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The T2K experiment

4 J-PARC )

Hadron Experimental Hall

INGRID

MR
(Main Ring)

Y Ay 4
*»Q

S wmuF ‘\
@

NN (Materials and Life Science
s e =", Experimental Facility)
oy,
&/ 3-508T - e, /

T,

Beam Abort
Dump

Neutrino Facility

e e cylng ND280 WAGASCI /
Synchrotron) A
\ y k Ba bYM ND ) L )
Accelerator Facility Mt ”°9”°2f;§;’ Sl Far Detector (FD)
A ~A u Adh Mt. lkeno-
Yama
1,360 m

1,700 m below
sea level

I Neutrino Beam I

|« >
295 km

g irfuJ TZ/E\ E{;‘gg;ﬁ&% IRN Neutrino - T2K Sensitivity studies - P. Boistier 4 Nov 2025



The T2K experiment

4 J-PARC )

Hadron Experimental Hall

INGRID

MR
(Main Ring)

Beam Abort
Dumr =

\N{Neutnno Facility

/ (3- G;\’/niégzctirgﬁlmg N D280 WAGASC I /
" " \ BabyMIND L )

Accelerator Facility SRS o Detector (FD)

A ad u ad Mt. Ikeno-
Yama
1,360
1,700 m below ' m
sea level
—

| Neutrino Beam I

|« >
295 km

g irfuJ TZ/E\ E{;‘gg;g&é{ IRN Neutrino - T2K Sensitivity studies - P. Boistier 4 Nov 2025



The T2K experiment
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Important French contribution on building and running all near
detectors. Strong involvement in data analysis, including
neutrino oscillations, SK atmospherics and DSNB search.
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Oscillation channels at T2K

Disappearance
channels

at first order:
Am2;, and B2

Combination of the 4 channels
to resolve degeneracies
between different oscillation

> parameters

- Especially the v /v ratio

Appearance
channels T2K oscillation physics:
at first order: - CP violation:
6cpand 6 ’
CP 13 } -S> Am232 (NO) / |Am23]| (IO)

= O, octant
Far Detector

> oscillation interpretation
beyond PMNS (unitarity
> tests...)

> Mass Ordering ; 0:

g irfuJ TZ/R\ E{;‘gg;g&% IRN Neutrino - T2K Sensitivity studies - P. Boistier 4 Nov 2025



m See T2K plenary talk by Y. Prabhu at NuFact2025
TZK' mOSt recent results for more details and latest results
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Protons on Target (x 10%°)

Current and future statistics

accumulated POT for physics analysis (total)

accumulated POT for physics analysis (v-mode)

accumulated POT for physics analysis (V-mode)
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“Protons On Target” (= statistics)

> 2 years of data to go before Hyper-K takes over (in 2028)
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Producing neutrinos at T2K

J-PARC
accelerator,

Mesons focused/defocused by 3 electromagnetic horns
> neutrino mode (“Forward Horn Current’, FHC)
> antineutrino mode (“‘Reversed Horn Current”, RHC)

UPGRADE: from 250 kA to 320 kA
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Oscillated neutrinos at SK: beam upgrade impact

T2K Preliminary
= 1.63 x 10*! POT, 250 kA (OA2023) =+ 10 x 10*! POT, 250 kA
2.14 x 10%' POT, 250 kA (OA2023)  B== 10 x 10?' POT, 320 kA
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® Globadl increase in total number of events, specifically appearance channels
® |ncrease events at oscillation maximum, decrease at high energies —» nharrower energy range
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Upgraded beam: increased purity

Phys. Rev. D103 (2021) 112008 SK RHC 1R.
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® better focusing of right-sign mesons (signal) and defocusing of wrong-sign mesons (main
chkground) - better purity

= CP violation sensitivity from ve [ De asymmetry - need to reduce wrong-sign background
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the study

z Strategy of
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Scope and approximations of the study

ESTIMATE THE FUTURE SENSITIVITY OF THE T2K EXPERIMENT

as a function of statistics; and as a function of neutrino/antineutrino running ratio

J
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Cross-section Near
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Detector —
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Scope and approximations of the study

