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OQutline

Further details of the T2K experiments and oscillation results:
- C. Bronner talk (WG1 Tuesday)
- S. Cartwright talk (WG 1+2 Tuesday )
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3 short baseline . disappearance anomalies

Phys. Rev. D 83, 073006 (2011) Phys. Rev. C 80, 015807 (2009)
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o8 | nossible solution: the 3+1 model
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SN .. component of the T2K beam

Flux prediction (Beam MC)
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The T2K off-axis near detector; ND280
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The T2K off




G ND260 in parts
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P ND260 in parts
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IV ND280 in parts
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LR ND280 in parts
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XY v. disappearance at ND280
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LEY Analysis overview

Predicted quC rates
|
y
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LLY  Analysis overview

V“CC ND280 fit | We do not consider
Measured v CC rates | v,disappearance —

| Largely suppressed by
Predicted v CC rates experiments
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LEY Analysis overview

| We do not consider
| v, disappearance —

Largely suppressed by
experiments

Barrel ECAL
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LY Analysis overview

| We do not consider
| V, disappearance —

Largely suppressed by
experiments

Barrel ECAL

Predicted v_CC
Interaction rates
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LYY Analysis overview

| We do not consider
| V, disappearance —

Largely suppressed by
experiments

Measured v_CC Predicted v_CC
Interaction rates Interaction rates

v_CC ND280 fit
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XY v.CC selection: Lepton selection

Further details: Luke Southewell poster about v_and v_analyses
Beamv_ measurement: Phys. Rev. D 89, 092003 (2014

Identify v_CC interactions
searching for electrons
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21 4T photon conversion control sample
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2¥Y  Reconstructed neutrino energy
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ZXY Systematic uncertainties

PRELIMINARY 1

PRELIMINARY:
Expected MC :
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2LY  Binned log-likelihood fit

Binned log-likelihood ratio analysis
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22Y Significance
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?ASY Confidence intervals

ND280 results

Excluded by ND280
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nuPRISM and short baseline ». appearance
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22-F Preliminary sensitivity
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22y Summary
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Thanks for your attention!
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UIA1 Magnet Yoke
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Decay volume dump
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* The fluxis predicted from a data-driven simulation -» NA61 experiment
measures the tand K production cross-sections using a T2K replica target -

Graphite target ‘ Horp | "“‘e*_”’a;*“
ProtensBeam Flux error reduction . ez
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If positron is reconstructed: If extra activity exists:
Calculate invariant mass Reject events with depositions below the main e track
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Back-up slides

Constrained with Parametrized as a function
the of the electron momentum
v, ND280 analysis P

Javier Caravaca - NuFact - August 28th 2014 (Glasgow)



44 Back-upses .
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45 Back-upses

e Three VMCC samples are selected
according to the event topology

* The simulation is fit to the data tunning
flux and cross-section parameters
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46 Back-upses .

ND280 vy flux ND280 ve flux
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2y Systematic uncertainties: Neutrino cross-section

m 0O, - . ) "
HE cross sections are parametrized with a minimal set of

parameters (20)
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23y Systematic uncertainties: Neutrino cross-section

X-sec Parameter Errors

Before v, fit: errors are estimated

| - fitting external data (e.g. MiniBooNE)
— (‘}i‘;‘ggjﬁgiﬂ : with NEUT and using the difference
as uncertainty

—— Before ND280 Fit

Parameter Error

After v, fit: 15 parameters are

further constrained from
~40% to <20%

Unconstrained by ND280 v,
W-shape = 52%

o(v,)/o(v ) 3%

a(v)/a(v) - 40%

OOFVe+e- - 30%
OOFVOther —» 30%
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Back-up slides
0] d

Charge Exchange @
TP Elastic
Scattering

0
> 5 fl; Absorptlon

Pion Praduction

| | | | | | | | | | | | | | | | | | | |
4 6 8 10

Parameter
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Back-up slides

* Detector systematic uncertainties are calculated using control samples

* Atotal of 24 systematic sources are considered - TPC momentum
resolution is the dominant one

* They are parametrized and propagated using low-level parameters

* The simulation is corrected by the estimated detector systematics

Parameter
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Back-up slides

Systematic Type Applied to

Migration All
Weight All
Weight
Weight
Weight

B-field distortion
FGD mass uncertainty
FGD track efficiency
Michel electron eff.
Pile-up (TPC1)

Not used for ~
Not used for ~
Not used for ~

Pion secondary interactions
TPC-FGD matching eff.
TPC charge confusion
TPC momentum scale
TPC momentum resolution
TPC track eff.

