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T2 Main subject: Neutrino oscillations @

Nobel & Breakthrough
for v oscillations

The Growing Excitement Sehdrommmiigt 0

Credit to APS

appearance

Neutrino oscillations, now well-

established phenomenon: Y Neown Eoysics ]
0 0 c 1930: On-paper appearance as “desperate” remedy by W. Pauli e

¢ I n d ICa te massive neu trl nos 1956: 7, ﬁ?stpexp::mentally discovepred by Reines \a(n:Cowan

1962: v, existence confirmed by Lederman et al.

1998: Atmospheric neutrino oscillations discovered by Super-K

2000: v, first evidence reported by DONUT experiment

2001: Solar neutrino oscillations detected by SNO (KamLAND 2002)

2011: vy, — vy transitions observed by OPERA

2011-13:v, — Ve by T2K, Ve - Ve by Daya Bay(2012)

2015: Nobel prizes for v oscillations, Breakthrough prize (2016)

<> Mix flavor and mass eigenstates

I I I IR R

<> Beyond the Standard Model
(the only lab-based evidence) &= =

= L gy .

"G S After 90 yrs., neutrinos still keep surprlsmg us!

N I » SN

s B - .IIlllI‘IIlIIIIIIIIIIIIIIIIIIIIIII: |
€13 0 size P\ cra s12 O\ [m
0 1 0 d —s12 2 O Vo
" — 5136567 28 C13 -\ 0O 0 1 V3
S/Acce.-'tJ;;'i"h‘g;;;tﬁi‘/:/xzz'eié;gfa;:"" ;

C
i 4 ; il I\/Iorlond EV\/g2018 B 4 3
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S S PARC Main Ring
T (K EK-JAEA, Tokai)

< Discovered appearanceof V,, — V. (2013)  Phys. Rev. Lett. 112, 061802 (2014)

<> Leading effort of CP violation search Phys.Rev. D96, 9, 092006 (2017)

< Vibrant programs of non-standard physics & neutrino interactions

C13 0 syge”tocr ci2 S22 0 V1

0 1 0 —S12 c12 O V2

828023 _81362'5013 0 C13 0 0 1 V3
~ T2K sensitive parameters (with Am?3,) :
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T2 Neutrino Oscillations at T2K ()

Disappearance channel

Extract Am3,, 6,3

2
P(v, > v,)~1-(cos* g, -sin’ 20, +sin22913@).sin2 A’ng L

Leading-term Next-to-leading

. . - >

~ w, \ A~

b R S X
V . 5

) | o
i g g

Appearance 5@ nnel

y |
<

“ : *w’%# '\'q ,@ Extract 913, 6(;P

» “\ > ‘,? %
E | W av g
4 \." .
A= T 7 -2 Leading term a
él, 2! P(vu—>ve) S4c,, 55 5, sin” Ay B13

2 - - CPC
+8C3781581383(€;5C03 COSO — 8§,,8135,3) COSA 4, SIn A, sinA,,

2 . . . .
[ —80137€15C138,8135,; SIN O SIN A5, sin A, sin A21] cPv

2 2, 2 2 2 M2 . 5
45,7013 (0 Co3” F515 853 8\y- —2€15C5381,835,3 €08) sin” A, Solar

¢; =cos,,s; =sing;
L
Aij = Am; -0
4E,

Prob

Osc

Osc. Prob

0.5

o
o
X

0.04

0.02

—> =V —>V
Vu =V =V Vy

A A AN AN AN N

AN

7
7
7
S

7] 2.5° Off-axis v flux

w

T T ‘ T T ‘ ‘
2.5° Off-axis v flux
w

85p=0° NH, v

—— 8,,=270° NH, v

L CP violating term introduced by
replace § by =5 for Py, = ¥e) interference among three-flavor mixing '
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TZ Neutrino Oscillations at T2K (cont’d) ()

