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(1) Neutrino oscillations are special!
(2) Only for a class of new physics models!
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Introduction 
 What new physics models? 
 Why are neutrino oscillations special? 

Oscillations signature 
 Atmospheric and solar neutrinos 
 Dark energy or neutrino masses? 

Conclusions 

Outline



What are the assumptions? 
Why oscillations are special?
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Setup: 
Sterile neutrinos as mediators of exotic interactions
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Couplings to the dark sector
have implications in:
—Cosmology
—Astrophysics
—Oscillations!

�L = yHLN + · · ·
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Unique sensitivity to light & weakly-coupled dark sectors
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<latexit sha1_base64="yAE1gFzVr6sBq7Wp5TeBy3Ha9yo=">AAACF3icbVDLSgMxFM3UVx1fVZdugqXgqsyIoLgquHFZ0T6gHUomk2ljM8mQZNRhmE9wq/g17sStS79G03YWtvVA4HDOvZyb48eMKu0431ZpZXVtfaO8aW9t7+zuVfYP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr++Gridx6IVFTwO53GxIvQkNOQYqSNdNvnyaBSderOFHCZuAWpggLNQeWnHwicRIRrzJBSPdeJtZchqSlmJLf7iSIxwmM0JD1DOYqI8rLpqTmsGSWAoZDmcQ2n6t+NDEVKpZFvJiOkR2rRm4j/eb1EhxdeRnmcaMLxLChMGNQCTv4NAyoJ1iw1BGFJza0Qj5BEWJt25lJCkvIozu3aXPSTCCR6PLvPbds05i72s0zap3XXqbs3Z9XGZdFdGRyBY3ACXHAOGuAaNEELYDAEz+AFvFpv1rv1YX3ORktWsXMI5mB9/QLGAqAd</latexit><latexit sha1_base64="yAE1gFzVr6sBq7Wp5TeBy3Ha9yo=">AAACF3icbVDLSgMxFM3UVx1fVZdugqXgqsyIoLgquHFZ0T6gHUomk2ljM8mQZNRhmE9wq/g17sStS79G03YWtvVA4HDOvZyb48eMKu0431ZpZXVtfaO8aW9t7+zuVfYP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr++Gridx6IVFTwO53GxIvQkNOQYqSNdNvnyaBSderOFHCZuAWpggLNQeWnHwicRIRrzJBSPdeJtZchqSlmJLf7iSIxwmM0JD1DOYqI8rLpqTmsGSWAoZDmcQ2n6t+NDEVKpZFvJiOkR2rRm4j/eb1EhxdeRnmcaMLxLChMGNQCTv4NAyoJ1iw1BGFJza0Qj5BEWJt25lJCkvIozu3aXPSTCCR6PLvPbds05i72s0zap3XXqbs3Z9XGZdFdGRyBY3ACXHAOGuAaNEELYDAEz+AFvFpv1rv1YX3ORktWsXMI5mB9/QLGAqAd</latexit><latexit sha1_base64="yAE1gFzVr6sBq7Wp5TeBy3Ha9yo=">AAACF3icbVDLSgMxFM3UVx1fVZdugqXgqsyIoLgquHFZ0T6gHUomk2ljM8mQZNRhmE9wq/g17sStS79G03YWtvVA4HDOvZyb48eMKu0431ZpZXVtfaO8aW9t7+zuVfYP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr++Gridx6IVFTwO53GxIvQkNOQYqSNdNvnyaBSderOFHCZuAWpggLNQeWnHwicRIRrzJBSPdeJtZchqSlmJLf7iSIxwmM0JD1DOYqI8rLpqTmsGSWAoZDmcQ2n6t+NDEVKpZFvJiOkR2rRm4j/eb1EhxdeRnmcaMLxLChMGNQCTv4NAyoJ1iw1BGFJza0Qj5BEWJt25lJCkvIozu3aXPSTCCR6PLvPbds05i72s0zap3XXqbs3Z9XGZdFdGRyBY3ACXHAOGuAaNEELYDAEz+AFvFpv1rv1YX3ORktWsXMI5mB9/QLGAqAd</latexit><latexit sha1_base64="yAE1gFzVr6sBq7Wp5TeBy3Ha9yo=">AAACF3icbVDLSgMxFM3UVx1fVZdugqXgqsyIoLgquHFZ0T6gHUomk2ljM8mQZNRhmE9wq/g17sStS79G03YWtvVA4HDOvZyb48eMKu0431ZpZXVtfaO8aW9t7+zuVfYP2kokEpMWFkzIro8UYZSTlqaakW4sCYp8Rjr++Gridx6IVFTwO53GxIvQkNOQYqSNdNvnyaBSderOFHCZuAWpggLNQeWnHwicRIRrzJBSPdeJtZchqSlmJLf7iSIxwmM0JD1DOYqI8rLpqTmsGSWAoZDmcQ2n6t+NDEVKpZFvJiOkR2rRm4j/eb1EhxdeRnmcaMLxLChMGNQCTv4NAyoJ1iw1BGFJza0Qj5BEWJt25lJCkvIozu3aXPSTCCR6PLvPbds05i72s0zap3XXqbs3Z9XGZdFdGRyBY3ACXHAOGuAaNEELYDAEz+AFvFpv1rv1YX3ORktWsXMI5mB9/QLGAqAd</latexit>
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Why oscillations: 
Dark MSW



