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Neutrino Oscillation

* Neutrino production and detection is determined
by their type/flavor (v, v,, v, ) elgenstates

« But propagation through space 1s determined
by their mass (v, v,, v5 ) eigenstates

 Flavor eigenstates are related to mass eigenstates
via the@mixing matrix



The PMNS Matrix

* Aunitary 3x3 matrix — 4 degrees of freedom
[assume the 3-flavor paradigm]

« Commonly parameterized by
3 mixing angles (64,, 0,3, 6,3) and 1 phase (0)



The PMNS Matrix

* Aunitary 3x3 matrix — 4 degrees of freedom
[assume the 3-flavor paradigm] e _
) Vi | = Vs
« Commonly parameterized by

3 mixing angles (0,,, 0,5, 015) and 1 phase (6) i

cosd, sing, O0) cosd, O sinde™ )1 0 0
Uoyns =| —SING, cosé, 0O 0 1 0 0 cosé,, siné,
\ 0 0 1) -singe’° 0 coséd, \0O —sing, coso, ’
| | |
“Solar v’s” “Atmospheric v’s”
Solar, Reactor Reactor, Accelerator  Atmospheric, Accelerator
0., = 34° 0,3~ 9" 05 = 45°

* Note:
Large mixing angles compare to the quark section (CKM)



The PMNS Matrix

* Aunitary 3x3 matrix — 4 degrees of freedom
[assume the 3-flavor paradigm]

« Commonly parameterized by
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* In general

Oscillation Probabilities
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Oscillation Probabilities

« T2K v, Disappearance y v,
P(v, >v,)=1-4cos’ §,;sin’ (923[1—cos2 0,,5in° 6?23]32A32 v l=Upl v,
U
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Oscillation Probabilities

« T2K v, Disappearance y y
2 2 2 2 2 ° '
P(v, >v,)=1-4cos" 6 ;sin 923[1—cos 0,55IN 6?23]3 A, Vo | =Upuns| Vs
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Oscillation Probabilities

« T2K v, Disappearance

Ve V1
- 2 -2 2 - 2 2
P(v, >v,)=1-4cos" 6 ;sin 923[1—cos 0,,sIn 923]5 A, Vo | =Upuns| Vs
where
Y V3
s?A; =sin’ Lm - =sin?| 1.267 L{km] Amif[evz]] -

E, K E, [GeV] I ot

 T2K v, Appearance — see Helen’s talk ( PN AH W )
P(v, —>V,) =sin®26,,sin* 6,5°A — =i ¥ |

Reconstructed v Energy (MeV)

- . - 2 2 Ny
—SIn 26,,SIN 26,,C0S 6,,SIN 26,,5°A,5°A;,SIN O¢p

+ (CPC terms, matterterms, . . . .)
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Oscillation Probabilities

« T2Kv, Dlsappearance

where

m’ —m;
s°A; =sin’ = _sin?| 1.267 KM Amif[evz]]
E, ’c E,[GeV] -

e T2K v, Appearance — see Helen’s talk

o
=
- % 2 :
on), S sin226
P - =
9 1F A i = B
. 3 N =
. - g 7\ P = 1
" v, \ A=
Wi © ' y
LI b \ 7
g " \ /
S0 L W I 4
—— 0 \
am'),, 85 \ ,“‘
] o 2 ||/
P(v, — — "
V inverted hicrarchy \f/
23 s
g | 1 1 |
S 2000 3000 4000

2 2 Reconstructed v Energy (MeV)
—sin 26,,sIn 2913 COSé,,SIN 26,,5°A 5" A, SIN 5CP

+ (CPC terms, matterterms, . . . .)

