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Neutrino oscillations

Neutrino can change flavour while propagating
> This mechanism can be described by 6 parameters :
= 3 mixing angles, 0 613 and 623 and 2 Am2ij

= A CP violating phase : 6,
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LPNHE
Neutrino oscillations

Neutrino can change flavour while propagating
> This mechanism can be described by 6 parameters :
= 3 mixing angles, 0 613 and 623 and 2 Am2ij

= A CP violating phase : 6,

(+ Majorana phases)
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vy | = —sinfy costhy 0 0 | 0 V9

Uy 0 0 1 —sinf13e® 0 cosbys V3
Flavour Solar and reactor Mass
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0, =1(33.6+0.8)°

0,,=045+3)°
23
|Am?® | = (7.50 + 0.18) . 105 eV?

|Am232| = (2.52+ 0.04) . 1073 eV?
613 = (8.5 £ 0.15)°
O.p ~ -90° slightly favored



Tokai to Kamioka

Mt. Noguchi-Goro
2924 m

Mt. lkeno-Yaina

1360 m_

water equiv. 1700 m

Neutrino beam

is a long-baseline neutrino oscillation experiment

> A v, beam, peaked at ~600 MeV is produced at J-PARC (Tokai, Japan)

> The neutrinos are then detected in the near detector ND280, and in the far
detector, 295 km away, Super-Kamiokande (Kamioka).
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T2K physics goals
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> Two main initial goals :
= Precise measurement of v, disappearance :

= Observation of v_ appearance in the v, beam :

> Now taking data with anti-neutrino = combined v_andv_
appearance :

> T2K s also doing various cross-section measurements in
several of its sub-detectors ! 5
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Oscillation probability

= In T2K, given the energy of the neutrino, we can simplify the formula to :

Leading term Next-to-leadin
5 5 Can be used to

resolve octant

a=2vV2 G,n_E and becomes -a
= Around T2K’s oscillation maximum : for anti-neutrino

Ame : . . Leading including matter
4E2 1+Amf 1-2sin 633) e
31

v

2 2 . -
—sin26,,sin26,,sin26,, co 391_ in’ [%] Si A’"ZlL}

4E, 4F,

Replace by -6 for anti-neutrino 6



T2K oscillation analysis chain

Constraints on
cross-section and

Flux and flux parameters
External Cross [

Data section N
model

ND28o |, \{
Data A4
/

SK Data !

Oscillation

LPNHE

FPamis

We do a first fit with the near detector data in order to constrain our

flux and cross-section models, to have a precise prediction of the
number of events we expect at the far detector.
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T2K beam

_ Beam dump
Vi | ND280 off-axis

i

Horns

[
3 “Super-K
| - S,

W . | "
Decay volume (96 m J\ Muon monitor INGRID

> First use of off-axis v, beam to get a beam
sin*20,,= 1.0 .
20, = 0.1 more peaked in energy.

Am2, =24 x 107 eV? . o c
: = The energy is peaked around oscillation

maximum (0.6 GeV).

> The pion and kaon production at target is
constrained by the NA61/SHINE experiment
at CERN, allowing us to reduce systematic
uncertainties on the flux of neutrino.

> An anti-neutrino beam can be obtained by
reversing current in the magnetic horns. o
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T2K near detector : ND280

> ND28o is located 2.5° off-axis
(same as Super-K).

e > Several sub-detectors inside
the magnet :
— = Fine Grained Detector (FGD),
\\\\\\\\\\\\\\\\ _— g plastic scintillator bars for
Bl FGD1 and scintillator/water
i [ o for FGD2 as target.
noid Coil = Time Projection Chamber
(TPC) to reconstruct
momentum and charge.
Barrel ECAL = Pi0 detector (POD) and
Electromagnetic calorimeter
(ECal).

> Measure neutrino
spectrum and composition
before oscillations. 9
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T2K near detector in the oscillation analysis

> Select charged-current (CC) muon neutrino interactions in the tracker.

= The FGDs are used as targets.

=  With the TPCs, retrieve the momentum and charge of the tracks produced.

> We break the CC inclusive into 3 samples, depending on the number of pions
reconstructed.

