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Extracting Limits for the Diffuse Non-Electron Neutrino Flux from SNO Data
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Abstract: The explosions of all core-collapse supernovae in the past can have originated a diffuse neutrino flux pervading
all the universe. The most important factors to weighting this flux are the stellar formation and supernovae occurrence
rates. The expected energy spectrum of these neutrinos differ from those from recent supernova mainly by their energy
red-shift due the expansion of the universe. These neutrinos have never been observed before. Only upper limits on
their fluxes have been reported by the collaborations operating neutrino telescopes. The SNO experiment published an
analysis where the total flux of diffuse νe has an upper limit of φe ≤ (61 − 93) cm−2.s−1, depending on a specific
supernova model. At the present, the best limit for the diffuse flux of non-electron neutrinos is φx ≤ 103cm−2.s−1,
resulted from an analysis of the Super-Kamiokande data. In this work we have extended the SNO analysis including the
elastic scattering on electrons via neutral current interactions to extract information on diffuse flux of the non-electron
neutrino flavors (i.e. muon and tau neutrinos). Our analysis yield as limits to non-electron neutrinos flux above to 21
MeV φx ≤ (2.1− 17)103cm−2.s−1 and φx ≤ (6.5− 23)103cm−2.s−1 as limit to non-electron antineutrinos flux.
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1 Introduction

The detection of neutrinos from stellar collapses is the
only direct source of information from the star’s innermost
regions. They can yield a lot of astrophysical information
like density and temperature profiles of the stellar core,
mass and radius of the compact object, total binding en-
ergy, time scale of cooling process and characteristics from
the particle itself such as electrical charge, mass and num-
ber of flavors. However, the low rate of supernovae close
enough to the Earth to allow the neutrino detection is an
experimental difficulty imposed by the nature of the phe-
nomenon. The only observation made so far is the tens of
neutrinos gathered from the SN1987A event [1, 2, 3, 4].

One attempt to bypass this difficulty is the proposal to
study the diffuse and steady neutrino flux produced by the
neutrinos from all supernovae already exploded in the past,
different from a single supernova event, characterized by a
neutrino burst. i.e. a transient flux. In the case of the su-
pernovae diffuse neutrino background (SNDB) the expan-
sion of the universe shifts the neutrino spectrum to lower
energies imposing an additional difficulty in their detec-
tion. Additionally to supernovae and particle physics, the
characterization of SNDB have further applications like the
possibility to estimate the rates and evolution of stellar for-
mation (including the sub-class of core-collapsing stars), as
well as the distribution of mass of core-collapsing stars.

Until now only upper limits for the SNDB were estab-
lished by diverse collaborations and authors. Today the
best limits were obtained by Lunardini and Peres [5] from
Super-Kamiokande published data and are close to theo-
retical predictions within a factor 1-4, suggesting the fea-
sibility of the detection of the SNDB at the present or,
more likely, in the next generation of detectors. In this
work we present results obtained from the Sudbury Neu-
trino Observatory - SNO data, by analyzing the neutrino-
electron elastic scattering interaction channel ν(e−, e−)ν.
In the following we discuss some additional ingredients
that must be included in calculations to take into consid-
eration changes in the neutrino spectral characteristics due
the neutrino propagation from the source to the detector.

2 The Expected Signal in Detectors

2.1 Diffuse Flux Spectrum

A core-collapse supernova releases ∼ 99% of its bind-
ing energy in neutrinos, most of them during the colapsed
core cooling phase. The energy spectrum can be aproxi-
mately described as a thermal spectrum, given by the equa-
tion bellow1

1. Other authors suggest a non-thermal behavior with suppres-
sion in both low and high tails of the spectrum [6, 7]. In this work
we have adopted the thermal approach just by simplicity.
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dNν

dEν
= C

E2
ν

1 + e
Eν
kT

(1)

In Eq.1 C is the normalization constant determined by the
total energy carried away by neutrinos.