« T2K is designed (and optimized) for both
Appearance and Disappearance measurements

sin2(1.267 E" Amifj =1;  Am}~24x10%eV? L' =295km = E,=0.6GeV
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The T2K Experiment

« Tokal-to-Kamioka (T2K): Neutrino Oscillation experiment

= [ ocation: Japan = Beam: J-PARC Lab 30 GeV proton beam
= Baseline: ~295 km Designed to produce ~0.6 GeV v,

= Far Detector: Super-Kamiokande = Near Detectors: In J-PARC campus

NEUTRINOD BEAM

295 km




T2K Malin Propertles

 Survival probability at
T2K Far Detector (FD)
Maximum: P(v,— v,)
Minimum: P(v,—v,)

« Off-axis experiment

« Beam is aimed 2.5° off the
direction to the Super-K (FD) &
= Narrow-bandv beam
= Reduce background

from high energy tail
J-PARC . Super-K
30GeV decay volume Oti-axis N
proton beam \
| R — S TR Tl
. [ =]
target & 3horns T - ] Off-axis angle 2.5 deg.
beam dump . Q%?;—" ______ beam axis
muon monitor ]

| l On-axis ND (INGRID) l

Ly I I
om 118m ZISOm 295km

sin"28,,= 1.0
Am2,=2.4x 10" eV?

i OA 0.0°
2 OA 2.0°
SN0A2.5°
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T2K Beam-Target Setup

Accelerator Main Ring Decay pipe

S R — |
¢ \]-PARC Lab %‘?\:‘gﬁ — | - N T T ) b

| FS I 0 3
R 0 O e 11 P
rrrrrrrr

(Y R L R L

ME b Ly an

PRk -
L J R TR v 34 R W |
N 5 P8 il el AN AN
I

T2K horn 1

- %s_.{'

beamdump /@ @@y T T =-eo___
muon mguftor 2 @@ mmema.

I On-axis ND (INGRID) l

[

T 15
1
Om 118m 280m 295km




T2K Near Detectors

J-PARC . Super-K
30GeV decay volume Qtt-axis R
proton beam

_______ a P = e W w—
target& 3horns Ll P~ — - o -axisangle 2.5 deg.

beam dump
muon nitor

| On-axis ND (INGRID)

L I | |
om 118m W 295km
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T2K Near Detectors

* On-Axis: E
= INGRID _

Beam view

o 16 Modules of Iron and Scintillator

J-PARC Super-K
30GeV decay volume
proton beam V) E
________________ — = e e w—
L]
target&3horns [ etz - - ] Off-axis angle 2.5 deg.
beam dump . Seebt. ~-~-_ beam axis
muon nitor e 2 J  Tmm=al
I | On-axis ND (INGRID) l
E I |
om 118m 295km
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T2K Near Detectors

* On-AxXis: E
= INGRID Beamvew
o 16 Modules of Iron and Scintillator
. Off-Axis (ND280):
Pi-Zero Detector (P@D)
Tracker
o 3 Time Projection Chambers (TPC)
o 2 Fine Grain Detectors (FGD)
Surrounded by Electromagnetic Calorimeters

» Housed insidethe Magnet of the UA1

" | Magnet open state

Downstream

J-PARC
30GeV

car
proton beam =

decay volume

target&3horns Ll e~ - o _

-

beam dump
muon

L |

|
e 118m

nitor
On-axis ND (INGRID)




T2K Far Detector

* Super-Kamiokande (SK)

Neutring \

Nucleus e ) DV 1DeS

", i

Muoen or Electron

\—yng "

d

O

v

Electron track creates “fuzzy” ring

-

Muon track créates “sharp” ring
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T2K Results: J-PARC/Beam

* Protons-On-Target (POT) for T2K Runs 1-5

Total Accumulated POT for Physics
v-Mode Beam Power

o X 1019 o V-Mode Beam Power N
g:: e o
e T H250 B
% 60: '2200 g
@)

F+= = ) (=¥
= - § 150 =
5 %100 2

B ¥
3 20r ' 50
9 _'! ™ . “ ‘: &
< i. ....ﬁgu.....I......I.“u‘.i...:.‘I......I.....; ITRRTEE ETRRTEE TRUTH ||||||||xxu?lll.||.|| ......I....::“‘:. nu‘..l......l..........ulu...\l...... ................... O

