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SUMMARY
• Recalling the “Solid State” Josephson Junction DC and AC Supercurrents, and Electromagnetic Radiation

(5m)

* Historical revision of the Nuclear Josephson Effect in Transfer Reactions
between Superfluid Nuclei:  Theory and Experimental Data

(10m)

* More recent experiments: the LNL 2014 experiment: 2nd order DWBA analysis
(10m)

* Predicted Josephson-like Gamma Emission in Transfer Reactions
(10m)

* Other Predictions and Speculations



Recalling the “Solid State” Josephson Junction DC and AC 
Supercurrents, and Electromagnetic Radiation
(5m)



Josephson Junctions (DC and AC): In Condensed Matter

V(t)

B. D. Josephson, Phys. Lett. 1, 251 (1962)

V=0           => DC
V=const. => AC



2. Josephson Junctions (DC and AC): In Condensed Matter



3. Josephson Junctions (DC): A revision



Electromagnetic (10GHz-10THz)  from Josephson Junctions







Historical revision of the Nuclear Josephson Effect in Transfer 
Reactions between Superfluid Nuclei:  
Theory and Experimental Data

(10m)







One-neutron transfer

Two-neutron transfer

Enhancement factor









TRANSFER GAUGE ANGLE 

(after D. Brink, Brink_Nuclear Physics at the Borderlines Proceedings of the 
Fourth International Summer School de la Rábida, La Rábida, Huelva, Spain, 
June 17–29,1994.)



Josephson equations



DC “Nuclear supercurrent”



The following years



Different angles ploted together?



Ecm approx.270MeVEcm aprox.255MeV dEcm= 15MeV



More recent experiments: the LNL 2014 experiment: 
2nd order DWBA analysis

(10m)



The Legnaro’s 116Sn+60Ni 2NT and 1NT data at different E_cm: 

Note: 1n is inclusive

Semiclassical calculations in this
paper



One- and two-neutron transfer probability between superfluid heavy 
ions as a function of the distance of closest approach

D. Montanari et al, PRL 113 052501 (2014)

At  D0 = 13.3 fm P2 = P1 !!!



The Legnaro’s 116Sn+60Ni 2NT and 1NT: BCS ground states and quasiparticles



Second order DWBA: sequential transfer    

Bj =



Nuclear Superfluidity: Sn(p,t): Occupations

Sn: 112 to 124

DWBA

Potel et al, Rep.Prog.Phys.76(2013)106301



Potel et al, Rep.Prog.Phys.76(2013)106301
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Predicted Josephson-like Gamma Emission in Transfer 
Reactions
(10m)



Charge rearangement/recoil during the 2n-transfer

(*)

(*) Off diagonal



Gamma emission in 2NT channel



Gamma emission: predicted angular distribution



G.Potel et al,
PRC 103 L021601 (2021)
PRC 105 L061602 (2022)
arXiv:2206.0531

E𝛄max = Q2n= 1.3 MeV







Original proposal approved by 
the LNL PAC  à experiment

performed in 2023 



Josephson dipole gamma ray angular distributions

theoretical predictions

overlap with AGATA geometry

scheme of the reaction

simulations

input (Broglia’s theory)

output See next talk by Lorenzo Corradi



Gamma strength: 2NT versus 1NT channel

G.Potel et al., PRC 105 L061602 (2022)



The Legnaro’s 116Sn+60Ni 2NT and 1NT: BCS ground states and quasiparticles



Other Predictions and Speculations



Measuring the Coherence Length :
Velocity of the Transferred Cooper and  (critical) Depairing velocity .



Critical depairing velocity

~



Velocity of the Transfered (nuclear)  Cooper Pair.
Simulated data (DWBA calc’s) as a function of pairing interaction.

Some de-pairing velocity effect seems to be present in DWBA

ξ(fm)

G*A(MeV)

Magenta curve

Green curve



About clustering:
Exotic Decay (14C, 24Ne,.. Spontaneous emisión) as a Self-consistent Josephson Effect

Barranco et al. PRL60, 507 and Nucl.Phys.A 512 (1990)253



A legacy of Ricardo Broglia

Collaborators:
E. Vigezzi (Milano)
G. Potel (Sevilla)

Proc. of the International School of Physics 
“Enrico Fermi” Course 213  Springer

THANKS FOR YOUR ATTENTION



Back-up slides…..



TRANSFER GAUGE ANGLE 

(after D. Brink, Brink_Nuclear Physics at the Borderlines Proceedings of the 
Fourth International Summer School de la Rábida, La Rábida, Huelva, Spain, 
June 17–29,1994.)



Josephson equations



DC “Nuclear supercurrent”



E?
?