Signatures in 
Oscillation Experiments
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neutrino/neutrino (anti-neutrino/anti-neutrino)

neutrino/anti-neutrinoIndistinguishable 
from a mass…

Neutrino oscillations in (nearly homogeneous) dark backgrounds…
F. Capozzi, I. M. Shoemaker, LV 
(JCAP 2018)
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He↵ =
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Effective “Hamiltonian” for constant backgrounds  



Luca Vecchi Neutrino Oscillations and Light Dark Sectors NOW 2018
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• Large E is good → V,F become more important than the standard mass effect 
• But not “too large” → If V,F dominate we lose info on the the dark energy scale
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A large potential with 
small angles is invisible!

neutrino/anti-neutrino

{
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Sun Earth

DM

B8 & CNO neutrinos are affected 
pp neutrinos only mildly
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Solar neutrinos (ONLY if some dark matter is captured…)
F. Capozzi, I. M. Shoemaker, LV 
(JCAP 2017)
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Dark Energy or Neutrino Masses?

Random orientation in small domains: 
Rotation invariance preserved on 
intermediate scales (magnets).

hE(p)i =
(
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Dark energy?

No EW symmetry breaking needed 
to explain oscillations…

L†�̄µLVµ
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 Light dark sectors are plausible (what is the mass of dark matter?!) and might couple to neutrinos.   
 IF TRUE: oscillation experiments have a UNIQUE ABILITY to discover them.  
 Steriles (above or below MeV) as mediators of exotic potentials (in the cosmo, in the sun, etc). 
 Atmospheric data are key to test the dark mass scale. 
 Can couplings to dark sectors explain the proximity of dark energy and neutrino masses?

Conclusions



Thank You



Luca Vecchi Neutrino Oscillations and Light Dark Sectors NOW 2018

N decays

Coupling to electron neutrinos

From Schmaltz-Weiner (2017)
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MeV_

