THEORETICAL DEVELOPMENTS

IN HEAVY NUCLEI

Jacek Dobaczewski

Warsaw University

                                           Internatio nal Nuclear Physics Conference

30 July - 3 August 2001

Berkeley, CA

82

50

28

                                                                                              28

50

82

20

                                                                    8

                                    2

 2

                    8

                                                         20

126

Shell model in
the continuum

Two - pro ton

                                             decay

Shell effects in strong

Coulomb field s

Pseudospin
symmetry

                                    Deformed proton

                                                                                                         emitters

Neutron - proton
pairing collectivity

Chiral sister
bands

Rotational
wobbling

Halos in
heavy nuclei

Mass predictions
far from stability

Triple shape
coexistence

Magnetic
rotation

Theory : K. Bennaceur , et al.. , Nucl. Phys . A651, 289 (1999), Phys.Lett. B488 (2000) 75

Theory : K. Bennaceur , et al.. , Nucl. Phys . A651, 289 (1999), Phys.Lett. B488 (2000) 75

                               Two - proton decay

                                                                      L.V. Grigorenko

Phys . Rev . Lett . , 85, 22 ( 2000 );

                                        Phys . Rev . C, in press

                           Three - bod y decay with two

                           prot ons in the exit channel known

                           for  the 0 + and  2 + states in 6 Be

                           Two - prot on events in the

                           17 F(p,2p) 16 O reaction [J. Gomez del

                           Camp o, PRL 86. 43 (2001)]

                           tentatively int erpreted as a two -

                           prot on decay from the 1 - state in

                           18 Ne.

                           No ground - st ate two - prot on

                           radioacti vit y found yet ˘ intense

                           searches currently under way

                           Interpretati on s of decay data in

                           terms of the 2p correlati ons in the

                           initial  state difficult

Deformed proton emitters

61%

39%

131 Eu

130 Sm

141 Ho

                                                                   ground

                                                                                              state

isomer

                                                                                                             4 ms

8 s

                                 K. Rykaczewski , et al .,

Phys. Rev. C 60 , 011301 (1999)

A.T. Kruppa , et al .,

Phys . Rev . Lett.

84, 4539 (2000)

B. Barmore , et al .,

Phys. Rev. C 62 ,

054315 (2000)

Other groups working in this field:

E. Maglione & L.S. Ferreira, Phys. Rev. C61, 047307 (2000)

H. Esbensen & C.N. Davids , Phys. Rev. C63, 014315 (2000)

P. Talou , et al ., Phys. Rev. C 58 , 3280 ( 1998)

Precise determinati on of deformed orbit als
in very exotic prot on - rich nuclei

Excited rotati onal states studied through the
fine structure in proton emi ssion

Coupled - chan nel calculations of the
quantum tunnelling throu gh a deformed

Coul omb barrier

Halos in heavy nuclei

11 Li

                                          20 40 60 80

Z

                                                                             R (fm)

286 Ra

198 Nd

268 Pt

                                                                                                    138 Mo

                                          88 Fe

        50 Si

n

21 Na

41 Na

HFB+SLy4

S. Mizutori ,

et al. ,

Phys.Rev. C61,

044326 (2000)

RMF+ HB

J. Meng , et al. ,

Phys.Lett.

B419, 1 (1998);

Phys. Rev. Lett.

80, 460 (1998)

Pairing anti - h alo effect

(K. Bennaceur , et al.. ,

Phys. Lett. B406, 154 (2000)

shields the neutron

distributions from

developin g singular halos

Neutron - proton pairing collectivity

(a fit pl us three easy steps)

                                                               Fit of G

T=0

/G

T=1

E

                 T=2

                                                        - E

                                                                                         T=0

(even - even)

(I)

E

T=1

- E

T=0

(even - even)

(II)

E

T=1

- E

T=0

(odd - odd)

(III)

W. 6DWXãD� & R. Wyss Phys . Rev . Lett . , 8 6 , 4488 ( 200 1);

Phys . Rev . Lett . , 8 7 , 052504 ( 200 1)

Wigner energy linked to the n - p pairing collectivity

T=2 states in even - even nuclei obtained from isocranking

T=1 states in even - even nuclei obtained as 2qp excitations

T=1 states in odd - odd nuclei obtained from isocranking

T=0 states in odd - odd nuclei obtained bas 2qp excitations

Magnetic rotation

                                    j j

B(M1)/B(E2) [(

N/eb)

