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Ow ana what we measure 10 get oSclliation parameter

e Summary on neutrino oscillation discovery

e New information from present measurements
¢ \What we know and what is missing

® Prospects for better data

....... | will not talk about doule 3 decay searches, sorry..



How' Many Neuirinos?
Experimental result from LEP

Two neutrinos

Three neutrinos

Four neutrinos

Initial state Final state

Cross section
for the L
productionof 20
Z°% (nb) I

Electron e~ 7

Positron e™
Energy (GeV)

Z° — qq(uit,dd ,ss,cc,bb) Z0 width measured
contributions from quarks
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total width ~ decay probability (~1/lifetime)
partial width ~ branching rate (channel i)  JBCHRPEIIRIY:



Natural sources of nNeuitines
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How to detect neutrinos
- i.e. products of their interactions?

use large volumes of cheap materia

Typical detection techniques:

» Radiochemical - counting neutrino interactions (no additional inform.)

»scintillators - record scintillation light

»water (light or heavy) - record Cherenkov light
liquid argon - record drifting electrons from ionization
iron slabs as targets and various detectors to record
exiting particles, includes emulsion

L




Inverse 5 decay (IBD)interaction

Method to observe (anti)neutrinos
from discovery to present experiments

IBD: anti-ve +p > e +n
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note: H=proton

Prompt signal from positron capture
Delayed photons from neutron capture

Method used in Kamland,
Daya Bay, Reno, Double Chooz
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Observed neutrino energies (reactor)
convolution of:

* Flux of anti-neutrinos from rector

* Cross section for interaction




Cherenkov radiation

Charge particle moving in the media faster than
light in this medla emlts electromagnetic
radiation

—> analogy to the onic plane producing
sound wave

Sensitive to CC
or NC with charge particle production

The light cone is produced

Energy emitted can be summed up from detected light

Direction can be determnied from time signal reaches walls
Position wher the emmision starts (vertex) is the interaction pont

where charge particle is produced |
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Particle ID using
ring shape & opening angle
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Probability that u is mis-identified
as electron is ~1%




lceCube

http://icecube.wisc.edu/
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Liquid argon time projection
chamber (Lar-TPC)

Bubble chamber like view o the
interaction products

Particel ID by dE/dx
Good resolution

Vu =>Vt  (CNGS beam)

ICARUS
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The OPERA detector in construction in the Gran Sasso Undergr‘ﬁund aboratory z
» T1: the 31 walls of the lead/emulsion target interleavéd Wlth planes of plastlc scmtil a opstnps tracker of super-
module 1 :
* M1a & M1b : the two sides of the dipole magnet mstrumented wﬂ;h planes of re8|st| e plate chamhers of super-
module 1 % >

* HPc1 : the rear module of high precision drift tubes‘planes of super-rqodule ; the fi

middle plane will be inserted in the space between M1aand M1b. ..~ ¥
2 T2, MZ‘IVIZb similarly for super-module 2. ; Lk

s
. tracking
+
energy
e measureme
L/ A=
i | '
possible to
— magnetize
o - charge
measureme
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Neutine escllletions =
exipenimentalistatiisianciplioSPEEHS

omething interesting
happens here

»
source Io'c“htlon detector

* Neutrino oscillation was a surprise in 90’th,
* now it is well established phenomenon and
a lot of efforts are made to determine its parameters
* In future it can be a tool for
* beyond SM effects
» CP violation mechanism
* Understanding matter-antimatter asymmetry



Neuiririo aselllzitians
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v, 1 0 0 cosf, 0 sinf,e™ || cos, sinf, 0 |(v
v,|=| 0 cosb,, sinb,, 0 | 1 0 sinf, cos6, 0 |lv,

a 0 -sinf,, cos6,, || -sinf,e™ 0 cosf, 0 0 1 J\v,

,2atmospheric” CHOOZ, ,solar”
SK, K2K, T2K, MINOS DayaBay, SNO, KamLand,

Reno, SK, Borexino

DbiChooz,
T2K

0,=34°%1°

0,, =40°+5 /-2°
6,5 =9.1°£0.6°!
Based on PDG 2012

mixing angles, squared mass differences, CP
violation phase - fundamental parameters of nature

Am3; = (7.62 £0.19) x 107°eV?

