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Abstract. In the framework of hypercolor extension of the Standard Model we
consider cosmic rays scattering off hidden mass candidates. Specifically, there
are two components of the Dark Matter in this model having close masses but
different origin. As a result, neutrino production in the processes of scattering
of high energy electrons on these DM candidates is substantially different, and
the secondary neutrino can be seen, in principle, at neutrino detectors. We also
note other interesting aspects of these type reactions.

1 Introduction

The discovery of the Higgs light boson has shifted the interest and activity of physicists to the
analysis of the effects predicted in numerous variants of the Standard Model (SM) extension.
Along with the refinement of the parameters of known SM particles, the study of the details of
their production and decay, an origin of both the energy scales of new physics (at which new
degrees of freedom are manifested themselves) and type of dynamic symmetries is unclear.

Therefore, it is necessary to lay new paths in uncharted territory relying on analogies, con-
jectures, and intuition. At the same time, it is difficult to expect help and hints from the results
obtained by the LHC collaborations - despite the painstaking and continuous advancement
of the front towards ever higher energies, there are no clear indications of the new physics
effects. The search for such manifestations, however, is necessary, since the SM is clearly an
open model leaving a number of important issues unresolved. In particular, this is a question
about the origin, structure and measurement of the hidden mass characteristics and distribu-
tion in the Universe. Obviously, the absence of direct evidence of the Dark Matter (DM)
nature means a special role in the analysis of the entire set of indirect data (multi-messenger
approach) on processes with the possible participation of the DM particles.

So, all possible astrophysical data from galactic and extragalactic sources should be gath-
ered and carefully considered to select possible signals of the DM. Moreover, the masses of
DM candidates are in a very broad interval - from eV to dozens of TeV - and, therefore, there
is need in Earth and space observatories which are able to measure spectra of photons, neu-
trino, leptons, protons and nuclei with sufficient accuracy and in various energy diapasons.
From the other side, there should be analyzed possible manifestations of the DM candidates
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from various SM extensions. For example, some additional chance to catch the DM parti-
cle "by the tail" can be presented by consideration of the cosmic ray scattering off the DM
clusters.

Here, we present some results on inelastic interaction of high energy electron component
of cosmic rays with the hidden mass particles. More exactly, we consider two-component
dark matter which follows from hypercolor extension of the SM; in this model, two types
of neutral stable pseudo-Nambu-Goldstone (pNG) states emerge connecting with different
hyper-quark currents.

In the first Section some details of the model structure are presented, in the second Sec-
tion we give estimations of necessary parameters - masses, mixing angle etc. Third Section
contains our results on the inelastic scattering of cosmic electrons off the DM particles. We
also discuss some features of these processes in Conclusion.

2 Hypercolor extension of the SM in brief

Hypercolor model extends the number of fermion degrees of freedom in the SM by adding
doublet(s) of heavy H-quarks in confinement analogously to initial Technicolor [1, 2]. How-
ever, some problems of the TC can be eliminated due to transformation of two initial left
H-quark doublets into one doublet of Dirac states interacting with standard bosons as vector
current [3]. Hypercharges of H-quarks are equal and opposite in sign - then anomalies in the
model are absent. H-quarks also are degenerated in mass. The next step in the model con-
struction is the transition to physical fields (constituent quarks) using ideas of linear sigma-
model. Then, it appears an additional scalar state, hyper-σ− meson which is mixed with
the standard Higgs boson. Breaking of the global symmetry, S U(4) → S p(4), results in a
number of pNG states involving triplet of hyper-pions and hyper-baryon states; these fields
are supposed as low-lying ones. Most important, specific symmetry of the Lagrangian pro-
vides stability of neutral H-pion (due to modified charge conjugation parity) and H-baryons
(H-diquarks) and B0 and B̄0 as a consequence of hyper-baryon number conservation [4, 5].

All important parts of the model Lagrangian are written in [5, 6]; here, only Lagrangian
of scalars self-interactions is presented for demonstration of some specific channels of inter-
action.
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where Aα̇Aα̇ = 2ã+ã− + ã0ã0 + 2Ā0A0, Bα̇Bα̇ = 2π̃+π̃− + π̃0π̃0 + 2B̄0B0 .
Note also, an analysis of Peskin-Tackeuchi parameters results in some constraints on the

mixing of Higgs boson and σ− meson, to avoid discrepancies with T-parameter value and
SM Higgs boson characteristics it should be sin θ � 0.1 [2, 7]. So, to study reactions with the
DM candidates participation, it sufficiently to know masses of the DM components (neutral
H-pion and H-baryon), mass and v.e.v. of σ̃− meson and the angle of mixing.