> We have 14 samples : 6 in neutrino mode (3 per FGD), 4 in anti-neutrino
mode with anti-neutrino selection and 4 in anti-neutrino mode with neutrino
contamination.

data data | _ | data

u /.a—,—’ W Vi u /p. Vi

n /\ 1 ‘ r /\ N \ | Nw/in:c 5/ | bl L

TPC FGD TPC FGD TPC

C  FGD| TPC  FGD| TPC TPC  [FGD|  TPC

Quasi-elastic candidate Single pion candidate DIS candidate 10
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T2K near detector in the oscillation analysis

Flux Cross-section

ND280: Neutrino Mode, vy

Hadron Interactions (1) —— Material Modeling 5
Proton Beam Profile & Off-axi sAng\a of Proton
Horn Current & Field e — Total error (13avl)

Horn & Target Alignment (4) - Previous error
(11bv3.2)

=
=]
m
=
g
=}
=8
Q
s

H /scattered \\

(‘

\pH

absorbed

1, hadrons

Flnal state
CCOther : 1 parameter interaction :

3 parameters

6 parameters

> Even constrained with external data, the flux and cross-section uncertainties
are still quite large and don’t represent perfectly the data.

> We fit the models to the ND data to constrain further the flux and

cross-section, helping to improve the prediction in the far detector. 11
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T2K near detector in the oscillation analysis

FGD2 CCon sample prefit FGD2 CCon sample postfit

v-mode v-mode
2500 —4- Data 2500 —4- Data
@l v CCQE Il v CCQE
2000 = [Jv cc 2p-2h 2000 | []v CC2p-2h
| v cCRes In | v cCRes In
v cC Coh Ix Bl v ccC Coh In
[ v cC Other [ v CC Other

1000 ) 1000 ’
[ [ v NC modes [ [ v NC modes

1500 1500

Events/(100 MeV/c)
Events/(100 MeV/c)

Bl v modes so0 Bl ¥ modes

=
o=
v
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Data / Sim.

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Reconstructed muon momentum (MeV/c) Reconstructed muon momentum (MeV/c)

PRELIMINARY PRELIMINARY

> Even constrained with external data, the flux and cross-section uncertainties
are still quite large and don’t represent perfectly the data.

> We fit the models to the ND data to constrain further the flux and

cross-section, helping to improve the prediction in the far detector. =
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T2K near detector in the oscillation analysis

Spectrum of events at SK for

ND280 helps to reduce the systematic uncertainties in the oscillation

v-mode samples

5,
Q.
[72]
N
=
]
>
s

analysis from ~14% to ~5%

Final systematics pending T2K Run1-8 Preliminar Final systematics pending T2K Run1-8 Preliminar
—= 1o error (w/o ND280) —= 1o error (w/o ND280)

l: 1o error l: 1o error

Events per bin

v sample v, sample vV sample v_sample

v mode v mode vV mode ¥V mode

Total w/o ND280

Total with ND280o
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The far detector : Super-Kamiokande

Cherenkov detector with 50 kT of
water.

> Detect neutrino CC interactions

> Excellent muon/electron
separation thanks to the shape of

the Cherenkov ring.
Coivdanle s i > Only 1% of muons are
R e he S e 2 K i e misidentified as electrons.

14
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The far detector : Super-Kamiokande

e-like <——> muon-like

Number of events

K
4 6 8 10
Partice ID parameter

Cherenkov detector with 50 kT of
water.

> Detect neutrino CC interactions

> Excellent muon/electron
separation thanks to the shape of
the Cherenkov ring.

15
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Five far detector samples

One reconstructed ring electron and
muon samples for both neutrino and

anti-neutrino.
= Mainly events.

Added during winter 2016 a new sample
with 1 electron ring and 1 decay electron

which add ~10% of events.
= Mainly from
electron neutrino. 16
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T2K oscillation analysis

Cross-section model constrained by
other experiments (Minerva,
Miniboone...)

ANgsk/Nsg ANgsk/Nsk
Systematic error source . " .
y before ND fit after ND fit

7.90%
Cross section 10.66%

Flux and cross section 12.40% 3.19%
Final state/secondary interactions at SK 1.93%
SK detector 2.22%
Total 13.92%

Oscillation
Parameters

NSK = /dE (I)(EW) X U(E) X ESK(E) X P(I/a — Vﬁ,E,@ij,Am%j,écp)

# of events

Detector Oscillation probability
efficiency

17



Data taking

Total Accumulated POT for PhysicS[ -58% of total ToK
v-Mode Beam Power expected POT
% 10%° V-Mode Beam Power

unl  Run2 | Run4 - Run5 Run6

protons
on

-
)
A
=
2
=
=
=
=
3!
>
<

Beam Power (kW)

ﬁﬂ .
L]

2010 2012 2012 2013 2014 2016 2016
Dec/31 Jan/O1 Dec/31 Dec/31 Dec/31 Jan/0O1  Dec/31

Now running at an impressive 470 kW !




