) V B V
Even nuclei: gp vacuum -> ground band E =0
2gp excitation e, (w)+e,(w),-
Odd nuclei: 1qp exc. e, (w),e (w),
QP routhians e"gMeV),quTasineutlroTl’1f£)11lthian engeV) quasiproton routhian

around 164Er

Negative-energy states
are fully occupied in —0.5
the vacuum.

~1.0 - B . . -
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Experimental routhians

Angular momentum — Rotational frequency

dE_E(I+)-E(I-1) E,(+1—1-1) [+]——
dl ~ 1(I+D)-1.(I-1) 2 E,

]_IA_

Wyt ([ ) =

[.(I) =+ +1/2)*-K>

——
Routhian and relative routhian I

B (0,0 = B = 0, (D =[BT +1)+ B =D} 22 [1,( +1)+1,(7 -]

( ot) E( ot) Eref( ot)

Ground-state band as the reference band

I (w,)=J,w., +Jw.,  TheHarris formula parameters are determined by fitting

rOt ' 1 1
ref( ot) flx(w)dw=E0 _5‘] wrot 4le4

rot

The “const.” is chosen so as to make the ground state (I=0) at zero energy.
, 1

E =—

8J,



Routhian analysis

Bengtsson & Frauendorf, NPA327
(1979) 139.

Experimental quasi-particle
routhians in odd rare-earth nuclei
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We may take, as the reference routhians, the experimental yrast routhians of
neighboring even-even nuclei (or their average).

N=93

N=9i

1 iBS\(b

i L | 1

COMPARISON OF EXPERIMENTAL
AND THEGRETICAL POSITIVE
PARITY ROUTHIANS

a«-l2 oo

2 4
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Back-bending phenomena

Nucleus loses its angular momentum

by emitting gamma rays.
y gd y ol ‘ o
16
> T Ik« T
Sy g 2
10-15360!\5/ ,.}\ 100}
Vg é 'Y\ ?‘:
R
. . . Q¥ 28"
The "°Er nucleus is spinning ~ ~ 40§
down, losing A/=2 each step. ot
24*
But, then, at /=16, it spins up, ~ ool
. 4z
even though losing the angular .
momentum. ~ I2p
“Nuclear glitch” ; o
Wiot 12*
8+
40
This phenomenon was first discovered in 1972 using the in-beam o*

gamma-ray spectroscopy.
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Structure change of the yrast states

At low spin, the Cooper pair is

i (MeV) quasineutron routhia
condensed in the ground state 5 ),qu ineutron routhian

0

HFB (Zakck k) 1.5

:@i TCoHdBfmce
S

At frequency w,, one of the Cooper
pair is broken up, due to the Coriolis
anti-pairing effect.

qDHFB>

:Qi:@i HEESN % 00 0.1 /7(_;.2 (Mo.\:),/)ﬂo.zlﬁ 0.5
T-@i T—@i Wrot e

Without increasing w,,, the state gains about 10 units of spin values, by the alignment.

—0.5

+ _+

a,dpg

i =107




Cranked HFB model

The cranking model successfully describes the back-bending phenomena in
many nuclei, with the proper strength of the Coriolis force.

%0
2
T\g | IGBY b
MeV ")
120

- w_
“0 : 0--=-=- oexp. o----- o exp.
— ° @ theory — ™ e theory
| | ] |
005 0t 005 ) 01
b2 w? (MeV) # w? (MeV)

Ring and Schuck, Nuclear Many-Body Problems (1980), Springer-Verlag



Systematic

Systematic analysis of the back-bending

frequency (by Garrett) o
o~ 1.67A
) jmax A

where j., IS the largest j near the
Fermi surface.

Simple picture in the right figure

analysis

Excitation energy of the 2qp state is roughly
E,, =2A

predicts
A E, (®)=0
W, =
Jmax s
The Coriolis force pulls down the high-j quasi-particles, to realizea Wrot
state analogous to the gapless superconductor in condensed We

matter.

This can be also regarded as the band crossing between the qp vacuum

(Ogp) and a 2qp state; g-band and s-band.



Collective states under rapid rotation

At low spin, many p-h

pairs of spin A
contribute to the
collective state.

01| =(Senliel, Joo =5
p

At high spin, each p-h pair
is aligned by the Coriolis
force, to produce an

aligned phonon. At even highgr spin, one of
the p-h pairs is completely
ligned, by escaping from
2o = " .
the A-coupling.
A4 piing
# &
=\ % J=2jmax R
J=N

# %% Z} i =107
il B

q>HFB>

+ _+
a,dp
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Octupole vibrations in 1%4YDb

e cal.
exp.
® cal.
exp.