ESTIMATE THE FUTURE SENSITIVITY OF THE T2K EXPERIMENT

as a function of statistics; and as a function of neutrino/antineutrino running ratio

6(:P

( Far Detector

model )\
Scaled with statistics and
ND280Upgrade new fiducial mass —>
- ND fit is not performed again!

gag
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Scope and approximations of the study

Parameter Set A22
Am3, 7.53 x 1077 eV?/c?
Am3, [NO] / |Am3,| [I0] 2.494 x 1073 eV?/c*
sin? 63 0.561 = (,;3 upper octant
True values of the sin® 012 (sin® 26;,) 0.307 (0.851)
oscillation —  sin® 63 (sin?26;3) 0.0220 (0.0861)
parameters Scp —1.601 rad — max CP violation
Earth matter density 2.6 g/cm?
Baseline length 295 km
Mass ordering Normal =——9 Normal Ordering

A22 - near T2K best-fit in 2022
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CPV search: appearance channel

At T2K, the 3 leading terms are:

P

e = 48%382 2, sin? A3y, Leadingterm (sensitivity to Am? and 6,s)

13€13
1 Jop sin Agg sin Agj sin A9y CP violating term (about 30% effect — 6cp)

sin Agl )
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4o
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CPV search : bi-event plot

267 fotal POT: 378107

‘ CP violating term Split per horn current; T2K Preliminary

+250 kA: 2.14x10%
—250 kA: 1.63x10*

% D44{ +320 kA 0.0x107
= —320 kA: 0.0x10%!
F Jop sin Ago sin Agy sin Aoy =
e
2 . = 99
Jop = 813613312612323623EﬂlléCE> §22 o
= .
term sensitive to CP violation and g 20
sin dcp :but many degeneracies.. =
bi-event plot! 318
E o
: m Gop = )2 N exp.
= Scp =0 DN
E 16' : gg§:+ﬁ/2 || \\\\\\
[ J =T «,
— AC?I;L}%Q = 2.49 -
— Amg; = —2.46
14+ — sin? 6o = 0.561

- 5in2 oz = 0.450
60 80 100 120
Neutrino mode e-like candidates

irffu T2\ université IRN Neutrino - T2K Sensitivity studies - P. Boistier 4 Nov 2025 18

J PARIS-SACLAY



CPV search: 6cr likelihood scan

Normal ordering Inverted orderin

A0F T T T T | ] A0F T T T T | -
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® good exclusion of the sin 8¢ > 0 region;
® some sensitivity of excluding the wrong
ordering;

@ irfu
]

® full neutrino mode is preferred since neutrino
cross-section with matter about ~3 times higher
than antineutrinos;
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Ax? = =2In(L/ L)

CPV sedrch:CP conservation exclusion

Normal ordering
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CPC exclusion: Reactor Constraint dependence

| | |
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B Bcp - 61: degeneracy unresolved without RC s antineutrino mode is needed to break it, but

Mmore antineutrinos means also less statistics..
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T2K Preliminary

sin2 203
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B Ocp = —7/2 exp
A ocp=0
¢ Scp =+7/2
® decp=T
— Am}, =2.49
— sin® 693 = 0.561
60 80 100 12
Neutrino mode e-like candidates
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CPC exclusion: Normal Ordering hypothesis

201 T2K Preliminary Full Syst.; hyp. Normal Ordering | 261 otal POT: 37510 T2K Preliminary
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® sin&c-<0 == full neutrino mode preferred since far from degeneracies;
® sin6c.,>0 == full antineutrino mode preferred as it helps solving the 6cr — 0,3 0Octant degeneracy;
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CPC exclusion: summary plot

[ [ [ [
true (ordering, écp, sin? f3) T2K Preliminary 267 po pOT: 3785107 o
o 12 — (NO /2 O 561) Wlth RC) Full Syst 1 Splitop:zr horn current: T2K Prellmlnary
d : : Fa A 19mr0n

| (NO7 /2’ o) FHC-RHC ratioc  Unknown Ordering g 21 i

100~ (NO /204 I
S| —— (10, —7/2, 0.561 39 =

° (10, =m/2,0.561) 1.0 3.1 1:1 1:3 01 --ricommm= - =

(&)

‘m & (NO, —7T/4, 0.561) — Rk ‘\\

D) E .