2]

RMF

H. Madokoro , et al .,

Phys. Rev. C 62 , 061301 (2000) ;

H. Schnare , et al .,

Phys. Rev. Lett. 82 , 4408 (1999) ;

TAC

142 Gd(2)

A.O. Macchiavelli , et al ., Phys. Rev. C58, 621 (1998)

T. 5] � FD - Urban, Acta Phys. Pol ., in press

Tilted - Axis - Cranking (TAC) calculations reproduce

the decrease of  B(M1)/B(E2), observed in many

rotat ional ban ds, within the shears mechanism.

Simple estimates of V( ) reproduce very well E(I)

First self - consistent (RMF) calculations available

84 Rb

Chiral sister bands

V.I. Dimitrov , et al ., Phys. Rev. Lett. 84 , 5732 (2000)

                    K. Starosta , et al ., Phys. Rev. Lett. 86 , 971 (2001)

S. Frauendorf ,

Rev . Mod . Phys .

73, 463 (2001)

                                                                                     New symmet ry breaking proposed for tri axial

                                                                                     nuclei

                                                                                     Symmetry - breaking for ti me - odd symmetry

                                                                                     operat or

                                                                                     Candidate bands found in N
@

75 odd - odd

                                                                                     nuclei

                                                                                     Critical survey of alternati ve scenarios needed

Rotational wobbling

163 Lu

A. Bohr & B.R. Mottelson ,

Nuclear Structure (1975)

Vol. II

S.W. Ødegård , et al .,

Nucl. Phys. A682, 427c (2001)

I. Hamamoto , et al .,

Acta Phys. Pol ., in press

B(M1)

B(E2)

in

B(E2)

out

B(E2)

in

Novel detector technology yields discovery potential
M. Riley

Understanding the pseudospin symmetry

187 Os

                                           [510]1/2        [512]3/2

                                 pseudo spin

                                                                          do wn
pseudo spin

up

A. Arima , et al .,

                                                                                    Phys. Lett. B30, 517 (1969)

                                                                                                  K.T. Hecht & A. Adler,

                                                                       Nucl. Phys. A137, 129 (1969)

                                                                                                                 F.S. Stephens, et al .,

                                                                          Phys. Rev.  C57, 1565 (1998)

J.N. Ginocchio , Phys. Rev. Lett. 78, 436 (1997)

J.N. Ginocchio &  D.G. Madland , Phys. Rev. C57, 1167 (1998)

H= p (M+V

S

)+V

V

�Strange~ degeneracies in nuclear spectra have

been since long ago interpreted in terms of the

pseudospin symmet ry

Recently the pseudospin symmet ry has been

linked to properties of relativistic single - particle

Dirac equation

Analysis of the symmetry - b reaking pattern needed

Upper component

Lower component

2s

1/2

1d

3/2

1d

3/2

R (fm)

R (fm)

208 Pb

º
1p

3/2

~

2s

1/2
º
1p

1/2

~

 Different shapes, co
Different shapes, co

-
-
existing at low excitation energy
existing at low excitation energy

190 Po

186 Pb

0

532

650

0

+

0

+

0

+

0

+

2

+

4

+

6

+

8

+

662
e

-

e

-

»
g

10

+

12

+

14

+

2.45(5) ms

E
keV

6896

7012

7533

I

%

0.3

3.3

96.4

2
keV

21(8)

90(18)

51(4)

186

A. Andreyev et al., Nature 405 (2000) 430

J. Heese et al., Phys. Lett. B302 (1993) 390

M. Huyse

                                                                                          Shell effects in strong Coulomb field s

A.T. Kruppa , et al. ,

Phys. Rev. C61,

034313 (2000)

M. Bender , et al. ,

nucl - th /0103065

Prot on shell gaps in super -

heavy nuclei  strongl y in fl u -

enced by the Coul omb force

Shell effects hindered by a

large densit y of states

Shell stabilisation occurs in a

large range of nuclides

around Z= 114 - 126 an d

N=172 - 184
proto ns

neutro ns

Spherical shell correction

126

114

184

50

82