LPNHE

Joint neutrino and anti-neutrino mode analysis

The five SK samples presented earlier are used in the analysis, allowing

simultaneous study of the v. /V_appearance channels, andv /V
e/ e TR
disappearance channels.

> Why is anti-neutrino mode data important ?

= The difference between v_and v_ appearance is directly related to d .,

| 2.5° Off-axis vu flux

— 8,,=0°, NH, v

—— 8,,=270°% NH, v

<=+ 8,=0°% NH, ¥
-~ 8,,=270° NH, ¥

19
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Changes for this year

> New SK reconstruction algorithm has been used on SK selections.
= Improved momentum resolution and misld tagging.
=  Allowing for almost 20% larger fiducial volume.

Mis-PID rate vs. Visible energy

o _ , New recon.
New recon. st New recon.

0Old recon.

=5
(]

)
b
]
=
c
8
o
7
=
o
)

Old recon. s Old recon.

L = - = | 0 rootems : 1 SR -
200 300 400 500 600 700 800 900 1000 C 300 400 500 600 700 ROD GO0 1000
Visible energy [MeV] Visible energy [MeV]

200 400 600 800 1000

Momentum resolution  True p[MeVic]

v sample v, sample v, CCint v sample v, sample
v mode v mode v mode v mode v mode

New Old New Old

# Signal
Events 110.0 97-3 ’ . . : 49.9 43-4 4.7 3.9

Purity 83% 71% 81% 81% 80% 68% 62% 63%

20
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Changes for this year

> New SK reconstruction algorithm has been used on SK selections.
= Improved momentum resolution and misld tagging.
=  Allowing for almost 20% larger fiducial volume.

> This year added a new sample targeting v_CC interaction with 1 pion in the
final state (CCipi).
=  All the four other samples target CC quasi-elastic events (CCQE).
= Add ~10% of new events for v_.

21
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Changes for this year

> New SK reconstruction algorithm has been used on SK selections.
= Improved momentum resolution and misld tagging.
=  Allowing for almost 20% larger fiducial volume.

> This year added a new sample targeting v_CC interaction with 1 pion in the
final state (CCipi).
=  All the four other samples target CC quasi-elastic events (CCQE).
= Add ~10% of new events for v_.

> Updated cross-section model :
= Improved uncertainties to multi-nucleon interactions (2p2h).
= And to long range nuclear interactions (RPA).

—
S
2
s
S
=
<)
=
8
E
<)
3]
é

! RPA correction factor (black)
Error range (dashed)
Error band for T2K parameters (gray)

3
QX [GeV? 2 2
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v, and Vu disappearance

Data

Fiial syasimitios peiding T2K Runl-8 Preliminar T2K Runl-8 Preliminar
v, Ve v, v,
| v, —v, v, —v,

1209.1 exp. [ v,/V, intrinsic
[ v, intrinsic
Il v, intrinsic

[ Ve/_Ve |r.|tr|_nsw
[ v, intrinsic
Il v, intrinsic

Number of Events

&
=
)
>
a4
ey
o
I
5]
e
o=
=)
Z.

1 1.5 2 ‘ 0. ' 1.5 . 2.5 3
v Reconstructed Energy (GeV v Reconstructed Energy (GeV)

Reconstructed neutrino energy at the far detector for A and v, candidate samples
with the expected distribution in the no-oscillations hypothesis (blue) and the

best-fit (orange).
23



v_and v_appearance

Final systenatics pending T2K Runl-8 Preliminar; Final systenatics pending T2K Runl-8 Preliminar;

vel_ve ir_\tri_nsic
v, intrinsic
v, intrinsic

1 Ve/?e ir_\tri_nsic
[ v, intrinsic
v, intrinsic

Number of Events
Number of Events

—--- --
et [T
0.6 0.8 i 1. : 0.4 0.6 ]
v Reconstructed Energy (GeV) v Reconstructed Energy (GeV)

Final systematics pending T2K Runl-8 Preliminar:

[ v, -V,

[ NC

[ v/v, intrinsic
[ v, intrinsic
Il v, intrinsic

Number of Events

v Reconstructed Energy (GeV) 24




T2K Runl-8 Preliminary
MINOS ¥ 90% CL : '
- Superk vamCL | R
T2K V best fit T2K v 90% CL 265 Final systematic * Bestfit ... Inverted - 68CL
T2K v best fit ] )% CL . — Inverted - 90CL
. pending

03 035 04 045 05 055 06 065 07

03 04 05 06 . ] sin’(6,;)
o O )
sin 623 or sin 623

> Final systematic pending : finalizing the result now for publication.

