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SYynopsis

» Brief introduction to T2K
an selection at the near detector ND280

Constraints to oscillation fits from the near detector data
See K. Mahn talk this afternoon

First Charged Current v inclusive cross section measurement

» v, and NC-mt® samples in the near detector
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T2K Physics Goals

» 2012 Physics runs started on March 8

» Precision measurement of the v_ appearance signal
4

» Measure various neutrino cross sections at the near
detector

» Detect possible hints of CP-violation and mass hierarchy
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T2K: The First Off-axis Long Baseline
Accelerator Neutrino Oscillation Experiment

Far Detector (Super-K)
to measure oscillated
neutrino

\ ' Off'aX|S spectrum

30 GeV protons
from J-PARC

\
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A
i T~ - - 2.50
71" 'QD‘-aXis\
l | I
| | |
Om 118m / 280m

Proton beam on
graphite target
3 magnetic horns focus

1, K (250kA/200kA)
1,K decay in a 96m

295km

Arbitrary Unit /

decay volume Accelerator Design goal: 750 kW
(He~latm) . ., | Reached before earthquake: 145 kW | |
Small v, fraction ~1% Post-earthquake: 200 kW 0 o5 1 %65 2 265 3 35,4
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Data Collected And Analysed

x10'®

g Delivered POT (Good Spill)
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Protons on Target
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Average Horn
Current (KA) 2497 2497 204.7 2498

0.323 0.214

0.911

1.108
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T2K Near Detector ND280

» Measure neutrino
interactions and estimate
the background U Magret Yoke
contaminations ——

UAI magnet - 0.2T field

Front optimized to measure 1°
interactions (POD)

Rear optimized to measure fptcten) | DL e

charged current interactions = ..
2 Fine Grained Detectors (FGD)
1 Carbon and Water targets

3 Time Projection Chambers

(TPC)

01 Tracking, dE/dx
Surrounded by the
electromagnetic calorimeter
(ECal) and muon detector
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Muon neutrino selection at the near
detector
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ND280 v, Measurement — Runl+2

>V, interactions in FGD |
1.08x102° POT

Negative track in TPC with 18 TPC
hits minimum

Vertex in the FGD/ fiducial volume e
Upstream TPC veto

TPC dE/dx compatible with the
muon hypothesis

4485 candidates selected -
Charge Current Quasi-Elastic
(CCQE) selection

Only one FGD-TPC track which has
to be negative

No Michel electrons
2354 events selected

All other events selected are
classified as CC non-quasi elastic

(CCnQE)
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ND280 muon p-0 Distributions
» CCnQE

» CCQE
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ND280 Systematic Uncertainties

» Main CCQE fractional » Statistical error dominates
uncertainties » B-Field distortions
CCQE: 094 < cose) < 1 Resolution, mis-alignment and non-
2 02T linearities of the magnetic field
I St Drift electron path can be
A L —— Total Syst. distorted due to imperfections in

the magnetic field

~——— B-Field Distortions
L Bias on the reconstructed
| Out of Fiduckal Volume momentum if the track shape is

: distorted
~—— Sec. Pion Abs.
» Out of FGD fiducial volume events
—— AllOthers
Neutral particles from outside the
Momentum Scale trac ker

o
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Hit and track mis-reconstruction

1 1 1 " 1 11 I 1 1 1 | 1 11 1 1 1 1
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Muon Momentum (Mev)_ »  Physics related

Secondary pion interactions

Absorption and charge exchange
after the pion has left the nucleus

2
g
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ND280 Detector Systematic Covariance

» Full 40%40 fractional —petector Sovariance
covariance matrix for 35 0.008
the all the CCQE and 30 0.006
CCnQE systematics » 0.004
4 B-bins x 5 p-bins for j: L0002

both CCQE and CCnQE 0

P, CCQE | CCnQE
(GeVic) | p,Bin p, Bin

-0.002

[0, 0.4] 0-4 20-24
[0.4, 0.5] 4-8 24-28 [-1.0, 0.84] For each p, the bins
[0.5, 0.7] 8-12 28-32 [0.84, 0.90] iterate through cosf,
bins from [-1.0,1.0]
[0.7, 0.9] 12-16 32-36 [0.90, 0.94]
[> 0.9] 16-20 36-40 [0.94, 1.0]
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Inputs To Beam And Cross Section

