
THE UNIVERSE Vol. 3, No. 4 October-December 2015 Regular Article

Neutrinos in the Cosmos:

Propagation of Ultrahigh Energy Neutrinos

W-Y. Pauchy Hwang∗

Asia Pacific Organization for Cosmology and Particle Astrophysics,

Center for Theoretical Sciences, Institute of Astrophysics,

and Department of Physics, National Taiwan University, Taipei 106, Taiwan

Efforts are under way to detect ultra high energy (UHE) neutrinos, ν(UHE). However, the
reaction ν(UHE)+ ν̄(CB) → e−+e+ has the threshold at 1013 eV for a neutrino of mass 0.058 eV
(suggested by the recent experiments on neutrino oscillations). This serves the major hindrance for
the ultra high energy neutrinos, as neutrino halos, arising from the clustering of cosmic background
neutrinos (CBν’s), are taken into account. Owing to the 25% dark matter as compared to 5% visual
ordinary matter, it is of utmost importance to “verify experimentally” whether neutrino halos
account for this 25% dark matter. According to the Standard Model realized at the beginning
of the 21st Century, there are no other “natural” dark-matter candidates other than neutrino
halos. Thus, the behaviors of the associated neutrino halos near visual heavy objects, such as
stars, planets, etc., need to be synthesized in detail. The “presumed” formation of a black hole
of visual ordinary matter is stopped by the invisible “incompressible” dark-matter neutrino halo -
“incompressible” due to Pauli’s exclusion principle. Thus, the mass effect, due to the tiny neutrino
mass of 0.058 eV , writes the last chapter of the story on the Standard Model.

1 Prelude

Could the neutrinos or antineutrinos travel freely
in our Universe? Could the interactions with
the “believed” cosmic background 1.9◦ neutri-
nos be completely negligible? We know that the
cosmic background neutrinos would be of 1.9◦ if
uniformly distributed [1], but neutrinos are now
known to have masses so that they should cluster
and hence deviate for the uniform 1.9◦ distribu-
tion.

Newton’s gravitational law states that the
force between two objects of mass m1 and m2

at the distance r is

force = GN
m1m2

r2
, (1)

with the gravitational constant GN . In Ein-
stein’s general relativity, the law becomes an
equation in differential geometry.

Our first point is as follows: With such a tiny
gravitational constant GN , the objects in ques-
tion must be macroscopic, that is, that each ob-
ject would be (many) moles of the smallest units
of matter. The masses m1 and m2 of the objects
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would be at least 1024 molecules. For planets
or stars, it would be 1024 · 1036 molecules (e.g.,
a star of five solar mass) - so, it goes through
many complexities if enumerating from the very
simple. Thus, Newton’s gravitational law is a
macroscopic law, not a microscopic law. As a
macroscopic law, it has to build up from all the
involved complexities and the simplicity must be
spelled out in terms of symmetries.

The second important point has to do with
the presence of the 25% dark matter. Our view is
that these dark-matter particles are cosmic back-
ground (CB) ν’s (i.e., neutrinos and antineutri-
nos, to be abbreviated simply as “neutrinos”).
In the ideal case, each visual ordinary-matter
macroscopic object, such as the Earth or the
Venus, should carry five times in weight the neu-
trino halo. The reason for that is from the sim-
plicity of the Newton’s gravitational law (from
Einstein’s general relativistic law). To sum up,
a re-scaling of GN by a factor of six (five plus
self) is needed, if the dark matter of five times
can be consistently taken into account.

We are so much accustomed to the unified
view that we always put the gravitational force
at the same level of the strong and electroweak
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forces. But it is difficult to ignore the obstacles
posed by all the complexities of the macroscopic
law - Newton’s gravitational law should be one
of them.

Nowadays it is firmly established that there
are three generations of quarks and three gen-
erations of leptons, at the level of the so-called
“point-like Dirac particles”. According to an-
other newly established belief in Cosmology, the
content of the current Universe would be 25%
in the dark matter while only 5% in the ordi-
nary matter, the latter described by the “mini-
mal Standard Model” (mSM). In this language,
the dark-matter particles are supposed to be de-
scribed by a general Standard Model. Thus,
there is certain urgent need to look for a gen-
eral Standard Model.

