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Definitions and properties

Global System

@ The global system can be written as p = p, ® pe.

@ The evolution of the global system is made through the
transformation p(0) — p(t) = Up, @ peUT.

o U(t) = e Met and Hg = H, + He + Hint(v, €).

v
Interaction

@ The interaction could be obtained from [Burgess and Michaud, 1997]

L = ivryu(vgl + vrh)vi

where J4 is set of operators involving the degree of freedom of the
environment.

@ To keep as broad as possible: Hjn:(v,e) = AM(W ® 9¢).
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Definitions and properties

o pu(x) = Tre[Upy ® peUT] = Y5 Vigp, V], with 35 Vs V] = 1.
@ The quantum evolution equation [Breuer and Petruccione, 2002]:

dpu(x)
dx

= —i[Hyapu(X)] - D[pV(X)]

o Extra term:

N2—1

Dlp,] = ——Z<[Vk,f)u } {VkpmVT]>

@ Solve this equation: pgly = f,-ij;pj)\g&M — pu Dy, Ay
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Definitions and properties

On the General Subsystem of Interest

@ Neutrino propagates in vacuum or in matter and the Hamiltonian can
always be written as H, = diag {E1, Ez, E3}.
@ The subsystem of interest [Guzzo, Holanda and Oliveira, 2014]:

Py = |Va)(Val

and Vo = Zi aa,-ﬂ,-. )
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Complete Positivity

Quantum Dissipators

o First step: Energy conservation in subsystem of interest
[Hy, Vi] =0 — D,,, = diag {T'12,T12,0, 31,31, 32, 32,0}
@ Step 2: Is the energy conserved in subsystem of interest?

[Hy, Vi| # 0 — Dy, = diag {T12,T12,133,131,31, 32,32, g8}

Constraints on D,,,

@ D, must be positive definite.

@ The diagonal elements must be large than the off-diagonal ones.

@ Al T are correlated each other, even in the case of D, defined above

v
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Difference between Decoherence and Relaxation effects

The mass state evolved is given by

f11(05, 33, Tes|x) p12(0)e~ (M2—iAw2)x p13(0)e—(r13—I:A13)x
p"(x) = | pa1(0)e (TetiBedx  £)(h;,T33, Tgg|x)  pos(0)e (M2stitas)x
p31(0)e—(r13+iA13)X p32(0)e_(r23_iA23)X %3(9U7 r337 r88|X)

Am?
i p— 2 _— 2 Y U
where Aj; = EF — E; SE- -

e The quantum probabilities f;;(6;;, 33, [gg|x);
@ The coherence terms: p,-j(O)e_(r"f_"A"J)X;

@ Independent-model for decoherence and relaxation effects.
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Solar-Netrino case

Solar neutrinos and Relaxation effect (no decoherence!)

@ Solution based on adiabatic limit;
@ The coherence terms are averaged out, i. e., fr e~ (Mi=iBgxdy = 0

@ The survival probability (disappearance Probrobabilty 1 — P,,_,,,)
Py, =A+B cos(20~12) cos(2612)
where
A= %e‘rsgx cos(#13)* + e T8x sin(613)* + %(1 — e—rgg><)

and ;
B= §efr33x cos(f13)*
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Simple Analysis

@ Following the same strategy
from [Gouvea at. al., 2015],
we perform a simple analysis
combining the 8B , "Be and
and low-energy solar
neutrinos.

@ Our x? has the mass “fixed”
on the KamLAND. This
simplifies the analisis, but
the dissipative effects does
not change the Am?
[Oliveira at. al., 2016].
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Results for the Model and Terrestrial Experiments

e Fot both M2~ 10727 GeV,

relax

@ The next generation of long baseline experiment:
xPUNE — 6.6 x 1021 GeV "tand xORA = 6.2 x 102 GeV/ 1

@ The relaxation effect with solar constraints:

e~ [ rerXibne ~1

@ Therefore, the model for terrestrial experiment is reduced to

D,., = diag.{T12,T12,0,31,T31,M32,32,0}
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Conclusions and Coments

We changed how the subsystem of interest can be written.

A quantum dissipator with different effects was introduced following
some constraints.

After the contraints, one independent-model was obtained.

Solar-neutrinos can put stringent bound only on relaxation effects.

Only the decoherence effects may be important in the terrestrial
experiments case.
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Thank you!
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