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Neutrino Oscillation

e Neutrino oscillation: transition from one flavor to another
time=0; time=t;
Ve, — distance=L; — Ve, Vy, Vr;

e Reason: the flavor eigenstates (v,) and mass eigenstates (v;
having mass m;) are not same and related by

V) Z UPMNS|.

e The transition probability v, — v:

Pap = [(vslva(t))[?

where o, 5 are e, p or T



Neutrino oscillation in 3 generation

Full three flavour vacuum probability formula:

AL . .
Pop = 6up — 4 E Re[U,U};Upi Uaylsin® 4;:_ +2 E Im[U},,;Ug;Ugi Uqjlsin2

i<j i<j
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4E

Ay = m,? — mf
Parameters of neutrino oscillation:

e Elements of U: Three mixing angles and one Dirac phase
012, 023, 013, dcp

e Two mass squared differences: Appears in P,g

A21 = m% — m%, A31 = m% — m%

e [ and E

Comment
Neutrino oscillation can't probe absolute neutrino mass



Current status of oscillation parameters

Table: vfit, November 2016, www.nu-fit.org

Parameter Best fit 30
Ao1(x107%eV?) 7.49 7.02 — 8.08
|Az1](x1073eV?) 2.5 2426

o 33.72 31.52-36.18
% 50.0p41.6  38.8-53.3
o 8.46 8.0-8.90

2, -90 -180 - +180




Unknowns

m m
-,
-,
Normal [®==:| Inverted
o i e e The sign of Am%l i.e.,
atmospheric A — L 2 .
20107V _ Amz; > 0 = Normal Hierarchy (NH)
atmospheric
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The octant of >3 i.e.,
623 > 45° = Higher Octant (HO) or

623 < 45° = Lower Octant (LO).
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Experiments

Ongoing experiments to discover the unknowns
T2K in Japan
NOvA in Fermilab



What is non-standard interaction ?

Neutrino propagating in matter

e Standard NC interaction:
Vo +f —=ve+f
e Non-standard NC interaction
Vo +f =1+ f
can arise from the following four-fermion interaction

L=— Gpegﬁﬂa’y“ug?’yuf

. N¢ f
With €05 = X ey d Wgeaﬁ



NSI in neutrino oscillation

e Evolution equation with standard oscillation

g [P A 0 0 Ve
i e | = [Udiag(El, E,E)W '+ [0 o0 o } Lo
vy 0 0 0 vy

e Evolution equation with non-standard oscillation

Ve 1+ €ee €ep  €er Ve
.d . -1 *
iz e | = [Ud/ag(El,EZ,Eg)U +A € €up Eur } I
vy € e:,,_ €rr vy

with A = v2GgN,



Bounds on NSI parameters

C. Biggio, M. Blennow and E. Fernandez-Martinez, JHEP 0908, 090 (2009)

lcee] < 4 x10°
lee| < 3x 1071
leer] < 3x10°
e < 7 x 1072
leur] < 3x 1071
| < 2x 10

A. Friedland and C. Lunardini, Phys. Rev. D 72, 053009 (2005)
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Objective
To explain all these 3 tensions by a single theory



Aim

Tension in Am2, is solved in M. C. Gonzalez-Garcia and M. Maltoni, JHEP 1309, 152 (2013)

N¢ —ef el
matt D N
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where
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with best fit points
(e¥, e%) = (—0.22, —0.30), (¢, %) = (—0.12, —0.16) for the solar/KamLAND data and

(e, e4) = (—0.140, —0.030), (€B, €%) = (—0.145, —0.036) for global data

Aim

Our aim is to check if these 4 best-fit points also provide a solution
to the other tensions



Assumption

For our analysis we assume 05: = 45° and sin® 0 = 0.021 with
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2 : NTR (5Ol pfit pfit datal?
6CP Ndata J C 10235015 )~ IVJ } ’

where €°! best fit points as obtained in the solar analysis

and compared our results with the standard case i.e., solution at (0£’§, sin? {’g) without NSI



Results: NOvA
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e Improvement of the NSI solution as compared to the standard
solution is negligible

e Expected: since tension arise form P,,, where NSI does not
play much role



T2K
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Results: T2K
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e Improvement in IH is slightly better than NH



Summary

There are three tensions in the current oscillation data
We tried to check if all the tensions can be lifted with NSI

At this moment NSI does not improve the tensions to great
extent

Need more data to confirm/falsify
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Thank you



