
Nuclear Josephson-like
gamma-emission
G.Potel, E. Vigezzi , F.Barranco, and R.A. Broglia

Livermore Nat. Lab., USA
INFN, Milano, Italy
Univ. of Seville, Spain
Niels Bohr Institute, Copenhagen, Denmark

DREB 2022, Santiago de Compostela



• Overview

1. Two Nucleon Transfer Reactions as transient Josephson Junctions.

2. Nuclear Superfluidity (BCS): A fast revision.
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6. Role of the the barrier thickness (w) and bias potential (V) in Josephson Junctions.
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1. Two Nucleon Transfer Reactions as transient Josephson Junctions.

N
J
= Q2n/ħ       Alternate current!!

gamma’s !!



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



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

Note: 1n is inclusive

Semiclassical calculations in this paper



Note: 1n is inclusive

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



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

Bj =



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



5. Gamma emission in 2NT channel

;  eeff =



5. Gamma emission in Legnaro’s 116Sn+60Ni 2NT channel

The reduced strength shows a maximum at about 1.2MeV  (Q2n=1.3MeV!!) , and a width Γ/2 = 2 MeV

N
J



5. Gamma emission in Legnaro’s 116Sn+60Ni 2NT channel: Gamma emmission angular distribution



5. Gamma emission in Legnaro’s 116Sn+60Ni 2NT versus 1NT channel



5. Gamma emission in the 2NT channel: The future experiment at Legnaro.



6. Role of the the barrier thickness d and bias potential V in Josephson Junctions: A revision.

arXiv:1408.3077v1



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

BUT….!



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 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



SUMMARY

116Sn + 60Ni 2NT reaction at 
Ecm=154.3MeV  may be 
considered a (critical) J-Junction

Gamma emission of S-S  and of
S-Q type are predicted

Depairing velocity appears as a 
leading mechanism at 
Do > Do_crit. (Ecm<154.3MeV)



SUPER SUMMARY
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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 =