Specifically, we suggest that we live in
the quantum 4-dimensional Minkowski space-
time with the force-fields gauge-group structure
SUc(3)× SUL(2)× U(1)× SUf (3) built-in from
the outset. In this background, the quark world
is accepted because of the (123) symmetry (i.e.,
under SUc(3) × SUL(2) × U(1)), while the lep-
ton world is accepted in view of the other (123)
symmetry (i.e., under SUL(2)×U(1)×SUf (3)).
This gives us “our world” [2].

Here SUf (3) stands for the SUfamily(3) family
gauge theory, rather than SUflavor(3) which de-
rives from the isospin symmetry - the latter not
a gauge theory.

Soon after the hot Big Bang, the particles of
different kinds were manufactured with the neu-
trinos (abbreviated for “neutrinos and antineu-
trinos”) as one of the central products. Even
though they are oscillating from one kind into
another, the neutrinos are basically “stable”. In
fact, neutrinos are only long-lived dark-matter
particles [3], in the Standard Model. In view of
the weak interactions which they participated,
these neutrinos were decoupled slightly earlier
than the 3◦K cosmic microwave background
(CMB), that is why it was cooled longer, ex-
pected at 1.9◦K [1]. But these cosmic back-
ground neutrinos (CBν’s), owing to the tiny
mass, should cluster, into the neutrino halos,
around the visual ordinary matter objects such
as planets, stars, etc. The non-zero tiny masses
help to re-write the story.

These CBν’s are anticipated to form neutrino
halos, forming the so-called dark-matter halos,

around the visual ordinary-matter objects, such
as planets, stars, etc. - all because of the New-
ton’s gravitational force due to the fact that neu-
trinos have masses [3]. According to Newton’s
gravitational law, the object being exerted would
be independent of the object’s mass - so the neu-
trino’s mass of 0.058 eV , though tiny, is irrele-
vant so long as the neutrino has mass. This is
one mystery associated with the Newton’s grav-
itational law.

The other important point is that the candi-
date for the 25% dark matter is neutrinos and
antineutrinos, if we look at the early history of
our Universe [4]. There is no other long-lived
dark-matter particle, beside CBν’s.

We may treat the eight major planets and the
Sun having the same origin - having similar dark-
matter (neutrino) halos. For a system that was
formed very early in our Universe history, we
believe that the possibility of the neutrino halos
getting rip off would be rather small.

We would assume that the eight major planets
and the Sun, and other large systems, all have
their own neutrino halos. The reason is due to
both that CBν’s were there before the creation
of the first stars and that neutrino halos need
their own heavy centers. Basically, a neutrino
halo is a feebly-interacting fermi gas, which was
“attached” to the ordinary-matter chunk, when
the latter was formed. It is the magic of the
Newton’s gravitational law.

The Earth also has the invisible neutrino halo,
according to our view. But we have to go to the
Venus or the Mercury to detect the feeble effect
arising from their neutrino halos - basically, the
effect to be detected is smaller than the feeble
backgrounds which we could think of. We are
not so sure if the Venus or the Mercury would
fulfill our criterions. But we have to try.

Therefore, for the Venus or the Mercury, we
assume that the neutrino halos would be (2 -
3) times the radius of the “mother” planet and,
according to the 25% dark matter versus the 5%
visual ordinary matter, its “weight” is five times
the weight of the mother planet.

In what follows, we do estimates only for the
Venus. There are different reasons why we keep
the Mercury in the picture - since there may be
no day-night difference (no self-rotation, or such
effects small), no atmosphere presence, etc. Of
course, the proximity to the Earth will make the
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“experiments” more feasible.

For the Venus, we have the following basic in-
formation:

R = 6, 051Km,

M = 4.87× 1024Kg,

T = 224.7 days. (2)

These numbers are quite close to those for the
Earth, the twin brother (R = 6378Km, M =
5.794× 1024Kg).

Assuming, for CBν’s, that the five times of the
mass distributed uniformly over 2.5 times over
the radius, we obtain

Density = 1.68 g/cm3 = 5.61×1032 (eV/c2)/cm3.
(3)

There would be a total of 1034 neutrinos of the
largest mass 0.058 eV ; divided by six (3 flavors,
plus antiparticles), etc.

We’ll use this number to get our final estimate.

For us the earthlings, the Mercury, the Venus,
the Earth, and the Mars, why only on Earth are
there living things? Soon or later, we hope that
we could understand the origins of these plan-
ets. Why this difference? In fact, we might be
able to understand these questions through the
interactions of solar neutrinos shining for over
billions of years - the messengers that could go
very deep into these planets and yet change the
species at the nuclear level. For these very rea-
sons, we should spend time trying to investigate
these questions - let’s call it “Extraterrestrial So-
lar Neutrino Physics” [5].