0 2010 2010 2011 2012 2012 2012 2013 2013

Jul/02 Dec/31 Jul/02 Jan/01 Jul/O1 Dec/31 Jul/02 Dec/31
Time

 Integrated nu beam mode:  ~6.9x10%° POT
* Integrated anti-nu beam mode:~0.5x10%° POT



T2K Results: Near Detectors

* On-Axis (INGRID):
= Monitor beam direction stability

\_} Egz ;:Stability of v beam direction '(INGRID)
== E |
o 0.2 =

—&— Horizontal direction
—&— Vertical direction

151
D 0. i ! ’*1 —_————— 0
"é 0 +—' e o J‘l"“bé:’—'—:—‘—ltﬁ @- o
I © 0

g 1 i |
S 0.2 + é 1 1 1
M -0.4 '_‘i’—l : :

06 T2K Runl : T2K Run2 : T2K Run3 : T2K Run4

-0.8 Jan.2010-Jun.2010 Nov.2010-Mar.2011 " Mar.2012-Jun.2012 Oct.2012-May.2013

.......................................
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T2K Results: Near Detectors

« Off-Axis (ND280):

- ‘23000;“”'”“HHIHHHHI”“IH”I”H'”IIHHE

¢ On'AXIS (INGRID). % 2500;— AR NEUTomIne _z
= Monitor beam direction stability 2 o om :
N é

500
= Constrains Flux ® Cross Section L TPmrpsssesoen e
. S o TR R L T
= Use different topology samples E g e R
. ] a 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
= Measure properties like momentum, 5 Muon momentum [MeV/c]
angle and position which then are used @ : . . . e . e
to constraint our MC simulations to a better degree § 1000~ [ ye NEUT nominal 7
(5} - &
5 so0f —— MC Post-it :
g B @ Data :
£ 600F -
= =
Z C
400
2001
9] %
:23 ﬁ L i'.'JF.';JﬁﬁJf.'+'.'+.+.'+a+.+.+.“‘7+|‘f.ﬁ¥.*?‘.+1+.“’#ﬁ'.+#tﬁ+.*.*.*.*?‘.*#.*.*T".*.*ﬁ“.%
5 0 0.1 0.2 03 04 05 06 07 0.8 0.9 1

Muon cos 6

See Jon’s talk for more details
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T2K Results: Near Detectors

* On-Axis (INGRID):
= Monitor beam direction stability
« Off-Axis (ND280).

= Constrains Flux ® Cross Section

= Use different topology samples

= Measure properties like momentum,
angle and position which then are used
to constraint our MC simulations to a better degree

= Total uncertainty reduction @ the FD v, Disappearance

v 10
+m.a ! Before ND280 Constraint
s
:tc: 9 . After ND280 Constraint
© O I
© '9 L
o
O g -
© L
@
0o o L

00__‘_. L i | ol N A L =) "
05 1 & "2 25 4
Reconstructed v Energy (GeV)
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T2K Results: v, Disappearance

 SK Event Selection: 400 R—
= Fully Contained in Fiducial Volume 2 300k %j?ﬁé onE
(FCFV) and in-time with beam £ (MC w/ 3-flavor os.)
= ]-Ring 32200_
= Muon-like PID Z 00l S
" p,>200MeV

<1 Decay electron

e Observed: 120 muon-like events

Phys. Rev. Lett. 112, 181801 (2014)



T2K Results: v, Disappearance

SK Event Selection:

= Fully Contained in Fiducial Volume
(FCFV) and in-time with beam

1-Ring %

Events/0.10 GeV
[*2)
(=

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

—l— DATA

Best-fit Expectation with Oscillations

MC Expectation without Oscillations

l[llllllllllllllllllllllll]llll!ll
llllllllllllllllllllllllIllllIll[Il

= Muon-like PID N
* p,>200MeV T ————

H Reconstructed v Energy (GeV)
[ ]

