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3+1 schewme

3v scheme

Only small perturbations to the 3v framework
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G A = Az~ Ags > 1

= (sin® A) =1/2
0Osc. averaged out by finite E resol.




Hints on the hew CP-phases from T2K
(and 6,5-reactor experiments)



Super-Kamiokande J-PARC
Near Detector 280 m
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3-flavor analysis. T2K & Reactors
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- Phase information (value of Am? ) gets Lost (in contrast to SBL)
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Transition Probability : NH, s,,* = s,,* = 0.025 Transition Probability - NH, s,,2 = s,,2 = 0.025

Am?, = 0.1 eV?

—— numerical
—— analytical average
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E, (GeV) E, (GeV) E, (GeV)
The fast oscillations get Different Line styles
averaged out due to the &

finite energy resolution Different values of 5,



T2K 4+ Reactors

Normal Hierarchy

s?, = s%, =0.025

——68% C.L. (1 dof)

0.08 009 0.1
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- Comparable sensitivity to 8,5 & 5.,



Impact of the new CP-phases
on the inter preta&i.ov\
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Number of events / 10 GeV

OPERA, JHEP 1307 (2013

N oscillated v, by 3 flavor oscillation

v, beam contamination

BG fromt— e
[ BG from NC with ©©
—+— Data

120 140 160
Reconstructed energy (GeV)

Er = 17 GreV
L = 732 ke
Aw? ;= .4 x 1o




LSND 90% C.L.

LSND 99% C.L.

KARMEN 90% C.L.
NOMAD 90% C.L.

BUGEY 90% C.L.

CHOOZ 90% C.L.
MiniBooNE 90%% C.L.
MiniBooNE 999% C.L.
ICARUS 90% C.L.

OPERA 90% C.L. (Bayesian)

(v =2 ) = v



Contributions to the transition probability 1 Transition Probability © s, = s,° = 0.05

Atmospheric
Sterile

- - = Interference (abs. maximum)

— P¥(6'= +n/2)
— P¥ (6= -n/2)

Interference has substantial impact on ? (v, => v.)



1 OPERA constraints (|Uyl = |ULl) " OPERA constraints (U, = [ULl)
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After marginalization of the CP-phase...



In a 4v scheme: OPERA, JHEP 1307 (2013) 036
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- oscillated v, by 3 flavor oscillation

v, beam contamination
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Expected bieg tends to be Lower for
U,, %0 aLLowms for a Larger signal



1 OPERA constraints (Am?, = 1 eV?)

L
Unitarity
Bound

Larger values of
sin*20,, tolerated




e Several indications of Light sterile v species

o Sterile neutrinos are sourée.s of additional CPV
° LBL expts, can give info on the new CP-phases
. Tke. e.xpe.rime.u!: TRK kas almadv isome. sausi&ivi&v

& Accurate treabment of 4v effects is important
for a corre.ct m&e.rpre&abcou of the LBL resulks

vae.s!:cgad:sou of sterile vs and related C‘?\/
ad: LBL e.xpe.nme.nts is a u.m.que. oprorfzuﬂn&v
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Yy=e,u,T k=1,2,3

1
J = g sin 2912 sin 2(923 sin 2(913 COS (913 sin 0

Conditions for CPV:

NN



4y analysis: IH, s, = s,° = 0.025

\ A ’ T2K + Reactors
. Inverted Hierarchy
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