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1) NSI models and implications  for/from 
COHERNT and CEvNS

Yasaman Farzan



2) NSI in Solar Neutrino Experiments -  
The LMA Dark Solution
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Figure 6. Two-dimensional projections of the allowed regions onto different vacuum parameters
after marginalizing over the matter potential parameters (including ⌘) and the undisplayed oscilla-
tion parameters. The solid colored regions correspond to the global analysis of all oscillation data,
and show the 1�, 90%, 2�, 99% and 3� CL allowed regions; the best-fit point is marked with a star.
The black void regions correspond to the analysis with the standard matter potential (i.e., without
NSI) and its best-fit point is marked with an empty dot. For comparison, in the left panel we show
in red the 90% and 3� allowed regions including only solar and KamLAND results, while in the
right panels we show in green the 90% and 3� allowed regions excluding solar and KamLAND data,
and in yellow the corresponding ones excluding also IceCube and reactor data.

first oscillation maximum for some of the trajectories. Also, the effective parameter 'µµ

entering in the expression of Pµµ depends linearly on '12 and only quadratically on '13,
which explains why the bounds on the mixings are stronger for '12 than for '13.

As can be seen in Fig. 5, even with the inclusion of IceCube neither upper nor lower
bounds on the overall strength of the Earth’s matter effects, "�, can be derived from the
analysis of atmospheric, LBL-CPC and MBL reactor experiments [14, 32, 67].3 This hap-
pens because the considered data sample is mainly sensitive to NSI through ⌫µ disappear-
ance, and lacks robust constraints on matter effects in the ⌫e sector. As a consequence, when
marginalizing over "� (as well as over the oscillation parameters) the full flavor projection
('12,'13) plane is allowed. On the other hand, once the results of solar and KamLAND ex-
periments (which are sensitive to ⌫e) are included in the analysis a bound on "� is obtained
and the flavor structure of the matter potential in the Earth is significantly constrained.

In Fig. 6 we show the two-dimensional projections of the allowed regions from the
3See Ref. [68] for constraints in more restricted NSI scenarios.
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Esteban, Gonzalez-Garcia, Maltoni, Martinez-Soler, Salvado (2018)

*How seriously should one take the dark LMA solution?

*Is there an independent way to verify the dark LMA?



3) NSI in Atmospheric Neutrino Experiments
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FIG. 2: The excluded region in the (ϵee, |ϵeτ |) plane. The hypothesis with NSI is excluded

at 3σ outside each curve. The thin solid diagonal straight line stands for the bound | tan β| ≡

|ϵeτ/(1 + ϵee)| ! 0.8 [17] at 3σ from the current atmospheric data by Superkamiokande. Upper

left pane: Normal mass hierarchy. Upper right panel: Inverted mass hierarchy. Lower panel: The

bounds from T2HK with the detector of volume 560 kt at Kamioka only.
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FIG. 3: χ2 to exclude (ϵee, |ϵeτ |) = (0.8, 0.2) as a function of the running time. Upper right panel:

Inverted mass hierarchy. Lower panel: The bounds from T2HK with the detector at Kamioka only.

neutrino experiment and it is followed by DUNE. Notice that the sensitivity of T2HK with

the detector at Kamioka only has poor sensitivity, and therefore the second detector in

Korea greatly improves its sensitivity at all the off-axis angles. From the figure we notice

that T2HKK at off-axis angle 1.3◦ can exclude the case with (ϵee, |ϵeτ |) = (0.8, 0.2) at 2σ

within its proposed run-time for both the hierarchies. Whereas DUNE and HK can exclude

the same by more than 3σ in for NH. For IH the sensitivity of DUNE is similar that of

the 1.3◦ configuration of T2HKK and the sensitivity of HK is around 2.5σ in 15 years of

running. The sensitivity of the T2HK experiment is less than 1σ for both the hierarchies.
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Fukasawa, Ghosh, Yasuda  (2016)
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FIG. 4: The ∆χ2
MH, giving the expected mass hierarchy sensitivity from 10 years of running of

ICAL, as a function of the true value of NSI parameters. We keep only one ϵαβ(true) to be non-

zero at a time, while others are set to zero. The ∆χ2 is obtained after marginalisation over the

oscillation parameters as well as NSI parameters as explained in the text.

NSI parameter. For the sake of simplicity, we take only one non-zero NSI parameter in the

data at a time. For instance, the black curves in the top-left panels of Figs. 3 and 4 are

obtained as follows. The data are generated for NH and a given true value of ϵeµ (shown

as the x-axis). The oscillation parameters in data are taken from Eq. (6) and all other NSI

parameters are set to zero. This is then fitted with a theory prediction corresponding to IH.

