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@ Forthcoming news in lepton flavour physics — 613
which will be brought by reactor and accelerator experiments
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@ Forthcoming news in lepton flavour physics — 63
which will be brought by reactor and accelerator experiments

@ These are not redundant — two channels v, — v, and v, — v,
— If two different observations attack the same parameter space,
this has benefits beyond just increasing statistics.
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@ Forthcoming news in lepton flavour physics — 63
which will be brought by reactor and accelerator experiments

@ These are not redundant — two channels v, — v, and v, — v,
— If two different observations attack the same parameter space,
this has benefits beyond just increasing statistics.

It is a good time to prepare for facing the future mesurement.

o If they will give rise to a tension, what does it mean?

o If they will be consistent with each other, is the standard
oscillation interpretation rigid?
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@ Forthcoming news in lepton flavour physics — 63
which will be brought by reactor and accelerator experiments

@ These are not redundant — two channels v, — v, and v, — v,
— If two different observations attack the same parameter space,
this has benefits beyond just increasing statistics.

It is a good time to prepare for facing the future mesurement.
o If they will give rise to a tension, what does it mean?

o If they will be consistent with each other, is the standard
oscillation interpretation rigid?

In this talk

We take a model independent (effective interaction) approach to
interpret the future results — Non-standard interaction (NSI)

y
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o Introduction
@ NSl in source and detection
@ NSI in propagation

9 Numerical study
@ Mismatch and Offset: two examples
@ Systematic study: which NSI does what
@ Discovery reach

e Summary
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Introduction
Outline

e Introduction
@ NSl in source and detection
@ NSI in propagation
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Introduction
Introduction — NSIs

@ NSI — Flavour violating interactions with neutrinos parametrized
as four-Fermi interactions:
@ They can affect the neutrino source, propagation, and detection

Standard oscillation

Prawy = |(ale HE va)|”
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Introduction
Introduction — NSIs

@ NSI — Flavour violating interactions with neutrinos parametrized
as four-Fermi interactions:
@ They can affect the neutrino source, propagation, and detection

With NSIs

. 2
Py = |(gle T VRS 2)

o CC type NSI — flavour mixture states at source and detector
Grossmann PLB359 (1995) 141.

€.
) =lva) + Y. enln), eg.rt =Sty
Y=€,14,T
d
Wil =wal+ Y edaltyl,  eg v N THe X
V=€ H,T

@ NC type NSI — extra matter effect in gropagation
Wolfenstein PRD17 (1978) 2369. Valle PLB1999 (1987) 432. Guzzo Masiero Petcov PLB260 (1991) 154.
Roulet PRD44 (1991) R935. etc.

m
(VNs1) ga = ﬂGFNeGﬂa




Introduction NSI in source and detection

NSI associated with electron,

d
@ ¢, and ¢, affect
@ Reactor — source and detection,

o Accelerator — v, detection
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Introduction NSI in source and detection

NSI associated with electron

d
@ ¢, and €2, affect
@ Reactor — source and detection,

o Accelerator — v, detection
@ The source and detection states are defined as

(Ve| = (De| + Egz<77a|

(Ve| = (ve| + 6ie<ya‘

|Ze) = |Ve) + €on|Par)
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Introduction NSI in source and detection

NSI associated with electron, ¢, and e

ae

d
e, and €2 affect
@ Reactor — source and detection,

o Accelerator — v, detection
@ The source and detection states are defined as
<77@| = (’76| + 5i2<77a|
<Ve’ = <Ve| + €ae<’/a‘
@ We introduce only NSls with the (V' — A)(V — A) structure

|DE> = |Ve) + 622 ’70c>

(
Lxst = 2V2G péea (Vo Pre)(dy,Pru) + He.,

This NSI effects take the same energy dependence as the
standard interactions: ¢, and %, — energy constant parameters.

€5, in source and ¢Z, in detector are correlated

ea — (eie)* = €ea-
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Introduction NSI in source and detection

NSI associated with muon, ¢ and ¢

Lo ap

° ¢, and ¢, affect
e Accelerator — source (m decay) and v, detection
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Introduction NSI in source and detection

NSI associated with muon, ¢ and ¢

Lo ap

° ¢, and ¢, affect
e Accelerator — source (m decay) and v, detection

@ The source and detection states become

V5 = V) + Enlva), (Vi = (] + €l (val
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Introduction NSI in source and detection

NSI associated with muon, ¢ and ¢

Lo ap

° ¢, and ¢, affect
e Accelerator — source (m decay) and v, detection

@ The source and detection states become
) = lvu) + €nalva), Wl = (vl + €l (val
@ We assume only the (VV — A)(V — A) type NSI which is the same

as the electron associated NSI case.

The other cases are also examined in our paper.

