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• Properties of the cosmic neutrino 
background (relic neutrinos)

• Brief review of previous proposed ideas for 
detection

• Recent development



2

Expected properties of the (yet unobserved) 
cosmic neutrino background (CNB) versus the 

cosmic microwave background (CMB)

• CNB took a snapshot of the Universe at a much earlier epoch than
CMB nν

• Since Δm21
2 = (8.0±0.3) x 10-5 ev2, and |Δm32

2| = (1.9 →3.0) x 10-3

ev2, at least two of the three neutrinos have masses higher than 10-2

ev, and these two types of CNB are non-relativistic (β<<1)

CMB CNB Relation

Temperature 2.73K 1.9 K               
(1.7 x 10-4 ev)

Tν/Tγ = (4/11)1/3 

=0.714
Decouple time 3.8 x 105 years ~ 1 sec

Density ~ 411 / cm3  ~ 56 / cm3  (per 
flavor, nν = nν-bar )

nν = (3/22) nγ
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Non-standard cosmic neutrino background
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Incomplete list of proposed searches for CNB
1) Coherent ν-nucleus scattering (effect of order GF

2)
(Zeldovich and Khlpov, 1981; Smith and Lewin, 1983; Duda, Gelmini, Nussinov, 2001)
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2) “Neutrino Optics” (effect linear in GF)
(R. Opher, 1974; R. Lewis, 1980)
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3) Torque exerted on a polarized target (effect 
linear in GF)

(Stodolsky, 1974)
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5) Capture of CNB on radioactive nuclei 
A very old idea: S. Weinberg, 1962
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Consider tritium beta-decay:
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5) Capture of CNB on radioactive nuclei  (continued)
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5) Capture of CNB on radioactive nuclei  (continued)
To check the feasibility of separating the CNB capture peak 
from the end-point, one need to conside
 Neutrino masses
 Experimental energy resolution  
 Any local clustering of CNB due to grav  
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5) Capture of CNB on radioactive nuclei  (continued)
( )=1ev (mass degeneracy of three neutrinos)

=
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Lazauskas, Vogel, Volpe, J. Phys. G. 35 (2008) 025001
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5) Capture of CNB on radioactive nuclei  (continued)
( )=0 ev (for the lightest neutrino, assuming inverted

   mass hierarchy, the other two massive neutrinos are nearly degen
 Neutrino masses: 
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Summary
• Observation of Cosmic Neutrino Background 

would have tremendous impact on our 
knowledge of Universe at the very early stage.

• It would also have important impact on our 
knowledge on neutrino physics (mass hierarchy, 
Dirac versus Majorana), as well as developing 
techniques to detect very low energy neutrinos 
from other sources (solar, supernova, geo, 
reactor…).

• Many interesting ideas have been proposed in 
the past. None of them proved to be viable.

• The recent proposal of “capture on radioactive 
nuclei” seems promising. More study is required. 

• It remains a great challenge to come up with new 
idea for observing the CNB.
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