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Topics

e Present CDR bounds;
e Bounds from the literature (considering all parameters free);
e Including matter density profile;
o Effects on standard oscillation from a detailed matter
profile inclusion;
o Effects on NSI bounds from a detailed matter profile
consideration as well as letting all parameters free.



From DUNE CDR Physics Volume: arXiv:1307.7335

Neutral current (NC) nonstandard interactions (NSI) can be
understood as nonstandard matter effects that are visible only in a far
detector at a sufficiently long baseline. They can be parameterized as
new contributions to the MSW matrix in the neutrino-propagation
Hamiltonian:
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Here, U is the leptonic mixing matrix, and the e-parameters give the
magnitude of the NSI relative to standard weak interactions. For new
physics scales of a few hundred GeV, a value of |e¢| < 0.01 is expected.



From DUNE CDR Physics Volume: arXiv:1307.7335
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Bounds for one relevant parameter at
a time. Other NSI parameters
considered negligible.

o  What is the effect of having two
or more NSI parameters varying
at the same time? Can this
loosen the limits?

What is the matter density profile
effect on these bounds?

o What about the effect on the
standard oscillation
parameters?

o Is the PREM profile precise
enough for the level of
uncertainties DUNE admits?



Effects of the Earth profile along the
DUNE baseline

30 p

2.8 |
2.7
2.6 F
25

p(g/em )

24 ¢ — SR

23¢F — FREM
2.2

0 200 400 600 800 1000 1200

Distdncia  (km )
1A, M. Dziewonski and D. L. Anderson, Phys. Earth Planet.

@ PREM — 1300 km 12 | interiors 25 (1081), 207-356.

F: D Stacey, Physics of the earth, 2nd ed., Wiley, 1977.

3.4 |3 W. Shen and M. H. Ritzwoller. J. of Geophys. Res.: Solid
o SR — 1.284,852 km 34 | V. shenar

% B. Roe, Phys. Rev.D 95, 113004 (2017) [arXiv:1707.02322
[hep-ex]].




{V;.' - V)

Probabilidade

2 free parameter results. PrREMxSR

F. Kamiya, O. Peres, M. Guzzo, D. Forero
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Quantitative estimate deviation. pPrREMxSR

F. Kamiya, O. Peres, M. Guzzo, D. Forero

Relation between parameters ey
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More results for oscillation and NSI
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All parameters free - Results from A. de
Gouvéa and K. Kelly - PREM
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GLOBES results - PREM vs. SR - All free

G. Barenboim and E. Fernandez-Martinez

Using basically same assumptions.
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GLOBES results - PREM - All free

E. Fernandez-Martinez and G. Barenboim
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GLOBES results - PREM - All free

E. Fernandez-Martinez and G. Barenboim
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GLOBES results - PREM - All free

E. Fernandez-Martinez and G. Barenboim
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Non-Unitarity group also contributing

Miranda, Forero, Tortola, and Fernandez-Martinez

3 Searches for Non—Unitarity

A generic charasteristic of most models explaining the neutrino mass pattern, is the presence
of heavy neutrino states, additional to the three light states of the Standard Model of parti-
cle physics [MP98, VR15, FY03]. This type of models will imply that the 3 x 3 PMNS matrix
is not unitary due to the mixing with the additional states. Besides the type-1 seesaw mech-
anism [GMRST79, Yan79, MS80, SV80] different low-scale seesaw models include right handed
neutrinos that are relatively not-so-heavy [MV86] and perhaps detectable at collider experiments.

These additional heavy leptons would mix with the light neutrino states and, as a result, the
complete unit ary mixing matrix will be a squared N x N matrix, with N the total number of neutrino
states. As a result, the usual 3 x 3 PMNS matrix will be non-unitary. Different parametrizations
have been used to study the current constraints on non-unitarity [ABFM™06] There must be more
references herel. A recent parametrization that it is useful for oscillation searches is a triangular
parametriztion of the form [EFMT15]
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Conclusions

We have finished an analysis with two free parameters;
o The results for oscillation show that the Earth profile don’t have
big influence in the parameter sensitivity
o The results for NSI show that for the more constrained
parameters the difference in the profile considered can be
important
The partial results with all the parameters free to vary indicate that in
this case even the NSI constraints are not importantly affected by the
Earth profile;
We still need to produce the accurate plots;
The Non-unitarity session of the TDR is being written/reviewed.



Thank you!
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Analysis with more than one free parameter at a time and detailed density profile
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NSI limits from other experiments

Mark Thomson
University of Cambridge & Co-spokesperson of DUNE
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