» Beam inputs

Binned energy spectra for all
neutrino flavors

Flux covariances between the
near and far detector fluxes

Full MC (FLUKA)
External data: NA61 (m, K)
Measurements from beam and
muon monitors
» Neutrino interaction model
NEUT for neutrino interactions
Prior uncertainties constrained

by fits to external data

Flux (fem?/50MeV/10°'POT)

Fractional Error
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Neutrino Cross Section Parameterization
And Uncertainties

Value and Value and
Uncertainty uncertainty

M,%E (GeV /c?) 1.21+0.45 CCQE Norm. 0-1.5 GeV  1.000+0.110
M, RES (GeV /c?) 1.162+0.110 CCQE Norm. 1.5-3.5 GeV 1.00£0.30
Fermi Momentum 217+30 CCQE Norm. >3.5 GeV 1.00£0.30
(MeVic) CClInt Norm.0-2.5 GeV  1.63£0.43
Spectral Function O(off)x 1 (on) CCIln Norm.>2.5 GeV 1.00+0.40
CC Other Shape 0.00+0.40 NC I Norm | 1940.43
(GeV) CC Coherent 1.01.0
W shape (MeV /c?) 87.7+45.3 NG Other | 040.3
Pion-less A decay 0.2+0.04

13 Georgios Christodoulou, NuFact2012 24/07/2012



Charged Current v, inclusive cross
section measurement
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Differential Cross Section Measurement

» Flux averaged inclusive v, Charged Current differential cross

section
0%0 Kl — Nk
dp,0cosb, B T®Ap, xAcosh, ;

» T - Number of target nucleons
» ¢ - Integrated flux
» Ap, AcosO - Bin width

» Ny = The unfolded number of events in true p, and cos6 bins

Unfolding algorithm based on Bayes’ theorem to provide the un-
smearing matrix
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The Unfolding Algorithm

g Ntk — iZ:’;Ll Pm (tklrj) (NT] R SPOTBT']')

Efficiency Number of predicted

background events in bin
j, normalized to the data

Number of

- reconstructed
Probability to observe an event events in the bin |

in the true bin k, knowing that it POT
was reconstructed in the bin |

$

) Pm(tkl’)’}) — P(rjltk)P‘m(tk)

ZZil P(Tj|ta)Pm(ta)
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The Un-smearing Matrix

True binning | Recon binning
cosf cosf

Unsmearing Matrix for CC selection (NEUT)
. 1
i 0.3

‘_ 0.7

0.6

dTr'ue bin
E
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[ x - ] —0.4

'-- ] 0.3
[
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=

T2E-PRELIMINARY 0.1

Tl

[ 3 10 iz 14 6 18 al 0

ﬂ Recon bin

Width of a box represents a momentum
bin. Momentum bins are labelled by
increasing momentum. For each
momentum, the bins iterate through the
angular bins.

[-1.0, 0.0] [-1.0, 0.84]
[0.0, 0.84]
[0.84, 0.90] [0.84, 0.90]
[0.90, 0.94] [0.90, 0.94]
[0.94, 1.0] [0.94, 1.0]

[0, 0.4]

[0.4, 0.5]

[0.5, 0.7]

[0.7, 0.9]

[> 0.9]
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Systematics For Differential Cross Section
Measurement

» Cross section model

» Detector response

» Flux

» Systematics are handled with MC reweighting by

decomposing the covariance matrices

The RMS between the nominal and reweighted number of
events are taken as the systematic

For spectral function and |t E, shape parameters the
uncertainty is the influence of each in a bin when they are
turned on

» Target mass

Taking into account the full correlations between the nuclei
OT/T =0.67%
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Differential Cross Section Result
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Flux averaged CC Inclusive Cross Section

cm?

» {Occ)o = (6 93 + 0. 13(Stat) + 0.85(syst)) x 1073°

nucleons

& 8hp T 3/ =
5 = m@mfmmm TZK plellrl*mn‘uy l: g
£ = NUANCE prediction for SciBooNE P = LN
= = ---B--- SciBooNE data based on NEUT T = > N
25" 5 SciBooNE data based on NUANCE 25 2 ( ) _
2; ——4—— BNLTft _ _32 ;,—;— O-CC b — _T(I)
15 e T _________________ —: 15 tg
1:— _,,»‘T' ‘ T2K v, flux —:1 g
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N I A S S S— VL
<E,>=0.84 GeV E, (GeV)
o e —39 sz
» NEUT prediction (0qc)ep= 7.26 X 10
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. e -39 sz
» GENIE prediction (g.¢)ep= 6.68 X 10
neutrons
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Other event samples for future cross
section measurements
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v, Tracker Selection

