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Plan of the talk

® Basic theory and motivation
® Impact of LIV on probability
C A)(z correlations and various degeneracies

® Improving constraints with DUNE+P20

® Summary




Lorentz Invariance Violation (LIV)

Kostelecky et al. (2012), Mavromatos et al.

* Introduce Lorentz violation effectively In form
of the Standard model extension (SME)

e In the SME the neutrino sector Is described

by .
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Lorentz violating operator

' c . C ,C\T
with ¥ = (Veal/,ual/’rv’/e Vi 71/7')

* Lorentz violating part can be decomposed into:
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* The observable effect on LH neutrinos are
controlled by  (az)*; = (a+b)",



LIV:Theory background

Kostelecky et al. (2012), Mavromatos et al.
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Schematics of DUNE & P20

DUNE collab. : 2002.03005

Sanford Underground
Research Facility

Fermilab

40kt Liquid Argon S . .
E~ 2.5 GeV
|.2 MW proton beam
(upgradable to 2.4 MW)
\20e SR Y Canr-NeTepBypr).
Eesti
Zaborov et al, PO 00611299(202@& S (Emm,, Protvino
Latvia
North Sea __ (Latviay, | accelerator
e {
 nited. (Deamar) &'.iﬁf.'.'r‘a?) : / complex
& " Vilniu \\
= Hamburg o= 90 kW beam
Nederla Berlin
- e ...,.,.......';;’. S Polska o
o nquoDeutschland el Kiev » =
‘(Bﬂglu.m) Syt et Wrocc)daw 8" S N
ORCA/KM3NET: o8, AT ~
N o (Ukraine) oDmprggftmi K L
6 Mt cerencov detector ~ Moldova i &
Romania Odles 2
ano l:‘r:v':.t::’l\,‘> (Romania) -~.{Oasca)
Cpbmja- 0
i ity TS oY BRGSO .. E~5GeV
;" Bar“cgona oRo:a : “:,;‘ 5(‘3'3323” . b“&‘()g:? A)z -b; S
g.-' Espaiia M “EARGc T SR = LA::MY::



Impact of LIV parameters at probability
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Impact of LIV parameters at probability
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AP, heatplots in (0,3 — a,p) plane
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AP, heatplots in (0,3 — a,p) plane

813 [Deg]

013 [Deg.]

180 prromem

135

~180 i
180F T

135

135
90

45F

2595 km, 5 GeV

1300 km, 2.5 GeV

3
lag,| / 107 [GeV] 2] / 107 [GeV]
. 2 s5 2
sind3 = - % Cos 013 sin 13 = —— cos d13
23 4

0.2

0.15

0.1

0.05

AP,




AP” . heatplots in (0,3 — aﬂ) plane
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AP, heatplots in (0,3 — a,4) plane

A — Al + aee /\/iéFNe] = 20/2G.N,E[1 + a,,/1\/2G:N,]

APﬂe(aee) =0 = [

sin [1 — A(1

Define a,, = aee/\/EGFNe ~ 10%%a,,
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P20 has two solutions in this range
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LIV-LIV parameter space (aaﬁ — aW) at 95% C.L.
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LIV-LIV parameter space
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Constraints on LIV parameters
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Constraints on LIV parameters
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Constraints on LIV parameters (95% C.L.)

Parameter | Bounds from DUNE Bounds from P20 Bounds from (P20+DUNE)
(10723 GeV] (1072 GeV] (10723 GeV]
Gee [—24 < @ee < —20] | [-30.8 < @ee < —21.9] —2.6 < Gee < 3.3
U [—=3.2 < @ee <5.6] | U[-3.9< aee < 8.6]
Ay -1.9<ay, <2.0 —4.0<ay, <4.3 —1.6 <ay, <1.6
Qe 0.6 1.6 0.4
Qer 1.3 2.1 0.7
Qur 1.5 2.9 1.3
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Constraints on LIV parameters (95% C.L.)

