PROCEEDINGS

OF SCIENCE

Resolving the NOvA and T2K tension in the presence of
Neutrino Non-Standard interactions

Sabya Sachi Chatterjee®* and Antonio Palazzo”*

4 Institut de Physique Théorique, Université Paris Saclay, CNRS, CEA, F-91191 Gif-sur-Yvette, France
b Dipartimento Interateneo di Fisica“Michelangelo Merlin," Via Amendola 173, 70126 Bari, Italy
¢Istituto Nazionale di Fisica Nucleare, Sezione di Bari, Via Orabona 4, 70126 Bari, Italy

E-mail: sabya-sachi.chatterjee@ipht.fr, palazzo@ba.infn.it

The current data of the two long-baseline accelerator experiments NOvA and T2K, shows a tension
at more than 90% C.L. for 2 degrees of freedom, in the determination of the standard CP-phase
ocp in case of neutrino normal ordering (NO). NOvA measures the value close to écp ~ 0.87,
while T2K prefers the value of dcp ~ 1.4m. We show that such a tension can be resolved if
one hypothesizes the existence of neutral-current non-standard interactions (NSI) of neutrinos
involving the flavor changing type e — u or the e — 7 sectors with couplings |ge,| ~ |ger| ~ 0.2
Remarkably, our analyses show that in the presence of such NSI, both the experiments point
towards the same common value of the standard CP-phase 6cp ~ 37/2, thereby indicating towards
the maximal CP-violation in the standard 3v framework. We also show that the best fit values of the
new CP-phases ¢, or ¢, are close to ~ 37/2, hence pointing towards the maximal CP-violation
in the NSI sector.
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Introduction. The new datasets[ 1, 2] from the two long-baseline (LBL) accelerator experiments
NOvA and T2K were recently presented at the Neutrino 2020 Conference. Interestingly, the
measurements on the standard 3-flavor CP-phase 6cp show an appreciable discrepancy between the
two experiments in case of NO, and this lies at more than 90% C.L. for 2 degrees of freedom (d.o.f.).
This discrepancy can be attributed either to a statistical fluctuation or to an unknown systematic
error,or it may be the signature of some new physics beyond the Standard Model (SM). In particular,
these two experiments are of different nature with respect to their sensitivity to the matter effects
due to their different baselines (810 km for NOvA and 295 km for T2K). This invites ample of
opportunities for the new physics to play an exciting role. In this work we explore the impact of
neutral current (NC) non-standard interactions (NSI) of neutrinos in resolving the tension between
the two experiments.

Theoretical framework. NSI represents the low-energy manifestation of high-energy physics
involving the new heavy states (for a review see [3, 4]) or, the light mediators [5]. As first recognised
in [6], NSI of type neutral current (NC) can alter the dynamics of the neutrino flavor oscillation in
matter and this can be represented by a dimension-six operator [6]

Lnenst = —2V2Grels (vay" PLvg) (FruPcf) (1)

where «, 8 = e, u, T denote the neutrino flavor, f = e, u, d indicate the matter fermions, P represents
the projector operator with superscript C = L, R referring to the chirality of the f f current, and
s£ ’g are the strengths of the NSI. The hermiticity of the interaction implies A 5 = (.c:(i g)*. For the
neutrino propagation in matter, the effective NSI couplings can be written as

Eap = afcﬁz (SfL+8fR)&, 2
s ;aﬁNe Zd o o) . @
Ny being the number density of f fermion. For the neutral and isoscalar Earth matter, N,, ~ N, = N,
which in turn leads to N, ~ Ng = 3N,. So, g, = sfw +3e] 5t 3 si 5 - The effective Hamiltonian
which governs the neutrino flavors oscillations through the matter gets modified in the presence of
NSI, for more details see [7]. In this work we focus only on the flavor changing non-diagonal NSIs
|&e| and |g.-| ! along with their associated CP-phases ¢, and ¢.. respectively which is a crucial
ingredient to resolve the discrepancy between NOvA and T2K we are considering. Let us focus on
the conversion probability relevant for the LBL experiments T2K and NOvA. In the presence of
NSI, the probability can be expressed as the sum of three terms P, ~ Py + P + P which, using a

compact notation take the following forms

Py =~ 4sf3s§3f2, 3)
Pi = 8si3510¢12823¢030 f g COS(A + dcp), )
Py = 8si3s03v|e|[af? cos(Scp + @) + bfg cos(A + 5cp + B)], ®)

where A = Amg L /4E is the atmospheric oscillating frequency, L is the baseline and E the neutrino
energy, a = Amgl/Amgl, and v = 2VecE /Am%l. Here Vee = V2GEN, is the charged current

!|eur| is strongly constrained by the atmospheric neutrinos, || < 8.0 x 1073 [8].
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Figure 1: Allowed regions obtained from the combined analysis of T2K and NOvA in the plane (Scp/7, |epl)
and (8cp /7, |€er|) for both the NO and 10. The contours have been drawn at the 68% and 90% confidence
level for 2 d.o.f.. This figure has been taken from [7].

matter potential. For brevity, we have used the notation (s;; = sin6;;, ¢;; = cos 6;;), and also we

have,
sin[(1 — v)A] sinvA
e (6)
—y .
a= s}, b=cy if &= |egle’?n, A
a= s3c3, b=-snc3 if = |geT|ei¢eT ®)

In the expressions given in Egs. (3)-(5) for Py, Py and P, the sign of A, @ and v is positive (negative)
for normal (inverted) ordering. Similarly for antineutrinos, the sign of all the CP-phases and of the
matter parameter v are flipped. Finally, we observe that the third term P, purely arises because of the
(complex) NSI coupling and it is different from zero only in matter (i.e. if v # 0). It represents the
interference between the matter potential &.,Vcc (or €. Vcc) with the atmospheric wavenumber
Am3, [2E.