> T2Kresults are consistent with past analysis results, maximal mixing
(45°).

Weakly prefers second octant.

\J

> From separated v and v analysis comparison, no hint of CPT violation.

25
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Tt Normal - 68CL 3 Normal - 68CL
. x Best fit — Normal - 90CL . . s — Normal - 90CL
Final PDG 2016 ----- Inverted - 68CL Final systematic ¥ Bestfit Inverted - 68CL

. — Tnverted - 90OC . — Inverted - 90CL
systematic Paveried = S0CL pending
pending

dcp (Radians)

e
[}
o
I

e

o
]

a

R

&

2]

71 : =3
25 30 35 40 45 50 15 20 2
sin“(8,5) Not the same scale ! sin“(®,3)

> With the anti-neutrino samples, T2K data by itself has already some
sensitivity to 6, !
= Disfavor region around ¢, = +7/2 .
= Preference for the J , = -71/2 region for both normal and inverted
hierarchy.

> Good agreement between the reactor measurement of 613 and T2K results.

> When adding the reactor constraint (PDG2015 : 613 = 0.085 + 0.005) the
contour is further reduced. 26
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First hints about o cp

T2K Runl-8 Preliminar T2K Runl-8 Preliminary

—Normal

-~ Inverted — Normal

Final systematic
pending

— Inverted

=
H-
=
-
)
jab)
Q
o
-

Final systematic
pending
=2 - 0 1

20 intervals Scp (rad)

—
N
=
o,
l ®
ﬂ
o
o
=3
<

0
8.p (Radians)

> Confidence intervals are obtained through the Feldman-Cousins method.
All the parameters are marginalized and 613 is marginalized using reactor
value.

Normal hierarchy | Inverted hierarchy

dop Yes | 90% | [—2.805,—0.830] -
Sop Yes 2¢ | [—2.981,—0.600] | [—1.531,—1.184]
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First hints about o cp

T2K Runl-8 Preliminary

—Normal

-~ Inverted — Normal

Final systematic
pending

— Inverted

=
H-
=
-
)
jab)
Q
o
-

Final systematic
pending
0

8.p (Radians)

Beam mode Sample Scp = -m/2 8,p=0 Exp. w/o Osc. Observed

Neutrino

Antineutrino

> We observe :
= Less V_ candidates than expected
= More v, candidates

> O.p = - /2 is the most asymmetric value, and is therefore favored.

28
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Future improvements

> Working on different longer term improvements :
= Reduced flux uncertainties thanks to new NA61/SHINE analysis.

= Improved selections in the Near Detector (anti-neutrino and improved
angular acceptance).

= SK 2-rings samples.

> Also working tightly with other experiment to get combined analysis :

= Latest SK paper shows that combined analysis can get some sensitivity to
mass ordering ( )

= Just had a workshop with NOvA, now aiming for combined analysis in
2020/2021.

29
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T2K 11

> T2K approved statistics (7.8 x 10** POT) is expected to be reached in ~2021.
> 1st phase of J-PARC Main Ring improvement should begin in 2018.
= T2K II would extend T2K run to 20 x 10** POT in ~ 2026 (expected start
of Hyper-K).
= This requires both an accelerator and beamline upgrade to reach 1.3 MW
and analysis improvements.

(kW]
N
o
>
w
(8]

Phase I

=

o
o

N
4]

MR Power Supply upgrade

at
o
(=]
o

MR Beam Power
g
Delivered Protons / Period [10?'POT]

4
n

=y
o

=
)
a
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o
.
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| ==
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a
©
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—
(V)
=
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Q
©
2
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|
()]
x,
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ITI0°609T : AIXIR
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T2K II sensitivity and near detector upgrade

=0

— 20x10?' POT W/ eff. stat. & sys. improvements
-== 7.8x10%' POT Sys. errs

Ocp

MH unknown

A %? to exclude sin

0200 700

True ‘6,}1(?)