EXTENDED pp-RPA PVC

=



EXTENDED pp-RPA

The energy dependence of Self-energy and Vind
“hiddes” the amplitudes on the intermediate states:

HIDDEN AMPLITUDES

h_p’’p’nu h_p’’pnu (-)^(jp-jp’-lam)
Xpp’nu = SUM_p’’  Xpp’’ --------------------------------- + SUM_p’’  Xp’’p’ --------------------------
-------

E- (ep + ep’ + hbar w_nu)                               E- (ep + ep’ + hbar w_nu) 

p   p’’ p’’  p’

p        p’           nu p        p’           nu



1. Nuclear Superfluidity: Inertial Mass in Exotic Decay (14C, 24Ne,..
(internal 2-nucleon transfer steps: hopping model)

Barranco et al. PRL60, 507 and Nucl.Phys.A 512 (1990)253





2. Josephson Junctions (DC and AC): In Condensed Matter





4. The Legnaro’s 116Sn+60Ni 2NT and 1NT: BCS ground states and quasiparticles



6. Velocity of the Transfered (nuclear)  Cooper Pair.
6.2 Simulated data (DWBA calc’s) as a function of pairing interaction.

Some de-pairing velocity effect seems to be present in DWBA

Xi(fm)

G*A(MeV)



4. The Legnaro’s 116Sn+60Ni 2NT and 1NT data at different E_cm: 
4.1 Semiclassical analysis. 

Bj =



2. Nuclear Superfluidity: The origin.



2. Nuclear superfluidity: BCS ground state



2. Nuclear Superfluidity: Occupations.

D.Rowe, Nucl. Coll. Motion, Dover.



2. Nuclear Superfluidity: Sn(p,t): Occupations

Sn: 112 to 124

DWBA

Potel et al, Rep.Prog.Phys.76(2013)106301



2. Nuclear Superfluidity: Moments of Inertia.

Irrotational, Rotational and 
Two Fluids picture

D.Rowe, Nucl. Coll. Motion, Dover.



2. Nuclear Superfluidity: Moment of Inertia-2

[12] B. R. Mottelson and J. G. Valatin, Phys. Rev. Lett. 5 (1960) 511.



A lesson:  Nuclear superfluidity
is not just Occupation
Numbers. 

It exhibits strong similarities
with macroscopic
superfluidity/superconductivity



2. Nuclear Superfluidity:  the Gauge Angle

D.Rowe, Nucl. Coll. Motion, World
Scientific





2. Josephson Junctions (DC and AC): In Condensed Matter



3. Josephson Junctions (DC): A revision



3. Josephson Junctions (DC and AC): In Condensed Matter

V(t)



3. Josephson Junctions (DC and AC): A revision.



3. Josephson Junctions (DC and AC): A revision.



3. Josephson Junctions (DC and AC): A revision.

Critical bias
voltage





Full Q data vs. prediction



Gating on Q-Egamma matrixes

superimposed
Jos simulation



Gracias por su atención!!



Velocity of the Transferred Cooper and  (critical) Depairing velocity .



Critical depairing velocity

~



Velocity of the Transfered (nuclear)  Cooper Pair.
Simulated data (DWBA calc’s) as a function of pairing interaction.

Some de-pairing velocity effect seems to be present in DWBA

ξ(fm)

G*A(MeV)

Magenta curve

Green curve



Critical depairing velocity

~

T=0.1 Tc

T=0.9 Tc



6. Velocity of the Transfered (nuclear)  Cooper Pair larger than the critical depairing velocities leads to P2  < P1 

If the Cooper-pair velocity between the nuclei is larger than v_crit

Cooper pairs breaking is most likely à P1 > P2 ………………………………  (Do > Do_crit)

Conversely if P2 > P1 Cooper pairs velocity is smaller than v_cri....(Do < Do_crit)

When P2 = P1 one can see that in fact both velocities are equal (Critical situation)

Broglia et al. arXiv:2206.05351

thickness of the
barrier

Collision
time

Cooper pair
velocity

Critical
Depairing
velocity

https://arxiv.org/abs/2206.05351
https://arxiv.org/abs/2206.05351




3. Josephson Junctions (DC and AC): In Condensed Matter

V(t)





One-body operators Two-body operators







0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

144 146 148 150 152 154 156 158 160

P_2 (E)

P1
2

Ecm(MeV)



4. The Legnaro’s 116Sn+60Ni 2NT and 1NT data at different E_cm: 
DWBA results

MAIN INGREDIENTS

Montanari’s Opt. Potentials (Pollarollo)

G=25/A MeV

s-p levels from WS potentials



Nuclear superfluidity: BCS ground state



2. Nuclear Superfluidity: Occupations.

D.Rowe, Nucl. Coll. Motion, Dover.