B e ——— @ 201 S

% Gl 99% C.L. | é R, |

% S 18 M. 210 >. A2

20 = Y b
8 4 R ] é [ ] gcp =—7/2 \\:‘:\\\\ eXSII;VHOV
= -0 PR
gy ORI E R N
® Ocp =T -,
<1 2r lo Simplified ND | ] ~ e 220 A22'-LO
e —— e extrapolation |- 144 ! 0
0 | ' ' ' 60 80 100 130
4 6 8 10 91 Neutrino mode e-like candidates
Statistics [POT] x10

m the further away from degeneracies smm the better the sensitivity;
® the further away from degeneracies === full neutrino mode is preferred (in upper octant);
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0.; sensitivity

Disappearance channels

Appearance channels

+ Reactor constrainton 0. ¢—
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upgrades

5 Impact of
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Impact of the upgraded neutrino beam

10 ok Preliminary AsimovA22; with RC; Full Syst. |
< 9l —— 320 kA horn current from Runl3 30
l!h 250 kA horn current only
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g I
N 1:0 3:1 1:1 1:3 0:1
= TF oo cL n
S ________________________________________________________________
O
S 6 -
Qo
+
C\IX 5_ _
< 20 Simplified ND
4 I (‘,Xtrap()lati()n
| | | |
4 6 8 10

Statistics [POT] x 1021

® greatest impact for 6cr because the appearance
channel is the most stat.-limited sample today
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Impact of new ND statistics

| | |
10+ T2K Preliminary AsimovA22; with RC; Full Syst. _
< —— ND p and o scaled with statistics and target mass
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® greatest impact for sin?0,; and Am? because systematic

uncertainties have a greater impact than they have for CPV
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Impact of the ND

® uncertainty on xsec and flux model === not good
enough model before a ND data fit.
Real role of the ND: not only shrinking systematics but
set reliable central values for the model
(e.g. 2p2h xsec has no prior and is only constrained by
the ND)

® in this study: assumption that future data will be in
agreement with present dato-tuned model
BUT: with ND280 Upgrade === better flux+xsec model
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universite

irfu
PARIS-SACLAY

|

IRN Neutrino - T2K Sensitivity studies - P. Boistier

B 12k

T2K Preliminary
=1 0OA2023 with prefit ND o, p

0A2023 with postfit ND o, u
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SMRD
Pg ra e UA1 Magnet Yoke
|

See T2K plenary talk by T. Daret
at NuFact2025 for more details

and latest results

Drift volume

ERAM module

Module Frames Central cathode

Super-Fine Grained Detector 2 High Angle-TPC 6 Time-of-Flight detectors

2 2 tons of active target and tracker 2 innovative £ field cage design 2 plastic scintillator bars

> new resistive MicroMegas (ERAM) 2 track orientation ~ 4t coverage
2 high-angle scattering reco. 2> OOFV event rejection and PID

=2 2 million 1cm? scintillator cubes
> isotropic hadron reco. at low p

g irfuJ T2/ y{;‘gg;g&% IRN Neutrino - T2K Sensitivity studies - P. Boistier 4 Nov 2025 30



1.

ND280 Upgrade

larger angular acceptance, especially important for muons

2. lower threshold for protons and pions

3. first measurement ever of neutron kinematics event by event

4. better electron vs.gamma separation at low electron

momentum

irfu
]

T2K\

[ ]
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Efficiency

Efficiency

1.0
T2K preliminary ~ — D280 Classic
=— ND280 Upgrade

0.8 T True distribution ~
o
9

0.6 2
g

0.4 g
8

0.2 - r{ “

0.0 | |

0 500 1000 1500
True proton momentum [MeV/c]
1.0
T2K preliminary

08 _\_"’/‘\,_,_l_’_,_,_,_

0.6

0.4

0.2 -

0.0 I I 1

-1.0 -0.5 0.0 0.5 1.0
True cost,
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Conclusion

lbeam upgrade has
significant impact on the
sensitivities;

best neutrino/antineutrino is
highly dependent on the
true values of oscillation
parameters;

far from degeneracies, full
neutrino mode is preferred

T2K Preliminary

0OA2022 Best Fit

Normal Ordering
dop = —/4

o o o o ——————— e M S ]

