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Evolution in vacuum: two flavours
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e Matter potential for neutrinos
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Forward scattering interactions with matter

Ve — Vg . Hee: VC+ VN
Vy — Uy Hy,= VWn
Vr — Up H..= Vy

Ve =V2Grne , Vy=—Ggn,/V2
Detailed explanation: J. Linder, hep-ph/0504264
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© v — v, evolution in matter: MSW resonance



Evolution in flavour basis: constant density




Evolution in flavour basis: constant density
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Evolution in flavour basis: constant density

Evolution:
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Not simple....



Matter basis: where H is diagonal
Ve \ _ cosfy sinfpy Yim \ _ y Uim
v, )\ —sinfn cosfm vom ) "\ o



Matter basis: where H is diagonal
Ve \ _ cosfy sinfpy Yim \ _ y Uim
v, )\ —sinfn cosfm vom ) "\ o

In matter basis:

Hy, = U,T,,HfUm = Constant x [ + ( ~Bm 0 )
0 An
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In matter basis:
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Flavour evolution:
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Now that is simple...



Evolution in flavour basis again
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Need to determine A, Om



Diagonalising Hs
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Mixing angle:
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Diagonalising H;

Ho — —Acos20+ Vo Asin26
= Asin20 A cos 20

Solve
Hpy = Ul HiUn = Constant + < *ﬁm Aom >
Mixing angle: o
tan 20m = Zi co?ge - Ve

Mass squared difference in matter:

Ap= \/(A cos 20 — %_0)2 + (Asin26)?
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New amplitude, new wavelength

Vacuum — Resonance — High densities
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MSW resonance: minimum A,,, maximum sin® 26
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Atmospheric oscillations: v, —7

@ Matter potential (v, — vs basis):

Vy O
Vf:( oN 0)



Atmospheric oscillations: v, —7

@ Matter potential (v, — vs basis):

(W O
“=(%'5)
@ Oscillation probability different from vacuum oscillations
P, =1 —sin®(20) sin?(ApmL)

@ Oscillation amplitude depends on energy !



Ruling out v, < vs in atmospheric neutrinos
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