Collective Neutrino Oscillations
/n Supernovae




Qutline

® Neutrino mixing and “self-coupling”
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Neutrino Oscillations
in SNe
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Neutrino Oscillations
in SNe




Neutrino Oscillations
in SNe
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om? = -3 x10"%eV?, 0, < 1, L, = 10°} erg /s
< > 11 MeV, <E,7€> =\ MeV, <Eym7,7m> — 25MeV
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Neutrino Flavor Isospin
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e-flavor 7/-flavor maximally mixed
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Vacuum Oscillations
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MSWV Mechanism

7 _ ~f
Hmatt — — €, \/iGFne

om?
W ol m~ > 0

neutrino, normal hierarchy

Huaiyu Duan @ INFO | |



oulJinau oulJlnauijue

2

ISIM
MeV/E
¥
04
0.3
0

Huaiyu Duan @ INFO | |

-
£

5
2
S
%
2




oulJinau oulJdinauiue

IONS

illat

Huaiyu Duan @ INFO | |

£
=
™M
N
N
N

@
Vg
O
O,
2
=
O
v
e
@,

inverted hierarchy
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Collective Oscillations
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Collective Oscillations

homogeneous, isotropic neutrino gas
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cause collective oscillations
et .a, PRD 2005)
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Collective Oscillations

if collective precession exists until ny—0:
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Collective Oscillations

PVV
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INVERTED MASS HIERARCHY
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Neutrino Oscillations
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Collective Oscillations

® /\,.c depends on neutrino energy = A/

dispersion in energies
® AAvac (~ Avac) s Av (l-cos®) :neutrinos with

different energies oscillate in phase
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Collective Oscillations

® /\,.c depends on neutrino energy = A/

dispersion in energies

® AAvac (~ Avac) s Av (l-cos®) :neutrinos with
- different energies oscillate in phase




Self-Suppression
® AAvac (~ Avac) « Ay l-cosO) :

synchronization; no significant oscillations

unless experiencing MSWV resonance
(Pastor et al 2001, 2002)
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Matter Suppression

® Amac= /Ay {l-cos®) :suppression of collective
oscillations!?

® 0. Uniform matter distribution does not
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Matter Suppression
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Matter Suppression
® Dispersion in AmacdAN/dr: ANmac

® Criterion for significant collective oscillations:

A/\vac + A/\mat o= /\v < I -COS@>

® ANnac= /Ay (l-cos®) = suppression of
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Multiangle Suppression

e /\, {l-cos®) depends on neutrino emission
angle = dispersion in angles AAy (~=Av (I-

cos@) )
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Multiangle Suppression

Using late-time
single-angle spectra from
VY Monte Carlo
simulations (Keil
et al 2002)
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Duan & Friedland, PRL 106,091101 (2011)
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Multiangle Suppression

Using late-time
spectra from
Monte Carlo
simulations (Keil
et al 2002)
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Multiangle Suppression

Using late-time
spectra from
Monte Carlo
simulations (Keil
et al 2002)
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Duan & Friedland, PRL 106,091101 (2011)
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(L, ) =4.1foe, (Lp ) = 4.3foe, (L, 5 )= T7.9foe
(E,.) =9.4MeV, (E5 ) =13.0MeV, (F,_ 5 )= 15.8MeV
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Summaries

® Collective neutrino oscillations can occur
in dense neutrino media — a result of
Intrinsic symmetry.

® Significant collective oscil
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