Despite the debates on energy equipartion among dif-
ferent flavors, flux or luminosities normalizations [8], is
clear that oscillations leading to interchanges of spectral
population among flavors should have impact on the mean
energy of the detectable neutrino spectrum. In this work we
will consider only the two extreme limits, where i) no oscil-
lations takes place or ii) total permutation νx → νe, where
νx denotes (νμ + ντ ) and νx their antiparticles. Both cases
cover interesting combinations of models of stellar matter
density profiles and neutrino oscillations parameters.

The expansion of the Universe reduces the energy of
each one of the neutrinos, then reducing the spectral av-
erage energy. One neutrino with energy E′ν produced in
the past in a red-shift z is observed today with energy
Eν =

E′
ν

1+z . Thus the energy spectrum that should be ob-
served at the present is given by Eq.1 with Eν replaced by
E′ν .

Another issue to take into consideration is an as-
pect linked to stellar evolution. In large time scales the
star formation rate, thus the core-collapse supernovae rate
RSN (z), are expected to change during the evolution of the
Universe. The parametrization we have used in this work
is [9]:

RSN (z) = RSN (0)(1 + z)β z < 1 (2)
RSN (z) = RSN (zp)(1 + z)α z > 1 (3)

where zp is a transition red-shift, here set in zp = 1.

2.2 Number of Interactions

The differential number density of emmited neutrinos
in a supernova with energy between E′ν and E′ν + dE′ν in a
instant between t e t+ dt is [10]:

dnν(E
′
ν) =

dNν

dE′ν
RSN (t)dE′νdt (4)

We can rewrite Eq.4 changing t by z and adopting
the relation between these variables given by the ΛCDM
model with conservative parameters.

dnν(Eν) =
dNν(E

′
ν)

dE′ν
RSN (z)|dz

dt
|−1(1 + z)dz dEν (5)

where dz
dt is given by:

dz

dt
= −H0(1 + z)

√
ΩM (1 + z)3 +ΩΛ (6)

Where H0 = 70.4 km.s−1.Mpc−1 is the Hubble con-
stant, ΩM = 0.27 and ΩΛ = 0.73 are respectively the den-
sity of dark matter and dark energy in the Universe. Thus,
is straightforward to write the expression for the flux of
SNDB:

dΦν(Eν)

dEν
=

c

H0

∫ zm

0

dNν(E
′
ν)

dE′ν

RSN (z)dz√
ΩM (1 + z)3 +ΩΛ

(7)
To calculate the expected number of interactions in a

detector (Nν), generated by neutrinos of the SNDB with
energy between Eν1 and Eν2, producing leptons with en-
ergy between El1 and El2, in a given detection channel
which the cross section is (σ(Eν , El)) and having (NT ) tar-
get particles, within an exposure time te, and considering
the detector efficiency ε(Eν), we use:

Nν = NT te

∫ Eν2

Eν1

∫ El2

El1

σ × ε× dΦν

dEν
dEνdEl (8)

3 Limits Estimation

The limit on the flux was calculated using the formal-
ism described above to evaluate the expected number of
events in SNO within the exposition time of the published
SNO’s data [11]. The steps to set the limits for the flux are
described in the following.

3.1 Renormalization

We assume to have no prior knowledge on the absolute
flux, so we leave the flux normalization constant A as a free
parameter, and the flux from Eq.7 was renormalized to the
unity, leading to a new function Φ1(Eν) which determines
only the neutrino spectral shape.

dΦν

dEν
(Eν)→ A

dΦν

dEν
(Eν)

∫ E2

E1

dΦν

dEν
(Eν)dEν

= AΦ1(Eν) (9)

Now it is possible to rewrite Eq.8, expliciting the con-
stant A:

Nν = A.NT .te

∫ Eν2

Eν1

∫ El2

El1

β(Eν , El) dEνdEl (10)

where β = σ(Eν , El)× ε(Eν)×Φ1(Eν). From Eq.10, for
each observed number of interactions in the detector within
a time te is possible to obtain the proper normalization of
the flux A.

