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Qutline

® Neutrino mixing and “self-coupling”
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Neutrino Mixing

WEAK FLAVOR STATES VACUUM MASS EIGENSTATES
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T2K’s New Results

Indication of Electron Neutrino Appearance from an

Accelerator-produced Off-axis Muon Neutrino Beam

The T2K experiment observes indications of v, — v, appearance in data accumulated with
1.43 x 10%° protons on target. Six events pass all selection criteria at the far detector.v In aﬁt_v_lrx_l‘ree-
flavor neutrino oscillation scenario with |Am3;| = 2.4 x 1073 eV?, sin? 2053 = 1 an Sih2 2013 :O,
the expected number of such events is 1.54+0.3(syst.). Under this ytgi, the pr(;ba 11ty to

observe six or more candidate events is 7X 10 equivalent to 1:50 signiﬁcanc]j At 90% C.L.,

the data are consistent witl 3 0.04)< sin® 2013 < 028(0) : op =*and normal (inverted)

hierarchy.
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Best fit to T2K data
68% CL
B 90% CL

T2K’s new
result

T2K
1.43%x10% p.o.t.
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Neutrino Oscillations
in SNe
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Neutrino Oscillations
in SNe
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Neutrino Oscillations
in SNe
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om? = -3 x10"%eV?, 0, < 1, L, = 10°} erg /s
(B,,) =11MeV, (F; ) =16 MeV, (E,_5 ) = 25MeV

Neutrino Antineutrino

Ve Initial Ve Initial
v, initial v, initial
Ve Current — Y, current
v, current v, current
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Neutrino Flavor Isospin
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Vacuum Oscillations
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MSWV Mechanism
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MSWV Mechanism
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illations

Collective Osc
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IONS

Collective Oscillat
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Collective Oscillations
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Collective Oscillations

homogeneous, isotropic neutrino gas

d ,
dt‘”

S, X H,

(WHvac _|_ matt 2 HTI/I/)

cause collective oscillations
— neutral (HD et al, 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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Neutrino Oscillations

M2
H = = + V2Gr diag[n.,0,0] + H,,

® vacuum term: Av.c=Am?/2E
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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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Self-Suppression
o AN (~ /\vac) SWAWY <|'C05@>

synchronization; no significant oscillations

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

o Crlterlon for S|gnn°cant coIIectlve osullaﬂons
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Matter Suppression

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

® /0. Uniform matter distribution does not
suppress collective oscillations in the
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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-

cosO) )
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- ® Criterion for significant collective oscillations:
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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)

Duan & Friedland, PRL 106,091101 (2011)
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Multiangle Suppression

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

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

Neutrino Antineutrino

v. initial - V. Initial
v, initial v, initial
Ve Current v, current

radius
(km)
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Summaries

® (Collective neutrino oscillations can occur
in dense neutrino media — [ his is a result
of intrinsic symmetry.

o Slgnlfcant collectlve osullaﬂons occur
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