0A2022 Best Fit: Normal Ordering, écp = —1.601, sin? By = 0.561

T2K Sensitivity to the exclusion of sin dcp = 0

Expected POT to reach CL. at different FHC : RHC ratios
With and Without Reactor Constraints (RC)

99% w/ RC & ¢

90% w/o RC

¢

FHC : RHC 4

1:0 3:1 1:1 1:3 0:1

30w/ RC ¢ ¢ ¢

20 w/o RC

Other values of the true oscillation parameters

20w/ RC ¢ ¢ ¢

: . : . ; 1o w/o RC
(full antineutrino mode in 02 sin® Oy = 0.561 7 w/o b e 00% w/o RC ‘
lower octant for CPV):
ND is essential !n correc.:tlng | 90% w/ RC A N
for xsec*flux mismodelings, NOI‘H;M Ol‘defﬂ/lg 20 w/ RC ¢ ¢
. cp = —7/2
provide a better tuning 20 wfo RC \
which may differ from OA2023 Statistics
present predictions; 3 4 5 6 7 8 9 10 11
POT [102]
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Thanks for
listening!
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Scope and approximations of the study

ESTIMATE THE FUTURE SENSITIVITY
OF THE T2K EXPERIMENT

as a function of statistics; and as a function
of neutrino/antineutrino running ratio

.

~

J

> based on latest oscillation analysis for
systematics and frequentist strategy

> systematics from ND Data fit scaled with
total statistics and new ND280 target
mass (other syst. left unchanged: K, ..)

> FD Asimov fit performed at different
statistics and running ratio

= inclusion of the new 320 kA horn current

\_

~

J

[ ]
universite
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irfuJ TZR\

.

\ not taken into account;:

~

® scaling with total stat, ratio kept fixed to
current value (~1:1);

simplified ND syst. treatment:

® scaling all syst. with SFGD mass
(especially O xsec parameters);

® numerical/phys. boundary effects;
® no Fake Data Studies (FDS)

> simplified FD stat. treatment: constant-
Ax? method (no Feldman-Cousins)

~> ND280 Upgrade new physics capabilities

J

(

0:: constraint from reactor experiments (RC)
is applied unless stated otherwise

IRN Neutrino - T2K Sensitivity studies - P. Boistier
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ND scaling method: scaling central values

Within the Gaussian approximation, we can model the ND fit by the following NLL minimization :

With, in the Gaussian approximation:
NLLy(z) = (z — )T 27 (2 — )

with g the central value vector, ¥ the covariance matrix and ¥~! the precision matrix.

Differentiating this relation one gets:

ZJ1;()15’5 — Zgr{e + Zill) and MPOStE;()lst — Nprezgr{e + NNDEQ%) :

Finally, supposing that the ND will have the same fitting effect on future data we can both
estimate a posterior matrix for the new 320kA flux and estimate future new POT and ND280 target
mass effects by scaling the ND precision matrix.
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Neutrino/Antineutrino cross-sections

§1 4 :— Rev.Mod. Phys. 84,1307 g 04 ;— TOTAL Rev.Mod. Phys. 84,1307
t1.2F ¢ 0-35F
80 1 :_ go 0.3 ;_
= 20.25F
ui0-5F u g.2f
c [ c =
00.6 n o =
.§ 3 E 0.15 E
20-4 . - 0.1
@ n 7 =
00.2[- ©0.05 1.
o » © - £l emd,
> 0’... 1> O-LLJ . Lo Ll R LT - ]
10 10” 1 10 10°
E, (GeV) E, (GeV)
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T2K Preliminary
== 1.63 x 102 POT, 250 kA (OA2023) === 10 x 10* POT, 250 kA
2.14 x 10?! POT, 250 kA (0A2023) B 10 x 10%! POT, 320 kA

