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Plan of the talk

® Motivation & past literature

® Geomeftric interpretation: Leptonic Unitarity
triangle (LUT)

® LUT and oscillation in vacuum & matter

® LUT and oscillation with non standard interactions
(NSI)

® Role of NSI phases

® Conclusion




Status of oscillation parameters

Table: de Salas. Forero, Ternes, Tortola, Valle: 1708.01186

Oscillation parameter | Best fit value | 30 range
‘ O12/° 34.5 31.5 — 38.0
023/° 47.7 41.8 — 50.4 } 3 mixing angles
013/° 8.45 8.0 — 8.9
(S(‘jp/ﬂ' —0.68 [—7T, 7T] } JHGER Phase
Ams,/10>eV? 7.55 7.05 — 8.14 } Hi il
Am3, /10~ 3V 2.5 241 = 2.6 it




Leptonic CP violation?

Table: de Salas, Forero, Ternes, Tortola, Valle: 1708.01186

Is the CP phase non-

Oscillation parameter | Best fit value | 30 range Zero?
012/° 34.5 31.5 — 38.0 could help explain
023/° 47.7 418 = 504 [0 o qeuriet i
013/° 8.45 8.0 — 8.9 7 4 Y
dcp /T —0.68 |-, 7]
Ams,/107>eV? 7.55 7.05 — 8.14
Am3, /10 3eV? 2.5 2.41 — 2.6
, (1= A)A 4 2V2EGmy
o = sin 220, sin” 0,5 sin il Am2,
, AA ?
+ a’sin®20;, cos* f,, sin® — where, M= </l
A 4E
2
+  asin26,;sin 26, sin 20,5 cos(6 + A) - L

4



Motivation

V;’:{clvllb T V(c/ V('h T V;:(/VI‘/) — O

® In quark sector CKM mixing matrix generates
SIX unitarity triangles.

® CP violation can be probed through their
nonzero angles of the triangles
Cabibbo (1957), Kobayashi & Magckawa (1973)




Motivation

® In quark sector CKM mixing matrix generates

SIX unl.l-arl.l-y .I-rlangles. V;:lclvll/) + V;:'clvc‘/) + V;:(/Vf/) = 0.

® CP violation can be probed through their
nonzero angles of the triangles

Cabibbo (1957), Kobayaghi & Magkawa (1973)

® Can the unitarity triangles of PMNS mixing
matrix guide us in probing leptonic CPV?
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Motivation
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Literature survey

® Aguilar-Saavedra & Branco (2000):

Leptonic CPV with LUT for majorana neutrinos

® Farzan & Smirnov (2000),
Bjorken et. al (2000),

Rodejohan et al. (2010)...:
properties for the sides and angles of LUT

® /hang & Xing (2005),
H.J. He & X.J.Xu (2013),
H.J. He & X.J.Xu (2016):

study of LUT for the appearance channel for both vacuum and
matter




LUT parameters
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Standard neutrino oscillation
(vacuum)

d
i |U(L) = Hy(L)
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LUT ~—m Probability

He & Xu (2016)
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LUT ~—m Probability

He & Xu (2016)
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Only 3 LUT parameters
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Standard neutrino oscillation
(Std. ma,tter) He & Xu (2016)

d
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Neutrino oscillation
(NSI)

d
i—|v(L)) = H|lv(L
u(w) = Hw(L)
H = Hy+ Hg; + Hysg
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Proceed similarly and find the LUT angles and sides
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Variation of LUT parameters
with energy

Degree
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Variation of LUT parameters

with energy

= — SI
— e, | =01
— |&.| =01

jumps" in presence of €]

a goes to zero
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~2.2 GeV



Variation of LUT parameters

with energy

SI

|| =0.1 |
| €| =0.1

={'jumps" in presence of ¢ ]

a goes to zero

alpha goes to zero
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~2.2 GeV




lo variation of the
oscillation parameters

Table: de Salas, Forero, Ternes, Tortola, Valle: 1708.01186

Oscillation parameter | Best fit value lo range
012/° 34.5 33.5,35.7
623 /° 47.7 46.0,48.9
013/° 8.45 8.31,8.61
dcp/m —0.68 [—0.83,0.47]
Am3,/107>eV/? 7.55 [7.39,7.75]
Am3,/103eV/? 2.55 2.47,2.53]

How these variations are connected to LUT parameters!?
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Distribution of LUT parameters with
variation in osc. parameters
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® Random variation (within 15 ) of osc. parameters
w2 distribution for LUT parameters a,b, ¢

® E=75 GeV




Probability Probability

Probability

Distribution of LUT parameters with
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Probability Probability

Probability

Distribution of LUT parameters with

Flattest (€,,,)
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Probability calculation

Solid : from GLoBES
Dashed: our code
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LUT parameters and CP violation
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Evolution of LUT angles
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with energy (complex NSI)
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Evolution of LUT angles

with energy (complex NSI)
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Evolution of LUT angles

with energy (complex NSI)
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physical feature
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Evolution of LUT angles

with energy (complex NSI)
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Evolution of LUT sides
Wlth energy (complex NSI)
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summary

® An idea of the behaviour of the LUT parameters with
variation in energy and std. osc. params. in presence of
NSI

® Inferesting variation for the LUT parameters in
presence of €.

® Quantifying CP violation by calculating the area of LUT

® Numerical determination of oscillation probability in
presence of NSI with a compact expression

® Potential application with other new physics scenario
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BACKUP:NSI

Lst = —2V2GrelS (7" Puvg) [FruPef

m If NSI arises at Myp > > Mgy from some higher dim.

operators, :
then €45 ~ (Mg /! Myp)
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BACKUP:NSI BOUND

12 03 0.5
casl < [ 0.3 0.068 0.04
0.5 0.04 0.15

B Ohlsson et. al. (2015)
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BACKUP : EVOLUTION OF LUT WITH
ENERGY
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