Neutrino Non-Standard Interactions: a solution to the
the NOvA and T2K tension

Sabya Sachi Chatterjee

IPAT

SACLAY

DAE-BRNS HEP Symposium 2022
IISER Mohali

Based on PRL. 126 (2021) 5, 051802 by S S Chatterjee & A Palazzo

13.12.2022



Current status of 3y parameters (3¢ bound) in the Standard framework

Known very precisely Known quite precisely
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NSI and its presence in the oscillation framework

The presence of the neutral current non-standard interactions (NSI) in
neutrino oscillation can be realized through the Lagrangian as,
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Now, the time evolution equation for the neutrino flavor eigenstates in presence of NSI
is given by
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The probability for one flavor Vn transforming to another flavor Vg is calculated as

P(va — vg) = |Spa(L)[* = |[(e7) gal? 4



360 T I
| ] =
' i
A \
270 |8 - \
7 |
6_“\ .I
i /7
= 180 f
S L
\
90 \ _...”
5
4 RS
D .I' -l. -
0.0 0.2 0.3

best fit .‘

90 t s o
S -——— a0
F —_— 3
,[] .' i ' i
0.00 .02 0.04 .06
e

2 10
I:\'J}E.
(] F
i
260 : I
;o
£ i
270 | i
!
= /
s i
~ 180 | "
s N
. i -
a0 F ‘: |i 11‘12.'% fit.
E 5--- 20 %
: _— -_ 3
0.0 0.2 0.4
Limits from the IceCube (90% C.L.
SV,
€] < 0.15
SY,
eo | <0.17
SP)
Em| < 0.023

D D
€ce — €0y — =25, —.15] & [—.06, .04]
€5 — €, — [—.04,.045]

See the talk by T. Ehrhardt presesented at c
PPNT, Uppsala (2019)

For more details please see PRD104(Oct, 2021) 072006



sz

Am3, (NO) / |Am3 | (I0) [eV?]

:l T T T T | T T T T | T T T T | T T T T | T T T T | T T T T |:

25— —

C —— Normal ordering ]

20 :_ Inverted ordering _:

N P 1o CL h

— R 90% CL |

15— E=J2scL _]

- [ Ja3scL ]

10 ]

SE |

= 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0 -3 -2 -1 0 1 2 3
. . . aCP
Prefers maximal CP-violation

2-?x|1(|]_—T T | T T T T T T T T T T T T | T |T|2|K |R|u|n| ]:-ll-lolplrle.lli r|T1|ir|1alry

265 —

26 =

2550 =

25F 5 , . =

2450 A =

- ' + Best fit 3

24 - —— Normal orderihg kf, --- 68% C.L. =

C < . —90% C.L. .

235 Inverted ordering .. T 00.7% CL

2 : 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 .II I|I - I. ”I““Ilnll.I .I ] 1 1 | 1 1 1 1 | 1 1 1 1 :
8 3 0.35 04 045 0.5 0.55 06 0.65 0.7

7
sin“0,,

Results from the Collaborations

T2K Run 1-10 Preliminary

(102 eV?)

2
32

Am

3.0

2.0

Areuiwiaid YAON

NOVA FD  13.6x10%° POT equiv v + 12.5x10%° POT ¥
ST T T T T T T T T T

i ---NH Lower octant ]
— F PELEEN — NH Upper octant -
b 4_ ,f' ‘\\ PP —
— [ . , ---|H Lower octant ]
o F o ]
O 3l IH Upper octant B
cC Yy ]
S 7]
& -
=2
C
R
n A1

]

NIAa-

o,
8CP
No CP-violation

NOVA Preliminary
' T T T

———
- Normal Hierarchy 90% CL
- —— NOvVA 2020 — — MINOS+ 2018
— - SK 2018 IceCube 2018
- ---- T2K Nature 580 ottian

Best Fit
Normal hierarchy
Am?3; = (2.4120.07)x1073 eV?
5in20,; = 0.57+0:04 ;42

T T T

—_—— e ——

‘~

.......

— @ NOVA best fit

L I L
0.4

Talk by P. Dunne and A. Himmel at Neutrino 2020




68% and 90% C.L. contours at 2 d.o.f
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Combined analysis of T2K and NOvVA
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T2K+NOvA
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T Conclusion >

@ We have investigated the impact of NSI on the current data of T2K and NOvA.

= More than 90% C.L. disagreement between T2K and NovA in the measurement
of the Standard Model CP-phase. It can be resolved if one considers the presence of
NSI of type €¢yy OF Ecr

@ Future data from T2K and NOvVA, and future experiments like T2ZHK, DUNE and
atmospheric current and future data is expected to confirm the presence of NSI and
also will help resolving this ambiguity.

# Our work also evidences the importance of JUNO like experiment to determine NMO
unambigiously, irrespective of the presence of NSI.

¥ The current T2K and NOvVA data might be a hint of Physics Beyond the Standard Model !

Thank you for your kind attention! 13



Introduction to NSI

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 off-diagonal piece
connecting different neutrino types.

L. Wolfenstein
Phys. Rev. D 17, 2369
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Strong constraints on NC-NSI from the non-observation of charged lepton flavor violation

Possible to avoid these bounds:
1. Model with neutral light mediators
2. Heavy mediators models arising in radiative neutrino mass model

3. Models with two mediators in the framework of dimension-8 operators

For references please see:

Y. Farzan 1505.06906, Y. Farzan, I. Shoemaker 1512.09147,
Y. Farzan, M. Tortola 1710.09360,

M. Gavela, D. Hernandez, T. Ota, and W. Winter 0809.3451,
K.Babu, P. B. Dev, S. Jana, and A. Thapa 1907.09498,

D. Forero and W. Huang 1608.04719

And many more.

For overview see, 1907.00991 1



In presence of NSI, the v, — V. survival probability can be written approximately as,

Plueﬁpo—l—Pl—l—PQ.

NSI (e-u) sector
PO ~ 48%38%3]02
P1 ~ 881381261282302304fg COS(A + (5)
Py ~ 8313323U|5eu|[3%3f2 003(5 + (/be,u) + C%:sfg COS(A + 0+ ¢eu)]

NSI (e-7) sector

Py = 4si3s53f°
Pl ~ 881381261282302304fg COS(A + 5)
Py o~ 85135930|cr|[523Co3 2 COS(0 4 Per) — S23C23f g cOS(A 4 6 + Per)]
Am2. T, _ sin[(1 — v)A] _ sinvA _ | 2Veck
A N LT A
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b

Daily exposure (10% POT)

Brief description of the experimental setup NOvA

NOvA (Fermilab to Minnesota)
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For antineutrinos (inverse beta-decay)

Dl+p—>l+—|-n
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NMO sensitivity in DUNE
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coupling in DUNE!

Phys.Rev.Lett. 124 (2020) 11, 111801 by F Capozzi, S S Chatterjee, & A Palazzo
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Events in bin

T2K Dataset
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