Current
ND

Possible
upgrade

— 20x10%' POT W/ eff. stat. & sys. improvements
=== 7.8x10°' POT W/ 2016 sys. errs.

0300700
True 8.5(°)

T2K II could reach ~30 sensitivity to
d.p for the parameter values
currently favoured.

This requires significantly lower
systematics uncertainties

An upgrade of the near detector is
under study to see if we can achieve
~3% systematic uncertainties. 31
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Summary

> Presented an overview of the latest T2K oscillation results :
= Finalizing the analysis for publication.
= Precise contour in the sin2623/ Am223 plane, favoring maximal mixing

(45°).

e Good agreement between T2K and the reactor measurements for sin® 613 :

e The new SK sample and the doubled statistics gives stronger J ., constraint
> O.p(rad) = [-2.981, -0.6] for NH, [-1.531, -1.184] for IH at 20 CL.

> 7.8 x10*' POT expected to be reached in ~2021.
= Proposal for extending T2K data-taking period to 2026 and accumulate up to 20 x
10*' POT to continue doing nice physics !
= Planning an upgrade of the near detector around 2020 to further reduce the
systematic uncertainties.

32



Thank you!



LPNHE

Pamis

T2K near detector : INGRID

000 A
BDOLN DD

[mrad] [events/1e14 POT]

o
2]

— INGRID
—— MUMON
= 3 o >

Vertical beam direction

o

T2K Run1 | T2KRun2 | T2KRun3 | T2K Rund T2KRun5 T2KRuné | T2KRun7

> Near detector pit at 280 m from the target

> INGRID is located on-axis.
= iron/scintillator tracking calorimeters
(16 modules)
Monitor beam, direction, stability.
Used to constrain flux systematic errors.

11
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ND280 event selection

Side Muon Range Detector

UA1 Magnet

POD ECal CE] mmug etic SN e ee . : CCOg[

HL

> We currently use a selection of v, CCevents in the tracker, using the
FGD as target and the TPC to reconstruct charge and momentum.

> We separate the CC inclusive events in three topologies depending on
the number of pions reconstructed (0, 1 and >2) 35



LPNHE

Pamis

ND280 event selection

CCopi CCipi CCOther

T2K prelimine

T2K preliminary T2K preliminary

—+— Data
I cC-0x
I CC-1x
CC-Other il CC-Other T ~ GC-Other
BKG : T BKG 200 ' BKG
I External I External I [l External
No truth 3 : No truth . = No truth

L rwers D e L

000 2500 3000 3500 4000 4500 5000 E 2000 2500 3000 3500 4000 4500 5000 :
P, (MeVi/c) P, (MeV/c) P, (MeV/c)

> We currently use a selection of v, CCevents in the tracker, using the
FGD as target and the TPC to reconstruct charge and momentum.

> We separate the CC inclusive events in three topologies depending on
the number of pions reconstructed (0, 1 and >2) 36



Current ND280 selection efficiency

Efficiency
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Near detector fit : the BANFF

> This is a huge framework, with around 700 parameters !

> We use a Likelihood as :

L= ﬁPoisson X ESyst

Ndata
Z NpTed Ndata + Ndata In ( )

Npred( )

= Detector
= Flux
= Cross-section
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Flux uncertainties

Neutrino Mode Flux at ND280  ToK preliminary Antineutrino Mode Flux at ND280 ToK preliminary

5

S

The flux model is
produced from
generator tuned with
NA61/SHINE data

<

Flux (/em%50MeV/10%'p.o.t)
Flux (/em*/50MeV/10*'p.o.t)

Flux uncertainties from NA61

ND280: Neutrino Mode, Vi T2K preliminary ND280 v,, v beam mode T2K preliminary

ES

Hadron Interactions' —— Material Modeling

Proton Beam Profile & Off-axis Angle Number of Protons

w

Horn Current & Field —— Total error (13avl)

Horn & Target Alignmenl - - - Previous error
| T/ ®xE, Arb. Norm. (11bv3.2)

Flux Parameter Value
o

Fractional Error

- Prior to ND280 Constraint

After ND280 Constraint

10 - L
E, (GeV) £, (GoV)

Still ~10% uncertainty around Need the BANFF fit to further
flux peak on the normalisation reduce the error on the flux

39
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Cross section model

> For each interaction, we have a model with several parameters

A -—— p
< H/ scattered

P s
\
7 i

\ absorbeds ~ /
N\ N A

1, hadrons

e

CCOther : 1 parameter Final state interaction : 3 parameters
6 parameters 4 ()
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A9, 2
cm /GeV)