3.2 Data Analysis

The experimental SNO observation was the absence of
electrons with energy 21 ≤ E ≤ 35MeV in the corre-
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sponding exposition time. With this result the SNO Col-
laboration could set the upper limit for the νe flux of the
SNDB, considering the charged current channel νe + d →
e−+ p+ p and assuming a specific parametrization for the
core-collapse neutrino emission [11].

Assuming a Poisson distribution for the number of ob-
served interactions and taking into account that no events
were observed (Nν = 0) we can set the upper limit for the
event rate (90% CL):

P (0, λ) = e−λ ⇒
∫ λ

0

e−tdt < 0.9⇒ λ < 2.3 (11)

Then, the expectation for the number of interactions
consistent with the null result is E(Nν) = λ < 2.3. Since
A is a free parameter, then the upper limit for the normal-
ization of the flux can be obtained :

A <
2.3

NT .te
∫ Eν2

Eν1

∫ El2

El1
β(Eν , El) dEνdEl

(12)

To validate our calculation tools we made a cross-check
with the SNO’s upper limits in the charged current interac-
tion channel, as shown in the Table 1, where is possible to
see the good agreement.

Total Flux Upper Limit
(ν/cm−2s−1)

Tνe (MeV) SNO Collaboration This work Ratio

4 1.1× 104 1.04× 104 0.95
6 1.5× 103 1.45× 103 0.97
8 6.0× 102 5.77× 102 0.96

Table 1: Comparison between the upper limits obtained in
this work and in the SNO Collaboration’s work [11]. Inter-
action channel: charged current.

As discussed in Section 2, only extreme cases of neu-
trino oscillations were analyzed. The most unfavorable sce-
nario which leads to lower event rates, consequently, to
higher upper limits, is obtained by considering total per-
mutation νe ↔ νx or the neutrinospheres having same
temperatures (Tνx

= Tνe
). The opposite case where no

oscillation takes place and the relation between the neutri-
nosphere temperatures is Tνx = 2Tνe leads to higher event
rates and lower limits on the flux. Each case is indicated in
the following summary Tables containing the results.

The main goal of this work was achieved considering
the ν(e−, e−)ν elastic scattering channel. Eq.10 was in-
tegrated over all neutrino energies that can produce lep-
tons with energy in the observed range (21 < Elep <
35MeV ⇒ Eν > 21MeV ), and using the appropriate
cross-section for this interaction. The electron scattering is
sensitive to neutrinos from all flavors, but since the SNO’s
limits are lower, as is possible to be checked from Table1
and by the following discussions, is natural to consider the

results from this work as pertaining only to non-electron
neutrinos (νx). The upper limits to νx and νx for some typ-
ical spectral temperatures are shown in the tables 2 and 3,
respectively. These limits are calculated considering only
the heavy-water SNO’s core as neutrino target.

By using the electron scattering as neutrino interaction
channel, is possible to consider not only the D2O mass,
but also to include the 1.7 kton of ultra-pure water as target
particles, improving the limit by a factor 2.7. The results
for the extended target (heavy-water + ultra-pure water) are
shown in the tables 4 and 5, respectively.

Upper limit on νx flux (D2O core)
(ν/cm−2s−1)

Tνe (MeV) Total permutation No oscillation
νx ↔ νe or Tνe = Tνx 2Tνe = Tνx

4 4.6× 104 2.7× 104

6 3.4× 104 1.9× 104

8 2.7× 104 1.4× 104

Table 2: Upper limits for SNDB νx flux. Detector mass:
D2O core. Interaction channel: electron scattering.