660% ‘ = FHé 1R: | | FHC 1Rp )
‘*240% | : E; .
Future (old ) \ 5] 8 FEE: I == 1,
beam config. T = . ] . ﬁﬁ“ﬁﬁ;&:e
= = 'Eig_t: -~ ———————, | Neutrino
Future (upgrad. 1 1 1 1
bearn config) 0.0 05 10} 05 L 5 | mode
u ” FHC 1Relde | FHC MRy 715
@ o g ey &=
n o E 4 = = ~ g %10
o A[™ = 7
+13.01% BT |
B - = B
a oscillated z . _-*'“—-_;%-j ;.—*"“\O
- v. events (IRe) 0.0 0.5 1.0 i 5 3
‘ 1
RHC 1Re RHC 1R,
u Iz 100 L E "o
— 12 " | Antineutrino
o S =
0 ¥14.41% [T SN W ] Loy
< . B L mode
Q. oscillated 12| - . | A=
D, 1 o 1 T 1 | . -—J
: Ve events (.IRe) 0.0 0.5 1.0 (o 0.5 1.0 L5 I
\ Energy [GeV] P Energy [GeV] J
\ J\\ J
Y . Y
Appearance Disappearance

channels (e-like) channels (p-like)
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Impact of the upgraded beam

T2K Preliminary

m Better focusing of
right-sign mesons
(signal) and
defocusing of wrong-
sign mesons (main
background) - better

purity

B Number of events
increase around
oscillation maximum,
and decrease at high
energies - harrower
energy range

[ ]
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Bl 12k

E== 1.63 x 10%' POT, 250 kA (OA2023)
2.14 x 10%* POT, 250 kA (OA2023)

= 10 x 10%' POT, 250 kA
== 10 x 10%' POT, 320 kA

IRN Neutrino - T2K Sensitivity studies - P. Boistier

T T T T
2 607 o= FHC 1Re | 5 FHC 1Ry
= 1 = - = -100
5 B §E
el i £ | .
g = g - = =, 50
2 =
g 201 _ = - e~
=) = [ J— ==
z _— -
L | e
| | | |
0.0 0.5 1.0 0.0 0.5 1.0 1.5
T T T T
FHC 1Relde | [ FHC MRy 19
Zo6r . fﬁl
=i o}
: DEEEE_ % e, |
5 4f = - : W%
2 = L i 4
E2r - = ‘ °
2 ==F='—\=___ _E\=_‘ __ﬁ\
O _1 _1—_‘1 - | | 40
0.0 0.5 1.0 0 1 3
T T T T
BN RHC 1Re | - RHC 1Ry
210 s L 5 140
3 = B
Lq‘o—-‘) =E tb o —=
=
E 5F F’=‘ —ij': -1 L B 21:)_ _=='5:—____ —-120
= = =
E EFE: E\—\_\_‘_‘ u - n
O__ | | I | | %0
0.0 0.5 1.0 0.0 0.5 1.0 1.5
Energy [GeV] Energy [GeV]

Sample Rel. diff.

FHC 1Ry total 1+3.02%
signal (vy) +3.79%

_2F 7

RHC 1Rpu total 3.51%
signal (v,,) +1.01%

FHC 1Re total +11.73%
signal (osc. ve) +13.01%

RHC 1Re  otal +5.62%
Szgnal (USC- Fc) +1441%

FHC 1Relde total +12.92%
signal (osc. v.) +14.92%

FHC MRy total —1.40%
signal (vy) —1.07%

Table. Relative difference between
250kA and 320kA predicted
oscilloated number of events at FD
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Ax?(uu samples only)

Impact of the disappearance channel

At T2K, 2-flavour approximation:

P, ~ 1 — sin® 20.q sin

sin? 204 = 4 cos? 613 sin? Ga3(1 — cos? O3 sin? fa3)

5 AmgffL
4F

2 2
Ameﬁ ~~ Am32

Not sensitive to mass ordering + Independent of running mode (neutrino or antineutrino)

(at first order)
40 w w w w -
T2K Preliminary Simplified ND
AsimovA22; Normal Ordering extrapolation
Full Syst.; with RC
30 3.8 x 10°! POT =
—— 4.6 x 10*! POT
— 10.0 x 10> POT
201 FHC:RHC ratio —
[
1:0 3:1 1:1 1:3 0:1
1030 NSNS . -
L N\ .. SN /o A
lo
] s B il [oooo- ettt [TooooooTooooos 1
2.3 2.4 2.5 2.6 2.7
Am3, [eV?] x107°
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Ax*(p samples only)