[ 15

— R+ Minos i1 JHEP 01 (2017) 087 N :‘ I I | — Reactors + Mlnos
R + NOvA L] n Reactors + NOvA
ORI e | Estebanet al, v Global Fit [ e o 1
- + -com - - Reactors + LBL-comb N
—_ R:aactors
- — — R + Minos
=, R + NOvA
— R+ T2K
) —_ R"+ LBL-comb
- ‘05‘ - IO.B' ‘0.7‘ IO[?” ICl4 ‘ 05’ IO!GI - I0.|7I . = 2,4‘ 26 I ‘2,8 = ISO. = If.lgol 270 I 360
sinz&)‘23 sinde23 ,-\mi1 [10°evy 3ep
b .
\ j &
: a\ "'f" ‘ e
~m T2Kis leading the effors to measure 8,3, Am?;,and §p
&‘ﬁ ‘ b= ¢
4

Key mgredlents for T2K

Most mtense and well- ;
monitored neutrino
beam, J-PARC

Lo

Large WC detector &
good flavor identification,
Super-Kamiokande

‘f& A -4 SN Support programs

N7\ > (hadron production, neutrino

%
o
L]

interaction models)

v
”
.

:

\
‘> ’

e
= ' 5 -/ o f.r F/"- bt "}
N 1 0l Vo ohpos? P, . #6
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TZ/R\ T2K neutrino beam

High intensity, almost pure muon (anti) neutrinobeam from J-PARC

Total Accumulated POT for Physics

o v-Mode Beam Power 1i§{3§ﬁ)r: Target gl?lgl‘lm
x 10%° . V-Mode Beam Power T
8 30 '::Enl ..... Run2 o ..........,.R.un3 ..... .R,me". ................ Run5... ] R, 0Ho)......... | R un7. ... .Ru.n.& ....... Rug9 g N
e :‘7 : = =500 5’ ___________ ‘_)_L_(‘.._i'-_h_”’j___n’l_ogggr' b
-8 25 e T M qh', Neutrino beamline
= - = 0m 118m
= = 400
' E R R R S 8
D z z 5 i L.y ; o § —
. :ﬂd 1sEM...... |  —— 4 . . — W . W CEE 300 % Pigﬁ 1 ‘T* — ,e O AR S
R i ‘
108t - V— S . . e ; % : 200 Zoot Event rate’~ ﬂg{ﬂ%gg'ﬁﬁ | o ]
. : : o - R : & i 835 b HOM-250kA ke —rie
g Horlztontal beam dlrectlon +|NGR|D ]
] R L T T O, = 100 - Jpg @QJMw o +Mﬂ/|oi
i i A oF ‘ R L
0 = PR ! a2 : P } PR } PO 4 PRI { P 0 05F | :“* | . | | |
2010 2011 2012 2013 2014 2015 2016 2017 " - ‘ ‘
E g osk Vemcal beam dlrectlon i i : i +Il\’/l\ll(J;l5|z(|3DN ]
‘ = : "‘*“ e %ﬂ'—’_‘ ’*1&’_*_'_*_&*
: 23 Jan. 2010 - 22 Dec. 2017 v-mode 1.51 x 10?* (57.14%) °*4w e T T—rF
osf | “ R B CUR o
POT total: 2.65 x 102 v-mode 1.14 x 102! (42.86%) e E ! ‘

Day

4 . e
<> Beam power steadlly increased to 475 kW, hlgh quallty data delivered
<> 2.65x10%! Protons-on-target (POT) delivered. Data sample for results

presented today:

<> Neutrino-mode: 1.47x10%1 POT Next .results will be released
by this summer

| <>Ant|neutr|no mode: 0. 76x1021 POT )

FZFTT /7 Moriond EVlige18 7 DI T




T2

T2K neutrino beam (cont’d) @

High intensity, almost pure muon (anti) neutrinobeam from J-PARC

(Ant| ) neutrlno flux predlctlon at T2K Far Detector(no OSCI||atI0n)

I ! ! !