)(10”

v

]
=
=

 Effect on recontructed energy:

60 0.6 0.8

E, (GeV)

o/ Z [fb/GeV]
=

0.2 0.6
E;. . = 600 MeV
— Total
CCQE+RPA
- 2p2h A-enhanced
— 2p2h not-A

1.5 s 2.5
reconstructed energy [GeV]
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Cross section uncertainties

> We fit all those parameters with ND data to constrain them

Events selected in FGD2, v mode (prefit) Events selected in FGD2, v mode, CC-0n (postfit) ‘
' j—{-—Data - : ' | |

T2K preliminary
neuTvs.z2  |llvocee neuTvo.zz I ocaE
[]vcc2p2n [T]vcc2p-2n

‘ v CC Res 1t m v CC Res 1t
| iV cccoh

- IT2K prelirlninary

o0
o
(=]

Evgpts/(100 MeVic)
8
o

o
[=3
o

Illv cc coh 1

IV cc Other I v CC Other
‘!\- NC modes - [l NC modes

!.\" modes — m=—= _.v modes

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
p momentum [MeV/c] p momentum [MeV/c]

B Prefit
Postfit

CCQE tuning / NEUT nominal parameter value
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BANFF results

> The fitter itself is quite robust, it is tested with a bunch of fake data studies to
verify we don’t get any biases from the cross-section model we use, and if we
do, to add it as a systematic.

> All those biases are taken into account in the ND280 covariance matrix

> Matrix that is the final output of the BANFF and is given to the oscillation
group as an input to the SK data fit.

Prefit flux + cross-section Postfit flux + cross-section

covariance matrix for Super-Kamiokande covariance matrix for Super-Kamiokande
- -

[+2]
o

Correlation
o
[es]
Correlation

o

=
o
[+)]

Parameter number
Parameter number

A

“r '.r""“

o
'S

20

10

SOL L 16[)\ 1 v 00 ;10 . 20 50 50 = 43
Parameter number T2K preliminary Parameter number




Source of uncertainty at SK

SK event sample: AN, /N, (10 error)
Source of Uncertainties YEREA: yineam
1-ring 1-ring CC-1z" 1-ring 1-ring
u-like e-like  e-like  u-like e-like

SK: Detector + Final State Int. + 2ndary int. 42% 35% 14.0% 11.1% 4.0%

Neutrino Beam flux 3.6% 3.7% 36% 3.8% 3.8%

MEC (corr) 3.5% 3.9% 0.5% 3.0% 3.0%
MEC bar (corr) 0.2% 0.1% 0.0% 1.8% 2.3%
NC 1y (uncorr) 0.0% 1.5% 0.4% 0.0% 3.0%

a(v,) /a(v,) 0.0% 2.6% 2.4% 0.0% 1.5%

(Cross-section: sub total) 40% 5.1% 48% 4.2% 5.5%
(Flux + Cross-section Sub total) 29% 4.2% 50 35% 4.7%

Oscillation parameters: sin?0 5, sin%0,,, Am?,,  0.0% 4.2% 3.8% 0.0% 4.0%

v-interaction
cross-section
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Total 51% 6.8% 153% 11.7% 7.4%




LPNHE

The far detector fit

Nep = / dE ©(E) x 0(F) x esx(E) x P(va = vg, E, 8, Am?;, 5cp)

# of events Detector Oscillation probability
efficiency

Three different analyses performed to extract the oscillation parameters :

> A frequentist analysis with a Ay? fit to
= E_./ Glep for electron neutrino and anti-neutrino.

- Erec for muon neutrino and anti-neutrino.

> A Bayesian analysis with a likelihood fit to
Prep / 61ep for electron neutrino and anti-neutrino.
= E_. for muon neutrino and anti-neutrino.

> A Bayesian with a Markov-Chain MC
= E__ for all samples.
= Simultaneously fitting the near detector data.
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LPNHE

Pamis

2D distributions for electron neutrino samples
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Pamis

Fake data studies

> We produce some fake data set (example here alternative 2p2h model) that
we

> This fit results is used to adjust
>

We produce and fit SK fake data set, with the fit to ND280 data as input, to
obtain

Nominal MC
= Alternative 2p2h (2.52¢-03)
—— Alternative 2p2h seees Nominal Fit (2.50e-03)

Events per bin
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