Darametrer
forrmd to he momn zers W

Two free parameters for the three Am?’s,
(Am?3,=Am?,;+Am?y,)




Sensitivity to oscillations

'V energy - E and

P(va — Vﬁ) = sin”26 sin’ ( 1'27$m2L) distance L define
v range of sensitivity
E, (MeV) L (m) Range of Am’?
Supernovae <100 >107  |10-1% - 10-20
Solar <14 10U 10-10 22?2
Atmospheric >100 104 -107 10-3-10-4
Reactor <10 <106 10-°
Accelerator - SB | >100 103 10-!
Accelerator - LB | 5100 <106 10-3

Two mass differences and three neutrino types oscillatimg
> full description in 3x3 oscillation matrix,
- studies in many experiments to get full picture....




if not consistent — take oscillation formula
and determine parameters

In leading order the analysis can be done for 2X2 cases
(solar and atmospheric), first results
With better precision mixing part (1-3) becomes important
3 flavour analysis is required

First approach — results leading to dicovery of neutrino
oscillations = Nobel Prize 2015 (SK and SNO)




Just a reminder, as
many times after Nobe
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But: Am?,,~10, not 10-10
and solar and reactor oscillations
are described by the same Am?

How to get it consistent?

Need to consider matter effects (MSW effects):

propagation in matter neutrinos are not all equal

(as thy are in the vacuum) Only v, has charged current elastic scattering v, e
V.. have neutral current only % W
[ Ve
o - all V(CC+NC):V, = 22G,(1- V] +2sin ) n
Additional term in the potential| " e F 2 wl e
modifies oscillation probabiities, v, (NC) V. -:\ﬁGF(-yZ+2sin28,,..)‘n¢
Am? effective is introduce :
for maximal effect we have condition:
S

A matier = A (Am® c0s20 — A)* + (Am” sin 20)’
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Looking at fits for solar neutrinos
solutions for very low masses
inconsistent for different energies
common solution same as for
Kamland (reactor anti-neutrinos)

Conclusions for 1-2 sector

® v, appearance shown in SNO
through NC observation

® Solar neutrinos need matter
effects for consistency

® Reactor anti-neutrino give
Am? and mixing consistent
with solar neutrinos

® Am122~ 105 eV2

Mixing not maximal




ATMOSPHERIC NEUTRINOS :
Observation of strong

UP-DOWN asymmetry
A1) A S S e S

Primary
cosmic ray

Isotropic flux of \Ze nith

cosmic rays
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— () _____ | ..
Vi —~7 Tf\ (.'0&9
Ratio of Vy/Ve ~ 2 Up/Down Symmetric Flux -
(for Ev < few GeV) (for Ey > few GeV)

12800 6200 700 40 15km

Compare v, to v,- take ratios to cancel out errors on absolute neutrino fluxes:

(‘u / e)data
(/e

Too few muon heutrinos observed!

— (‘u / e)data
(Ll e)y.

=0.658"70 +0.078

-0.028

=0.638+0.016+0.050

highE




: : . Plot showing oscillations
inferpretation of the deficit " for muon neutrinos from

of V., after passing the Earth 15} historical publication

P
—_— ] T
VM Vx Not e as we do not rls % +§__.+.\ .
observe access of V, g +
s R S "
So we observe |y —s S | i é o
u T ' o e-like
The neutrino interaction in SK " o plike
is identified by observation

Ll vl s il s il
of a charged lepton . 10 102 10° 10
g P But m, <<m, ,so UE, (km/GeV) L/E

v + N— M_ S if energy 1S too gmall FIG. 4. The ratio of the number of FC data events to FC

to pr‘oduce T,V_IS Monte Carlo events versus reconstructed L/E,. The points

- show the ratio of observed data to MC expectation in the

=+ X not observed absence of oscillations. The dashed lines show the e 2pected

shape for v, < v, at Am* = 2.2 X 107> eV? and sin"26 =

1. The shght L/E, dependence for e-like events is due to
contamination (2-7%) of v, CC interactions.




What we know more now
from new measurements
for solar (1-2),
atmospheric (2-3)
and sub-leading (1-3)
neutrino oscillations?