Flux (/em?/50MeV/10*p.o.r)

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

J-PARC i~ Target Beam

—
<
o

—
f=
n

104

—

(=]
o

T

10?

accelerator; _/ dump

<> Hadron production at target
needed to inferv flux

< Constrained by external data

10

B GeV)| E, (GeV) from NA61/SHINE
Errors of (a nt| ) neutrlno flux predlctlon atT2K Far Detector Vg
5 5 ' -
= - —— Hadron Interactions — Material Modeling (= - = Hadron Interactions ~— Material Modelin: ‘
l.; 0.3-_ Proton Beam Profile & Off-axis Angle ~ Proton Number ] I,J_; 0.3 _ Proton Beam Profile & Off-axis Angle Proion Niimbr ¥
[ . — Total Error - [ .
£ [ —temGmmars s B - i — rouEror o Fl ux unce rtainty ~ 10%
‘g_ 02 —— Horn & Target Alignment i g 02 — Horn & Target Alignment

[ [ ] #xE., Arb. Norm.

.....

v —mode [
e

1

: 1 (Beam modes changed by SW|tch|ng horn polarity)

E, (GeV)
-

-

107

b

r‘v

[ D PxE,, Arb. Norm,

0_ F—,, = ——

(absolute error)

0 ~2-4% effect to analysis w/

: . 'V'l)o Near Detector constraint
Y —mode I - L
N s,
A o«

i

"1

Lo

Tl

£ Morlond EW‘£2018
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T2/K T2K far detector

<> Super-K is 2.5° off the beam’s axis to achieve narrow band beam peaked

at oscillation maximum (0.6 GeV) 2 ;
L os aso
JJPARC ¢~  Target = Beam g Am§Z:2.413x 10%ev?

accelerator,

P(v,— ve)

Far detector

. "“————--—l———.‘—'—,———- ———————— é 4 (Super-K) N 1} H;‘Hgﬁg-g; *
- Om 118m 280m 295km : | Woazs 7
£ os- i

<>r Muah and electron are WeII separated Yol :

; I

3

oy . + i ok + 1
et b e i b T BT e-like

é% muon-like

i

Atmospheric v FCFV events

2 -

oL
2008

1 1
2011 2012 2013 2014 2015
12/31 12/31 12/31

1 i
2009 2016

"()l()
2/3

4 10
Partice ID parameter
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T 2K\ Strategy for oscillation analyses

( \l car dctcctor§1

Far detector

(Super-K)
J
295km
-
4
4
A‘l / 2
¢
/ %
» ‘. :
Y ’
” ’
L
’
5 2,

> ' #11
v ’ P . »



TZ/R\ Strategy for oscillation analyses @

P TSN
(Near detectors;

= Muon

[ ,
Decay volume  monitor, Vi INGRID

Far detector

T Neutrino beamiine . (Supes-K)
Om 118m 280m 295km
S = S e e
‘E ND280 data

Hadron prod. data :
,g ’ (NA61/SHINE) / Neutrino : F L
§ g interaction model | : s '
4 Constrain flux FJ8 External cross- [P |
i O - sam * section data l

N 3 ~ I

";}n.\ = _.9{2“5”: - DN ; ______________ Z
- Constrain flux & interaction model simultaneously

= (due to convolution of these factors on data )

o

g .\_‘--#0 v %3 (‘?4 w‘~ »
Sy ' .‘& A - xt . g Y,
;‘ % ! ”~ ...‘ J?.‘.. .,1 )’
o 4 - "y
v . : )a 7 A =
y . g
. el £ s . >
- R - -8 v
Rt < 4 o
g : : o y )
g oy . -
X ot § gl : ‘ .
]

N

¥ - A T P A .
% TPT AT ¢ P 5 : P
l 5 )7 .MO”;Q”d E\é/_’liZOlS a : ! {J*lz




TZ/R\ Strategy for oscillation analyses @

(Near detectors,

{
- - M@.ng ___________________________ |
;23 | Super-K data
V, |
|
|

Far detector

gl ot L w (Supclr-K)
Om 118m = = 295km
,}?—‘ﬁr‘;—.—.—"":’;——————.— T T T ';
: Ha(?\'rgglr};?_lo:'l\'i?ta | SK detector =
' E- ; Neutrino | I ___model » |
E . { interaction model g : , :
: Ef...'.;.'i..“ --------------- = B
. © . Constrain flux F . Exterrlal ek :
e 3 S section data I
% I N NI AR, . - - - — - = L& Oscillation fit &
- Constrain flux & interaction model simultaneously extract
X . )
%Sdue to convolution of these factors on data ) 5 parameters
P AR A RS |
e