_

No-recoupling

Collisional  
neutrinos at CMB

✔

Qualitative typical picture…

✗
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<latexit sha1_base64="9ReU/tHARV1ZsV0n0SfDQJ+OlY8=">AAACHHicbVDLSgMxFM3UVx1fVZdugqXgqsyIoLgquHFZoS9oh5LJZNrYTDIkGXUY5ifcKn6NO3Er+DWatrOwrQcCh3Pu5dwcP2ZUacf5tkpr6xubW+Vte2d3b/+gcnjUUSKRmLSxYEL2fKQIo5y0NdWM9GJJUOQz0vUnN1O/+0CkooK3dBoTL0IjTkOKkTZSrzXMBvGY5sNK1ak7M8BV4hakCgo0h5WfQSBwEhGuMUNK9V0n1l6GpKaYkdweJIrECE/QiPQN5Sgiystm9+awZpQAhkKaxzWcqX83MhQplUa+mYyQHqtlbyr+5/UTHV55GeVxognH86AwYVALOP08DKgkWLPUEIQlNbdCPEYSYW0qWkgJScqjOLdrC9FPIpDo8eI+t23TmLvczyrpnNddp+7eXVQb10V3ZXACTsEZcMElaIBb0ARtgAEDz+AFvFpv1rv1YX3OR0tWsXMMFmB9/QL6tKJY</latexit><latexit sha1_base64="9ReU/tHARV1ZsV0n0SfDQJ+OlY8=">AAACHHicbVDLSgMxFM3UVx1fVZdugqXgqsyIoLgquHFZoS9oh5LJZNrYTDIkGXUY5ifcKn6NO3Er+DWatrOwrQcCh3Pu5dwcP2ZUacf5tkpr6xubW+Vte2d3b/+gcnjUUSKRmLSxYEL2fKQIo5y0NdWM9GJJUOQz0vUnN1O/+0CkooK3dBoTL0IjTkOKkTZSrzXMBvGY5sNK1ak7M8BV4hakCgo0h5WfQSBwEhGuMUNK9V0n1l6GpKaYkdweJIrECE/QiPQN5Sgiystm9+awZpQAhkKaxzWcqX83MhQplUa+mYyQHqtlbyr+5/UTHV55GeVxognH86AwYVALOP08DKgkWLPUEIQlNbdCPEYSYW0qWkgJScqjOLdrC9FPIpDo8eI+t23TmLvczyrpnNddp+7eXVQb10V3ZXACTsEZcMElaIBb0ARtgAEDz+AFvFpv1rv1YX3OR0tWsXMMFmB9/QL6tKJY</latexit><latexit sha1_base64="9ReU/tHARV1ZsV0n0SfDQJ+OlY8=">AAACHHicbVDLSgMxFM3UVx1fVZdugqXgqsyIoLgquHFZoS9oh5LJZNrYTDIkGXUY5ifcKn6NO3Er+DWatrOwrQcCh3Pu5dwcP2ZUacf5tkpr6xubW+Vte2d3b/+gcnjUUSKRmLSxYEL2fKQIo5y0NdWM9GJJUOQz0vUnN1O/+0CkooK3dBoTL0IjTkOKkTZSrzXMBvGY5sNK1ak7M8BV4hakCgo0h5WfQSBwEhGuMUNK9V0n1l6GpKaYkdweJIrECE/QiPQN5Sgiystm9+awZpQAhkKaxzWcqX83MhQplUa+mYyQHqtlbyr+5/UTHV55GeVxognH86AwYVALOP08DKgkWLPUEIQlNbdCPEYSYW0qWkgJScqjOLdrC9FPIpDo8eI+t23TmLvczyrpnNddp+7eXVQb10V3ZXACTsEZcMElaIBb0ARtgAEDz+AFvFpv1rv1YX3OR0tWsXMMFmB9/QL6tKJY</latexit><latexit sha1_base64="9ReU/tHARV1ZsV0n0SfDQJ+OlY8=">AAACHHicbVDLSgMxFM3UVx1fVZdugqXgqsyIoLgquHFZoS9oh5LJZNrYTDIkGXUY5ifcKn6NO3Er+DWatrOwrQcCh3Pu5dwcP2ZUacf5tkpr6xubW+Vte2d3b/+gcnjUUSKRmLSxYEL2fKQIo5y0NdWM9GJJUOQz0vUnN1O/+0CkooK3dBoTL0IjTkOKkTZSrzXMBvGY5sNK1ak7M8BV4hakCgo0h5WfQSBwEhGuMUNK9V0n1l6GpKaYkdweJIrECE/QiPQN5Sgiystm9+awZpQAhkKaxzWcqX83MhQplUa+mYyQHqtlbyr+5/UTHV55GeVxognH86AwYVALOP08DKgkWLPUEIQlNbdCPEYSYW0qWkgJScqjOLdrC9FPIpDo8eI+t23TmLvczyrpnNddp+7eXVQb10V3ZXACTsEZcMElaIBb0ARtgAEDz+AFvFpv1rv1YX3OR0tWsXMMFmB9/QL6tKJY</latexit>

Recoupling 
Before CMB
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✗
Hannestad et al. (2013) 
Dasgupta, Kopp (2013-15)
Mirizzi et al (2014-2017)

Critical Temperature

Self-coupling
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