TPC track quality
TPC PID scale (e™)
TPC PID bias (e™)

TPC PID scale (™ and 77)
TPC PID bias (p™ and 7~)
TPC PID scale (p)
TPC PID bias (p)
ECal energy resolution
ECal energy scale
ECal PID
Pile-up (POD)
Pile-up (ECal)
Pile-up (Upstream ECal)

TPC-ECal matching eff.

Weight
Weight
Weight
Migration
Migration
Weight
Weight
Migration
Migration
Migration
Migration
Migration
Migration
Migration
Migration
Migration
Weight
Weight
Weight
Migration

All
All
All
All
All
All
All
All
All
All
All
All
All
All
All
All

Not used for ~
Only for v.CCQE
Only for v.CCnonQE

All
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LY Binned log-likelihood fit

Binned log-likelihood ratio definition

'
; JE,VE_- LVE: ; LV&'
n’c;t.‘-p n dt +n dt

9
'

J{,":r' oy Iaﬁl‘: 'EuAJ" "
Nezp — Mgy + Mgy X log (

=0 \
/ﬂf-ﬁ})TV_l(f— fo)

Nuisance parameters
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e Generate and fit many toysMC in one
point of the parameter space grid

e Calculate the Ax?distributions and from
there the critical values

* Repeat for various grid points to scan the - |
WhOIe Space r: : : : - I ”“_“ 0 sraelavalonaloealy

)
0 20 40 60 B0
AL

DL distr_sind_dmi)
T T T T T T T T T T T T T T T Entries
Mean
RMS

U
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LY [ifect of the oscillations

Calculated inan
event-by-event
basis so the energy
and flight path
are treated exactly

—— No oscillation
sin?(20)=1, A m?=1eV?

—— sin%(20)=1, A m?=2eV?
sin?(20)=1, A m?=5eV?

- Background

e

5 oo dboded Doccc Do ooncdboro beeod been b

=

# events
=665
=628

4 =571

=453

Javier Caravaca - NuFact - August 28th 2014 (Glasgow)



Sin2(26’ee)bf — 1.00

Amz,, , = 2.14

C Ry, vTosignal
e’ e o¥
____Dvu, V.bcg

] -

S

e
e

Subtraction

Systematics

Best Fit

Best Fit w/o oscillations
—eo— Data

Lrd

AETEE T SE R EERT R R TSP RNY L e |
1500 2000 2500
MeV)
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Y5y Light sterile neutrinos: The reactor anti-neutrino

Number of observed /BD events: o _ o160 FLUX 3% LARGER
NIBD X qb(E)CT(E)

simple g-shape

E [MeV]

ERES~ ' == CROSS-SECTION 1% LARGER

— - Am’=044eV sin22€'] ,=0.13

2 E 0—42 cm?2

2 2 2
— Am =175eV ,sin28 ,=0.10

ePe X 1 cm

c— At =09eV’ sin229] ,=0.057

o= —
mgfp,s@
1100

ja—
o
Ln
o
T

&
gey3

observed / no osc. expected

” Bu

IIII|IIII|I/\I|IIII|IIII
I

Rovno, SRP

Neutron lifetime (s)

O

s

o
T

distance from reactor [m] 850:'--'- "I |

1960 1970 1980 1990 2000 2010
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sy Light sterile neutrinos: The reactor anti-neutring

L
P.. = P(ve = v.) = 1 — sin®(20..) sin” (1-2751’1131[8\?2]]3[1{?3}])

[ IHHH‘ \ \HHH| [ HHIH‘ \ \HHH' I \IHIH‘

— — — Standard oscillations
3+1 model

[y
-

e

0 -
4 |
T

rates +
Bugey3
spectr.

o
~

Light
sterile i

| IHHH‘ \ HLHH‘ | HHIH‘ \ \HHH‘ | \IHIH‘ [ R P

10SECLOTf" 1n? e’ 10 10° 10
Neutrino flight path

e 9o
[=2)
RN

o
[
3}

o
o
=
)
o p—
o]
O
—
8"08
<
~—
<
o
o
=
<
%

N
o

n

Am [eV]

SBL react
rates only

| IIiIIlI

Deficit explainable by v_ disappearance
with parameters 90, 95, 99% CL (2 dof)

i i P 11 | I\II | | 11 1 111
| Am?,| = 1.75 eV? and sinz(Qﬁee) = 0.10 ( 0.1 I

:
sin 2914
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Back-up slides

~

Ll
= P(Uﬂ Y .i'.r‘ﬁ) — P(.i"-"e — 'Uﬁi) =4 U}:-’l |2 | era.i-’l |2 51[12 (12? &1’1‘131 [ EETE] = i;:'ir)

I_SND —Tr—TTrTrT — T T T 11.-r-r.r
reliminary

-

® Beam Excess
EEE pfe,—v,.6'n
ER p,e')n

Beam Excess

1 =2 1.4
L/E, (meters/MeV)