Observation of all expe

5 0.4

appearance v, 2 v, OPERA i

5 v_CC candidates found, with 0.25
events background

exclusion of background-only
hypothesis: 5.1 ¢

discovery of v_appearance

nnnnnnnnnn

0
psum(GeV/c%

Sum of momenta of charged part
and gammas

B — um resolution: photographic emulsions j§ mm

peeeme — large target mass: alternate emulsion
films and lead sheets > 3

electronic
trackers

emulsion layers

interface
, . ; . films (CS)
| reject main topological background: charm produc'uonm

| — good muon id and charge reconstruction: use electronic detectors




v, events observed in OPERA

15t candidate (2010):t > h
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~  Phys. Lett. B 691 (2010) 138
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1600 Phys. Rev. D 89 (2013) 051102

2000

10C0

2" candidate (2012): T — 3h
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JHEP 11 (2013) 036

4% candidate (2014): T - h

r-‘“"‘ls -
parent

PTEP (2014) 101C01




Fifth v_candidate => discovery of v._ appearance

parent

Phys. Rev. Lett. 115 (2015) 121802

daughter

Probability to be explained by background
fluctuation p = 1.1x107

{ No oscillation hypothesis excluded at 5.1 © ‘

Am,.* =33 x 10~ eV* with a 90% confidence
interval [2.0, 5.0] x 10~ eV* (assuming full mixing)

Decay expected signal
channel Expected background events Observed
Am? = events
Charm | 144 Re- Large p Total 2.44x10° eV?
Interaction scattering
T — 1h | 0.017+0.003 | 0.022+0.006 - 0.04+0.01 0.52+0.10 3
T — 3h 0.17+0.03 | 0.003%=0.001 - 0.17+0.03 0.73+0.14 1
T— N0 0.004+0.001 - 0.0002+0.0001 | 0.004+0.001 0.61+0.12 1
T— e 0.03+0.01 - - 0.03+0.01 0.78+0.16 0
Total 0.22+0.04 0.02+£0.01 | 0.0002+0.0001 | 0.25+0.05 2.64+0.53 5

15



Observation of last exr

ippearance 'V, -> Ve  sector 1-3
expected background: 4.64 + 0.53
observed (2013):

28 events
7.30 significance for non-zero 043

] T T T T l
6~ —— T2K RUNI1-4 data .

" — Eust ftsechun 5|
" /77 Background component

41— -4 —

AT LLLL h
]
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Z

500 1000

Number of v, candidate events /(50 MeV)

How this observation was done? |
Reconstructed neutrino energy

T 2 K : accelerator experiment

ND280 accelerator
beam from p and K decays ,

J-PARC
.

1 e e 3

near” detectors
Super-Kamiokande ; e~
"far” detector |

~400 collaboraors
59 institutions



NEUTRINOS AT T2K-SK

Vg

“CCQE” “NC 17[”

vp+n—4L0 +p v+p—LT+n Signal e/y
¢ Single p/e-like ring
e E. by energy/direction of lepton, 2-body kinematics

ve + (n/p) — ve + (n/p) + 7° Backgrounds
v+ (n/p) > € + (n/p) +7 ~
® 70— y + y: ring counting, 2-ring reconstruction mUAIt' rng

¢ y misidentified as e from ve CCQE
* powerful rejection capabilities reduce this by O(10?)
¢ Ring counting, decay electron cut to reject n"CCQE

e Pure v. samples (S/B~10 at peak) obtained with high efficienc




e-like u-like
® FElectron-like ring ® Muon-like ring

e E,>100MeV * P,>200MeV/c

N,/ <2
¢ Nmichels ==0 Michels
28V 120 v
° EV’ ec < 1250 MeV evenets eventg
. NOt no_like - —4— Data 30 -_ —4— Data
15 L
i [ Jv.v.CC i [ ]v,+V, CCQE
. : [ Background @ L [ v,+V, CCnon-QE
[ 5 - B v.+v, CC + NC
e TR b 10 + s 0r {
Rk . | 2
I
ol

0 0.5 1
Reconstructed v energy (GeV) Reconstructed v energy (GeV)

appearance disappearance



¢ |nput: ratio of observed interactions (of given neutrino

flavour — defined by produced charged lepton) to
expected number (if no oscillations would be present)

e \What needs to be done?

e |mprove statistics of interactions observed “after oscillations’
—> done by larger detectors, long time, better selection

e Improve predictions - understand source (Sun, reactor,
beam..) and measure “before oscillation” and extrapolate



Borexino
precise results

e Detection based on inversed beta-decay

e Present results:

e Testing SSM (Standard Solar Model)

