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I. Introduction
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Three important elements which affect the calculations of high-K states:
1. Spacing of single-particle levels;
2. Effect from shape polarization;

3. Right pairing strength
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II. The configuration-constrained PES Model

Deformed Woods-Saxon Potential

o Vo
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( {1+exp[ disty_(r;rg)/a sol} p
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H, =T+ V+V_ +3:(1+m)V,
Parametrisation AP) A (N) To—so (P) ro—so (N) ro (P) ro (N) K Vo a
Blomgv.—Wahlb. 320 32.0 1.270 1.270 1.270 1.270 0.67 510 0.67
Rost 17.8 315 0.932 1.280 1.275 1.347 0.86 49.6 0.70
Chepurnov calc. 1.240 1.240 1.240 1.240 0.63 53.3 0.63
“optimal” A-dependent 1.275 1.347 0.86 49.6 0.70
“universal™ 36.0 35.0 1.20 1.310 1.275 1.347 0.86 49.6 0.70
“input” parameters read from input
def.-dependent deformation-dependent depend on ICHOIC
INCREA =1 (only for B, > 0.325)




The basis:
axially symmetry harmonic oscillator in the cylindrical coordinate

|n,n,AZY =45 (p) ¥, (2)¥a(@)x(2)

[M@ZA]Q N=2n,+n_+A QO=A+-Y

The Nilsson numbers have been chosen for the adiabatic-blocking

PES calculations.



Single-neutron levels (MeV)
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E=E  +0E, , E,;, is independent of blocking

-

aE.m.fn =E v—E

Ntrut

BCS calculation can be collapsed in weak pairing case.

The Lipkin-Nogami pairing can avoid this problem.

S
A2 N—S
Ein=2 e, + > 2Vie,———G D, Vit G——
j=1 i G 2
—4N, D, (U V)Y (1)
k#k
with
N-S=> 2713, (2)

k#kj



|BCS)=> (U, +V,a, 0.")|0)

k>0

S(BCS|H|BCS)=0

(¥, IN-N|¥,)=0

(W,y N> =N?|¥,)=0



III. Calculations for high-K states

Adjustment of pairing strength

1
D= — g[ﬂf{:N‘i—z:]—ﬁlﬂﬂ:N‘i— 1)+6M(N)—4M(N—1)

+M(N—-2)], (1)
ABCS
ALN + 2“2

The adiabatic-blocking PES can include the effect from the
shape polarization .

s
O, = quj + Z ZVkZQk
j=1

k#k ;



High-K states in:

1. Neutron-deficient region
2. Neutron-rich region

3. Superheavy region
4

. In the 219 well.



“‘Shape polarization in neutron-deficient nuclei”’ , Xu, Walker, Wyss, PRC59, 731 (1999)
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Shape polarization in neutron-deficient nuclei
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FIG. 1. The determined S,, ¥ deformations for the K7=8"
isomers and the ground states (g.s.) in the &'=T74 isotones.



PHYSICAL REVIEW C VOLUME 59, NUMBER 2 FEBRUARY 1999

Shape polarizations of two-quasiparticle K"=8" isomeric configurations

F. R Xu"* P. M. Walker." and R. Wyss®

K™=8" 1somers.

Nuclei Eexpt E. B B | T|

12614 2980 0.12 —0.005 0°

Proton-drop line |140py, @ 0.26 —0.039 9°
183py, 2400 0.26 —0.011 2°

Physics Letters B 529 (2002) 4249

Identification of excited states i1 '*°Dy PHYSICSLETTERS B

IEI..‘?Ew'_lEiH D.M. Cullen®, M.P. Carpenter®, C.N. Davids®, A.M. Flztcher®, S.J. Freeman?,

www elsevier conylocate/npe
Recent Woods—Saxon constrained shape polanization

calculations [16] predict the existenge offa K™ =87

1SOmMeric state in l‘mD}-' at an excitation energy of

2130 keV with a deformation f, =0.26. Thus, the

experimental excitation energy of eV and the

associated deformation of f» = 0.24(3)7are mn good

agreement with these theoretical expectations.




PHYSICAL REVIEW C VOLUME 59, NUMBER 2 FEBRUARY 1999

Shape polarizations of two-quasiparticle K"=8" isomeric configurations
F. R. Xu."* P. M. Walker,! and R. Wyss®
K™=R8" 1somers.
Nuclei Eexpt Eca B2 B4 | T|
126T¢ 2980 0.12 —0.005 0°
140Dy 2150 0.26 —0.039 9°
188py, @\ 0.26 —0.011 2°

PHYSICAL REVIEW C, VOLUNX 60, 014303




PROTONS

Exploration of the proton drip line and beyond
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Calculation:

B,=-0.28
E =2.56 MeV
T=9"{7r9/2°[404]1®v9/27[404]} g* T=0  11(Z}s i3 M
¥ Tsl IB545%ms D
° ° ° P T“'Br
High-spin -- long life | --------ooooo o
Low-spin -- short life |  --------- Tamesmeenes
| G141
(10) 56914 | L 0650 < B-/EC 18
S O 49521 I (4604.1) =0 Tslﬁ
100 o040 165628 X80 <I0 / logifi) = 4.5(3)
 1168.8 <7 /{3*5‘1" Y | ¥ 4o
g ' was2 & FOWIHI | iiﬂ-lﬂﬂ-ﬂﬁl -5
o 9132 ]11 /2 < F m
1033.6 33 _pp 10
&y 016 '/{.'-11.?&5 i
iyﬁm (10} Kg" =894 MeV
* et EF9"=6.62 MeV
10933 S 1 T}
2 944.6
el A. Piechaczek et al.
1L L Phys. Rev. € 62(2000)054317
0Se M. Karny et al.