Upper limit on νx flux (D2O core)
(ν/cm−2s−1)

Tνe
(MeV) Total permutation No oscillation

νx ↔ νe or Tνe = Tνx 2Tνe = Tνx

4 6.2× 104 3.5× 104

6 4.6× 104 2.4× 104

8 3.5× 104 1.8× 104

Table 3: Upper limits for SNDB νx flux. Detector mass:
D2O core. Interaction channel: electron scattering.

Upper limit on νx flux (D2O +H2O)
(ν/cm−2s−1)

Tνe (MeV) Total permutation No oscillation
νx ↔ νe or Tνe = Tνx 2Tνe = Tνx

4 1.7× 104 1.0× 104

6 1.2× 104 3.5× 103

8 1.0× 104 2.1× 103

Table 4: Upper limits for SNDB νx-flux. Detector mass:
extended target. Interactions channel: electron scattering

4 Conclusions

We have analyzed published SNO data for the neutrino-
electron elastic scattering interaction channel in the energy
range Eν > 21MeV to set limits for the SNDB flux. The
analysis was done considering two detector configurations:
i) only the heavy-water SNO core; and ii) the so-called ex-
tended target configuration, where we have added in the
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Upper limit on νx flux (D2O +H2O)
(ν/cm−2s−1)

Tνe
(MeV) Total permutation No oscillation

νx ↔ νe or Tνe = Tνx 2Tνe = Tνx

4 2.3× 104 1.3× 104

6 1.7× 104 8.9× 103

8 1.3× 104 6.5× 103

Table 5: Upper limits for SNDB νx-flux. Detector mass:
extended target. Interactions channel: electron scattering.

calculations the 1.7 kton mass of ultra-pure water of the
detector shield.

Considering only the mass of the heavy-water core, we
have set the following limits for the SNDB νx flux:

Φ(νx) ≈ (1.4− 4.6)× 104cm−2s−1 (13)
Φ(νx) ≈ (1.8− 6.2)× 104cm−2s−1 (14)

Considering the extended target configuration, the lim-
its are:

Φ(νx) ≈ (2.1− 17.0)× 103cm−2s−1 (15)
Φ(νx) ≈ (6.5− 23.0)× 103cm−2s−1 (16)

Even in the extended target analysis we have obtained
limits that are one order of magnitude greater than in [5],
as can be seen in table 6 and in the plot of Fig. 1. This
can be considered quite reasonable and consistent if one
compares the difference in mass between the detectors (SK
22.5 kton and SNO 2.7 kton). It is worth to mention that the
most stringent experimental limit for the SNDB νx flux was
obtained by LSD Collaboration [12], which upper value are
greater by a factor ∼ 103 to 104 when compared to the
results of this work (see table 7 and figure 1).

Figure 1: Plot with comparison among different limits for
the SNDB flux [12].

In spite of the low flux indicated by current limits, the
Super-Kamiokande’s limits are greater than some theoreti-

ν Flavor (Eν range) Flux Limits (90%CL)
(cm−2s−1)

νμ + ντ (Eν > 21MeV ) (1.0− 1.4)× 103

νμ + ντ (Eν > 21MeV ) (1.4− 1.8)× 103

Table 6: Best phenomenological limits for the SNDB flux
[5].

ν Flavor (Eν range) Flux Limits (90%CL)
(cm−2s−1)

νe (25 ≤ Eν ≤ 50MeV ) 6.8× 103

νe (20 ≤ Eν ≤ 50MeV ) 8.2× 103

νμ + ντ (20 ≤ Eν ≤ 100MeV ) 3.0× 107

νμ + ντ (20 ≤ Eν ≤ 100MeV ) 3.3× 107

Table 7: Experimental limits from LSD Collaboration.
Adapted from [12].

cal models by a factor 2 to 5. Thus, the scientific expecta-
tions are that some signals from the diffuse flux of neutri-
nos from past supernovae will be observed soon or the lim-
its should be lowered even more, imposing stronger bound-
aries in the theoretical models of the physics related to this
phenomenon.
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