Neutrino energy (MeV)

v flux GS98 AGS09 CIII_QS_1 1UAPJTLILLITLILVAL 1TDULY
pep |1.444+0.012 | 1.474+0.012 | x108 1.6+0.3 Borexino
Be | 5.00+0.07 | 4.56 £0.07 x 10° 4.87 = 0.24 Borexino
°B 2.08 £0.14 | 4.59 £0.14 x10° | 5.2 £ 0.3 SNO+SK+Borexino+KamLAND
5.25 & 0.1610013SNO-LETA
PN [ 296+0.14 | 2.17+£0.14 x10°
O | 223+£0.15 | 1.56 £0.15 | x10° <7.4 Borexino (total CNO)
YF | 552+0.17 | 3.40+0.16 x10°

very good agreement with precise measurements

- We seem to understand our star very well

e Power production from unknown sources
This is the way to improve parameters for 1-2 sector
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a | PP Be pep CNO e Hep |
. solar+KamLAND best fit Borexino (pep) 107 €
0.7 | sin20:2=0.308 =
| Am24=7 50x10%e 2 Borexino (pp) 10 8 ®
} B
t 3 r ok
0.6 all solar (pp) 10" =
10 8
L‘ (averaged) vacuum K+ : =
T 1 O foen b Super-K+SNO .
[ 110
0.4.5 Borexino ("Be) 104
rsolar best fit 3
b sin2612=0.311 10
L Am?21=4 85x105eV? .
| | 10
L —
0.2 Borexino (*B) 10
ﬁ matter oscillation dominant: 1
' Homestake
0.1 - MSW resonant process 1
' SeCtO r 1 +SK+SNO in the Sun “o
; (CNO) L %
0. s e — 10
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v Energy in MeV



70 GW (~12 % of global
nuclear power)

at
L~ (175 £ 35) km

effective baseline : ~ 180 km

Kashiwazaki power §soo§ V
station : 24.3 GW < 4s0) = Korean reactors: 2.5%
§~‘°°§ (World + Research)
£ 350 reactors: 0.7 %
‘:wog
® Japan
200} ® Korean
150; World
100,
o

." : 00 100 200 300 400 S00 600 700 800 900 1000
© e e R R | Distance [km)




Kamland — exposure ¢

100

o Observed eve

—e— Sclection efficiency

60

Efficiency (%)
(=]
(=]

lllllllllll

e Expected events‘ 3564 +/-

450_:__ S E""""g —e— KamLAND data
Zaor |7 e |
Z3s0p i b N accidenta e Bgr 364+/-30 (accidentals 1
= 300F ; (a0 \
Z250F ’ best-fit Geo 7, _ .
5 200F » taking average distance
- = to the reactor of 180 km
S | ek 1.0 || ‘## | #_ b o i s
0 1 2 3 4 o K T
E, (MeV) 2 0.8}
Zé 0.6 a‘& lSBlz-ll\-'annah River ‘-. 5*;'.':
Obs/exp = 0.631 +/- 0.014 (stat) X Rovis
0.4 & Goesgen i
+/- 0.027 (syst) & Krmsnopkik S
. 02 = C?mo erde
Corresponding _to . B one e
exclusion of non-oscillation at 00k | , . , ,
10.2 o CL 10" 10° 10° 10° 10°

Distance to Reactor (m)
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KamLAND EWIT T
N\ EmowcL R4 E & 3 same values for
i & N 99%C.L. ¥ I anti-neutrinos
o : i\ W 99.73%C.L.
4} : : * best fit
% 107F ' :
| | p———
o [ pra— | L
g ] { ::' Am3, (107 eV?) tan’é,,
i Sol +0.18 +0.029
_ ;- 7.53 Zo'18 0.436 2055
""" 99% C.L.
— 99.73% C.L.
i *  best fit b
) | 1 L A lllll A ) ] ) | L l.lillilllill:Ll.Elllll 8:-
10° 1 102030 _ ¢t
? 2 = ]
tanQ,, A 2,

j ) ol | KamLAND + Sola
Am%l (10 ’ eV-) tan2012 £ .t £a INCL,
6 BN 99%C.L.

Bl 99.73% C.L.

7.54 013 0.481 *3:092 " beufi

5 | TSI S S WU TGS U G G UGS W=

02 03 04 O0S 06 07 08

tan‘0,,

e Kamland only ie. for anti-neutrinos
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V@ eve

P, = 1—sin®28,3sin*(1.267TAm3 L/ E),

Energy ~ a few MeV
Distance ~ a few km

® appearance -> long-baseline experiments with v,

beam

N P(V, — v ) =sin’26,,sin” 6, sin (1 27Am23L/E)

Leading terms!

