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CP Violation in vacuum and matter
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CP violation Iin the appearance channel
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Genuine and fake CP effects

¥ in vacuum
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CP ASYMMETRY
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¥ in matter with standard interactions
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L=1300 km:

Hierarchy dependence

M. Masud, A. Chatterjee, P. Mehta, J. Phys. G (2016) [1510.08261] ;
see also M. Masud and P. Mehta, Phys. Rev. D (2016) [1603.01389]



CP violation sensitivity @ DUNE
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Why 1300 km ?
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CP Violation sensitivity

CP Violation Sensitivity
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Going beyond the Standard
Interactions



Non-standard Interactions
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Ref: Wolfenstein (1978), Grossman (1995), Berezhiani, Rossi (2002), Davidson et al. (2003)
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eyOnd the new ph)/SiCs
that gives rise 1,

Neutrino mass

PHYSICAL REVIEW D VOLUME 17, NUMBER 9 I MAY 1978

Neutrino oscillations in matter

L. Wolfenstein

Carnegie-Mellon University, Pittsburgh, Pennsylvania 15213
(Received 6 October 1977; revised manuscript received 5 December 1977)

The effect of coherent forward scattering must be taken into account when considering the oscillations of
neutrinos traveling through matter. In particular, for the case of massless neutrinos for which vacuum
oscillations cannot occur, oscillations can occur in matter if the neutral current has an ofi-diagonal piece
connecting different neutrino types. Applications discussed are solar neutrinos and a proposed experiment
involving transmission of neutrinos through 1000 km of rock.

Earlier work : S. Nussinov, Phys.Lett.B63 (1976) 201



Non-standard interactions
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Direct bounds on matter NSI
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¥ Conservative (usé most stringent constraint in individual NSI terms)
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What are the consequences of these
subdominant NSI terms for CP-violation
studies at long baselines ?

M. Masud, A. Chatterjee, P. Mehta, J. Phys. G (2016) [1510.08261] ;
M. Masud and P. Mehta, Phys. Rev. D (2016) [1603.01389]



Impact of single NSI : probability level

PROBABILITY
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l o1 appears with a negative sigi

M. Masud, A. Chatterjee, P. Mehta, J. Phys. G (2016) [1510.08261] ;
see also M. Masud and P. Mehta, Phys. Rev. D (2016) [1603.01389]




Impact of collective NSI : CP asymmetry

Large value implies

/ new physics
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Event rates (collective NSI)

Falling flux kills the large
asymmetry at large E
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Probability as a function of delta CP
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Sensitivity to CP violation

| —— sttt
N 2 e . ) '~~2....‘:
ot | n(;\!n ........ [hJe SIN!ye + Cue COSlyrye " Gue COS! |O']
s ASASA sin | |O,! _
+ aJe Sin! yye + 8 COS! rye Qe cos! |O' cosl! |O  EQ
e e, 2.‘. " 2
+[Cuy COS! rue " Cuy COS! o1 ]2+ [By COSl true @y COS! o) ]
| I I | | | I I I I
0 Ve u L1 U amaic desal el
T A M A
i 1 -=-=- NSI (true @, = 0) 1 |
8k - NSI (true @e . € [-7t : 7t]) - .
6:_ €| =0.01, app T |€en| =0.01, dis T |€cu| =0.01, com ]

o=VA

-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1-1 -0.5 0 0.5 1
True o/ = True o/ = True o/ =

M. Masud and P. Mehta, Phys. Rev. D (2016) [1603.01389]



CPV sensttivity - T2K, NoVA
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M. Masud and P. Mehta, Phys. Rev. D (2016) [1603.01389]



CPV sensitivity - DUNE, T2HK

¥DUNE (1300 km)

Runtime =5 nu + 5 nu bar
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¥T2HK
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M. Masud and P. Mehta, Phys. Rev. D (2016) [1603.01389]



CPV sensitivity - DUNE+NOVA+T2K, T2HK

¥DUNE + NoVA +T2K

combination helps in

lifting the curves above A

5 sigma
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M. Masud and P. Mehta, Phys. Rev. D (2016) [1603.01389]



CP fraction : SI and NSI

¥Off-diagonal NS ¥s|
¥Diagonal NS
Above 3 Sigma, CPV Above 3 Sigma’
can be resolved for a CPV can be Above 3 sigma, CPV
broad range of values resolved for ~0.55 can be resolved for a
0.25-1 (non-diagonal of delta values range of values, but
NSI terms) due to not exceeding 0.55

additional phases

M. Masud and P. Mehta, Phys. Rev. D (2016) [1603.01389]



Role of systematics
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M. Masud and P. Mehta, Phys. Rev. D (2016) [1603.01389]



Reconstruction of phases

¥ Smaller enclosed region
better ability to measure
the given pair of phases

¥DUNE + T2HK

combination helps
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Summary

¥ Neutrino oscillations have been conbrmed beyond doubt. Goals have changed fr
Omeasurlng the angles and mass-squared differences and establishing neutrino
oscillationO N> precision era.

¥ Effects at sub-leading level such as NSI in propagation can confuse the inferenc:
about some of the unknowns especially those that heavily rely on the matter effe
e.g. CP violatiomat long baseline experiments such as DUNE

¥ The primary science goal of DUNE is to determine CP violation and the ancillary
science program is to study sub-dominant effects such as NSI.The two are
iIntimately related and feedback the inferences in either sector.

¥ It turns out that different new physics scenarios give rise to similar distortion in
shape of asymmetry curves, so it calls for the need to isolate Pne differences
between them where the role of a precise near detector is crucial.
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Probability at 1300 km and (3ux
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