B
(@)

w
)
>

DO
(@)

—
)

3! N x
VA T2K Preliminary
\\‘\‘\ AsimovA22; Inverted Ordering
[SYY Full Syst.; with RC
\
A\ -== 38x10*' POT
W === 46x 102 POT
\ W === 10.0x 10% POT
\

\ i FHC:RHC ratio it
NN A
N . &\ 10 31 L1 13 01 g0

\

IRN Neutrino - T2K Sensitivity studies - P. Boistier

Neutrino modeis
preferred since
cross-section with
matter is ~3x higher
for neutrinos than
for antineutrinos
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Impact of the disappearance channel

X 10_5| I I I
T2K Preliminary AsimovA22; with RC
4.0 Full Syst. FHC:RHC ratio 16—
I NS
i — Stat. Only 1.0 31 1:1 1:3 01 5 Neutrino mode is
N§ 55l e 4N§° preferred since
a < cross-section with
= 3 matter is ~3x higher
= 3.0F 412 & for neutrinos than
qg = for antineutrinos
E g
ks 2.5 1.0 2
Simplified ND
extrapolation
I I I I

1 § 8 10
Statistics [POT] x 102!
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Impact of the disappearance channel

At T2K, 2-flavour approximation:
2
AmZgL
15
.9 _ 2 .2 2 .2 2 2
sin“ 20,4 = 4 cos” 013 sin” fa3(1 — cos”® A3 sin” fa3) AmZe = Am3,

P, ~1- Sinzeﬂ‘ sin’

Total octant degeneracy

W
jn)
[

I I 4 - m I I I I m
T2K AsimovA22; Full Syst. Simplified t\VD 0 m T2K AsimovA22; Full Syst. Simplified ND
with RC; Normal Ordering extrapolation ‘\““ with RC; Inverted Ordering extrapolation
— —— 3.8 x 10% POT — i —== 38x 10 POT '] 1}
=30 46 % 102 POT = 30RO — == 4.6 x 102 POT iy |
° —— 10.0 x 102 POT S i — == 10.0 x 10% POT l,l’" I
% FHC:RHC ratio % FHC:RHC ratio ll,' ,’ II
= 20k N _ ZN) | Iy,
g 1:0 3:1 1:1 1:3 0:1 < 1:0 3:1 1:1 1:3 0:1 ';ll / /
e g i) '/
Q1030 N\ L 1 A10E30 NS . ol __/_7’_ _______ -
20 ) . Y 49/ A N T AR N N '_'r’zl_/_ ___________
" PrEETS '7'/,/
QLo AN e it Matisielsiit 0 e I PR Aitstetete Wittt
4.0 4.5 5.0 5.5 6.0 615 5.0 5.5 6.0 6.5
sin2 923 x10™ Siﬂ2 923 X 10_1
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Impact of the appearance channel

At T2K, the 3 leading terms are:

P = 45555%5c%4 sin? Agy ‘ Leading term
T Jop sin Azg sin Agq sin Agg ‘ CP violating term

sin Agl .
+|8a (1 — 25%3)3338%36%3A—2 (sin Ag; — Asj cos Agg) ‘ Matter effects
m

31
+ e
Gz =Cos
with the Jarlskog invariant: 5 = i Gij
2
Jop = 3130%3312012523623 sin dcp A@-j — ATEL
a = 2v/2Gpn.E
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Impact of the appearance channel

. Leading term

irfu
]

sensitive to Sin? 093
can resolve the octant
degeneracy from

disappearance channel

4s33573c13 sin” Ay

|

v

total degeneracy
with sin 291 3

well constrained by
disappearance channel

this can be solved by using the ID 13 constraint from reactor experiments (RC)

Parameter

Prior distribution

sin® 263

with PDGQG reactor constraint

Uniform(0, 1)

TZ/R\ université IRN Neutrino - T2K Sensitivity studies - P. Boistier

PARIS-SACLAY

Gaussian(p = 0.0861, 0 = 0.0027)
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Impact of the appearance channel

