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Introduction

In most oscillation experiments neutrinos propagate considerable
distances In matter

An accurate description of matter neutrino oscillations is an
important ingredient in the analysis of the data

For an arbitrary density profile the evolution equation for the flavor
amplitudes admit no closed form solution

Numerical integrations have been extensively used to examine the
phenomenon

Analytic solutions still useful:
- Significant insight into the physics of the problem

- Better understanding of the dependence of the oscillation on the
neutrino parameters and the properties of the medium

- Help to save the CPU time



Neutrino Oscillations in Matter
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Evolution Operator
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Magnus Expansion

“True” exponential expansion of the evolution operator
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Potential symmetric with respect to & = (tf + to)/2
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Day-Night Asymmetry

Neutrino
production

At night, neutrinos
coming from the Sun
reach the detector after

they propagate through
the Earth.

o
Day at detector

.Night at detector D(N) neutrino rate at
day (night)

Key (still no established) signature of the LMA solution



Solar neutrinos parameters: 5m§1 — 8% 107° eV?
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« Adiabatic transformation inside the Sun

« Lose of coherence in the propagation from the Sun to the Earth
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Earth Potential

Mantle-Core-Mantle Model
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5.95 cm™3, r < Ry /2
ne(r) = Na

248 cm™3, Rg/2 <1 < Rg

0 2 4 6 8 10 12
L (10°km) A. N. loannisian et al., Phys.
Rev. D71, 0033006 (2005).
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(d) Magnus O(1)
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(b)
LS| Neutrino that goes
through the Earth
passing by its center,
@ = 0.
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(c) Intermediate formula
(d) Magnus O(1)

(e) Magnus O(2)

Energy range relevant
for supernova neutrinos



High Energy Neutrinos
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P(v.—V,)(E)

"""""" (4 dm3; = 2.5 x 1073 eV?
f13 = 10°

Pt e cos® =1

Hl; 7
L /4

- i/
8t 1y
- 1 4 //
-3y
:-\—;; l I L1 1 I | | I — | L1 1 | L1 1 L1

8 10 12 14 16 18 2 1

E [GeV] 0

0.8
0.7
0.6

(a) Perturbation approach
(b) Intermediate formula 0.5
(c) Magnus O(1) 0.4
(d) Magnus O(2) 0.3
(e) Numerical calculation 02

'l:!_l_!-llIij’T-I—II'IIIIlIIIIlIIII
o Y
T ~. s e

P(v.—V,)(E)

O =~ 26°

AN i, e

cos® =0.9
0.1

LTI ]

o

i i
VA
R
v J | | | | |- | - — I - —

4 6 8 10 12 14 16 18
E [GeV]



Conclusions

‘The Magnus expansion for the evolution operator
(implemented in the adiabatic basis) provides an efficient
formalism to describe neutrino oscillations in a medium
with an arbitrary density profile.

*This method takes properly into account the Earth matter
effects on the transition probabilities for neutrinos with a
wide interval of energies, making possible a simple (and
accurate) description of such effects in the case of solar and
atmospheric neutrinos.

*The same formalism can be applied to the study of other
situations of physical interest (for example, long baseline
experiments).
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