Parameter | Bounds from DUNE Bounds from P20 Bounds from (P20+DUNE)
(10723 GeV] (1072 GeV] (10723 GeV]
Qee [—24 < @ee < —20] | [-30.8 < @ee < —21.9] —2.6 < Gee < 3.3
U [—=3.2 < @ee <5.6] | U[-3.9< aee < 8.6]
Ay -1.9<ay, <2.0 —4.0<ay, <43 —1.6 <ay, <1.6
Qe 0.6 1.6 0.4
QAer 1.3 2.1 0.7
Qur 1.5 2.9 1.3
SK:

|aeu| < 3.2 x 1072% GeV;

Ger| <5 x 1072 GeV.

lceCube:

-] <0.41 x 10722 GeV.
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summary

LIV can be efficiently explored in neutrino
oscillation expts.

Interesting non-trivial degeneracies at different
L,E

DUNE & P20 simulations can help lift hard-to-
remove degeneracies for LIV in ee sector

Substantial improvement of bounds on a,,, a,,, a,,
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Backup

—EL y; —12, 2 my — L
Each v, propagates as e™"" W|thEkz\/|p| +mk:E+EwhereEz|p| ~ 1.27 X

om?*[eV?] . L[km] N
E[GeV] B

(For maximal oscillation)
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Oscillation arises due to the difference Am,fj =my; — m

4 Probability v, = v,
P(l/ﬂ —> Ve) = | <V, | I/ﬂ(L) > |2 ...... T ...... ' Llkm] ~ (6m2[eV2])'1
o AmPL E[GeV]
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Oscillation 4nE 56 m E [eV* )
5> = & = | c—
Length dm* MeV \ém |
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Leptonic CP violation?

Ta ble: de Salas, Forero, Gariazzo, Martinez-Mirave, Mena, Ternes, Tortola, Valle: 2006.11237 IS '|'h€ CP Phase nOI"I—

“Oscillation parameter | Best fit value 30 range zero?
f12/° 34.3 [31.4,37.4] could help explain
023/° 48.8 [41.6,51.3] baryon asymmetry
013/° 8.6 8.2,8.9]
513/71' —0.8 [—1, 0] U [08, 1]
Am3, /1075 eV? 7.5 [6.9,8.1]
Am3,/1073 eV? 2.6 [2.5,2.7]
o, sinf(1— A)A 4 = 2Y2EGens
P, = sin 20,5 sin” 0,4 Amz,
i AA 2
+ a*sin®26,,cos* 0y, smA where, A = Amg, L
, , , sin(1 —A)A sin AA £
+ asin20,;s1n 20, sin 20,, cos(o + A) Am3,
1-A A a=

22
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Backup

sin? [1 — A(1 4 ace/V2GrN,)]A sin® [1 — A]A
1~ AL + aee/V2GFNe))’ 1- A

AP, e(Gee) ~ 48%36%38%3{ } +cos d13-term.

AX2(G’667 C) ~ APpe(aee)

sin [1 — A(1 + de)]A  sin[1 — A]A L[ s A(l + dee)] A | sin [1- A]A
1 — A(1 + Gee) 1-A 1 — A(1 + Gee) 1-A |
I I
sin [1 4+ A(1 + Gee) | A | sin [1 - A]A [ sin[L+ A(l +a.)]A  sin[l - A]A
1+A(1+&ee) 1— A 1+A(1+dee) 1-A .
- L

23




Ma.ss ordering ambiguity

neutrino mass spectrum

Ta ble: de Salas, Forero, Gariazzo, Martinez-Mirave, Mena, Ternes, Tortola, Valle: 2006.11237

I I \/3 Am%ll_ xi
Oscillation parameter | Best fit value 30 range
f12/° 34.3 [31.4,37.4] e e
923/0 488 [416, 513] A I E— .,
913/0 8.0 [8.2, 8.9] ' o= i i :
§13/m —0.8 [—1,0] U [0.8, 1] A A
Am3,/1075 eV? 7.5 [6.9,8.1]
Am3, /1073 eV? 2.6 [2.5,2.7] | What is the sign ofAms, ?
o g S —A)A 4= 22
P, = sin°20;sin® 0y — Ams,
. Am? L
+ a?sin? 20,, cos? 05 smAAA where, A= ’Z;;
20 in 26, sin 20 sin(l —A)A sinAA 51 A Am?,
+ asin260,;sin 20, sin 20,, Ty y cos(o + A) a = A,
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