J;moﬁ{

> 200 fm’®
>100 fm’ ®
<100 fm’ °

I
|
O N ~ ) o0 O N &~ M

TN., Act. Phys. Pol. B27 (1996) 59

3

(ma) = (=0),

0 0.1

C‘)rot [
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Octupole vibrations in 238U

OCtUpO|€ states iﬂ 238U T.N., Act. Phys. Pol. B27 (1996) 59
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In 1986, the first superdeformed ' | ..,
band was discovered in °*Dy.

1986 (@Daresbury, UK

P.J. Twin et al, PRL 57 ol | band in 2Dy

(1986) 811 e
‘ 28
J.D. Garret et al, Nature 323 € ! 333234 D
(1986) 395. S 3., @
S D2 44
eLarge moment of inertia% 0 i 434350
2 52
Large intraband B(E2) | g 565350
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b | i u] Superdeformed Bands
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Banana-(Y;,-type) shape phase transition in

Increase of valence
nucleons

U

Banana-super-
deformation

Excitation Energy [hws)

()
=)

c
NN

o=
N

open-shell SD states

T.N., S.M., K.M., Prog. Theor. Phys. 87 (1992) 607.

7=80+2, N=80+N,

HO+QRPA

Strong pairing (a)

K=3
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v
- l
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A=1.3 MeV

\
A}
<

Weak pairing ®)

K=3

J
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L

A=1.1MeV '
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Nval
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SSB towards banana shape




RPA routhians for SD 152Dy Excitation energy in the rotating frame
15 N relative to the ground-state SD band.

U RPA in the rotating shell model
o, | predicted an excited SD band in 122Dy

is the K=0 octupole vibrational band.
I'N., Mizutori, Matsuyanagi, Nazarewicz, PLB343 (1995) 19
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Exp: Dagnall et al, PLB 335 (1994) \

(@)Band2 |(b)Band3 | (c) Bandb

-1

P
O a

()

E ?,
N 90~ O T ’i--milj’mmmif
< -
=

O
— O DDD s DD
Fi O

7 1 1 1 1 1 1 1 1L 1 1 1 1
%.3 0.5 0.7 0.5 0.7 0.5 0.7

Orot [ MeV?'ﬂ



VOLUME 89, NUMBER 28 PHYSICAL REVIEW LETTERS 3l DECEMBER 2002

Octupole Vibration in Superdeformed 132Dy,

T. Lauritsen.! R.V. E Janssens,! M. P Carpenter.! P Fallon.” B. Herskind.® D. G. Jenkins,! T. L. Khoo,! E G. Kondev.!
A. Lopez-Martens. A. O. Macchiavelli,” D.Ward > K. Abu Saleem.' I. Ahmad.' R. M. Clark.” M. Cromaz.” T. Dgssing.”
A M. Heinz.! A. Korichi.! G. Lane.” C. 1. Lister." and D. Seweryniak'

'.»‘lmrrnﬁ.e‘ National Laboratory, Argonne, [llinois 60439
*Lawrence Berkeley National Laboratory, Berkeley, California 94720
INiels Bohr Institute, DK-210X0, Copenhagen, Denmark
YCSENSM, IN2P3-CNRS, bat 104-108, F-91405 Orsay Campus, France
{Receivad 7 June 2002; published 31 December 2002)

Nine transitions of dipole character have been identified linking an excited superdeformed (SD) band
in "Dy to the yrast SD band. As a result, the excitation energy of the lowest level in the excited SD
band has been measured to be 14 238 keV. This corresponds to a 1.3 MeVexcitation above the SD ground
state. The levels in this band have tentatively been determined to be of negative parity and odd spin. The
measured propertics are consistent with an interpretation in terms of a rotational band built on a
collective octupole vibration.
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E [ MeV |

16 - — | | |
. '__K=3 Superdeformed |
o Dy isotopes
T | S
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More realistic calculation
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Shape transition to
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Where are they?

Increasing (decreasing) valence neutrons (protons) by 8-10
leads to regions near beta-stable line

Fission Isomers '
100 Fag D
.o ) - g - dcf Superdeformation
Super b
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o 74 B = W/ %
N / Fusion reaction with radioactive beam
162Dy w wow | might populate these hlgh-spln SD
states near beta-stable line.
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