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Introduction

• In this work, we show an easy way to treat neutrinos as
an open system when the standard matter interaction needs
to be taken into account [1]. We use a different point view
than what is found in literature to study neutrino oscillation
[2]. We also show some results on dissipative effects using
the proposed LBNE configuration.

Overview of Formalism

• The quantum dynamical equation in this formalism is
written as

dρν(t)

dt
= −i[Hosc, ρν(t)] + D[ρν(t)] , (1)

where Hosc is a piece of the total Hamiltonian that can be
given by Htot = Hosc + HR + Hint, such that,

Hosc = Hmass + Hmatter , (2)

and it can be expressed as Hosc = diag.{Ẽ1, Ẽ2, Ẽ3} if we
consider the effective mass basis. This becomes similar
the formalism to the neutrino oscillation with dissipative
effects considering its propagation being in constant matter
or in vacuum [3].

• The dissipative part can be written as

D[ρν] =
1

2

N 2−1∑
k=1

([
Vk, ρνV

†
k

]
+
[
Vkρν, V

†
k

])
, (3)

where the operators Vk act on neutrinos state only and must
be such that

∑
k V
†
k Vk = 1 for the trace of ρν to be pre-

served.

• The evolution with the equation (1), where the term D[ρ]
is given by (3), ever converts a density matrix into density
matrix and, in this case, the time evolution is complete pos-
itive. It means it can transform pure states into mixed states
due to dissipation effects [4]. Thus, an important require-
ment is that the Von Neumann entropy, S = −Tr[ρνlnρν],
increases with time for the density matrix of interest sub-
system. This is possible if we have V †k = Vk [5].

• Equation (1) can be expanded in matrix basis of the
SU(3) with Vk = akηλη and it is rewritten as

ρ̇ϑλϑ = fijkHiρjλϑδϑk + ρνDϑνλϑ , (4)

and the additional matrix, Dµν, must be real, symmetric
and positive. For complete positivity, we have 36 phe-
nomenological parameters bounded among each other by
inequalities which guarantee positivity. We can use some
suitable physical constraint in order to restrain the number
of the new phenomenological parameters.

• One constraint is obtained supposing the decoherence is a
possible phenomenon. For this, we must have Tr[Hρ] = 0,
i. e., the energy is conserved inside of interest subsystem.
With this restriction, we obtain a quantum dissipator that
can be written as

Dµν = −diag{0, 2(~a3)
2, 2(~a3)

2, 0,
1

2
(~a3 + ~a8)

2,

1

2
(~a3 + ~a8)

2,
1

2
(~a3 − ~a8)

2,
1

2
(~a3 − ~a8)

2, 0} , (5)

and we can break this symmetry putting non zero values in
the entries D33 and D88.

• The other constraint includes relaxation effects and it is
obtained when the elements D33 and D88 non null. Then,
the most effective quantum dissipator is given by

Dµµ = −diag{0,Γ12,Γ12,Γ33,Γ13,Γ13,Γ23,Γ23,Γ88} , (6)

with the following constraint given by the complete posi-
tivity

Γ12 = 2a2
1 + 2a2

3 + a2
5 + a2

7 ≥ 0;
Γ33 = 4a2

1 + a2
5 + a2

7 ≥ 0;
Γ13 = a2

1 + 1
2

(
2
(
2a2

5 + a2
7

)
+ (a[3] + a[8])2

)
≥ 0;

Γ23 = 1
2

(
2a2

1 + 2
(
a2

5 + 2a2
7

)
+ (a[3]− a[8])2

)
≥ 0;

Γ88 = 3
(
a2

5 + a2
7

)
≥ 0,

(7)

where we rewrite the Dµµ elements in terms of the Γij that
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include decoherence effect and Γii that include the relaxation
effect.

• As in LBNE the matter potential has an important role,
we will use the same analytical approximation scheme that
was used in the Ref. [6]. In this scheme the matter param-
eters are given in terms of the usual effective parameters
and this way, it is easy to apply this formalism to arrive the
same expressions for survival and appearance probabilities
as was given in Ref. [7] to the vacuum.