As pointed out earlier [3], there is a huge neu-
trino halo associated with a galaxy. Locally, it
would follow the distribution of the visual world,
according to Newton’s gravitational law. Thus,
the Sun would be a local center of the CBν’s,
and, to be sensible, eight planets the eight cen-
ters - since the neutrino halos shouldn’t be so
huge because of the gravitational force (even for
the neutrino halos as the relativistic Fermi gas).

If we could observe νe(Solar) + ν̄e(CB) →
e− + e+ using solar neutrinos, it would be eas-
ier on the Venus (or, the Mercury) than on the
Earth, in view of the tininess of the cross sec-
tion. It seems that, on the Venus and on the
Mercury, the background for the proposed exper-
iment might be minimal, especially away from
the side of the sunshine.

Thus, the existence of the neutrino mass im-
plies that the CBν’s cluster according to the lo-
cal environments, according to Newton’s gravita-
tional law. Therefore, the detection of the CBν’s
might be feasible on the Venus or on the Mercury.
The existence of the CBν’s is one of the funda-
mental issues that we, all physicists, are facing
these days.

2 The Standard Model of All
Centuries

In light of the Standard Model of all centuries
[6, 2], the interest in the global behaviors of the
CBν’s is tremendous. The Standard Model [6] is
basically the description of point-like particles,
such as electrons, neutrinos, quarks, etc., bas-
ing on the Einstein’s relativity principle and the
quantum principle. We name it as “of all cen-
turies” since it could be there a thousand years
from now. We imagine that this Standard Model
would replace the Newton’s classic era, sooner or
later.

In the beginning of the 21st Century, we could
declare that we are in fact living in the quan-
tum 4-dimensional Minkowski space-time with
the force-fields gauge-group structure SUc(3) ×
SUL(2)×U(1)×SUf (3) built-in at the very be-
ginning - this defines the overall “background”.
The “background” can see the lepton world, of
atomic sizes, which has the symmetry under
SUL(2) × U(1) × SUf (3). It can also see the
quark world, of nuclear sizes, which has the well-
known (123) symmetry. Altogether, it is called
“the Standard Model” [6].

The observed persistent existence of the 3◦K
cosmic microwave background (CMB) in our
Universe is the evidence of that the force-fields
gauge-group structure is “built-in from the very
beginning”. The CMB is rather uniform, to the
level of one part in 105, due to the massless of
the photons.

Theoretically, we need the family SUf (3) sym-
metry for the lepton world to make sure that the
lepton world is asymptotically free and is free
of Landau ghosts. Experimentally, it explains
the three-generation problem and it also explains
neutrino oscillations [6].

The “peculiar” characteristics are as follows:
All the couplings in the lepton world are dimen-
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sionless in the 4-dimensional Minkowski space-
time. All the couplings in the quark world
are also dimensionless. Apart from the “igni-
tion” term, all the couplings are dimensionless
in the gauge and Higgs sector (forming the over-
all “background”).

“Dimensionless-ness” means that it is the
property of the 4-dimensional Minkowski space-
time. It is truly “critical” in the quantum 4-
dimensional Minkowski space-time as all these
couplings would not be there if the dimension
would be displaced by an infinitesimal amount
from the integer four. So, we believe that these
dimensionless couplings are determined globally
by the 4-dimensional Minkowski space-time.

In this Standard Model [6], the neutrinos are
the only long-lived dark-matter particles [4]. Yet,
the theory excludes any additional particles from
entering the theory - thus, it is complete as a
theory.

Thus, we should base on this Standard Model,
in analyzing the various basic particle-physics
problems.

3 ν(Solar) + ν̄(CB) → e− + e+ on
the Venus

First of all, we may make some crucial estimates
to show why we could try to make the measure-
ment on ν(Solar) + ν̄(CB) → e− + e+ on the
Venus, provided that the surface of the Venus is
rather “clean”, without anything for the experi-
mental background.

The major bunch of solar neutrinos are in
the range of slightly above 1MeV while the
CBν’s (in an invisible gas) are at rest by com-
parison. The cross section σ is a couple of
10−45Eν(in MeV )cm2 [7]. We know that the
largest mass of ν’s is about 0.058 eV .