Phys. Rev. C 70(2004)014310



2. High-K states in neutron-rich nuclei

(Xu, Walker, Wyss, PRC 62 (2000) 014301)
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3. High-k isomerism in SHE

L8 b K87, w1127 [725), 72 e8] [ K'=107, w112 [725], @2 [815])
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FIG. 1. Calculated excitation energies for two-quasineutron
states.

F.R. Xu et al. , Phys. Rev. Lett. 95, 252501 (2004)



Isomerism in Superheavy Nuclei

W High-K isomerism
may play a crucial
role in future
production and

- study of superheavy

B g huclei

Z . FRXu, EG.Zhao,
R.Wyss and P.M.Walker
{_Phys.Rev.Lett. 92(2004)252501

......
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F.R. Xu et al., Phys. Rev. Lett. 95, 252501 (2004)
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Figure 3 | Proposed level scheme of 2*Mo. The 266 ms 8~ isomer is



High-K in the 2" well

Shape 1somerism + K 1somerism
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P. Limkilde & G. Sletten
Nucl. Phys. A 199(1973)504
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High-K in the 2" well
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Nuclei KT Configurations {2 B AnkeV)  AgfkeV)  EM(keV)  ESF(keV) Tis

B o+ Shape Isomer 062 0.020 610 540 2383 2557.9 208 ns
7= v 9/2[734].5/2[622]} 061 0022 428 540 3358 < AEGH =1 ns
7= v{5/2[862],9/2[734]} 063  0.037 417 853 3344
10— p{11/2[615],9/2[7T34]} 062 0036 423 851 3486
8% p{11/2[615],5/2[862]} 0.62  0.043 430 852 3563
6= wf 5/2[523),7/2[633]} 062 0.033 574 630 3800
&= m{ 0/2[514], 7/2[633]} 062 0.037 573 630 3007
Tt mf0/2[514],5/2[523]} 063 0.042 574 38 4032
Bpy ot Shape Isomer 063 0045 00 30 2252 £ 3000 37 ps
&+ w{11/2[615),5/2[862]} 063 0.053 450 841 3671 4000 34 ns
&= m{ 0/2[514]. 7/2[633]} 064 0056 506 621 3833
EX el'im ent al S in S an d Tt m{9/2[514],5/2[523]} 064 0.060 506 627 3051
p p 6=  mf5/2[523),7/2[633]} 0.64  0.055 507 628 3058
BEpy o+ Shape Isomer 063 0.038 610 530 2240 22 2400 0.6 ns
..o &+ p[11/2[615),5/2[862]} 062 0.048 425 830 3120 £ 3500 6.0 ns
par]t]es have nOt been known 7= w 5/2[862),0/2[734]} 064 0042 528 833 3200
- p{11/2[615],0/2[T34]} 062 0.034 448 831 3363
8= m{9/2[514],7/2[633]} 0.64  0.048 584 620 3868
6=  mf5/2[523),7/2[633]} 064  0.045 582 626 3082
T+ w7 0/2[514],5/2[523]} 064  0.061 586 627 4010
Hipy o+ Shape Isomer 063 0.016 570 820 2341 2 2200 A5 ns
&= wf 0/2[734],7/2[624]} 062 0.013 420 813 3473 = 200 2F N8
o o 7= v{9/2[734],5/2[622]} 063 0026 417 826 3484
Calculations can predict 6 szl 7o) oer oo 4 sz
7= v{5/2[862],9/2[734]} 061  0.025 427 823 3505

. . 10— p{11/2[615],8/2[T34]} 065 0.037 453
Conﬁguratlons (Sp]ns and 8= m{0/2[514].7/2[633]} 064 0033 579 4120
6=  mf5/2(523),7/2[633]} 064 0027 4188
7Tt w{9/2[514],5/2[523]} 065 0.036 626 4288
pal'ities) and energies. e VR Shape Isomer 630 TO0 1720 2 2000 10 ps
&t p{11/2[515].5/2[862 0.046 423 801 2602 £ 3000 55 ns
7= v{5/2[862, 0.042 524 TOT 2714
- w .0/2[734]} 064 0,032 445 701 2841
M2 Shape Isomer 064 0025 630 T80 1822 1900 40 ps
v 5/2[862],0/2[734]} 064 0.035 418 704 2728 £ 2800 0.18 ms
Longer lifetimes for p{11/2[615],8/2[734]} 065  0.030 421 BT 276
v{11/2[615),5/2[862]} 064  0.038 431 TO4 3034
Sha e+K isomel's v 0/2[734],5/2[622]} 061 0.024 426 707 3040
p Shape Isomer 065 0.016 5700 770 1047 F2 2200 < b ps
7= v 9/2[734],5/2(622]} 064 0025 419 786 3082 £ 3500 = 100 ns
8= w 0/2[734],7/2[624]} 064 0.013 410 TR 3153
6% w 5/2[622),7/2[624]} 062 0015 426 T8R4 3364
7= w{5/2[362),0/2[734]} 062 0.026 430 TOT 3404

