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The “half-life would be shortened by nearly a factor of 50,000: from 86.2 days to about 2.5 
minutes”.







Particle and nuclear physics: quirky favourites from 2025



Another fantastic use for Bose-Einstein condensates?

Prediction:  A condensate of 106 atoms can stimulate emission of gamma by 3 – 

4 orders of magnitude



Isotope facility University of Jyväskylä, Finland
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Fundamental impossibility of a superradiant neutrino laser.
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• H. Lin, Y.-K. Lu and W. Ketterle

Can Bose-Einstein condensates enhance radioactive decay?
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Fundamental principles

1. Singe-body decay is immutable, i.e. it cannot be modified by many-body physics

(correlations, BEC, Luttinger liquid).



for single-particle loss.

For an arbitrary N-body density matrix :

 single-particle decay cannot be modified by many-body physics 



Claim: single-particle decay in a Luttinger liquid is 

non-exponential and has a stretched-exponential form



(2) Particle decay can only be enhanced by the presence of the decay products.

• Photon:  optical amplification, laser

• Particle in final state (ground state, daughter atoms): Dicke superradiance 

Superradiant gain G
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(2) Particle decay can only be enhanced by the presence of the decay products

• Photon:  optical amplification, laser

• Particle in final state (ground state, daughter atoms): Dicke superradiance 

Superradiant gain G

Necessary criterion for superradiance

(3) Superradiance is only possible if the condition N(λ/d)2 > 1 is fulfilled. Otherwise, 

the number of modes exceeds the number of atoms.



Gain > Loss

Dicke (1964) “The memory of the previously emitted electromagnetic field is burned 

into the radiating system” so that “the probability of radiating a photon in a particular 

direction is given by the normal incoherent intensity multiplied by the total number 

of photons previously radiated in that direction plus 1.”

Requirement: system has to emit the second photon, before the memory of 

the first photon emission is lost



Loss rate L

Onset for superradiance:    G > L

Figure of merit:   g= G/L

g > 1   Superradiance

g < 1:  Single-pass gain 1 + g

(4) Superradiant enhancement of radioactive decay has to occur faster 

than the coherence time set by Doppler broadening or further decay. The 

transit time of the recoiling atom is an upper bound for the coherence time.



Condensate: 106 atoms, l=1 mm, d=3 µm, density 1014 cm-3 

1 MeV gamma rays or neutrinos:  vrecoil= 3500 m/s

 = 1 pm,  is 1/86 days = 1/(5 106 sec) (Rb-83), 1/53 min = 1/ 3000 sec (Cs-135)
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Condensate: 106 atoms, l=1 mm, d=3 µm, density 1014 cm-3 

1 MeV gamma rays or neutrinos:  vrecoil= 3500 m/s

 = 1 pm,  is 1/86 days = 1/(5 106 sec) (Rb-83), 1/53 min = 1/ 3000 sec (Cs-135)

Photons    gamma rays:  



Dicke memory has to be local.

(5) Stimulation of decay requires local overlap between the 

emitting atoms and the decay products

Neutrino laser proposal: 

even after the daughter atoms have undergone further decay, escaped and 

have hit a detector, they are still entangled with the remaining condensate 

atoms in a symmetric Dicke state and therefore superradiant decay will 

occur.

“.... the correlations among trapped parent atoms within the decaying 

condensate are sufficient to preserve SR enhancement” 

Superradiance is driven by coherences BETWEEN initial and final states, and NOT

by correlations WITHIN the parent atoms.



“The process … is different from conventional single-pass amplification and 

super-radiance, takes advantage of the ultra-low temperature and the 

coherence of the BEC.”

“In this sense, the key enabling factor is the coherence of the emitting medium: 

indistinguishable nuclei in the BEC imprint the coherence of the boson field in 

the photon field. In fact, this process could not happen in mere cold atomic 

samples.” 

“ the fact that all the excited quantum oscillators are already comprised of a 

single wavefunction automatically establishes stable phase-coupling among all 

the emitters …”

The gamma ray laser proposal:

(6) The properties of a Bose-Einstein condensate are not relevant for 

emission of light or scattering of light. There is no condensate “magic”.

optical properties of a BEC are identical to a non-condensate medium with the same 

density and Doppler width

BEC helps to reduce the Doppler width!



Fundamental principles

1. Singe-body decay is immutable, i.e. it cannot be modified by many-body physics

(correlations, BEC, Luttinger liquid).

2. Particle decay can only be enhanced by the presence of the decay products.

3. Superradiance is only possible if the condition N(λ/d)2 > 1 is fulfilled. Otherwise, 

the number of modes exceeds the number of atoms.

4. Superradiant enhancement of radioactive decay has to occur faster than the 

coherence time set by Doppler broadening or further decay. The transit time of the 

recoiling atom is an upper bound for the coherence time.

5. Stimulation of decay requires local overlap between the emitting atoms and the 

decay products

6. The properties of a Bose-Einstein condensate are not relevant for emission of 

light or scattering of light. There is no condensate “magic”.

7. Dicke superradiance works in principle for fermionic emitters, but not for fermionic 

radiation.



Fermionic emitter of photons

Bosonic emitter of neutrinos



Idealized fermionic Dicke system



Idealized fermionic Dicke system

Fermionic!

For photon emission:

Bosonic!



Immediate consequences:

No coherent addition of fermionic amplitudes

Prepare all emitters in a superspostion state:



Immediate consequences:

No coherent addition of fermionic amplitudes

Prepare all emitters in a superspostion state:

No emission cascade for fermionic radiation

Collective emission operator L:  

Only one neutrino emitted.  NOT Pauli blocking of neutrinos (which escape), NOT 

Pauli blocking by fermionic daughter atoms (localized), but Pauli blocking by a 

fermionic collective excitation of the whole system



2 atoms



3 atoms

Bosonic emission Fermionic emission



Extension to m modes: System can now emit m neutrinos at a maximum

rate of m0

m>N: no dependence on statistics



We have shown the dramatic difference between fermionic and 

bosonic emission. In the bosonic case, the first emitted photon 

leaves behind a bosonic excitation (collective spin, phonon, magnon 

etc.) — this is, in the words of Dicke, the memory of the emitted 

photon, which enhances further excitation in the same mode (via 

bosonic stimulation).

Fermionic emission is also imprinted into the memory of the emitting 

system, but via a collective fermionic excitation that blocks any 

further emission into the same mode.

Dicke memory



Neutrino laser proposal is impossible for 4 reasons:

• number of modes >> number of atoms

• short coherence time due to recoil

• even shorter coherence time (1 fs) due to K shell decay

• fundamental impossibility of fermionic superradiance

Gain g is not 10-24, but ZERO

• Y.-K. Lu, H. Lin and W. Ketterle:

Fundamental impossibility of a superradiant neutrino laser.
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