So, on the surface of the Venus, the unit vol-
ume of the presumably CBν’s (cf. Eq. (4) in the
above) would be bombarded by the flux of solar
neutrinos, yielding

ϕν ·NCB · σ
∼ ((6, 378/6051)2 · 6.0× 1010/cm2/sec) ·
(5.61× 1032/0.058/cm3) · (10−45cm2)

∼ O(1)/sec/cm3, (4)

which is close to unity, amazingly.

Thus, the neutrino halo of the Venus should
be detectible unless the background is formidable
(like in the Earth).

Coming back to think about the reactions in-
duced by the cosmic background (CB) ν’s assum-
ing all the normal conditions in our nearby envi-
ronments, we realize that the reaction ν(Solar)+
ν̄(CB) → e−+e+, with some tiny cross sections,
turns out to be the only choice.

We proceed to investigate ν(Solar)+ν̄(CB) →
e− + e+ to see if it would be relevant on the
Venus (or, on the Mercury). Here the ν(Solar)
is the beam from the Sun and the ν̄(CB) is the
dark-matter cosmic background (CB) neutrino
inherent on the Venus.

We have, for the reaction ν(Solar)+ν̄(CB) →
e− + e+,

ν(p) + ν̄(p′) → e−(pe) + e+(p′e), (5)

the initial ν(Solar) would be νe but very soon
would oscillate away (to νµ or to ντ ). These
neutrino states are the flavor states (not eigen-
states) which are linear combinations of the mass
Dirac eigen-states. Note that the solutions to the
Dirac equation define the mass eigen-states, but
not the flavor “eigen-states”.

We could use the final (e−e+) pair to ”tag”
the transition amplitudes: T (νeν̄e → e−e+),
T (νµν̄µ → e−e+), and T (ντ ν̄τ → e−e+) for pro-
ducing the (e−e+) from the visual nothing (neu-
trinos).

For example, we write the transition ampli-
tude T (νeν̄e → e−e+) [7],

T (νeν̄e → e−e+)

=
G√
2
iū(pe)γλ(gV + gAγ5)v(p

′
e)

·
∑
j

v̄j(p′ν)U
†
ejγλ(1 + γ5)

∑
i

Ueiu
i(pν).(6)

And T (νµν̄µ → e−e+) may be given below:

T (νµν̄µ → e−e+)

=
G√
2
iū(pe)γλ(g

′
V + g′Aγ5)v(p

′
e)

·
∑
j

v̄j(p′ν)U
†
µjγλ(1 + γ5)

∑
i

Uµiu
i(pν)

+
G′
√
2
iū(pe)(1− γ5)×

∑
i

Uµiu
i(pν)

·
∑
j

v̄j(p′ν)U
†
µj(1− γ5)× v(p′e). (7)
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Similar expression could be written for
T (ντ ν̄τ → e−e+).

Here, in T (νµν̄µ → e−e+), the second term
arises from the charged family Higgs exchange,
presumably much smaller than exchange of W±

or Z0 (cf. [6]) at these energies.

Since we need to use the Dirac spinors for the
neutrinos and since the Dirac spinors are written
in terms of mass eigen-states, we are forced to
use linear combinations to get the flavor states
[8]. This sounds like a trivial point but may bring
in a lot of subtleties on the basic concepts.

Thus, we have, for the νeν̄e → e−e+ channel,∑
av

| T |2

≈ 1

4
(
GF√
2
)2

1

EE′k0k′0
{(g2V + g2A)2(p · k′p′ · k + p · kp′ · k′)
+2gV gA2(p · k′p′ · k − p · kp′ · k′)}. (8)

Using the kinematics,

kµ = (k⃗, ik0), k′µ = (0, imν);

pµ = (
k⃗

2
+ δ⃗, iE), p′µ = ( k⃗2 − δ⃗, iE), (9)

we find∑
av

| T |2≈ (
GF√
2
)2(g2V + g2A)(1−

1

2

k2

k0E
). (10)

Using the formula on the differential cross sec-
tion,

dσ

dΩ
=

k2

4 + δ2

(2π)2

∑
av

| T |2, (11)

it completes the part on the formulae.