<1 Decay electron

Observed: 120 muon-like events

MC expectation: 446.0 +22.5 events
(without oscillations)

Ratio of osc. to unosc. events

.......................

nnnnnnnnnnnnnnnnnnnn

3 4 >5
reconstructed v energy (GeV)

Shows the power of the off-axis technmque, P(v,—v,)~0@Ev=0.6GeV

Phys. Rev. Lett. 112, 181801 (2014)



T2K Results: v, Disappearance

 The Oscillation fit

— T T T T T T T | T T T T T T T T T T

cV

= Full three-flavor oscillation framework < ST =
= Parameters constrained by ; 42: Best it Expectation with Oscillaions :
2012-2013 PDG values and errors sof- et feldie

= sin2;=0.0251£0.0035 20E- E

= sin20,=0.312 £0.016 " Ml E

I g " >5
Reconstructed v Energy (GeV)

OO

= Am2y, =(7.50£0.20)x 105 eV?
= 45 nuisance fit parameters, uncertainties 0.2%-5.6%

,—
<

@ 2.5r e
Source of uncertainty (number of parameters) 5n§’fg / ng}(g ‘3}1 25 —— DATA .
ND280-independent cross section (11) 4.9% % : —— MC Bestit -
Flux and ND280-common cross section (23) 2.7% ; 15 -
SK detector and FSI + SI systematics (7) 5.6% g F ]
sin(6y3), sin®(01,), Am3,, Scp (4) 0.2% s 1 s o s S =
Total (45) R.1% g F T_1 =

~ 0.5 + -
)

3 4 >5
reconstructed v energy (GeV)

Phys. Rev. Lett. 112, 181801 (2014) ~



T2K Results: v, Disappearance

 The Oscillation fit

= Full three-flavor oscillation framework

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

—I— DATA

Best-fit Expectation with Oscillations

>
o 70
60

llIIl

50

Events/0.10

= Parameters constrained by

2012-2013 PDG values and errors 30
= sin205=0.0251+0.0035 20
= sin20,=0.312 £0.016
= Am?y, =(7.50+0.20)x 105 eV?

MC Expectation without Oscillations

o+
(=
Illlllllll|llllllllllllllllllllllll

llllllllllllllllllllllll

Reconstructed v Energy (GeV)

= 45 nuisance fit parameters

* The best-fit

Oscillation Parameters | Value + 68% CL

Sin2923 0.5 14+0.055—0.056

Am2,;[x103eV2] 2.51+0.10

— DATA

—— MC Best-fit ﬂl»‘\‘

reconstructed v energy (GeV)

Ratio of osc. to unosc. events

* Currently most precise measurement of 6,,!
Phys. Rev. Lett. 112, 181801 (2014) ~



T2K Results: v, Disappearance

 The Oscillation fit

= Full three-flavor oscillation framework

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

—I— DATA

Best-fit Expectation with Oscillations

Events/0.10 GeV
[*2)
(=

= Parameters constrained by

2012-2013 PDG values and errors 30
= sin205=0.0251+0.0035 20
= sin20,=0.312 £0.016
= Am?y, =(7.50+0.20)x 105 eV?

MC Expectation without Oscillations

o+

(=
IIIIIIIIIIIlIlllllllllllllllllillll
lllllIlllllllllllllllllllllllllllll

Reconstructed v Energy (GeV)

= 45 nuisance fit parameters

* The best-fit

Oscillation Parameters | Value + 68% CL

— DATA

—— MC Best-fit ﬂl»‘\‘

Ratio of osc. to unosc. events

NH Sin2923 0.5 14+0.055—0.056
Am2,; [x103eV2]  2.51+0.10 : :
H Sin2923 0.511£0.055 L | | reconstructed v energy (GeV)

Am?2,;[x103eV?] 2.48+0.10

* Currently most precise measurement of 6,,!
Phys. Rev. Lett. 112, 181801 (2014)