-~ Data are used as much as possibleto - O = '
¥ A Insensitive osc.
-+ reduce model dependence PR Y parameters

‘ A
LY s rrr

. & L?*LL 77 Moriand E\&lzoié?" ST 13




T2/K\ Improvements in 2017 analysis (E)

<> Super-K event selection & new datasample
<> Use reconstruction algorithm (fiTQun complete charge & time
information) = enables to extend detector fiducial volume, leads to 20%

effective statistic increase in selecting e-like events
<> Add charged-current 17 e-like sample = increases 10% for neutrino-mode

e-like sample

’\.
.

& < Usage of ND280 data to constrain flux & neutrino interaction model

) |
<> Incorporate FGD2 (water target) data to include interactions on water
(In previous analysis, only FGD1 (carbon target) data samples were used)

% 1
"% < Interaction modelsin neutrinoevent generator (NEUT)
<> Improve pion production model by tuning to external data from Bubble

Chambers, MiniBooNE and MINERVA
<> Include a model for multi-nucleon (2p-2h) scattering (~10-20% relative to

charged current quasi-elastic, main signal at T2K) Phys. Rev. C83 (2011) 045501

<> Improve charged-current quasi-elastic model by including effect of long-
414

A

s A

range correlations in nucleus
1 :} ] ; ¢ # Moriond EVi2018
<t } T + LIS




12K\

Systematic errors

<

% errors on predicted event at SK

1 ring u-like 1 ring e-like
Error source
v-mode V-mode v-mode v-mode | v-mode CC‘liia v/ v 4

SK detector 1.86 1.51 3.03 4.22 I 16.69 I 1.60
SK FSI+SI+PN 2.20 1.98 3.01 2.31 l 11.43 I 1.57
ND280-constrained 3.22 2.72 3.22 2.88 4.05 2.50
flux & cross section

I YSTPe) 1y 0.00 0.0 2.63 1.46 2.62 3.03
G(Vu) U(Vu)

NC 1y [ 0.00 0.0 1.08 2.59 0.33 1.49
NC other [3! 0.25 0.25 0.14 0.33 0.98 0.18
Total error 4.40 3. 76 6.10 6. 51 20 94 4.77
A TR e i SaRP Y P nif) Zatedl
' [1]Theoret|cally motlvated error based on Phys.Rev. D86 (2012) 053003
 [21BINot constrained by ND280, theoretical model & external data

[4]These errorsare reIeva ntfor extracting Scp phase ¢

% = re 2 *}1{ ", /# Morignd EV&A£2018 f #15
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T2 Far detector data samples with fit ()

Neutrino mode
— ' { Run1-8 Preliminary

e 1 ——— T Tl v —ve
1u-like ring i
(CCQE-enriched) = s

Il v, intrinsic

Final systematics pending T2K Runl-8 Preliminary Final ics pending T2K Run1-8 Preliminary
e e S R T I A [ [
. . BV, —ve

1 e-like ring mmnC

[ ve/V, intrinsic
1 . intrinsic

(CClm-enriched) | |Gy e

15 v,

w
o

;1 e-like rin
- (CCQE-enriched)

—_
)

[ ve/V, intrinsic
. Vi !ntr!ns!c
BV, intrinsic

—
(=]

N
o

Number of Events
P

Number of Events

Number of Events

[N
(2]

=
o

5

0.5

L,

i

P v TN A VAT

02 04 06 08 1 12 02 04 06 08 1 12
v Reconstructed Energy (GeV) v Reconstructed Energy (GeV)