40 ‘ g | o 40F w T x !
. T2K Preliminary . Simplified ND T2K Preliminary Simplified ND
AsimovA22; Normal Ordering extrapolation AsimovA22; Normal Ordering extrapolation
3 Full Syst.; without RC < Full Syst.; with RC
Qg 30 3.8 x 1021 POT £ 30 3.8 x 102! POT
> —— 4.6 x 10* POT S —— 4.6 x 10 POT
= —— 10.0 x 10" POT 515 —— 10.0 x 102! POT
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4.0 4.5 5.Q ) 5.5 6.0 6.5 with RC _ 5.0 5.5 6.0 1
sin” o3 sin? Oy x10~
40_‘ m I I I I I I ,','I 1
1om T2K Preliminary T2K Preliminary T
‘\ “‘\“ AsimovA22; Inverted Ordering AsimovA22; Inverted Ordering 1 ,' 1]
< ) \ m Full Syst.; without RC Full Syst.; with RC ”"l I Il
1
=30f \ B ——= 38x 10 POT === 38x 1M POT Wi [ 1
2Ny —== 46 x 102 POT - 46X PP POT ) [
85 Lo == 10.0 x 102! POT —=- 100x 102 POT g/ [/
S 20F \Y FHC:RHC ratio FHCRHCratio 1) /)
| R 10 31 L1 1:3 0:1 10 3-1?1-3 o a1l
” \\\ " : : : : H \:::~ \4 : H : : ’I”I II/
~ \\\\ “ —_":~ ltx » III
S0 NS Ny Tm = ROV R =
AN — S A /
c \\ \ = ~__~~\s Sk ///
L_20 N ﬁ-zs¢,,m \-20 T TmmmITSISEE el
lo -§§§ S AAPE L LT PSS S-—=="
_________________ SNSmme==T — T b e e ]
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4.0 4.5 0 9.5 5.0 5.5 6.0 6.5
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® upperoctant is
preferred

® neutrino mode is
preferred (disap.)
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Impact of the appearance channel

X 10_2| T T T ! ' '
T2K Preliminary AsimovA22; with RC L5 = 7t~ T2K Preliminary AsimovA22; with RC 99% C.L. .
SF : o 14 , FHC:RHC ratio ~ — ==
2.5 Full Syst. w ratio = g Full Syst mc ratio
S = Stat. Only 1.0 31 1.1 1:3 01 = 36 — Stat. Only L0 3:1 L1 1:3 0:1 =
. 105 o
% (Ng § 5— ]
g 2.0 —13.5 % =
= )
- o = 20
2 = ,_.S it T ]
= PLe &
2150 = g 3 90% C.L,
~ 425 8 T~ e
b} o~
=4,
2.0 xtrapolat
| ! | |
5 3 10 1 6 3 10
Statistics [POT)] x 10?1 Statistics [POT] x 10!

® we could divide by 2 our resolution on sin20,s;
® we could reach a 2o exclusion of lower octant... for this specific value of true 0,3 !!
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CPC exclusion: true 6. dependence

Inverted orderin
Y I I I I

Normal ordering
I

201 T2K Preliminary Full Syst.; hyp. Normal Ordering B 20 \&‘ T2K Preliminary |

o with RC; true Normal Ordering; true sin? 63 = 0.561 o w Full Syst.; with RC

I 5.3 % 102! POT I w o hyp. Inverted Ordering

o, : FHC:RHC ratio SR sninininiek:. 2 il alniiniininieinteiel el ' \t\" “““““ true Normal Ordering
S 15 —— 4.6 x 10?! POT T 1 91 -y true sin? Bys = 0.561 |
— 21 1.0 3:1 1:1 1:3 0:1 — w o1

= —— 10.0 x 10*! POT = . AVR ——- 38x 102 POT

S Simplified ND extrapolati 3 S\OMECL e 4% 10° POT

= [ implified | extrapo atlon] TN /i aut At e L e LR e, G .