Numerically, it is a peculiar kinematics since
mν = 0.058eV , me = 0.511MeV , and the en-
ergy of the solar neutrino somewhat larger than
1MeV . Only three-body mode, or B8, N13, and
O15 solar neutrinos have enough energy to go, ac-
cording to the above “table” [1]. As an estimate,
we have [7]

σ ∼ 10−45cm2, (12)

which is really a tiny cross section. In view of its
importance in verifying the cosmic background
(CB) neutrinos, we should try as one of the first
experiments in the 21st Century.

4 ν(UHE) + ν̄(CB) → e− + e+

The dark matter, 25% in our Universe as com-
pared to 5% of ordinary matter, should be
cosmic background neutrinos and antineutrinos
(CBν’s), according to the Standard Model [6] in
which CBν’s are the only long-lived invisible par-
ticles [4].

What happens in the Cosmos to the ultra
high energy (UHE) neutrinos? UHE neutrinos
may encounter the antineutrinos in the CBν’s
environment, so annihilating to give the (e−e+)
pairs, or the e−µ+ pairs (at higher energies), or
the µ−µ+ pairs (at even higher energies), etc.
UHE neutrinos may encounter the light nuclei,
e.g., ν̄e(UHE)+p → e++n, ν̄e(UHE)+4He →
e+ +3 H + n, etc. Or, UHE neutrinos may
encounter the electrons, such that ν̄e(UHE) +
e− → W ∗ → many things. It is clear that the
whole particle physics would be at play.

In terms of the thresholds (for the reactions),
the e−e+ pairs would be on the lowest thresh-
old, the encounter with light nuclei would be
the next, etc. But the elastic scattering such as
ν(UHE) + e− → e− + ν, ν(UHE) + p → p+ ν,
etc. is free of the threshold. The location that
the human being sits can not exempt from elec-
trons, from protons, and so on.

Let’s set aside the problem due to that our lo-
cal environments are so complicated in extract-
ing the information on UHE neutrinos. We shall
focus on ν(UHE) + ν̄ → e− + e+.

Again, we may consider the kinematics

kµ = (k⃗, ik0), k′µ = (0, imν);

pµ = (
k⃗

2
+ δ⃗, iE), p′µ = ( k⃗2 − δ⃗, iE), (13)

but making k0 in the energy range that is greater
than 1013 eV , the energy of the ultra high energy
(UHE) neutrino. In this case, the gauge-boson
masses may not be the only large energy in the
problem. Thus, the transition amplitude, in the
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U-gauge, should be replaced by

T (νe(UHE) + ν̄e(CB) → e− + e+)

=
G√
2
{m2

W

δλλ′ + (q′)λ(q
′)λ′/m2

W

(q′)2 +m2
W − iϵ

iū(pe)γλ(1 + γ5)v(p
′
e) +

m2
Z

δλλ′ + qλqλ′/m2
Z

q2 +m2
Z − iϵ

iū(pe)γλ(g
′
V + g′Aλ5)v(p

′
e)}

·
∑
j

v̄j(p′ν)U
†
ejγλ′(1 + γ5)∑

i

Ueiu
i(pν). (14)

Here (q′)µ = kµ − pµ is the four-momentum
transfer going through the W± boson (in the t-
channel) while qµ = kµ+k′µ is going through the
Z0 boson in the s-channel. In the t−channel,
(q′)2 and q′µ could be very large for the ultrahigh
energy neutrino:

(q′)2 = ( k⃗2 − δ⃗)2 − (k0 − E)2;

q′µ = ( k⃗2 − δ⃗, i(k0 − E)). (15)

In fact, we have, for k0 >> me >> mν ,

(q′)2

=
k2

4
+ δ2

−{
√

k2 +m2
ν −

√
(k2/4) + δ2 +m2

e }2

= +(2δ2 +m2
e −

m2
ν

2
+ ...), (16)

such that, by treating δ as the same order as me,
the (q′)2 has to be of the same order as m2

e.

Likewise, the s−channel is controlled by q2 =
k⃗2−(k20+mν)

2 = −(2mνk+m2
ν+...), a competing

number in the range of ±m2
e (at k0 = 1013 eV ).

The term in q′λq
′
λ′/m2

W or in qλqλ′/m2
Z , when

squared in | T |2, would appear as functions of
(q′)2, or q2, or, perhaps in interference terms,
q′ · q. As a result, they are tiny because of the
extra (q′)2/m2

W or q2/m2
Z factor, and so on.