T2K Results: v, Disappearance

* Comparison with other disappearance results

= SK Atmospheric Runs [-IV L 42F C " Nommal Hierarchy
MD 4:— 68% (dashed) and 90% (solid) CL Contours 3
= MINOS 3-flavor+Atm S 3.8 — T2K[NH] 77, sk1v NH) -
. . . 3.6 MINOS 3-flavor+atm [NH] —
e T2K 1s more sensitive to ¥ b ? EEE
23 g 34 ]
. . . . <3 - v / Y 3
while MINOS is more sensitive to Am? £ E
. . . . . 2.8 é
* Consistent with maximal mixing o¥id E
= [s it equal or not to maximal? z:: E
-ZEIIIllllllllllllll!lllllIlllllllllllllllllllll_
03 035 o0 0.45 0. 0.55 0. 0.6.5 2067 )
sin“(
® The bCSt-ﬁt (\1;42__"1""1""1'"'1""1""I|"‘IT'1d'H'.'|"il'123:
i - nverte 1erarcny E
Oscillation Parameters | Value+ 68% CL | skttt E
. 10,055 :m%:_ —— T2K [IH] Y/} SK11V [H] E
NH Sin 923 O . 5 1 4 : -0.056 NE— 3‘45_ MINOS 3-flavor+atm [IH] _E
< saf 3
Am2,,[x103eV2] 2.51+0.10
2.8 4
H sin0,, 0.511+£0.055 26F :
24F- 5
Am2,, [x103eV2]  2.48+0.10 2 R

. O 0 e e
* Currently most precise measurement of 6,,! Sin(6,,)
Phys. Rev. Lett. 112, 181801 (2014)



T2K: Antl- Nu Run

nulated POT for Physics

- VM {eBe nP

« T2K Run 5: 1%t Anti-Nu run I oS
- i A o' b - =
= Anti-nubeam mode ~0.5x102°POT £ . pg°= b SooNETERe Jh.—-4<>“§
A A - T —1502
= Nubeammode  ~0.2x102°POT £ «- = i

» Event displays e =

i 2911/;(;4 014 2014 7014 0

May/22 May/29 Jun/05 Jun/12 Jun/19 —

T2K Far Detector
T2K Near Detector

« T2K aims to make an anti-nu disappearance measurement




Summary
* T2K v, Disappearance

»  Utilized the full three-flavor framework
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Summary

* T2K v, Disappearance ﬁ —— o e
= Utilized the full three-flavor framework ) — ‘ SSS SS :

ok

» Measured 6,3 and Am?,;(Am?;,) forthe NH (IH) "Bl . i 5

2 3 4

o NH  0,,=45800"31  Am2y,[x103%\V2] = 2.51 + 0.10 Reconsimeted v Enerey (G
o IH O3 = 45.630+ 3.160 Am?,5[x10-%e\V/?] = 2.48 + 0.10

Normal Hierarchy

SK I-IV [NH]

RTY EUT1 FARY Fwe FEv Peve v

wl

i

P} P Y PP I I P P I TN e

703 035 04 045 05 055 06 065 0.7
=
sin“(6,,)
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Summary
* T2K v, Disappearance

»  Utilized the full three-flavor framework
» Measured 6,3 and Am?,5(Am?2;,) for the NH (IH)

p~

2

Events/0.10 GeV

D W W

[}

LA RALLI LR LALL LALLI LA LA

10

e e—
k= —
T

T
—l— DATA

Best-fit E: 1 with Oscill;

—i—

MC Expectation without Oscillations

T

I FTETY YOY] FEATY TATy ATy AT

h“

o NH 0,5 = 45800131 Am2y[x103\/2] = 2.51 £ 0.10
o IH 0,5 = 45,630+ 3.160 Am2;5[x103%\/2] = 2.48 + 0.10

= Firsttime that the mixing angle is better constrained by an accelerator

experiment than by atmospheric neutrinos!