=10 =10 SNk g === 100 % 0% POT ]
O S B /Ay S S T\ i

% % . ‘99%“ 5 FHC:RHC ratio

8 8 ____________________ -\_\_\_\.—‘__“- 1:.0 3:1 1:1 1:3 0:1

\

N 5 o\

= =

<] <]

O i
true dcp [rad] true dcp [rad]

® sin 6. <0 == for from degeneracies, good exclusion and neutrino mode is preferred,;
B sin&c>0 =mm |ot’s dig into the effects..
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CPC exclusion: Normal Ordering hypothesis

201 T2K Preliminary Full Syst.; hyp. Normal Ordering | 261 otal POT: 37510 T2K Preliminary
- with RC; true Normal Ordering; true sin?fa3 = 0.561 e g0
: E— 21 241
3.8 107 POT FHC:RHC ratio Scp = /2
151 —— 4.6 x 10! POT T .
01 1:0 3:1 L1 1:3 0:l 221
— 10.0 x 10=* POT
[Sil’npliﬁml ND oxtmpolation] 201
10 \\\\

B dcp = —7r/2
A 5(]]:' =0
¢ Scp =+7/2
® decp=T
— Am3, =249

—_
D

Ot

Antineutrino mode e-like candidates

Ax? to exclude sin dcp

,_.
e

— sin? fy3 = 0.561
- sin® B3 = 0.450

60 80 100 120
Neutrino mode e-like candidates

—_
o
4
| '/
4

true dcp [rad]

® sin&c-<0 == full neutrino mode preferred since far from degeneracies;
® sin6c.,>0 == full antineutrino mode preferred as it helps solving the 6cr — 0,3 0Octant degeneracy;

J PARIS-SACLAY
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CPC exclusion: Inverted Ordering hypothesis

_I II'I l [XTY I I I_
20 'I,l W T2K Preliminary
- ] o Full Syst.; with RC
§ W |
I Iy W 1o hyp. Inverted Ordering
o [T '#I """""""""" ‘t ‘\; """"" true Normal Ordering
S 15 # W true sin? @y = 0.561 |
= §1, 7 N . - == 38x 102 POT
< ----¢’----,—=--=;—---\---9-9-‘3§/9-Q>L-'-- — == 4.6 x 10 POT
= 10 A S Ny === 10.0x 107 POT T
3 ;7 o FHC:RHC ratio
o - N XN |
+~ 4 \ N\ 1:0 3:1 1:1 1:3 0:1
D s
< Wl »\\-3‘ --------------
< Simplified ND \\\\
extrapolation | _\5_:'\. ______________________
O | | | e T I —
—3 —2 —1 0 1

true dcp [rad]

B sin 6., <0 == full neutrino mode preferred (as seen before) :

B sin &, >0 =) fully degenerate with mass ordering...

B Tk

[ ]
universite
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201

Antineutrino mode e-like candidates

,_.
e

[N}
=

[\
N

[~
(@)

—_
(0]

—_
D

Total POT: 3.78 x10%!
Split per horn current:
+250 kA: 2.14x10%

—250 kA: 1.63x10%!

+320 kA: 0.0x10%

—320 kA: 0.0x10%!

B dcp = —7r/2

A 5(]1:' =0

¢ Scp =+7/2

® decp=T

— Am3, =2.49
— Am3 = —2.46
— sin? fy3 = 0.561

T2K Preliminary

Asimov
exp.

60

80

100

120

Neutrino mode e-like candidates
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CPC exclusion: true octant dependence

| | |
| true (ordering, dcp, sin? f3)

(NO, —7/2, 0.561)

—— (NO, —7/2, 0.45)
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60

® in true upper octant, no degeneracy in v, appearance : heutrino mode is preferred ;
® in true lower octant, degeneracy in v, appearance but not in v, appearance : thus antineutrino

mode is preferred, and sensitivity is reduced ;
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CPC exclusion: true 6. dependence

| | | | | |
201 T2K Preliminary Full Syst.; Unknown Ordering |
o with RC; true Normal Ordering; true sin? 653 = 0.561
lL L —= 38X 102 POT FHC-RHC ratio | summary plot: we profile over mass
S — = 46 %107 POT R — ordering (min of the two ordering
o o1 0 3:1 1:1 1:3 0:
= 10.0 x 102! POT hypotheses)
,_g [Sil’npliﬁed ND extl';u)(')lati()rl]
=10 B sin&cp <0 == full neutrino mode
3
% preferred;
o)
;; 5 B sin&6c,>0 == no sensitivity;
<]
O L
true dcp [rad]
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ND Data fit vs ND Asimov fit
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