4

OO
OO

% 0.5 T 15 2 25 3
. . nergy (GeV)
Anti-neutrino mode |-
reliminary
T F7=)

b lu-like ring# ot

Final ?slemalics pena}ng ‘ T2K Rl{ml—S Preliminary
T Tren! T T "'V—)Ve
1 e-like ring =
- EENC
(CCQE-enriched) [ S/mnse

a7 "~ No €C1m in anti-
© ~neutrino mode due
" to m~ absorption

(GCQE-enrighed) = iinsic -
I v, intrinsic

Number of Events
Number of Events

¢ ; g ;
9]
LN RN AR RARRE RN AN RN RN LR

L
1 1.5 2 2.5 3

v Reconstructed Energy (GeV)

OO

o 02 04 06 08 1 12 '
v Reconstructed Energy (GeV)

A . Appéarance channels

22 3\
8 + 1
B 4 > . ' *
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T2 Ams,, 0,5 measurements E

T2K Run1-8 Preliminary

< Data are fitted separatelyfornormal o

7J_IIIIIIIIIIIIIIIIIIIIIIIIIIIIINIo;‘n:lall6‘8‘C|‘_I_

and inverted hierarchy 2650 Data fit *Bestfit T ooy AL

—— Inverted - 90CL 7

(Bayesian posterior probabilities)

sin2023< 0.5 sin2023> 0.5 Sum

NH (Am?Z32>0)
IH(Am?Z:2 <0)

Sum

—I»IIII|IIII|IIII|IIII|IIII|IIII|I

<> Pending final systematic error,
| results will be updated in future

NE:(),003 2p-2h non-A Variation Study — 90% Confidence Level L 10 ) l {
-~ 68% Confidence Level | e i e e ekt ) am e
il — S — 8= Nominal Prediction l, (,St u dy of N D data-driven
00026l | —Zefhpondtiriion | “variation shows effect on
S
0.0024{~ . 4 Am32, 923 para meters)
: L .
0.0022}~ i ‘ 4 2 ’
5 Blasto Iower value 1-
0.002= . .
0.3 0.4 0.5 0.6 0.7

[*]'2

f ) $17
v ’ P . 4



T2

Mixing angle 8,5 & 0¢p

< T2Ksin?6,3 measurement is

F S,
consistent with PDG 2016 average et
z o -
=R :
O g °F E
4T2K value: S E .
o !f."‘ | .«a». E E
s 'sin® 13 = 0.027715:00%7 (NH) 2 g
-3 | P e et W I e 3 ()
@Fﬁ %%G 2016 g 25 Sinz3(o(;)13)3 40 45 50
P\l smzﬁeg, = 0.0210 + 0.0011 |
E S B T2K Run1-8\Preliminary
A \‘ @ 3¢ "0 7 7 7 L. Normal - 68cL ]
;N ﬁ 25 * Bestfit .\ pomal - -9é)8CCLL:
c —\Inverted - 90CL —
,,\<> Imﬁ%udmgthe reactor constrainton 03 2 E
Ve const»ramton SCP g o E
e \EA \;_ E E
} Gald 2 *\ ‘3 ol S E
2 W ’ﬁ -31: 0
: ‘ i sin%(0,,)
s _"-i;“./' v v '1* —
> g L L1

1 £ Morlond EV&A£2018
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TZ/R\ Ocp measurement

©

gggggggggggggggg pending T2K Runl 8 Prehmmary —
CP conserving values (0, ) fall outside of 30 20 C.L.intervals -
the 20 C.L. confidence/credibleinterval T S 1

Y
20

<> 10% L. confldencelnterval
«Normal Hierarchy [-2.49, -1.23] rad.

