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: PMNS matrix. ..

mixing needed for neutrino oscillations

Ve Uel UeQ UeS V1
Vr UT]. U7'2 UT3 V3

9 complex terms— 0, 03, 613, 0cp parameters
[assumed unitarity 3x3]

Ueci Ue2 Ues C12C13 $12C13 S13€™"
5 5
Uy Upz Ups é —512C23 — C12523513€°  C12C23 — 512523513€"°  $523C13

10 10
U7-1 U7-2 U7-3 5125823 — C12C23513€ —C19593 — H19C23513€ C23C13

SM :no prediction on PMNS matrix
(all to be measured)
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, status on neutrino osclllation knowledge.. .
Standard Model(3 families)

[leptons & quarks]
&
xtensi farl
PMN53X3(9|2,923,9|3) any extension so far

3 (inconsistencies vs uncertainties)

+Am?2 & +Om?

must measure all parameters— characterise & test (l.e. over-constrain) Standard Model

today >2030

best knowledge ~ NuFIT4.0 | foreseen  dominant technique
JUNO reactor
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<1.0% reactor®@beam
NO @ ~30 @50 reactor®beam

32T @ ~20 DUNE@HK®ALL beam driven
(Nov 2018) (reactor-beam)

JUNO@®DUNE®HK will lead precision in the field (= CPV)

NOTE: ORCA®PINGU®IceCube complementary (Mass Ordering & Am?Z measurements) Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)
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all done?
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by 2030, all @ ~ 1%




, what's special about the PMNS matrix!

Uel UeQ UeS / \
U,ul U,LLZ U,uS ] Ve
UT]_ U7'2 U7'3

Vu

VT

k VI VZ V3 /

consider matrix structure
(not just composition)

why shape? Usx3 unitary?

*maximal mixing — but 013 small? [next slides]
*largest CP-Violation (SM)
*symmetry behind?
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test PMNS Unitarity. ..

= best precision

= OK precision

= poorest precision

l]l]T — UT U — I = many equations!!

[Including the “triangles’]

since no CPV (yet) = test PMNS Unitarity via “each row”

2 2
‘Uel‘ +‘U€2‘ +

Ol‘lly “en” and “9|3”

Uy 1>+ | Up|”+ Uz = 1

U,z \2 = | = explore “electron top-row”
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; elegant CKM vs PMNS extravaganza. ..

V
U c | U5 = 0,5 only
V
C K
t| v,
d s b Vi V3 Vg
CKM PMNS
jmax ~ 3XI0'5 jmax ~ 3XI0'2
—small CPV allowed —larger CPV allowed [103x the CKM]
—small CPV measured —maximal CPV [T2K@reactors-013]
almost diagonal highly non-diagonal
—pattern exist (1.e. minimal mixing) —less clear pattern (any?) (anarchy vs symmetry)
— off-diagonal is small —only Uez or 013 is smallll  (meaningful vs caprice)
unitarity precision “top-row” 0.5%.  unitarity precision “top-row”
—deviation tiny? (follow pattern) —large deviations? (consistent)

much CPV to explain the observed Universe— PMNS only hope?
[link to heavy Majorana neutrinos CPV?]
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PMNS

NUFIT 4.0 (2018)
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J(CKM)=3.18X0.15x10-5

PMNS triangle (including CPV)...
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why Unitarity 1s important?

*as critical as 012, 023, 013, dcp <> part of their definition

*so far assumed!!—7 must demonstrate |2 la CKM]

*the last discovery within “neutrino oscillation”?
*OcP:
* +0 Interesting, but foreseen in model
*=0 more! [ ?symmetry!] interesting, but foreseen in model
*=X [whatever value!] very important but no prediction!

UU" :
*#+ | breakthrough— NO model/BSM discovery!!
*=| OK [confirm & over-constrain SM]
[perfect prediction protected by symmetry]

Unitarity Violation— 4th family? (kinematies) and/or NSI?

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



’ the electron-raw unitarity ingredients. ..

esensitive to 012— 08<1.0% [unitarity]
JUNO, SNO,KL]

esensitive to 013 0= 1.5% [unitarity]
IUNG, BUNE reactor-013]

oflux— 0=3.0% (6.0%)
'V vs 'non-V reference’’]
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[ Heri de [eret e of (e SOl 08445 | status in ©13. ..

Total Uncertainty
Double Chooz IV Statistical Uncertalnty

TnC MD (n-H®n-C®n-Gd) | sin*(26,,)=0.105:0.014 |—|—o—|—|

higher 0,3

Daya Bay . :
PRD 95, 072006 (2017) n-Gd o :sin’(26,,)=0.084i-0.003
PRL 121,241805(2018) n-Gd fof] :sin (26 )=0 0861'_-0 003
PRD 93,072011 (2016) n-H isin (26 )—0 07140 011 b e f o r e
RENO L : (~2016)
PRL 116, 211801(2016) n-Gd H——e——H sin’(26,,)=0.0§210.011
PRL 121,201801(2018) n-Gd H—e—H sin“(26,,)=0,0900.007 l
T2K Mirginalisation s 6.9 after
PRD 96, 092006 (2017) argimalisation (Ocp,Y,;
2 AR (@Nu2018)
Am3, >0
Am§2 <0

NE\)TRIMO

2018 " N 0.05 0.1 0.15
sin*(26,,)

Submissions

nature ARTICLE

@
ph 7 SICS First Double Chooz 613 Measurement via Total Neutron Capture Detection
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; reactor flux knowledge...

1 2! L L .
M | ; ; —&— ND Data / Model rati
. Double Chooz IV empirical Fit reactor flux
L o o [ Model Systematics
%2/ dof: 21.2/ 21 (prob: 44.6%) Inor rate or shape
1 . 1 e R R I TP Iy O Syarors PR s r |
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(unless new physics)
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Uncertainty?
~3.0%—6.0%!
[<10%]

0 ° 9 s

Data (ND) to MC Prediction Ratio

o
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Hervé de Kerret et al

Submissions

nature ARTICLE

@
ph 7 SICS First Double Chooz 613 Measurement via Total Neutron Capture Detection
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today’s top-row unitarity knowledge. ..

H. Nunokavva et al (arXiv:1609. 08623v2)
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’ how about @ CKM!?

V.4 (nuclear B-decay) =0.97417(21)

d
V. (kaon-decay) = 0.2253(14)
V.. (B meson decay) = 0.0037(5) V., 0.001%

2 2 2 Vus h
\Vad|® + [Vas|” + [Vab|® = 0.99939(64)
Hardy & Towner, arXiv 1807.01146 and Particle Data Group 2018

vl..,ld - } |
P O | | v., I 95%
R M e [Vl = 097420(21).
.% ‘3002
< g

-@m

Y 1V, 17 =09993947) - 099842(47) tension @ CKM?

Anatael Cabrera (CNRS-IN2P3 @ LAL - LNCA)



-
.“"

improve Unitarity?
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towards Super Chooz...

physics: Unitarity, proton-decay, supernovae, solar?
I:e|3 @ ‘Amzee|, etC]

new detector? new Iaboratory’

Hits per Fibre

10: 100 e e B L
Opaque Medium Transparent Medium

LiqUidO ‘techno‘ogy EDF Chooz A/Old Rea;:;;lf Slte .

Release @CERN: https://indico.cern.ch/event/823865 .t 5 O OOO 3
Publication: arXiv:1908.02859 Up O | [
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leptonic sector unitarity with LiquidO!
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Unitarity must be addressed...

(

anatael@in2p3.ir

)

LiquiO image: <0.5MeV e*

full results soon!

[paper in preparation]
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