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Neutrino oscillations
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Importance of density fluctuations
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Fluctuating matter models

o Delta-correlated noise, valid if Ly << Ls.
(6p(x1)0p(x2)) = &% p(x1)* Lo 6(x1 — x2)
Nicolaidis’91 (magn), Balantekin and Loreti’'94, and other refs

® Cell model

(6p(x1)8p(x2)) = &%p(x1)p(xa)  if |x1 — x2| < Lo
(6p(x1)6p(x2)) =0 if [x1 — x2| > Lo

Burgess and Michaud’97, Bykov et al'98 (magn), Burgess et al’'03
# Turbulent (Kolmogorov) models

[ dxa (8p(x1)8p(x2)) e~ K1) = (k) = Ck "

Miranda et al’04 (magn), Friedland’05 (magn),
Friedland and Gruzinov'06
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Magnetic case as an example

2v spin-flavor precession in random field,
A = Am? /AE = 7Lgsc
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Neutrino as a fourier-analyser

Linear approximation, small fluctuations

® b-corr noise: Ps ~ b®LLy, Loy << Loy

® Cell-model: P.,j; ~ sz(%SCL sin?(+£2), any Ly

LOSC

» Turbulent model: Py, ~ b% LLose, byypp @t Lose,

in the inertial scale of Kolmogorov turbulence by,,,;(1) ~ 11/3
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Two limits: Ly < L, and Ly =~ L.

Lo < Losc

® S-corr: Ps ~ b%LL,

® cell: Py ~ b?L% £ sin®(72) — b2LLg
Lo =~ Lysc

2712 2/ Lg . 2
N Ce” Cell b L SCL 811’1 (LOSC) 7 b LLOSC

# turbulence: Py, ~ btwb 0sc

Comments:

® cell model gives good description of turbulent case if correlation
scale chosen as Ly ~ L, but still turbulent model is needed to
account for real situation with many fluctuation scales.

® 5-corr: wrong limit, but Ps ~ b?LLg — b?LLsc
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Parametric resonance

Parametric resonance at Ly = L., "seen” in the cell model
analytically:
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d-correlations describes only the left side of the graph.
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Probing solar noise with neutrinos

Burgess et al.’03

10 T TTTT I I I! : I T TTTTI I I I@ 15 T T T T T T T T T | T T T | T T T
L i i ] | 'I
,-' ------ solar + SNO-salt + fixed (AmZ, )
I —— solar + SNO-salt + KamLAND
i ! ——— solar + SNO-salt
solar + KamLAND

= 10 solar B
S I
0] _ _|
0 ° "
0 < 99% C.L. (1 dof)

RN 9973% 5 ’/ —
—— 99% — ~95%CL (1dof)

g 95% 90% C.L. (1 d.of) -

-
- — 90% _ .
:] B ./ //___/ —
0 11 ||||||| Ll 11 ||||||| [ N —/ /// _________ -
10' 10° 10* 10’ 10° e AT Lo ki Sttt i RANRRTRNY

Correlation length k] 0 2 4 noise [o] © 8 10

® Only neutrinos probe scales ~ 100 km, helioseismology bounds
noise < 0.1% but at the scales > 1000 km!

® Future solar neutrino experiments like Hyper-K, UNO, LENA etc will
have much better sensitivity to solar small-scale fluctuations.
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SN matter density fluctuations

sy 10t ey KIfONIMIS et al, astro-ph/0511369

0.5 1.0 1.5 2.0

Sample from Janka and Kifonidis

t=8s

10° 10™

r [cm]

ti mur @mppru. npg. de Neutrino oscillations in fluctuating media — p.10



SN shock-waves and neutrinos

Supernova Shock Prepagation and Neutrino Oscillations

/\1012 = =i TTTT] EIEEEE! TTTIT [ E SChiI’atO&FU”erl
= ol 4 0'1‘ Soc Connection between