As for masses of H-pions, it is well known that mass difference is ∆Mπ̃ = mπ̃± − mπ̃0 ≈
0.16 GeV [8, 9], and charged hyper-pions are unstable[5]. Nevertheless, despite of violation
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of isotopic invariance by non-zero mass splitting, hyper parity remains conserved, so the
neutral H-pion is stable even with an account of higher order corrections.

However, π̃0 and B0 masses are equal at the tree level with the non-zero mass difference
followed from electroweak insertions ∆MBπ̃ = mB0 − mπ̃0 :
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. The value of ∆MBπ̃ depends on a renormalization point because of

origin of these pNG states from different H-quark currents. So, the value of renormalization
scale should be added to other necessary input parameters.

3 Phenomenology of hypercolor: masses, mixing, etc.

Having mass splittings for stable components of hidden mass, we suppose later that ∆MBπ̃

and ∆Mπ̃ are small in comparison with MB and Mπ̃. Then, to consider kinetics of the DM
burn-out five Boltzmann equations for two states of the neutral H-baryon, B0, B̄0 and two
charged H-pions together with the neutral one are needed. It means that processes of co-
annihilation[10] should contribute to the annihilation cross section (see also[9]).
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In the case considered, mπ̃/MB ≈ 1, so neq
B /n

eq
π̃ = 2/3, then the system is simplified. Besides,

we use approximation ∆MB0π̃0 |/mπ̃0 � 0.02 when the cross sections < σv >π̃π̃ and < σv >BB

should be presented in the form (as it takes place for any processes near the threshold[10]):

< σv >BB≈< (a + bv2)v2 >=
2
√
πx

(
a +

8b
x

)
, (6)

where x = mπ̃/T and v2 is the velocity of final particles in the center-of-mass frame. This
system is solved numerically with the notation: Y = n/s, and then W = log Y (s is the entropy
density). Solutions can be seen as some regions in the plane H-pion and H-sigma masses for
various values of renormalization scale µ and v.e.v. u. Note, these masses are connected by
some exact relation in the case of zero mixing [5].

As a result (see Fig. 1), there are three possible regions to explain the recent DM density
by the vectorlike H-color model, for more detail see [6]:

Region 1: Mσ̃ > 2mπ̃0 and u ≥ Mσ̃ -a significant H-pion fraction is possible at small
mixing and large masses of H-pions;

Region 2: small fraction of H-pions with mπ̃ ≈ 300 − 600 GeV for practically the same
values of Mσ̃, mπ̃0 , u;

Region 3: Mσ̃ < 2mπ̃, H-pion fraction can be large for small mixing and large mπ̃0 .

Figure 1. Numerical solution of the kinetic equations system in a phase diagram in terms of Mσ̃ and
mπ̃ parameters.

Here, the hatching with vertical cells denotes areas with reasonable DM relic density with
H-pion fraction less than 25 percents (0.1047 ≤ Ωh2

HP + Ωh2
HB ≤ 0.1228 and Ωh2

HP/(Ωh2
HP +

Ωh2
HB) ≤ 0.25). The hatching with oblique cells indicates region with the same values of

parameters but pion fraction is (0.1047 ≤ Ωh2
HP+Ωh2

HB ≤ 0.1228 and 0.25 ≤ Ωh2
HP/(Ωh2

HP+

Ωh2
HB) ≤ 0.4). Note, there are no regions where H-pion component dominates in the DM. It

is resulted from tree-level interaction of H-pions with weak vector bosons; B0− component
interact with ordinary quarks and leptons via H-quark and H-pion loops, an important channel
is via scalars - Higgs-boson and σ− meson.

Hatching with horizontal lines corresponds to permitted regions (Ωh2
HP+Ωh2

HB ≤ 0.1047),
here we have not correct value for the DM abundance in the H-color model. Hatching with
vertical lines are forbidden by XENON experiments[11, 12].
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Now, for the next step we can use for the DM candidates masses the values 600, 800 and
1200 GeV. Correspondingly, we can use for mσ = 1000 − 1600GeV.

4 Scattering of high-energy cosmic rays off the Dark Matter

The importance of indirect DM searches follows from the absence of direct signals of new
physics from collider and underground detectors. So, indirect DM effects should be analyzed
carefully, these manifestations are: the DM annihilation into photons, generation of high-
energy photons in cosmic rays scattering off the DM, virtual internal bremsstrahlung in the
DM annihilation, lepton pairs production in the unstable DM decay, and also neutrino (lepton)
creation in cosmic rays scattering. The last process is a perspective part of multi-messenger
study of the DM origin, structure and distribution in the Galaxy. Considering interaction
of cosmic leptons with the DM particles, we have two different contributions due to two
components of the DM. First, electrons with energies up to ∼ 10 TeV can produce neutrino
in the reaction eπ̃0 → νeπ̃−, here, charged H-pion π̃− will decay with Br(π̃− → π̃0eν′e) ≈ 0.01
and Br(π̃− → π̃0π−) ≈ 0.99 [5]. This channel is resulted from interaction of H-pions with
vector mesons, namely, electron produce the secondary νe due to Weνe− vertex together with
soft secondaries e′ν′e or µνµ which are generated by π̃− decay[6].