Am3, (107 cV“’)

4_~'_

4

3.8_
&
4

3 4 >3
Reconstructed v Energy (GeV)

(%)

R B O e S ™
Norrnal Hlerarch _-1
._H » (dashed) and 90% (solid) CL Contours 3
- —— T2K [NH] SK I-IV [NH] j
b MINOS 3-flavortatm [NH] j
E 3
E. K |
E |
3 3
E E
Eootorooloneitoonalonnils 3
03 035 04 045 05 Ui* 0() (J(" 07
sin~ (9 3
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Summary

* T2K v, Disappearance

Utilized the full three-flavor framework
Measured 6,5 and Am?,; (Am?3;) for the NH (IH)

Events/0.10 GeV

4

0

5()

1]

30

2

0

{RAALN LALA LAALI LLLLI LLLLI LA I

EM

T T T T T
—— oata
Best-fit E: 1 with Oscill;

MC Expectation without Oscillations
[l %

I FTETY YOY] FEATY TATy ATy AT

h“

o NH 0,5 = 45800131 Am2y[x103\/2] = 2.51 £ 0.10
o IH 0,5 = 45,630+ 3.160 Am2;5[x103%\/2] = 2.48 + 0.10

First time that the mixing angle is better constrained by an accelerator

experiment than by atmospheric neutrinos!
Consistent with maximal mixing

Am3, (107 cV“’)

4_~'_

1 2 3 4 =3
Reconstructed v Energy (GeV)

L o B A B R I T
Normal Hlerarchy

4—(% » (dashed) and 90% (solid) CL Contours
386 —— T2K [NH] SK I-IV [NH]
3.6 MINOS 3-flavor+atm [NH]|

4.—

T
.L_LLl.LJ,LJJJ.LlJ.LLLJ.LJlJLLLLLLLL.L&.LLJLluLJJ_LLLL

Pl I AR e |

Lo ol gey L il
© 03 035 04 045 () Ui* ()() (1(5 07

sin” (9 3)
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Summary

z _E
S 70

20

T2K v, Disappearance
= Utilized the full three-flavor framework E |

1

= Measured 6,3 and Am2,, (Am2,,) forthe NH (IH) 5w

T T
—|— DATA

Best-fit E: 1 with O

MC Expectation without Oscillations

I FTETY YOY] FEATY TATy ATy AT

o NH 0,5 = 45800131 Am2y[x103\/2] = 2.51 £ 0.10
o IH 0,5 = 45,630+ 3.160 Am2;5[x103%\/2] = 2.48 + 0.10

1

3 ¥

Reconstructed v Energy (GeV)

= Firsttime that the mixing angle is better constrained by an accelerator

experiment than by atmospheric neutrinos!
= Consistentwith maximal mixing

T2K first Anti-nu run:

4
3,8
6
4

Am3, (107 cVz)

4_7:
.—H » (dashed) and 90% (solid) CL Contours
- — T2K [NH] SK I-IV [NH]

= Recorded ~0.5x102°POT of anti-nu Data _

Eootsoo,

13 R

MINOS 3-flavortatm [NH]

T

| PSPPI U e |

R A R e s e S
Normal Hierarchy

PN FEY Y P P T T e

Gl iy

= @Goal: Anti-nu disappearance measurement

2
0.3

0.35

NS NS NS FEwre i
04 045 05 055 06 065 0.7

sinz(en)
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Summary

* T2K v, Disappearance Il s

MC Expectation without Oscillations

»  Utilized the full three-flavor framework

= Measured 6y and Am2,, (Am?;)) forthe NH (IH) vl
o NH  6;=45800731%  Am2,[x10-%V?] = 2.51 = 0.10 Keconsted v Enety (G
o IH O3 = 45.630+ 3.16° Am?2;5[x103eV/?] = 2.48 + 0.10

= Firsttime that the mixing angle is better constrained by an accelerator

I FTETY YOY] FEATY TATy ATy AT

experiment than by atmospheric neutrinos! 2 s s o e

= Consistentwith maximal mixing A s B 3

e T2K first Anti-nu run: q
» Recorded ~0.5x10%POT of anti-nuData :

» Goal: Anti-nu disappearance measurement LR

* More T2K interesting results:

= v, Appearance and joint fits - next talk by Helen
= Near Detectors measurements - later talk by Jon .
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Additional material

 From where do we have 1.267 in sin?(1.267Am?L/E,)?