Lns1 = 2V 2G péua(Tay"Prp) (dy,Pru) + Hee.,

¢ in source and €%, in detector are correlated

gite! geqn
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Introduction NSI in propagation

NSI in propagtion, €™

af

@ ¢ affects
o Accelerator — neutrino propagation
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Introduction NSI in propagation

NSI in propagtion,

@ ¢ affects
o Accelerator — neutrino propagation
@ Standard oscillation Hamiltonian
0 \/iGFNe

1
—Usg; Am?, Ul + 0

(Hso)pa =
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Introduction NSI in propagation

NSI in propagtion, €.

f 5)

@ ¢ affects
o Accelerator — neutrino propagation
@ Standard oscillation Hamiltonian

1 0 V2GFrN.
(Hso)sa = 55 Usi Am3, Ul + 0
Am%l 0

@ When we introduce

Lnst = QﬁGpega(ngpPLya)(éfprLe) + H.c.,

The total Hamiltonian becomes

H = HSO + \/ﬁGFNeegla
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Numerical study
Outline

9 Numerical study
@ Mismatch and Offset: two examples
@ Systematic study: which NSI does what
@ Discovery reach
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Numerical study Mismatch and Offset: two examples

Examples: Mismatch

exists, what will reactor and accelerator see?

True values — sin® 20,5 = 0.05 and dcp = 7.
T2K / Double Chooz

350 I
300
250 g
©
. 200 * N3
o x ¢ |\
150 8
N
100 g
50| |€7| =05
0 arg(eq)) = —7r/'2 ‘
0.02 0.05 0.1 0.2
Sin22013
Best-fit point of reactor is located away from that of accelerator

— Mismatch
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Numerical study Mismatch and Offset: two examples

Examples: Offset

True values — sin® 20;5 = 0.05 and dcp = 7.
T2K / Double Chooz
350 e
300
250 g
©
. 200 ¢ @
5 ' 8
150 S
N
100 g
(@)
0.01 0.02 0.05 0.1
Sin22613
The results are consistent but the true parameter point is excluded
— Common offset

-
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Numerical study Systematic study: which NSI does what

Systematic study: Before showing plots...

The plots in the next slides indicate —
How the best fit values of 613 change if there is a NSI with
@ |e| =0-0.1 (for source and detector), |¢| =0-0.7 (for matter),
@ argle] =0-27.

Bounds

@ ¢"": NSls in matter
LFV processes through loop diagrams constrain them

Davidson Pefia-Garay Ruis Santamaria JHEP 03 (2003) 011

— This is the only relevant NSI in matter.
€op <O 10~* — irrelevant in superbeam experiments.
€1ir does not affect the 6,5 determination.
en, only gives sub-dominant effects.
@ > NSls in source and detection:
€, @Nd eze are constrained at 0.09 roc. The others are, at least,

bound from lepton universality at the same level. — |¢*,e? < 0.1|.

y
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Numerical study Systematic study: which NSI does what

Systematic study: NSI in matter

@ How the best fit values of 6;3 change if there is a NSI with
o || =0-0.7, argle] =0-27.

5 01l <
é e -
() er ,/’

I 0.05 —— |
e i
= e}

0.02 . N
L el = 0.0 ~
& 0,01 ——#——— I -
€l =0 (@)
- L QOF < 30
001 002 005 01
Log,o[Sin? 2613] (T2K)

@ Only the accelerator exp. is affected by the NSI in matter
— mismatch
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Numerical study Systematic study: which NSI does what

Systematic study: NSI in source and detector

@ How the best fit values of 6;3 change if there is a NSI with
o |e5d| =0-0.1,
o argle] =0-27.
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Numerical study Systematic study: which NSI does what

Systematic study: scatter plot

@ How the best fit values of 6,3 change if there are NSls
T2K / Double Chooz
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Sin?26,5 (T2K)

@ We introduce some random combinations of the NSI parameters.
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Numerical study Discovery reach

Systematic study: Discovery reach

@ Discovery reach — if y? > 3¢ after marginalizing all the standard
oscillation parameters, we can discover a NSI.

arg (e) [Degrees]
BooR NN
- 88 E BB EE

0 0.02 0.04 ‘0.06 0.08 010 0.02 0.04‘ |0.06 008 010 0.02 0.04| |0.06 0.08 0.1
€ € €

@ The discovery reach strongly depends on the argument of the
epsilon parameters.
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Numerical study Discovery reach

Systematic study: Discovery reach

@ Discovery reach — if y? > 3¢ after marginalizing all the standard
oscillation parameters, we can discover a NSI.

arg (e) [Degrees]
BooR NN
- 88 E BB EE

0. 002 004 006 008 010 002 004 006 008 010 002 004 006 008 0.1
lel lel lel

@ The discovery reach strongly depends on the argument of the
epsilon parameters.
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Numerical study Discovery reach

Systematic study: Discovery reach

@ Discovery reach — if y? > 3¢ after marginalizing all the standard
oscillation parameters, we can discover a NSI.

arg (e) [Degrees]
2R NN
o 8 8B BB Y88

0. 02 04 06 08 10 02 04 06 08 1
lel lel

@ The discovery reach strongly depends on the argument of the
epsilon parameters.
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Summary

Outline

e Summary
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Summary

Summary

@ We study the effects of NSls in forthcoming experiments —

Reactor and accelerator

— The two experiments yield a tension.

We will feel the existence of something non-standard.
— realized by e.g., €*.

— The two experiments coincide with each other and are
consistent with the standard oscillation hypothesis but the true
parameter region is excluded.

— realized by e.g., €6 = (¢2,)*(= é.,).

@ The two experiments are not redundant — They will give important
information for standard and non-standard neutrino physics.
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