Figure 2. Total cross section of the process in dependence on the initial electron energy. For different
final channels corresponding branchings should be used.

The cross section of the reaction eπ̃0 → νeπ̃− has the form:

dσ(eπ̃0 → νeπ̃−) = π
α2 · (1 + cos θ)d cos θ

E2
eαe

· f1(αe, cos θ)
f2(αe, αW , cos θ)

, (7)

where αe = Ee/mπ̃0 , αW = Ee/MW , energy of incoming electron and masses of neutral H-pion
and W-boson are Ee, mπ̃0 , MW , correspondingly. Also, we get

f1(αe, cos θ) = [1 − 2 cos θ
1 + αe(1 − cos θ)

+
1

(1 + αe(1 − cos θ))2 ]1/2,

f2(αe, αW , cos θ) = [
1
α2

W

+
2(1 − cos θ)

1 + αe(1 − cos θ)
]2.

Due to analysis of kinetics, following values can be used: mπ̃0 = 600 GeV and 1200 GeV
being in agreement with the collider restrictions(see [13] and references therein). We also
suppose that the second final neutrino, ν′l , is soft in comparison with νe produced by eνW
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Figure 3. Differential flux of secondary neutrino for incident electron energies from 50 up to 1000 GeV,
H-pion mass mπ̃ = 1200 GeV, coefficient b = k f · 107E2

ν , GeV/cm2 · s · sr, k f = 1 with amplifying factor
f and k f ≈ 0.14 without the factor.

vertex. At initial electron energy Ee = (100−1000) GeV we get (see Fig. 2) the cross section
varies from O(10) nb to O(0.1) nb and has maximum in forward direction.

Neutrino flux is calculated in the framework of known procedure[14]:

dN/dEν = r�ρ� J̄
1

Mπ̃0

∫
dΩν

∫
dEe

dΦ
dEe

d2σ

dΩνdEν
, (8)

where the DM density is ρ� = 0.3 GeV/cm3 at the Sun location and r� = 8.33 kpc. The
spectrum of cosmic electrons can be approximated as dΦ/dEe = ke(E/GeV)−a with a = 3.15
[15] and ke = 0.01 GeV−1cm−2s−1sr−1 for energies of electrons 10 − 1000 GeV In principle,
it can be taken into account that near the GC the cosmic ray flux increases; the amplifying
effect can be simulated by multiplicative factor f (r(s, θ)) = exp(r� − r)/r0, in more detail this
factor and called astrophysical factor are describe in[14] and references therein. Here, the
DM distribution is modeled by spherically symmetric Einasto profile[16–18].

After integration of (8), there arises the flux of neutrino, dN/dEν spectrum is shown in
Fig.3 and it is most steep in the range (50 − 350) GeV. Then, integrating dN/dEν over the
neutrino energy, the number of neutrino events in the IceCube Neutrino Observatory[19, 20]
can be estimated. Namely, for the half hemisphere solid angle and the IceTop surface area,
A = 106 m2, we have a small number of landing neutrino - even taking into account the flux
amplifying factor f , we have Nν = (6 − 7) events per year; this number depends on the
used DM profile very slightly. Note, the possibility to detect these events at IceCube is very
small[6], moreover, there is an atmospheric neutrino bkg which is large at these energies[21,
22].

The second DM component, H-baryons, interact with "ordinary world" via scalars, Higgs
and H-σ, H-pion and H-quark loops do not contribute to the scattering amplitude in analogy
with Furrry’s theorem. So, we consider inclusive process eB→ νeW−B (or B̄); note, reactions
like l−B→ νlW−B and νeB→ e−W+B are analyzed in the same way. Corresponding diagram
is shown in Fig. 4.
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Figure 4. Lepton scattering via scalars off the B-component of the Dark Matter.