Second order terms depend on & and mass hierarchy

Energy ~ a few GeV

Distance ~ a few hundred km ‘




Reactor neutrinos probe sector
or 1-3 depending on the distance

-- Non oscillation
—— 8, oscillation
_ Normal hierarchy
= Inverted hicrarchy

*, interference in ve-ve
“,vacuum oscillations
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Events/day (bkg. subtracted)

Far / Near(weighted)

Daya Bay, RENO, Double CHOOZ | /¢ #8E&R
most precise measurements of 0,5 s 4
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Sector 1-3
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sin220,, = 0.084 + 0.005
|AmZ,| = (2.42 + 0.11) X 10~3eV?



How neutrino experiments tur
to high precision phase?

Example from T2K Proton beam on target
- Produces w and K

- Artificial dedicated neutrino beams
with high intensities

- Precise information about w and K
mesons production is required

- NAG61 at CERN

LI
J-PARC
30GeV

decay volume
proton beam

target & 3horns

beam dump
muon monitor

On-axis ND (INGRID)

om 118m 280m
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Jlost precise measure
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Differences in neutrino vs
antineutrino oscillation probabilities

Changes the contribution from matter
effects

(important for neutrinos travelling through
dense matter e.g through Earth)

Additional source of degeneracies

An unknown hierarchy usually leads to a

Measurement strategies (for LBL): reduced ability to observe CP violation
» Looking for appearance

P(vﬂ — ve) Vs. P(VM — 176)

» The longer the baseline the better (matter effects!)
« Study more than one oscillation maximum to disentangle the effects




Resonance enhancement appears at specific energie
(It depends on Am? and electron density)
—> for solar v we observe resonance around 10MeV
¢ From that we know that m,< m,
® position of m;is not known

- open question — two options



Example plot for T2HyperK (~300km)

Leading (013)

P2V ziplel \Vr

In Iong baseline neutrino
experiments

Matter

- Many contributions, for precisions delta=1/2m, NH  sin®26:5=0.1
all need to be considered ' ' : : 1 : : - : 5

E, (GeV)

P .) = 402,552,582, - sin® A leading term
(V“_H/) 1371323 " S 231 J CP conserving

-|—80123512S13523(012023 CcoS 0 — 512513523) - COS Agz - sin Agl - sin Agl

<80123012023512513523 sin d - sin Agg - sin A3 - sin AQD CP violating

+4S%20123(C122633 + 5%25335%3 — 2C"12023512523513 cos9) - sin? Aoy
L
—8C7351353 - f?(l — 25%) - cos Aszy - sin Az solar term

2 g2 a2 O 5. . .o matter effects
+8C73513593 5~ (1 — 2573) - sin” Agy,
msy

Clij, Sijy Aij
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Combined analysis of long base line
Oscillations in appearance and
disappearance channels for
Neutrinos and anti-neutrinos

Total Accumulated POT for Physics Give sensitivity to all parameters
. -Mode Beam Power . c :

- 10® R s e Including CP violating phase
= 18RuntRun2 Run3Runs RunSRun6 Runkon =
O .. S
a 16 : =3
_8 14} 744:? g
g 1 Shemomd Expected number o
E 10} <¢Q7’ 77 E
8 s e f i In appearance channe

IR B Gcpends on dCP

o8 — and changes for v andv

2011 2012 2013 2014 2015 2016

——

OBS. EXP. (NH, sin?0,3=0.528, NH)
dep=-/2 Bc=0 OBcp=+W/2 Bce=n
Comparison of neutrino and anti- 125 127.9 127.6 127.8 128.1
neutrino oscillations 32 27.0 22.7 18.5 22.7
66 64.4 64.3 64.4 64.6
4 6.0 6.9 7.7 6.8

27 May 2016 v-mode POT: 7.57x1020 (50.14%)
POT total: 1.510x102! v-mode POT: 7.53x102° (49.86%)

—> direct sensitivity to CP phase
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oo e E, (GeV)
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O 1 Disappearance:
< 3.5 / - . .
5 sb ERE parameters consistent with
F, 55_ e N\ el - maximal mixing
< R et P~ - neutrino parameters
i ER other experiments
1.5F / 3 P
R RN RN RN RRRRN RRRTIN: NVR PTY AT Appearance — 3 e-like events seen
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sin®(8,,) or sin*(B,,)

50

more data needed



New analysis
v andv

v —rr T v T -
----- Normal Hierarchy - 68%CL
- —— Normal Hierarchy - 90%CL 1

2 * Best-fit Normal Hierarchy
2 - Inverted Hierarchy - 68%CL -

= Inverted Hierarchy - 90%CL—

* Best-fit Inverted Hierarchy

Likelihood Density

; Only T2K data  §
-1 :
C Pl Fixed Mass Hierarchy -
2 E
3k b, ¢ : . . .