• In this situation, we can write the survival probability as

Pνµ→νµ =
1

3
+ e−Γiixfii + e−Γijxfij cos

[
∆m̃2

ij

2E
x

]
, (8)

and appearance probability as

Pνµ→νe =
1

3
+ e−Γ33xA11 − e−Γ88xA33 + e−Γ12x

×
(
A12 sin

[
∆m̃2

21

2E
x

]
+ B12 cos

[
∆m̃2

21

2E
x

])
+

(
A13 cos

[
δ +

∆m̃2
31

2E
x

]
+ B13 cos

[
∆m̃2

31

2E
x

])
×e−Γ13x + e−Γ23x ×(
A23 cos

[
δ +

∆m̃2
32

2E
x

]
+ B23 cos

[
∆m̃2

32

2E
x

])
,

(9)

where fij = fij(~θeff), Aij = Aij(~θeff) and Bij = Bij(~θeff).

Dissipative Effects and Neutrinos in LBNE
• In this section, we are going to apply the formalism ex-
posed before, using the LBNE configuration to see the neu-
trinos behavior. In order to know the effects that each one
of the 5 phenomenological parameters brings to the neu-
trino oscillation, we take one of them with typical value
that changes the neutrino behavior and, in each possible
set, some parameters are taken null as is possible, and other
with values that do not change appreciably the neutrino be-
havior, but which are necessary to keep the complete posi-
tivity constraint.

• So, considering the LBNE, the distance between the
source and the detector is 1300 km and to oscillation pa-
rameters we have used the following values: m12 = 8 ×
10−23 GeV, m31 = 2.5× 10−23 GeV, θ23 = 0.74, θ12 = 0.58,
θ13 = 0.14, δ = 0 and the usual Earth density. For a spe-
cific Γij that we are interested, we vary its value about three
different values as we can see in the figures bellow. All of
plots were made considering normal hierarchy.

• In particular, the Fig. (1) and (2) show the relaxation
effects. They allow a bigger appearance neutrinos than
the standard pattern to all of energy bins. This happens
because the relation effects change the constant terms in
the probabilities and they are responsible for becoming the
probabilities a perfect mixing of the state, i. e., in the
rate 1/3 : 1/3 : 1/3. This happens when the propagation
achieves its asymptotic limit x → ∞. However, because
they eliminate the constant terms in the probabilities, the
maximum and minimum values of the probabilities change
too and this new exotic appearance is duo to this as well as
the behavior for survival probabilities.

• The decoherence effects, Γ12, Γ13, Γ23, are represented in
the Fig. (3), (4) and (5). On the survival plots, we can see
that in the case of the LBNE, the decoherence effect from
Γ23 will be most effective than Γ12, Γ13, and this is expected
because the main oscillation term comes from the usual pa-
rameters that describe transitions between the families νµ
and ντ . However, from energy above of 10 Gev the behav-
ior due to Γ12, Γ13 parameters can change the probabilities
in an exotic way because on the resonance region the be-
havior depend on the νe parameters.

• The appearance probabilities, we have the most interest-
ing behavior due to the dissipative effects. Essentially, for
understanding the strange behavior that was brought by Γ12

andΓ23 in the appearance probability, we need to keep in
mind that decoherence effect acts in the decoupling of the
oscillation between the families that are related by these
parameters. So, in the Fig. (3) we can see that before 2
GeV Γ12 increases the appearance probability, while after
2 Gev Γ12 decreases it. In the Fig. (5), the Γ23 always de-
creases the maximum probability, but it increases all the

Figure 1:Survival and appearance probabilities to Γ33 6= 0 in LBNE.

Figure 2:Survival and appearance probabilities to Γ88 6= 0 in LBNE.

Figure 3:Survival and appearance probabilities to Γ12 6= 0 in LBNE.

Figure 4:Survival and appearance probabilities to Γ13 6= 0 in LBNE.

Figure 5:Survival and appearance probabilities to Γ23 6= 0 in LBNE.

minimum.

• Γ13 is the most intriguing decoherence parameter because
it acts under the effective potential mass terms. So, around
of 4 Gev and before, its behavior is similar of the other
decorence terms, except that Γ13 brings the little phase that
is caused if the decoherence value is high. This happens
because it eliminates the oscillation where the effective po-
tential is most effective leading the oscillation for a vacuum
regime.

• The other interesting thing is a new peak that occurs
around of 10 GeV that can be completely explained by
means of the appearance probability to two families where
it is clear that the diference between constant and the am-
plitude term at the ressonace region results in this peak.

Conclusion
We investigated dissipative effects in neutrinos oscillations
concerning on the proposed LBNE set-up. We find that non-
trivial effects can be observed at LBNE. Particularly interest-
ing effects are expected in the “resonance region”, which is
just outside the energy range of LBNE neutrinos.
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