= oF = supernova shocks,

o0 SREERNECELEIE= I f|avor transformation,

QL 0% 8§ — and the neutrino signal
108 - 50 sec | | WERLEVAIRER]
- B ’IS?SGC;

6 [~ &
B —=
105 = 3 Resonance
. B . 1 | | density for
ol . , = 9
103 | PH ey =1 AMatm
2 = R. Tomas, M. Kachelriess,
G. Raffelt, A. Dighe,
H.-T. Janka & L. Scheck:
Neutrino signatures of
supernova forward and
reverse shock propagation
[astro-ph/0407132]

Neutrino 2006, 13-19 June 2006, Santa Fe, New Mexico
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Supernovae shock propagation

Tomas et al, astro-ph/0407132
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No matter density fluctuations

also Fogli et al, 2003, 2004, and other refs
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Shock-waves with fluctuations

Fogli et al, hep-ph/0603033 d-correlated noise

. - _ .
forward shock forward+reverse shock vin IH. Time spectra of I/e(p, ﬂ) ©

———1— —— ————— fwd shock fwd+rev shock
: . 219 710_2 : $=O% (no fluct.) [ — T T T T T T - T T
1 B SN Vas™ r §=27 - § | Siﬂ2’1913:10_ ] I

1 g=47 coveee

0.5

Foos= 4515 MeV |

sin*®,;=107" |

©
o
—_————

@]

sin®d,,=107* ]

(t) (F=30 MeV)

H
+

P
&
events/bin /0.4 Mton

O
I sin%,,=107° ||

O L PR I T T I PR 1 1L T T T S |
0 2 4 6 8 1012 0 2 4 6 8 10 12 14
time (s) time (s)

& 5 8 10
time (s)

—
12 14

ti mur @mppnu. npg. de Neutrino oscillations in fluctuating media — p.13



SN turbulence: opened guestions

® How do turbulent fluctuations affect neutrinos?
# |s it Kolmogorov-like turbulence or not?

# Can one get some information from present 2D
simulations?

# How large are the perturbations?

#® Are the time scales long enough to develope a steady
state turbulence?
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How do turbulence affect neutrinos

First estimate of the influence of turbulence on neutrinos In
Friedland and Gruzinov, hep-ph/0607244

Supernovae
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Is It Kolmogorov-like turbulence?

lllustration of noise power spectrum

density [10* g/cm?)
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Two dimensional turbulence

Can one get some information from 2D simulations?
=0

-5/3
k
K3

2D turbulence,
classical picture
. ] Inverse
Kraichnan’67, Leith’68, energy
. cascade .
Batchelor'e9

Direct
enstrophy
cascade

dissipation

Problems come when finite time scale and size of the system
are taken into account — several contradictory scenarios in
literature.
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2D vs 3D turbulence

Classical picture 3D, g Supported by

I
numerical simulations!
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Kraichnan’67, Leith’68, Batchelor'69
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How large are the perturbations?

density [10* g/cm?)
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Estimate of strength
. from 2D simulations made by Janka and Kifonidis
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Developed turbulence?

Estimations of spectra from 2D simulations by Janka and Kifonidis
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More opened guestions

® No unigue prediction of SN ® Neutrino self interactions

neutrino spectra near neutrinosphere may
alter significantly initial
neutrino spectra

[Duan, Fuller, Qian, astro-
ph/0511275] and also [Duan et al’06,

Hannestad et al’'06]
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Sample, Janka & Kifonidis
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Summary

® The SN matter density perturbations generated by shock waves and
by HD and MHD instabilities may alter significantly neutrino flavor
transitions.

® [or guantifying of this phenomenon numerical calculations of
neutrino flavor oscillations in SN turbulent environment are needed.

® 3D simulations with fine spacial resolution are of great importance
for predicting and understanding the neutrino signal from future
Supernovae.

® Still far from clear prediction of SN neutrino signal.

Thank you.
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