5'2 o C. L’%onfldence interval

N\

W
||||/|||||||I)/I|IIII|IIII|IIII|I
N N
S » \ .
\" ey
AN Y
A
[y

22AIn(L)

15

10

y"‘ N&mal hlerarchy[ 2.91, -0.60] rad. 1 A j v e Fre?uenZISt -
‘nvertgd hlega@y[ 1.54, -1.19] rad. Ocp (rad)

b ¢ T e ““
4% 122— ‘ E -T7/2 0 +1T/2

f-é 73.5 61.5 49.9 74

5

A ~ 6.9 6.0 4.9 15

g 7.9 9.0 10.0 7

Z > | rpesons L 267.8  267.4 2677 240
T e ORGE 631 @29 @1 6

: 2 N a9 ‘@ :-:i-"-%.v: l ) .p e va oK " & f >
> & aé’?* -l;':,JL; // Morignd EVIE2018 . bk, PR </







T2/K T2K future prospects

©

Total Accumulated POT for Physics T2K-1l Protons-On-Target Request
v-Mode Beam Power 45 —35
% 102 & ¥-Mode Beam Power 2 100F- 15 1 5
S sofuAl REP.... iR Rid -Run3_ Run6___ Rui?__Rumd__Ralo 5 O
= = i H : : 500 é % C = 9 —3.0 9
& = < 1200 s w I =
g q;, = r 1 s 4.3
2 > 3 L MR Power Supply upgrade . = —2.5 ?
= oJ#00 5 21000 o 2 3 3
g . o = - q o m =
= : £ 1 3 1,38
Q 300 r s & 202
3] £ © 800|— o I o
< B cﬂﬂ) = 3 =2 1 o
200 e tvl :20 8 ;15 ;
_ : 600(— 1 17 S
' - N 14 8 1 £
n =100 C i L
o] | 400~ S =
3 C —io g 1 9
0 C 1 = 1 o
200l = —os =
- —15 7 8 ;
o | E . ]
23 Jan. 2010 - 22 Dec. 2017 v-mode 1.51 x 10%* (57.14%) o B Too
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

POT total: 2.65 x 102! v-mode 1.14 x 10?! (42.86%) JFY

| AR R gl

E <> Stay tuned for summer result w/ doubled data in anti-neutrino mode

5% <> Approved T2K statistics, 7.8 x10?1 POT, can be accumulated by 2021
. <> J-PARC beam aims for upgrade & operation at> 1MW from 2021

30 <> Hyper-Kand DUNE are expected to startaround 2026

@‘ = T2K-II, if extend T2K operation until 2026, will collect 20x10%* POT.

& 4 Such amount of data along with neutrino beamline upgrade & analysis
L 5" improvements makes T2K(-1l) physics potentials even more interesting!

#21



TZ/R\ T2K future prospects (cont’d) ()

02 _(arXiv: 1609 04111 [hep ex])

o 20— 3
”n_ zgxlg: '281 wj eg s:a: |mprovemen:s (n(;os1yg errors) | : —— POT by 2014, 90% C.L — Stat. only
L - ---20x w/ eff. stat. improvements & sys. errors 1 .
ooo [ —— 7.8x10%' POT (no sys. errors) B — 7.8x10°' POT, 90% C.L Systematics
c 15 - 7.8x10%' POT w/ 2016 sys. errors ] 2.81- 7]
D - Y . L —— 20x10%' POT w/improvement, 90% C.L 4
8 4
Lo -
=S 10 — E 26 —
S I < -
x B L ]
o B - -
. 19 5 I — 2.4 — —
- c N - - -1
\ -
— : C _
- 0 L. N B N, ] 55 A P T R
-200 -100 0 100 200 0.4 0.5 0.6
. 2
(o]
4 True §.0(°) sin0,,,

<> 30 or higher significance sensitivity to CP

(CERN SPSC- P357)
violation if 6, close to - /2 ’ '

<> Systematicerror haslarge impact
- Motivate for ND280 upgrade

< 1% precision of Am?;,,0.5°-1.7°

ritt volume

Exciting programs!
Welcome new collaborators. o 3 ,
— . 'I

LEFET 7/ Moriend EViER018 3 422




T2/K) Summary @

<> Stable operation at 470-475 kW beam power allows T2K to double

neutrino data in one year (also expectedly double anti-neutrino
data by this summer)

<> Updatesin T2K oscillation analyses:

/‘ <> New reconstructionand event selections: statistically effective
£ improvement by 30%

