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Possible Analogy between the Excitation Spectra of 
Nuclei and Those of the Superconducting Metallic 
State

The evidence for an energy gap in the intrinsic excitation 

spectrum of nuclei is reviewed. A possible analogy between 

this effect and the energy gap observed in the electronic 

excitation of a superconducting metal is suggested.



Start of BCS and
Hartree Fock Bogolyubov theory of 
nuclei



An analogy with the correlations in superconductors has 

proved to be rather fruitful in interpreting the nuclear 

features mentioned above. '

Pursuing this analogy, the close formal correspondence

of the equations of motion in a constant

magnetic field and in a rotating reference system

suggests that the critical magnetic field

phenomena of superconductors should also 

have their counterpart in the rotational 

spectra of nuclei.



Indeed, the pairing force couples two particles in time- reversed single-particle states,

and a rotation has an opposite effect on the particles forming the pair. The Coriolis 

forces act in opposite directions and tend to decouple the pairing correlations. This is in 

analogy with the effect of the magnetic forces in a metal, which act with a different sign 

on electrons moving in opposite directions and destroy the pairing when

the field reaches a critical value. The observation or nonobservation of this effect in the 

rotational spectra of nuclei could serve as a test of the description of the pairing 

correlations in nuclei.



Mottelson-Valatin effect
(nuclear Meissner effect)

Estimation of the critical spin (’frequency’)

• ’For Ic> 12 in A=180 and Ic>18 for A=238’

And

• The moment of inertia J will approach J_rigid
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Inspiration from studies at Berkley…

• 1963-65 Hans Ryde was on sabbatical at Cal Tech

• He visited Dick Diamond and Frank Stephens, world leaders in 

studying ‘high-spin’ states using heavy ions from the HILAC and 

various detectors: conversion electron, NaI, early small Ge(Li)

• Ground-state bands in deformed nuclei had regular spacings, 

evidence for centrifugal stretching - physics in I = 12 - 18 range

Stephens, Lark, Diamond, Nucl. Phys. 63, 82 (1965)



Stockholm - 1968 

• Hans came back to Stockholm in 1965

• Led the effort to extract an α beam from the 225 cm cyclotron 

at the Institute of Physics

• March, 1968 - started working with a young grad student, 

Arne Johnson (14 years younger than Hans)

• Performed experiments with two 43 cm3 Ge(Li) detectors and 

the reaction 160Gd(α,Xn)160Dy, 161Dy
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Program to study odd-A nuclei



Arne Johnson original spectrum
160Gd(alpha,4n)160Dy











PLB34 (1971)605



NPA179(1972)753



Was this the observation of the 
Mottelson Valatin effect?



NPA183(1972)157

Very recently Johnson et al.  have found some irregularities in the rotational 

energy spacings of rare-earth nuclei just in the region of spin where they are 

populated heavily in these (HI, Xn) reactions. It is too early to say how 

general this behaviour is, but it lends very strong support to the previous 

proposal that a major change is occurring in the yrast levels near this point. 

Johnson et al. suggest that this change is due to the phase transition associated 

with the loss of pairing correlations predicted by Mottelson and Valatin “) to 

occur at around this spin value.



Coriolis effect on a spinning wheel
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Cranked Shell Model - huge success

• Ragnar Bengtsson and Stefan Frauendorf, Nucl. Phys. A314, 

27; A327, 139 (1979)

• This formalism explained many bands and crossings at high 

spins in many nuclei
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CSM built on deformed single-particle model 
of Sven Gösta Nilsson from 1950s

126

82
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1970s - push to I = 20 to 30 regime

• First case of a second backbend: “Second Discontinuity in 

the Yrast Levels of 158Er - I. Y. Lee et al, PRL 38, 1454 (1977) -

Berkeley experiment

• Also present in isotone 160Yb - Beck et al., PRL 42, 493 (1979) 

- Strasbourg experiment - not an isolated occurrence

• Blocking experiment - Riedinger et al., PRL 44, 568 (1980) -

Copenhagen experiment



Unprecedented detector development
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Nordball Pex Array Euroball

>700 backbends now observed. 
Lots of important theory work
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Huge progress in 40 years in resolving power of 
γ-ray detector systems and the high-spin states 
that can be accessed



Nuc Phys. A503 (1989)244





'The discovery of a prolate-oblate-
spherical shape triplet of spin 
$0^+$ states in the atomic nucleus
$^{186}$Pb', A.N. Andreyev, et.al 
Nature, Vol. 405  (2000) 430

PES calculations
with WS potential
-> TRS calculations



Extended TRS - Model

• Deformed single particle WS potential

• Liquid drop and Strutinsky shell correction (Wigner Kirkwood)

• Developped symmetry restauration –

particle number fluctuation via Lipking Nogami correction and 

gauge symmetry restauration of pairing field via double stretched

QQ pairing interaction

• Minimized in deformation space

• Application to high-spin, superdeformed, shape coexistence, high-

K isomers, odd-even mass differences, radii, masses, N=Z nuclei, 

competition of T=1 and T=0 pairing

• Collaborators: W Satula, F Xu, P Magierski, A Bhagwatt
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HFB-LNC equations



Comparision between HFBC, LN and PNP 

NPA578(1994)45



PRC51 (1999)051301



Is there a Meissner effect in Nuclei?



Iso cranking hamiltonian

WWW.KTH.SE



In the s.p. Model, one deals with 

’non’ collective rotations – the 

values of Tx jump discontinously 

at the crossing frequencies.

When T=1 pairing is switched 

on, the rotation is collective 

(smooth) and the corresponding 

values for iso spin excitations 

are given by the cranking 

condition, <Tx>=sqrt(T(T+1))

(taking into account quantum 

fluctuations)

collective

non-collective





The alignment in iso
space tx and the respons 
of T=1 and T=0 pair 
field. Calculations for 
24Mg and 48Cr.

Meissner 
effect in 
isospace!



Nuclear Physics News 32, 2022 - Issue 2

https://www.tandfonline.com/doi/full/10.1080/10619127.2022.2063000

Thanks for slides from Mark Riley and Lee Riedinger

https://www.tandfonline.com/doi/full/10.1080/10619127.2022.2063000


From Lee Riedinger, thank you very much!

Arne is elegant and he is fun!