In Fig. 3, we present the ∆χ2
MH obtained when all oscillation and NSI parameters in the fit

are fixed at their assumed true values. In Fig. 4, we marginalise the ∆χ2 over the oscillation

parameters |∆m2
31|, sin2 θ23, and sin2 2θ13 with priors. The ∆χ2

MH is also marginalised over

the NSI parameter which is taken as non-zero in the data, while the other NSI parameters

are kept fixed at zero. For instance, in the top-left panel, the ∆χ2 is marginalised over ϵeµ,
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FIG. 4: The asymmetry in the number of muon events defined as (NNSI − NSM)/
√
NSM in the

cos θz-logE plane. The left plot is for normal neutrino mass hierarchy, whereas the right plot is for

inverted hierarchy. The benchmark values of εµτ and εττ assumed for the plots are shown.
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FIG. 5: The asymmetry in the number of muon events defined as (NNSI − NSM)/
√
NSM in the

cos θz-logE plane. The benchmark values of εµτ and εττ assumed for the plots are shown. We have

chosen normal neutrino mass hierarchy in both plots.

we have assumed normal neutrino mass hierarchy. Switching on |εττ | has the main effect of

increasing the muon neutrino survival probability over most of the energy range considered.

As a result, the red regions in Fig. 5 become brighter compared to the ones in Fig. 4, while

the blue regions diminish and almost go away. From Fig. 5 one can also note that the sign

of εµτ and εττ does not make much of a difference to the expected event rates. This was
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√
NSM in the

cos θz-logE plane. The left plot is for normal neutrino mass hierarchy, whereas the right plot is for

inverted hierarchy. The benchmark values of εµτ and εττ assumed for the plots are shown.
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FIG. 5: The asymmetry in the number of muon events defined as (NNSI − NSM)/
√
NSM in the

cos θz-logE plane. The benchmark values of εµτ and εττ assumed for the plots are shown. We have

chosen normal neutrino mass hierarchy in both plots.

we have assumed normal neutrino mass hierarchy. Switching on |εττ | has the main effect of

increasing the muon neutrino survival probability over most of the energy range considered.

As a result, the red regions in Fig. 5 become brighter compared to the ones in Fig. 4, while

the blue regions diminish and almost go away. From Fig. 5 one can also note that the sign

of εµτ and εττ does not make much of a difference to the expected event rates. This was
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*How imp is the impact of NSI on atm expts

*How well can atm expts measure NSIs?

INO

PINGU
DeepCore



4) NSI in Long-Baseline Experiments

*Matter NSIs

*Source/Detector NSIs

*S/D and Matter NSIs

*New Degeneracies - How important are they?

*Can independent measurements from experiments like
COHERENT improve the situation?

*Can combining different oscillation experiments improve 
the situation?
*Does it make sense to look at NSIs at LBL expts in the 
context of specific models only?



5) NSI in UHE Neutrino Experiments -  
NSI vs Sterile and constraints from IceCube

IceCube Sterile AnalysisDeepCore

nm Æ nm

Sin2q24 = 0.063

Dm412 = 0.32 eV2

emm = -4.3 , ett = -4.0

ess = 0

Cos qz = -0.8
3+1

3+1+NSI

3n NSI

10 50 100 500 1000 5000 1¥ 104
0.0

0.2

0.4

0.6

0.8

1.0

En @GeVD

PHn
m
Æ
n m
L

IceCube Sterile AnalysisDeepCore

nm Æ nm

Sin2q24 = 0.063

Dm412 = 0.32 eV2

emm = -4.3 , ett = -4.0

ess = 0

Cos qz = -0.8

3+1

3+1+NSI

3n NSI

10 50 100 500 1000 5000 1¥ 104
0.0

0.2

0.4

0.6

0.8

1.0

En @GeVD

PHn
m
Æ
n m
L

Figure 1. The ⌫µ ! ⌫µ (upper panel) and ⌫̄µ ! ⌫̄µ (lower panel) oscillation probabilities as a
function of the neutrino energy for cos ✓z = �0.8. The black thick dashed curve corresponds to
the 3⌫ oscillation, while the red solid curve corresponds to the 3 + 1 model with sin2 ✓14 = 0.02,
sin2 ✓24 = 0.063 and �m

2
41 = 0.32 eV2 (all the other parameters of the 3+1 model are set to zero).

The blue dashed curve indicates the case where the NSI is added on top of the 3 + 1 model, the
(3+1)+NSI scenario, with the parameters fixed to the case (a) shown in Table 1. For completeness,
the case where only the NSI effect is added to the standard 3⌫ oscillation is also shown by the brown
dot-dashed curve. The energy ranges used by the IceCube’s sterile neutrino analysis [8] and the
DeepCore oscillation analysis [24] are indicated by the green and pink shaded regions, respectively.
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*Can IceCube null 
results on sterile nu
be made compatible 
with LSND by taking
NSI?

*Role of MINOS and MINOS+?
*Magnitude of NSI needed?
*Is it fine-tuned?

*Has IceCube been considered correctly?



7) Impact of  NSI in Dark Matter Direct 
Detection Experiments

*Can NSI parameters be measured in direct detection
experiments?

*Can NSI parameters affect the neutrino floor of direct 
detection experiments?



6) NSI in Type II Supernova

Any comments from? 
Amol Dighe 

Basudeb Dasgupta 
Sovan Chakraborty

Can be discussed in the SN session as well