, &
<> Improving neutrino interaction model

% . < CP conserving values (0, ) fall outside of the 20 C.L.
s  confidence/credibleinterval

5 <% T2K-II, an extended program to collect 20x10%! POT, has been
Q?f" proposedinorderto achieve 30 C.L. to exclude CP conserving
; *§ values for favorable true value of §;

£ "Afew anime drawings taken http://higgstan.com

: ‘;% & 4}}]‘ L f ""I\/Iorilond EVi2018 “'rﬁt‘ . 473
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TZ/R\ Expansion of Super-K fiducial volume

fiTQun, a maximum-likelihood approach for event
reconstruction at SK, offers significant improvementin
~performance and allows us to re-optimize the fiducial cut

<> APFit - based fiducial volume: requires to have
reconstructed vertex>2 m from the detector wall

- < fiTQun - based fiducial volume: 2-dimensional cut on
< “wall”: minimum distance from vertex to the wall
< “towall”: distance along the particle track to the wall

New selectlon Previous selection
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T2 Near Detector Data Fit

©
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<> 2p-2h for neutrinosis enhanced by 50%
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T2 Impact of Fake data on 0 @

<> Maximum shiftin the NH 20 confidence ® 18_ ________________________________________
interval mid-pointis 1.7% gl- — Nominal Prediction
Z_ —— 2p-2h A Variation
<> Maximum change tothe NH 20 confidence 5r
interval is 2.3% ::
s
;M/ B

< Impact on §, confidence intervals is small!
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T2/K On 0Op exclusion &

20 Final systematics pending T2K Runl-8 Preliminary
e T e e
13E- I 68.27% of toys MC

Il 95.45% of toys MC
16 y
20 CL

<> The exclusion of ., conservingvaluesis
stronger than our expected sensitivity. Is it
reasonable?

5
=
S
<> We throw 10* toy experimentsin which normal
mass hierarchyisassumed and 6 are fixed at- . il
/2, but other oscillation parameters, T
ra
statistics, systematic parameters are varied - .
30t vemepone T2K Runl-8 Preliminary
0 i - - Il 68.27% of toys MC :
< 30% of experiments exclude 6, =0 at >20 C.L. o oS5 o e MC E
----20 CL ]
. 2 :
< 25% of experiments exclude §,=mat>20 C.L. = |
N

By - SV ) et v v
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T2/K Fitting methods @

<> Fit simultaneously 5signal samples selected at Far Detector, Super-K
<> A binned likelihood approach to fit data

NSKSK - SK SK;, TrSK /aSK (=
—In(L) = NyP=(0,p) = MP™ + M7 In M7 /N°7 (0, D)
e 1 T o T 1 ., 1 1 7]
& NG Ao;(V5) ™ Aoj + 2 Ap; (Vi)™ Ap;
i i g
E NX /MSK is the observed/predicted number of events in the i*"bin
;} ) 0/p are the oscillation /systematics parameters
A
= V?/VP is the oscillation/systematics covariance matrix
b

f?_:?:: <> Perform both Frequentist approach (two analyses) and Bayesian approach
o (one analysis)
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T2/K ND280 detector

" & Side muon range detectors (SMRD) to tag entering

g
%

v
|

, O Multiple targets: scintillator, water, argon, lead y W
- 0 High final state ID resolution, charge separation s

E <> Electromagnetic calorimeters (ECal) to detect gamma

. 0 Narrow flux spectrum , mean ~ 0.85 GeV

Aim to understand unoscillated v beam: constrains flux
and cross-section parameters

<> Tracker, composed of Fine-Grained Detector (FGD)
and Time Projection Chamber (TPC), is central part

UA1 Magnet Yoke

0 Two FGDs: active target w/ scintillator only
(FGD1) or scintillator-water interleaved (FGD2)

O Three TPCs: mainly Argon (95%) filled, for
momentum measurement and particle ID

<> mPdetector (POD) for water-scintillator target and m°
tagging

rays and reconstruct m°

cosmic muons or side-exiting muons
5 : f
Key features for cross-section: ;

Muon-like track

-
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