Numerical Results. Figure 1 reports the results of the combined analyses of T2K and NOvA
for both the NO and inverted ordering (IO) in the plane of [laeﬂ |, 6Cp] and [|&.¢|, dcp] respectively.
It is worth to note that NSI parameter &, or €., has been taken one at a time. The contours in each
panel are shown at 68% and 90% confidence level for 2 d.o.f., where the bestfit point is denoted by
a red star. The non-standard CP-phases, the mixing angles 613 and 6,3, and the squared-mass Am%l
have been marginalized away. From the left most panel, one can see that in case of NO, the non
zero value of the NSI coupling |&.,| is preferred over the standard 3-flavor framework with best fit
|€ei| = 0.15. The statistical significance lies at ~ 2.10- (A y? = 4.50). However in case of IO, the
preference of non zero |&,,| is negligible. Now in case of |g.,| and NO (third panel), there is a 1.90
(Ax? = 3.75) preference of non zero |s,.| with best fit |g.-| = 0.27, while in case of IO (fourth
panel) the preference is only at the 1.0c- with best fit |g..| = 0.15. It is interesting to note that in
all the panels of Fig. 1, the preferred best fit values of dcp is close to 37/2, indicating maximal
CP-violation in the standard 3v sector. For more details about the analyses, see [7].

Figure 2 represents the contours from the combined analysis of T2K and NOvA similar to
Fig. 1 for both the NO and IO in the plane of [aeﬂ, ¢e,u] and [&.7, P | respectively. The standard
CP-phase ocp, the mixing angles 63 and 63, and the squared-mass Am%l are marginalized away.
Interestingly in case of NO, the preferred value for both the new CP-phases ¢., and ¢.. is close
to 37/2, so indicating maximal CP-violation also in the NSI sector. The black dashed line in each
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Figure 2: Allowed regions determined from the combined analysis of T2K and NOvA in the plane
(¢e;4 /7, |se,,|) and (¢per /7, |€er|) for both the NO and IO. The contours have been drawn at the 68%
and 90% confidence level for 2 d.o.f.. The dashed curves correspond to the upper bounds (90% C.L., 2 d.o.f.)
derived from the IceCube data [9]. This figure has been taken from [7].
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Figure 3: Allowed regions derived separately by T2K and NOvA for NO in the plane (5cp/, sin? 623). Left
panel represents the SM case and middle (right) panel corresponds to the NSI in the e — u (e — 7) sector. In
the middle panel we have considered the NSI parameters at their best fit values obtained from T2K + NOvA
(l€eul = 0.15, ¢p¢,, = 1.387). Similarly, in the right panel we have taken |g..| = 0.275, ¢ = 1.627. The
contours are drawn at the 68% and 90% C.L. for 2 d.o.f.. This figure has been taken from [7].

panel corresponds to the upper bounds given by the analysis of the IceCube data [9]. It can be seen
that the bounds we have obtained from the combined analysis, are compatible with that of IceCube.

Let us now try to understand how the preference of the non-zero values of the NSI couplings in
the e — u and e — 7 sectors help to resolve the tension between the NOvA and T2K measurement on
ocp- In Fig. 3 we display the 68% and 90% C.L. allowed regions for 2 d.o.f. in the plane spanned
by the standard CP-phase dcp and the atmospheric mixing angle 6,3 in the NO case. The left panel
refers to the SM case, while the middle and right panels concern the SM+NSI scenario with NSI
in the e — u and e — 7 sectors respectively. The red (green) contours correspond to T2K (NOvA)
respectively. From the left panel it is clearly evident that the discrepancy between the NOvA and
T2K lies at more than 90% confidence level. NOvA (T2K) prefers values close to dcp ~ 0.87
(~ 1.4x). In the middle and right panel the contours have been drawn considering the best fit values
of the NSI parameters obtained from the combined analysis of both the experiments as shown in
Fig. 1 and Fig. 2 respectively. We can see that in presence of NSI both in the middle and right
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panel, the tension between the two experiments is resolved. The best fit values of dcp are almost
same for both the panel and they are close to ~ 37/2. Interestingly, this is also the value very close
to the one preferred by T2K. It can be understood from the fact that due to short baseline (295 km)
T2K has low sensitivity to the matter effects and thereby to the NSI, whereas NOvA has a longer
baseline (810 km) and hence more sensitive to matter effects as well as to NSI. As a result, the
standard CP-phase 6cp measured by T2K can be considered more faithful. It is worth to mention
that in the SM case, the 10 is slightly preferred over NO ( )(I%IO - X120 = 1.87). Now in presence of
NSI, there is moderate preference of NO over IO in e — u sector ( XI%IO - XIZO = —2.56), whereas in
e — T sector, there is no such preference ( )(I%IO - )(120 = —0.21). For more details see [7].

Conclusions. In this work, we explored the impact of NSI on resolving the discrepancy between
the two long-baseline experiments T2K and NOvA in the measurement of standard CP-phase dcp.
We found that this discrepancy can be resolved if one considers the flavor changing neutral current
non-standard interactions of neutrinos of type involving e — u and e — 7 sectors. We hope that the
future LBL accelerator data as well as the atmospheric data would shed more light in confirming
the existence of NSI hypothesis.
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Workshop on Neutrinos from Accelerators (NuFact2021)” for giving an opportunity to present this
work.
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