= The full version of the term is sin2(Am?L/(4E,))

= To make the sin unitless one needsto add 1/Ac to the sin:
sin(Am?L/(4E, Aac)) — sin(1.267Am?[eV?]L[km]/E, [GeV])
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T2K Results: Near Detectors
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T2K Results: Near D

On-Axis:

= Monitor beam direction stability
« Off-Axis (ND280):
= Constrains on Flux ® Cross Section

= Use different topology samples

Measure parameters like momentum,
angle and position which then are used
to constrain our MC simulations to a better degree
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T2K Results: Near Detectors

 On-Axis:

= Monitor beam direction stability
« Off-Axis (ND280).

= Constrains on Flux ® Cross Section

= Use different topology samples

= Measure parameters like momentum,
angle and position which then are used ———
to constrain our MC simulations to a better degree
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T2K Results: Near Detectors

* On-Axis: e SHE AL

= Monitor beam direction stability § MF Bl - ooz consiaim
= 13F .
- . = E After ND280 Constraint
« Off-Axis (ND280): 5o
= Constrainson Flux ® Cross Section = &
; |
= Use different topology samples
G
= Measure parameters like momentum, Vo
angle and position which then are used 0.8 N T
to constrain our MC simulations to a better degree | 10
= Flux constraint, Cross section constraint ——> Iy (GeV)

Parameter Prior to ND280 After ND280
Constraint Constraint

1.240 40.072

M, (GeV)

M, (GeV)

CCQE Norm. E <15 GeV 1.00+£0.11 0.966 + 0.076
CCQE Norm. 1.5<Ev<345 GeV 1.00 £ 0.30 0.93+0.10
CCQE Norm. E >3.5 GeV 1.00 £ 0.30 0.85+0.11
CC1 Norm. E <25 GeV 1.15+£0.32 1.26 +0.16
CC1 Norm. E>25 GeV 1.00 £ 0.40 20 07
NC11° Norm. 0.96 +0.33 1.14+025
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Predicted # of

T2K Results: Near Detectors

* On-AXxis:
= Monitor beam direction stability
« Off-Axis (ND280).

= Constrains on Flux ® Cross Section

= Use different topology samples

= Measure parameters like momentum,
angle and position which then are used
to constrain our MC simulations to a better degree

= Flux constraint, Cross section constraint
= Total uncertainty reduction @ the FD
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#,, Outlook for T2K

* Reminder: T2K v, Appearance
P(v, > v,)=sin® 20,,sin’ §,5°A

32
—sin 26,,sin 26,,cos 4, sin 291232A1332A1

+ (CPC terms, matter terms, . . .. )

« T2K expected sen81t1V1ty for 0,4

---smze ,=0.40
S of 10¢ 0.45
% 0.09F \. NN 92_ '“Slnezs:oso L L A A ”_i
= 0.08E < = ----sin 623 E
£ OB 8F -+ §in°0,,=0.55 :
o 07F aE- S|n26 -o 60 c
— 0.06;_ 6F _;
®8 0.05F st =
0.045 4 E
= - SE 00% getesvise,
.; 0.035_ = ’:’ ‘:‘ =
2 of %
0.01 ;_ I 0 ::;L_EAASLLL_._' B2 ""’1%-[. T A R O L O I.‘?ﬂ.-:-
0”‘||| RN NN RN A SR WL 4 ) _150 _100 _50 0 50 100 150
0 %1 2 3 4 35 6 7 8§ 9 10 5
CP
Current POT x 10* POT

» Effect on future o, p measurement

* For more details and results please see Helen’s talk
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