Similar discussions can be applied to the other

transition amplitude:

T (νµ(UHE) + ν̄µ(CB) → e− + e+)

=
G√
2
m2

Z

δλλ′ + qλqλ′/m2
Z

q2 +m2
Z − iϵ

iū(pe)γλ(g
′
V + g′Aγ5)v(p

′
e)

·
∑
j

v̄j(p′ν)U
†
µjγλ′(1 + γ5)

∑
i

Uµiu
i(pν)

+
G′
√
2
m2

H

1

(q′)2 +m2
H − iϵ

iū(pe)(1− γ5)

×
∑
i

Uµiu
i(pν) ·

∑
j

v̄j(p′ν)U
†
µj(1− γ5)

×v(p′e). (17)

And we have a similar expression for ντ (UHE)+
ν̄τ (CB) → e− + e+.

Our discussions lead to the following simplified
transition amplitudes:

T (νe(UHE) + ν̄e(CB) → e− + e+)

=
G√
2
{iū(pe)γλ(1 + γ5)v(p

′
e) +

iū(pe)γλ(g
′
V + g′Aλ5)v(p

′
e)}

·
∑
j

v̄j(p′ν)U
†
ejγλ′(1 + γ5)∑

i

Ueiu
i(pν). (18)

T (νµ(UHE) + ν̄µ(CB) → e− + e+)

=
G√
2
iū(pe)γλ(g

′
V + g′Aγ5)v(p

′
e)

·
∑
j

v̄j(p′ν)U
†
µjγλ′(1 + γ5)

∑
i

Uµiu
i(pν)

+
G′
√
2
iū(pe)(1− γ5)×

∑
i

Uµiu
i(pν)

·
∑
j

v̄j(p′ν)U
†
µj(1− γ5)× v(p′e). (19)

Again, we use the formula for the differential
cross section for the ultrahigh energy neutrinos,
say, at 1013 eV ,

dσ

dΩ
=

k2

4 + δ2

(2π)2

∑
av

| T |2, (20)

We would obtain

σ ∼ 10−31cm2, (21)
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a much larger cross section but, for the UHE neu-
trinos, this is not subject to observations. Maybe
the LHC could make 1012 eV or TeV neutrinos
subject to experimentations.

For νµ + ν̄µ → e− + e+, the first term, in fact
from the Z0 boson, is from the s−channel. The
second term, arising the family Higgs boson, in-
volves the cross-dot products and so have the
t−channel behavior.

So far, we have used the U-gauge in our analy-
sis; in the tree approximations, we note that the
results are complete to this order.

5 Invisible Neutrino Halos and
Black Holes

Do neutrino halos stop the formation of black
holes? That is, there is no black hole formed
when the physics of neutrino halos is taken into
account.

Neutrinos are fermions; they would be stack-
ing up like fermi liquids since one state can ac-
commodate only one neutrino.

In the limit of the very low temperature and
very high densities, we have [10]

U = 3
5NϵF [1 +

5
12π

2(kTϵF )2 + ...];

P = 2
3
U
V = 2

5
ϵF
v [1 + 5π2

12 (kTϵF )2 + ...];

ϵF = ~2
2m(6π

2

gv )2/3; v ≡ V
N . (22)

In this limit, it is characterized by a large Fermi
energy ϵF , of very small kinetic energy. That is,
the very small mass is accompanied by a very
large Fermi energy ϵF .

So, we need to apply these formulae to the
neutrino gas in the case of the neutrino halo for
the “visual” collapsed star - to see if the neutrino
halo would stop the collapse of the star.

First of all, we note from the factor ~2/(2m)
that it is an effect arising from the quantum prin-
ciple and that it is also due to the non-zero mass
in this limit. Secondly, it may be difficult to de-
termine v, the volume per particle, in the same
limit. But the white dwarf gives an example. It
gives, for a dwarf star of a solar mass (1033 gm)
[10],

ϵF ≈ ~2

2me

1

v2/3
≈ 20MeV. (23)

Using this formula for the neutrino halo with

mν = 0.058 eV ,

ϵνF ≈ ~2

2mν

1

v2/3
≈ 200TeV. (24)

Maybe we could generalize the uncertainty re-
lation as follows:

(ϵF v
2/3) ·m ≥ ~2. (25)

In light of the tiny neutrino mass, there is some
quantity “conjugate” to the mass quantity for
the uncertainty relation. The “conjugate” quan-
tity to the mass is “the Fermi energy times
the occupied area per particle”. According to
our presentation, this uncertainty relation might
make some sense though we don’t know the unit
volume v which may be the same as the electron
case.