0 002 0 0.06 0.08 0.1
- sin’(0,)

note change in horizontal sca

«O8 3 N r v
S Normal Hierarchy - 68%CL
2F —— Normal Hierarchy - 90%CL _]

» Best-fit Normal Hierarchy
----- Inverted Hierarchy - 68%CL -
Inverted Hierarchy - 90%CL
» Best-fit Inverted Hierarchy -

T2K + reactor §

Fixed Mass Hierarchy

L =

] 1
0.025 0.03 0.035
sin(0,,)

x107*

' . L . . 1 . . . - r - . . "’ "" . L .
T2K Run1-7b preliminary

T °'°

plep/ elep.

flat dcp prior

First time from single experiment 90% CL

range for CP violation phase

Pointing to value corresponding to CP

violation (0 and = otside 90% limit)

More data needed - T2K Il

Combined fits for all experiments

will come soon (teoretica groups)
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Dune with

Sensitivity to CP Violation, after 300 kt-MW-yrs
(3.5+3.5 yrs x 40kt @ 1.07 MW)

CP Violation Sensitivity

DUNE Sensitivity
Normal Hierarchy
7} 300 kt-MW-years
sin®20,, = 0.085
sin®6,, = 0.45

40 ktons
optimized
beam

In both experiments

more goals than
oscillations

——— CDR Reference Design

------- Optimized Design

Normal Hierarchy

T > 180 3
= lll):- ——8290/820 % —§u90/520
2 — 890820 3 — 8 90/50
% q,_ tHHH *—:.w‘s.o d % &0— t *H 821807620
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éeo— {HH{ § Em ti
-100p- E 100}~
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Rocanctrncted Fnorov F™ (GaV)

Reconstructed Energy E™ (GeV)

i

(Bands represent range of
beam configurations)

CP Violation Sensitivity DUNE CDR

—— CDR Reference Design

DUNE Sensitivity
Inverted Hierarchy
7E 300 kt-MW-years
sin229 =0.085
slnze 0 58

Optimized Design

Inverted Hierarchy

VE

. Normal mass hierarchy
L §IrP26,5=0.1
- §iP6,5=0.5

..................................................
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Ratio of Observed To Predicted Events

Sterile neutrinos wele hypothesized
in a paper by Pontecorvo in ﬂ@57

e May be we need at least one
additional neutrino type to
explain some anomalous
results from experiments?

e Short baseline experiments
(LSND, MiniBoone)

Reactor neutrino anomaly (?)

0.020

Antineutrino v —ve anomaly E < 470 MeV anomaly

MiniBooNE

MiniBooNE eessssnas ‘ ....... -
anomaly :

\ Y &Mils

LNSD anomaly

-0.005%

— July 2010
]

% ICHEP,

0.2

Observed/predicted averaged event ratio: R=0.935+0.024 (2.7 o)

06 08 10 12 14 16
L/E,(m/MeV)
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New Oscilatio
to sterile v?

Atmospheric
Oscilation

Reactor

Am? ~ eV?

I TTTI II||
No oscilation

Solar

Oscilation
L

L L L

Hints
for more that 3 neutrinos

also from astrophysics

T B T B

T

11 Illlll
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100 1000 1

Reactor To Detector Distance (m)
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SienlemneliinesSy st bepis

Several proposal to search for them

e Short baseline experiment on ~GeV
beam with LAr detector

e \ery short base line with radioactive
sources (even with source inside
detector)
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923 =458 +3.2° Amz21 =(7.53£0.18)-10° eV?
812 =33.46 £+ 0.85° |Am232| =(2.44 £ 0.06)-10°3 eV?
813 =8.51+0.23° 6CP = some hints

PLEASE CONTINUE TO ENJOY
NEUTRINO OSCILLATIONS

7/50)

—— Normal Hierarchy
25 faVOTEd — Inverted Hierarchy
— Marginalized over MH

[ 68% Credible int.
[190% Credible int.

Probability (per
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