This process is more cumbersome for the analysis, and the cross section can be presented
in the double-differential form as:
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H E1)
1

t2 − m2
H

]∣∣∣∣∣∣
t+2

t−2

, (12)

IHσ =
D1

2
(t+2 − t−2 )(m2

H + m2
σ) +

1
2

(
E1 − D1(m2

H + m2
σ)
)
× (13)

× ln


(
t2 −

1
2

(m2
H + m2

σ)
)2
+

1
4

(m2
σ − m2

H)2


∣∣∣∣∣∣
t+2

t−2

+ (14)

+
2F1 + 2m2

Hm2
σD1 + E1(m2

H + m2
σ)

m2
σ − m2

H

arctan

t2 − m2

σ − m2
H

m2
σ − m2

H


∣∣∣∣∣∣
t+2

t−2

, (15)

Iσ = IH(mH → mσ),

Here, limits of integration are:

t±2 = 2m2
B −

1
2s2

[
(s2 + m2

B − t1)(s2 + m2
B − q2)∓ (16)

∓λ1/2(s2,m2
B, t1)λ1/2(s2, q2,m2

B)
]
, (17)

and vertex factors for two diagrams are the following: CH = cθ(λ01vcθ + 2λ11usθ), Cσ =
sθ(λ01vsθ − 2λ11ucθ). Now, analogously to previous reaction, we calculate differential and
total cross section presenting them for some parameter values. In Fig. 5 and 6 cross section
in dependence on neutrino energy is shown for exclusive reaction eB → νeW−B → νel−νlB.
Indeed, inclusive cross section is larger in nine times, approximately, as it results from narrow
width approximation for W decay. Total cross section strongly depends on H-baryon mass as
it can be seen in Fig.7. Then, the cross section can be integrated with cosmic electron spec-
trum, as for the scattering off H-pions. Taking into account the DM distribution and the Ice-
Cube parameters, as above, we estimate the number of neutrino landings as 6-7. So, totally,
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the scattering of cosmic electrons with energies up to 1 TeV does not produce a significant
neutrino signal at IceCube. At the same time, this process can result to some visible manifes-
tation of dense clusters of hidden mass, clumps[23–29]. If they are, the number of neutrino
events can be increased in 2-5 times due to proportionality to the clump density[30, 31].

Note, the same cross section for exclusive reaction of neutrino scattering can result to
positron production due to W+ decay, positron energies should be mostly in the interval ≈
(200 − 400) GeV.

Figure 5. Cross section of exclusive lepton scattering off H-baryons in dependence of secondary lepton
energy; energy of initial lepton 500 GeV.

Figure 6. Cross section of exclusive lepton scattering off H-baryons in dependence of secondary lepton
energy; energy of initial lepton 1000 GeV.

5 Conclusion

It is suggested to consider the scattering of high-energy cosmic rays as an additional way
to study the nature and distribution of hidden mass. In the model with additional heavy
fermions—hyper-quarks—there appear two different pNG states which are neutral and stable.
So, they can be interpreted as heavy DM candidates. from analysis of kinetics of their burning
out it follows estimation of masses of these states assuming their masses are close.

To analyze the scattering of cosmic electrons off H-pions and H-baryons, differential and
total cross sections were calculated together with secondary neutrino fluxes. The number
of neutrino landings to the IceCube surface were also estimated, these values are small in
comparison with the background of atmospheric neutrinos at the IceCube.
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Figure 7. Total scattering cross section depending on initial electron energy for two values of H-baryon
mass.

However, the scattering of cosmic rays off the DM clumps can lead to substantial increas-
ing of secondary neutrino flux and the number of events. These compact regions of high DM
density can increase the secondary neutrino flux in 2-5 times depending on the DM density.
Note, annihilation signals from the clumps can be also noticeably larger[29]. There is, how-
ever another pessimistic factor —a sharp decreasing of the cosmic ray electron spectrum with
energy. Besides, the fraction of cosmic electrons is small in a total cosmic ray flux density.
Nevertheless, this type of analysis can be effective for the studying of the DM space distribu-
tion using the data on neutrino spectrum with energies � 1 TeV; to realize this it is necessary
to have some space map of neutrino spectra depending on various directions. It should be an
important task for neutrino observatories and space telescopes.

Scattering of galactic and extra-galactic neutrino off the DM is another interesting channel
that can hive rise in positrons (together with other leptons) yield due to decay of secondary
W+; these exclusive cross sections were shown in Section 4. Certainly, the scattering of
protons off scalar DM will also contribute to the positrons production from W-boson decay,
because of much larger flux of cosmic protons than electrons, cross sections of such inclusive
reaction can be approximately up to an order larger.

So, an analysis of spectra of neutrino and leptons from high-energy cosmic rays interac-
tion with components of the DM can give a valuable information on the hidden mass origin
and its distribution in space. Besides, it seems, in all models where the DM candidates inter-
act with leptons, quarks and vector bosons only via Higgs boson and some possible additional
scalars (σ̃−meson, for example) the hidden mass should manifests itself via analogous signals
with model dependent intensities.
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