The Schwarzschild radius, or the horizon, is
so tiny (by many orders) in this game while the
neutrino halo has the minimum volume that is
much bigger (by many orders) than the hori-
zon (of the presumed black hole) - so that the
pulling-back gravitational force exerted by the
neutrino halo becomes overwhelming at the very
last stage. The visual story is dictated by the
invisible partner, the neutrino halo. The con-
clusion is that a black hole consisting of visual
ordinary matter cannot be formed, because of
the incompressible dark-matter neutrino halo.

Thus, the destiny of a visual ordinary-matter
star plus its five times in weight invisible neu-
trino halo will be determined by the neutrino
halo, as a degenerate (invisible) Fermi gas, well
ahead of the presumed “black hole” of the visual
ordinary-matter lump. A reasonable theory usu-
ally gives us a conclusion that is a little boring.
We believe that the Standard Model would pre-
vail.

6 Concluding Remarks

Neutrinos have been with us for nearly a whole
century, since the early 1930’s. Because the
feeble nature of its interactions with the envi-
ronments, we do not understand the neutrinos
yet. We thought that we understand neutrinos
in terms of the Standard Model [6] owing to the
beauty, the consistency, and the completeness of
the theory. Basically, the Standard Model is the
description of the point-like particles on the ba-
sis of the Einstein’s relativity principle and the
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quantum principle. The Standard Model already
covers all point-like particles since it is redun-
dant on adding to it some new particle(s). It
really is our world, and nothing more.

Basing on this Standard Model [6], cosmic
background neutrinos and antineutrinos (CBν’s)
are the 25% dark matter, as contrast with the 5%
ordinary matter in our Universe [4].

The neutrino halos (i.e. 25% dark matter) al-
ways accompany the 5% visual ordinary-matter
objects, such as stars, planets, etc., such that the
world behaves normally and that the collapse of
a visual star into a black hole never happens.

Since the 5% ordinary matter are accompa-
nied by the 25% invisible dark matter (in “in-
compressible” neutrino halos), the story of for-
mation of black holes of visual ordinary matter
is just a fiction.

In this paper, we just try to “convert” those
unknowns to those which we could understand.
That is, we could base on the Standard Model
in trying to understand our Universe.

Acknowledgements

The Taiwan CosPA project was funded by the
Ministry of Education (89-N-FA01-1-0 up to 89-
N-FA01-1-5).

References

[1] See, for example, Chapter 11, E.D. Com-
mins and P.H. Bucksbaum, “Weak Inter-
actions of Leptons and Quarks” (Cambride
University Press, London et al., 1983).

[2] W-Y. Pauchy Hwang, The Universe, 3-1,
3 (2015); “The Origin of Fields (point-like
Particles)”.

[3] W-Y. Pauchy Hwang, arXiv:1203.1407v2
[hep-ph] 13 Jan 2016; “Formation of par-
tially dark-matter galaxies”.

[4] W-Y. Pauchy Hwang, arXiv:1012.1082v4
[hep-ph] 13 Jan 2016; “Cosmology: Neutri-
nos as the Only Final Dark Matter”.

[5] W-Y. Pauchy Hwang and Jen-Chieh Peng,
arXiv:1003.4347v1 [hep-ph] March 2010;
currently under revision.

[6] W-Y. Pauchy Hwang, arXiv:1304.4705v2
[hep-ph] 25 August 2015; “The Standard
Model”.

[7] For notations, see, e.g., W-Y. P. Hwang,
Phys. Rev. D38, 3427 (1988); or in the text-
book, W-Y. Pauchy Hwang, “Introduction
to Theoretical Particle Physics” (World Sci-
entific, Singapore, 2016), in preparation.

[8] W-Y. Pauchy Hwang, arXiv:1209.5488v4
[hep-ph] 3 Nov 2015; “An Anatomy of Neu-
trino Oscillations”.

[9] Particle Data Group, in “Review of Parti-
cle Physics”, J. Phys. G: Nucl. Part. Phys.
33, 1 (2006), in p. 220; on “neutrino oscil-
lations” and others. Also, please visit the
biennual publications.

[10] Kerson Huang, “Statistical Mechanics”
(Copyright @ 1963, 1987, John Wiley &
Sons, Inc.), Ch. 11, Fermi Systems.

14


