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Present status of 3-neutrino oscillations

Ref: de Salas et al, 1708.01186,Phys.Lett. B782 (2018) 633-640
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(Future) Long baseline experiments

leading efforts in precision determination of the as yet unknown
parameters of leptonic mixing matrix and studying new physics



T2HK: Tokai-to-Hyper-Kamiokande
JPARC upgrade plan for future and beyond T2K

http://arxiv.org/abs/1109.3262

Off-axis narrow band beam, E ™ 0.6 GeV, 750 kW ~ IMW
Baseline is 295 km (less matter effect)
Hyper-Kamiokande: HUGE water Cherenkov Detector
Measurement of CP violation

Talks by Cervera, Suzuki

Super-Kamiokande : J-PARC
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o A Y™ DEEP UNDERGROUND
N~ NEUTRINO EXPERIMENT

Mega-watt class beam, wide band beam 0.5 - 10 GeV
Baseline is 1300 km, Liquid Argon detector
Ideal for mass ordering/hierarchy and CP violation

Primary Science CDR_ Vol 2. DUNE Collaboration. Ancillary Science
1512.06148 [physics.ins-det]
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Probability at 1300 km and flux

o To exploit the full three flavour effects in neutrino oscillations
v constrain the known parameters and measure the unknown parameters

© DUNE has a broad program of neutrino oscillation physics
o Beam covers first (2.5 GeV) and second (0.8 GeV) oscillation maxima
o will run in both neutrino and antineutrino mode for ~6-10 years

T 1
21.27 x AmZ, (eV?2)
~ (2n—1) x 510 km/GeV

= (2n-1)

CDR, Vol 2, DUNE Collaboration,

1512.06148 [physics.ins-det]

10.0 i i 9 v, Flux, v Mode
-6cp=-n/2 80?<'1'Q'|' |"u"|""|""\""|""|"_'
I 5Cp =0 = i ———— Optimized, 250x4 m DP ] With Horn 1
_ L ——— Optimized, 204x4 m DP | Optimizatiol
. 6Cp = +n/2 9‘3 70 ————— Enhanced Reference, 250)(4‘!:1)’] DP ]
= 913=0 (solar term) —~ = Enhanced Reference, 204x6 m DP ]
NE 60‘ ————— Reference, 204x4 m DP 7
—~ OSC maxima = B50F i .
> & Unoscillated |
G0 . — 40F ]
= Ref : LBNE = 4l v, flux at the
L Collaboration, & et . ]
1307.7335 5 30; DUNE FD
© e
= 200
(@) i
3 3
c 10;
3 L
10 0.05 0.1 0.15 0.2 %
P(v, = v,), NH v, Energy (GeV)



http://arxiv.org/abs/arXiv:1512.06148

New physics scenarios : NSI, Sterile, ...

Talk by Quilain



Matter non-standard interactions

Review: Farzan and Tortola, 1710.09360

Lnsr = _2\/§GF€£[(; Tay" Prvg] [fyuPof]

Ref: Wolfenstein (1978), Grossman (1995), Berezhiani, Rossi (2002), Davidson et al. (2003)
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Ref: Wolfenstein (1978), Valle (1987); Guzzo, Masiero, Petcov (1991); Roulet (1991), Kukuchi et al (2008), Asano et al (2009), Kopp et al (2007),
Blennow et al (2008)
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Sterile neutrinos

© The standard 3 neutrino paradigm : 3 neutrino mass eigenstates,
and 1 CP-violating phase

© Strong hints - short baseline anomalies persist (LSND,
MiniBooNE...)

o existence of short wave length oscillations (L/E ~ 1 km/GeV)
driven by large mass-squared splittings ~ 1 eV"2

© additional neutrino states beyond the 3 active states which
are largely sterile.

~ In the 3 active + 1 sterile model, the mixing matrix U is a 4 x 4
unitary matrix. 3 x 3 sub block is no longer unitary.

© 3 active + 1 sterile case : Additional parameters (6 mixing angles,
and 3 CP-violating phases)



CP Violation in neutrino oscillations



C, P. T in neutrino oscillations
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® The best channel is mu to e, the CP asymmetry is Acp =
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Intrinsic and extrinsic CP effects

® | . . . .
In vacuum ® in matter with standard interactions
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Impact of NSI on the CP asymmetry

CP ASYMMETRY
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M. Masud, A. Chatterjee, P. Mehta, J. Phys. G (2016) [1510.08261] ;
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Event rates (collective NSI)

Falling flux kills the large
asymmetry at large E
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Can we probe intrinsic CP/T violation and
non-unitarity at long baselines
experiments ?

Jogesh Rout, M. Masud and P. Mehta, PRD 95, 075035 (2017) [1702.02163]



Extracting the intrinsic CP phase
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A useful quantity for separating intrinsic and extrinsic components
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Non-unitarity in presence of sterile neutrinos
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Extracting the intrinsic contribution
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Can we separate new physics scenarios
from the standard ?

ldea - Define a “theoretical metric’’ and

“use feasible experimental handles™

M. Masud, M. Bishai and P. Mehta, 1704.08650 [hep-ph]



vent spectrum at DUNE for different tunes
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SI-NSI separation at DUNE
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Conclusions

o Small mass and large mixing in neutrino sector.. neutrino
oscillations act as precise interferometer sensitive to very small
perturbations caused by new physics.

© Establishing whether CP is violated or not and measuring its value is
an important primary science goal of the long baseline experiment,
DUNE and we would like to answer this question as cleanly as
possible.

o Effects at sub-leading level such as NSI in propagation can confuse
the inferences about some of the unknowns e.g. : CP phase, mass
hierarchy and octant of theta 23.

© We have demonstrated an important usefulness of high energy
beam funes... i.e. those could be used fo address the question of
separation between SI and NSI (or any other new physics
scenarios).
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