0=  p{11/2[515).9/2[734]} 066 0.034 453 780 3462




Experimentally, only fission observed, no y transition observed
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Shape isomers Shape+K isomers
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FIG. 4: Representative PESs for the shape isomeric (top left), K™ = 8% {p11/2[615] & 5/2[862]} (top middle) and K™ =

8~ {m 9/2[514] 5 7/2[633]} (top right) states of ***Pu as well as shape isomeric (bottom left), K™ = 7~ {v 5/2[862] & 9,/2[734]}
(bottom middle) and K™ = 10~ {111 /2[615] & 9/2[734]} (bottom right) states of **Cm.



Energy (MeV)

Energy {Me¥|

N="7 1sotones

WM M e S 6 T
i {Fm’)

Exploration of the adiabatic-blocking calculation

SHF+BCS with Ski4

Pei, Xu, Stevenson, NPA 765 (2006) 29

density (fm )




130Ce ;,:; [523] ® p; [404]

L I

M.Ionescu-Bujor et.al
PRC 60, 024316(1999)

* Measured Q
— Q) —— B,=0.16 << B,9°=0.26
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Shape polarization ?

* Assume Byomer=B,95- = 0.26 — Q, | (1)

— K=6.0(2)
Measured Q ﬁ
K mixing ?
_3K*-J(J+1)
Q_(J+1)(2J+3) O A

0, =0.0109ZA>*B,(1+0.363,) (2)




PES calculations

’/ \‘
Configuration 32 34 |v] ~-soft’ Qoleb) E.(KelV)
-ness cal. expt.* cal. expt.t
gs. NQ23 -0008 02 13° 4.53
-T2 523 v T/2V[404]} 022  -0.005 16° 1.22 2.65 2503 2454
T, {v5/2t[402) @ v 9/27[514]} 0.24 -0.025 \ 8° 4.85 2407

The ground state

E SCHIGHAREME) v B B WBME a B ME S L
He [ M. Ionescu- Bu_]cu et al., Phys. Rev. C 60, 024316 (1999).

100KeV HIFRE].

deformations.
E, B(E2)
Jix (keV) Tps) (Wu) B(Ez}nnrm.l-
27 254 180 + 15 107 +9 1.00 £ 0.08 0.25
47 456 7.3+08 144 + 15 (.95 +0.10 0.243 + 0.01

D.M. Todd et.al JPG 10,1407(1984)



Configuration 32 34 |v] ~-softt Qoleb) E.(KelV)
-ness cal. expt.* cal. expt.t
2.5, 0.23 -0.008 0° 13° 4.53
T {v7/27[523| @ v T/27[404]} 0.22 -0.005 2° 16° 4.22 2.65 2503 2454
b‘{nr?‘“[—lﬂ?] sv 9/27[514]} 0.24 -0.025 0° 8¢ 4.85 2407
T s SRR ISARETIEY ~ E A MR AME S B/ ME A L 100KeV BIBR B
¥ H(f3 M. Ionescu-Bujor et al., Phys. Rev. C 60, 024316 (1999).

016¢F
012}

0.08F"

0.16

0.20

0.24

X = pcos(y+30°)

[




Y U 21

Rigid triaxial rotor model , by J. Yan ef al. PRC 48, 1046 (1993)
Interacting Boson Model , by O. Vogel et al. PRC 53, 1660 (1996)

A candidate for critical-point nuclei

R.M. Clark et al. PRC 68, 037301 (2003)



The k” =7 Isomer:
y-soft prolate shape as large as the g.s.
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K-mixing or decay via gateway states ?

8

7= 7t
vy 23| @vy [404] |

E

_ . calo
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6k K Value

130Ce =
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¥ (deg)

gateway states

[Y. Sun et al., ;! e
Phys. Lett. B589 w isormer
(2004) 83/

.I'

)

—
g.s.

e}
10](77,13%Ce)=1.77(21) eb

17 (2 +3)(I +1)

Qo =¢

“3KZ_I(I+1)

M.Ionescu-Bujor et.al

PRC 60, 024316(1999)
3 52.9
E2,AK-L =3
48.6
W
E4
1 gromﬁréihstate 242 m
K=1




IV. Sumary

The configuration-constrained PES calculations predict the
properties of nuclear states, including:

1) Deformations

2) Configurations (then spin and parity)

3) Hardness or softness (triaxiality, K mixing)

4) Fission barrier, and then stability (lifetime)
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