MiniBooNE
ME v upp - H.: ME ¥ app

F 999 CL. 2 dof
1073

wiy
sin” 26,

1
sinz(QGe“) ~ Zsinz(Zﬁee)Sing(Zﬁw)
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Back-up slides
V, =$V,,

‘ ‘ : ‘ 0, L
P,=Plv, »v,)=1- 4|U”_4|2(1 - |UH4|2) sin? (1.27 Am?2,[eV?] L m) )

E MeV

Null results
combined

‘_-E*MIMJS (2011)
3 ===3

=<Préliminary
-l iR —
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A Preliminary sensitivity

[ MiniBooNE v ¢

t 99% CL, 2 dof

107
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v, disappearance: V_appearance

Reactor anoma{ LSND /

Gallium anomaly” MiniBooNE/
Solar and KamLAN KARMEN

Long base-line reactc% OthersX
LSND+KARMEN cross-

section measuremxts

/\ SBL reactors
h 4
!s

ST KT s

|

LBL react

MiniBooNE v

'
v

|

107!

95% CL F 99 % CL, 2 dof

P(v, —v,)
v, disappearance

minos X

Sciboone+MiniBoo|\X
CDHSW
CCFR

v Anomaly
X Standard

__ | MiniBooNE only 80% CL limit

[7ZZ777] 90% cL limit from MINOS

90% CL sensitivity (Sim. fit)

90% CL observed (Sim. fit)

---------- 90% CL observed (Spec. fit)

% : T 7
b 77 ” s
i ‘ :
i i
184,
- — i '{“"%. _‘/
IR g Tr

103 10-2 : 103
|Uc4 | :

Global fit - 29.8%CL

Al b b b b b b b v b
01 02 03 04 05 06 07 08 09 1

sin®20
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sin®(20,c) = 4|Ues|*(1 — |Uea|?)

sin®(20,,,.) = 4|Ual*(1 = |U,ul?)

sin?(20,,,) = 4|Uuq|?|U.a)?

Neutrino flavour disappearance

: Lim
Pee = P(Ue — Ve) =1- 4|Ue4‘2(1 - |Ue4|2) sin’ (LQ?AIHil[EVQ] E[IEIET]VY])

_ L[ m]
Ru,p, — P(Up, — ‘U!"‘) =1- 4|UM4|2(]‘ o ‘UEJA‘Q) E’ng (1'27‘AIHEI[EV2] EB’IE‘V)

Neutrino flavour appearance

L
Pey =Py, = ve) = P(re 5 v,) = 4|Ue4|2|Uu4|2 sin® (1.27&11131[&72] E I[\;:lf)
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Appearance:

poBL3+2 _ 4 |Ua4|2|Uﬁ4|2 sin? ¢g1 + 4 |Ua5|2|U535|2 sin? ¢s1 Allows SBL CPV

Vo —rl/3

+ 8 |UnaUpaUqsUgs| sin ¢yq sin ¢sq cos(¢sy @
Disappearance (survival):

BPLA2 =1 —a (1= ) |Uail® | Y |Uail® sin® ¢y — 4|Uqal?|Uas|? sin® ¢54
i=4,5 i=4,5

Am?.L
_ ] e _  __TT*¥TT_TT TTH*
(/)ij — 1E fas = al'g (Icr,i:i-_"’):i) ) Ir_r,dzj = bag‘bﬁlbﬂjblﬁj

Javier Caravaca - NuFact - August 28th 2014 (Glasgow)



P(v, — ve)

P(v. — v,)

Py, — vy

Sensitive to sin®(26,,,,)

Sensitive to sin”(26.,,) sin?(20,,) ~ 181112(2966)81112(29”“)

" . 9
Sensitive to -sin”(20e.)  Disappearance experiments are

sensitive to appearance parameters

* Aglobalfit to all the available data

Model

X Goodness-of-fit indicates there are tensions between

3+1
3+2
143+1

712/(689-9) 1.2x 104
701/(689-14) [ 0.34 x 104
694/(689-14) [ 21.0 x 107*

both sectors

* Tension driven by the negative signal

2 _ .2 2 2 0
XPG = Xmin,glob — Xmin,app — Xmin,dis N the VH - VS SearCheS

3+1

90%, 9%, 99.73% CL, 2 dof

3+2 1+3+1

10-1} Am 7 =09 eV? o gl Amj =-09eV? |
| AmZ, =6 eV? ; i ::

disapp.
disapp.

; ‘ 90 %, 99% 90%, 9%

](]_3 [[_}_l ~3 102 - - ]”—I )
| (—'!u-l 'r-"rj.rAl I
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