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Establishing Neutrino Mixing Paradigm
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Neutrino Oscillations: the Standard Paradigm
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Neutrino Oscillations: the Standard Paradigm
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Neutrino Oscillations: the Standard Paradigm
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Modified from Song et al., 21 4/18



Unitarity of Neutrino Mixing

Standard Model: 3 neutrinos

3
V(0 = ) Uy ()

Flavor k=1 Mass

3-tlavor mixing parameterized by:
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Unitarity of Neutrino Mixing

Standard Model: 3 neutrinos

3
Ve(x) = Z Ui Vi (X)

Flavor k=1 Mass

3-tlavor mixing parameterized by:

Sterile neutrino searches - unitarity assumed
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This Isn’t the Whole Story...

Neutrinos have masses

LHLH E.g., non-standard interactions

A

L Dc + h.c.

L=-2V2Gr ) el (ar"Puvp) (FruPf’)

New physics at scale A => fip.ap

new states => e
can be mapped onto non-unitarity

(3X3) Uak - (TlXTL) uak

How well can we test non-unitarity in neutrino sector?
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This Isn’t the Whole Story...

1.5

T T 1T [T T 711 | T Tlg[ T T 11 T T 1 T T 1
: excluded area has CL >0.95 | % n
Y \B
1.0 — | X3
| 5 Amy & Amg
- sin2p i
0.5 — E ]
E Amy,
€y P\
IS 0.0 ool L BT s —~
(0 i
|Vub| a
-0.5 — —
1.0 — Y € _
fitter ' sol. W/ cos 28 <0
= Summer 19 E (excl. at CL>0.95) —
1.5 I B A S AR S R AN BT AR A A
-1.0 -0.5 0.0 0.5 1.0 1.5
P

How well can we test non-unitarity in neutrino sector?

2.0

7/18



What Is Unitarity?

UTU = UUT =1

An over-complete set of constraints:

3 3
Ng = Zanklz =1 tap = UakUEk =0
k=1 k=1
Ny = z |Ugr|? =1 tl = z UpUgr =
a=e,ut a=eutT
Row / column normalizations closures
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How Can We Test Normalizations?
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Assuming unitarity, infinite precision
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How Well Can We Test Normalizations?

V — 0.3 plane
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How Well Can We Test Normalizations?
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How Can We Test Closures’?

Un1tar1ty tr1angles

Quark sector
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How Well Can We Test Closures?
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Ellis, Kelly, SL 20b
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Tr1angles as Tests of Umtanty
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Ellis, Kelly, SL 20b
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How Well Can We Test Closures?

Current 30 Upper Limit | Future 30 Upper Limit

3.2i% 10> 255¢ 1077
1.3 x 1071 No Improvement
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A tactor of 1—3 improvement but need better tau data! /
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Conclusions

» In oscillation analysis, unitarity of PMNS matrix is
typically assumed

» New physics could show up as unitarity violation
» Standard analysis may not be sensitive to this

» We need more tau data, and different measurements of é.p
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