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Motivation
• Neutrino oscillation experiments revealed

But, the neutrino-mass-generation mechanism remains mystery...

• If neutrinos are massive, what could happen?

• Non-standard interactions may induce fast neutrino decay. 
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This implies neutrinos have non-standard interactions.

Neutrino Decay!

CHAPTER 3. REVIEW OF THE COSMIC NEUTRINO BACKGROUND
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Figure 3.1: The Feynman diagram for e�e+ ! ��
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3.2 E↵ective number of neutrino species Ne↵

In this section, we review the e↵ective number of neutrino species, Ne↵ , which play an
important role in confirming the existence of the C⌫B and constraining physics beyond the
SM. After e±-pair annihilation, relativistic SM particles in the Universe are only photons
and neutrinos. Then the radiation energy density in the SM is given by

⇢r = ⇢� + ⇢⌫ , (3.19)
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and ⇢⌫ is the total energy density of neutrinos and anti-neutrinos. From Eqs (2.22) and
(3.9), it is convenient to parametrize the radiation density, ⇢r, as
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3.2 E! ective number of neutrino species Ne!

In this section, we review the e! ective number of neutrino species, Ne! , which play an
important role in confirming the existence of the C"B and constraining physics beyond the
SM. After e± -pair annihilation, relativistic SM particles in the Universe are only photons
and neutrinos. Then the radiation energy density in the SM is given by
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and %" is the total energy density of neutrinos and anti-neutrinos. From Eqs (2.22) and
(3.9), it is convenient to parametrize the radiation density, %r , as
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Decay of heavier neutrinos:
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: number density without decays

: the enhancement factor of gravitational clustering by nearby galaxies
<latexit sha1_base64="+MAl3vk66luvm9PMBezxraKud0s="></latexit>

f c

Neutrino decoupling time

<latexit sha1_base64="+CmQv+Ln80pzSDRVdyVQUTRCltY="></latexit>

(T! ! TCMB " ! m2
21, |! m2

31|)

<latexit sha1_base64="TsksSiaJ+eyu+/EANkec4o1jChM="></latexit>

! i ! ! j + ...
<latexit sha1_base64="6zEJ//5OaND9I2/DDqkEDAj1gFE="></latexit>

n! i (t0) = e! " ! f cn0
!

<latexit sha1_base64="RVABLWvXt57tUTQbvfct2ddvbf4="></latexit>

n0
⌫ ⌘ n⌫(td)[a(td)/a (t0)]3 ' 56 cm�3



Produced lighter neutrinos:
• Number density today (   ) :

• Current energy spectrum:

<latexit sha1_base64="TsksSiaJ+eyu+/EANkec4o1jChM="></latexit>

⌫i ! ⌫j + ...
<latexit sha1_base64="rYx+ou+Y+LvScuNcHzkWWHJsne4="></latexit>

t0

<latexit sha1_base64="BKELMOivlrsXHg56QHc4lhL3Y5w="></latexit>
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•Motivation
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Neutrino capture on tritium
• The most discussed method proposed by Weinberg in 1962:

No threshold energy        because of

• Tritium (PTOLEMY-type experiment)

Long lifetime:
High capture cross section
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:"#,$&,$#1'+4)*#$+2$$$$$$$$$$$6$5* &,9$$$$$$$$$$$$$$$$$$$&*#$+;(&-,#97

! <"#,$("#$4#()'$-4$9#(#*.-,#9$.+*#$%+,%*#(#053$&$.+*#$=)&,(-(&(-/#$
9-4%)44-+,$:-00$;#$'+44-;0#7$

<latexit sha1_base64="sbGd1yeKW/9mLPfNRTf3j6j624I="></latexit>

C! B
<latexit sha1_base64="36uFXHITdqr5nm6lzTNDovPU55I="></latexit>

t 0 = 4 .35! 1017 s

<latexit sha1_base64="24BrK1/R0hyKkJilChHPCUYwMV8="></latexit>

! 3 ! ! 1"

<latexit sha1_base64="dTpSbD10PyCZsBX+yQByLG+tZJo="></latexit>! 1 ! ...

<#$:-00$.&-,05$+;4#*/#$-($9)#$(+$&$0&*6#>?@A$.&(*-1$$$$$$$$7$
<latexit sha1_base64="H0N8xGQge4w8fCILx3NXPuwvbJ8="></latexit>

Ue1

<#$:-00$.&-,05$+;4#*/#$-(7$

<latexit sha1_base64="rYW+UU4wcxml5+EE+prvc89LZ0A="></latexit>

! ! mlightest

<latexit sha1_base64="SHMOQBpD+XP84tTZrT5SatP6yb0="></latexit>

! ! 0.6mlightest
<latexit sha1_base64="+aanM4tTW/J/0pvbUWXrVvlBCyI="></latexit>

! 500

<latexit sha1_base64="+aanM4tTW/J/0pvbUWXrVvlBCyI="></latexit>

! 500

!"&,B$5+)C