» Interactions in both FGDs

» TPC dE/dx compatible with
the electron hypothesis

» ECal shower particle
identification

» Positive analysis to constraint
the y background

$ Oth BCG
§1200 + — | Misid . BCG
100— Y BCG
B Ve
80—
60—
40— '+‘
o + +
o I ot
0 200 400 600 800 1000 1200 1400 1600 1800 2000
P (MeVic)

>

entries

ECal particle identification

5 [ other

L4 proton
pion pos
positron

muon pos

[T17] pien neg

electron

muon neg

-
[=]
' =]
U A A B
e |

b
e
|
80 +
80 -
40 %
2 5 Y s
0 A e
05 0 05 1 15 2

TrShVal

Artificial Neural Network
output compatible with
the shower hypothesis
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v, Tracker Selection

» Data/MC scaling factor
f(v,)= 0.845+0.146(stat.)+0.107(syst.)

g r Oth BCG
5160 :‘i — Misid 1 BCG
140— v BCG
120 Ve
100
80
60/
40?— +7|
o 4
% ﬁ%ﬁm 1000 1500 2000 2500 {MeV?c:;nu
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POD v, And NC-mt’ Selection

» POD v, high energy talil
selection
R=(D—-B)/S

0.91£0.13(stat.)20.18(det.)+0

A 3(flux x xsec.)

[ Signal0
40 uw/ 7
ENunom o ]

no ., 3

I 1o U no n? ]

Out of POD ]

—4+-Data ]

# of Events

5 2 25 3 35 4 45 5 55 6
Reconstructed E,, (GeV)
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» POD NC-m selection

Data/MC

0.84+0.16(stat.)+0.18(syst.)

(Data/MC)nc-poD

(Data/MC)cc-Tracker

0.81%0.15(stat.)£0.14(syst.)

A el w b
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________________

______

vl g LW

Invariant Mass (MeV)

24/07/2012



Final Words

» First CC v, inclusive cross section measurement at near
detector with Run|+2 data was presented

» v, and NC-nt® selection established

Low statistics at the moment

» More cross sections to be measured in the future
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Back Up
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Off-axis configuration
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T2K v, Appearance Result

» I'l v, candidates observed
3.22+0.43 expected if 6,3 =0

p-value to observe || or
more events is 0.08% (3.20)

» Normal hierarchy bf
sin® 2613 = 0.09479 050
» Inverted hierarchy bf

sin” 2613 = 0.11610 05

2]

6CP

T

w2

2 -

2 b

2 -

Normal hierarchy ]

Ami, =24x107%eV?
sin”20,, = 1.0

Best fit to T2K data |
68% CL
I 90% CL

Inverted hierarchy E

Am?, = -2.4x107%eV? ]
sin? 20,,=1.0

T2K Run 1+2+3 ]
3.01x10% p.o.t.
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Muon monitor beam direction

» Muon monitor beam direction

Stability << Imrad

[ Run 12010 Jan. - 2010 Jun,) |

[ Run 2 (2010 Nov. - 2011 Mar.) |

Run 3 (2012 Mar. - 2012 Jun.) |

2 l‘: — T L T I —— T T — - X center

5 S s P

< 1of T - - Y center

g sk + + P """ + 1 mrad

prat E T : " _

O E T T =

o U Nl ey e T e

2 sp ' N RNy I -
. - e .
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» INGRID interaction
rate stability

29

Date

v 175

T2K Run2

%2 I ndf
pO

435.7 1195
1.505 + 0.001
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T2K: Beam Line

Muon Monitor Horn : Beam monitors

Si array
+ |C array

to Super-K

Near detector
{at 280m fiom target)

30GeY

Graphite, ©26 x
900 mm long

Helium cooling

proton beam

Beam Dump 110m length
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Flux systematics

o1s T

I 0.16 0-10 ND280 v,
= .-!"!' AL .-”' 2 0.14 11-12 ND280 anti-v,
il _wl_gu 0.12 13-19 ND280 v,
i 0.1 20-21 ND280 anti-v,
0.08 22-32 Far Detector v,
0.06 33-34 Far Detector anti-
Vi
35-41 Far Detector v,
42-43 Far Detector anti-v,
44-87 Far Detector
Run3b/3c v

31 Georgios Christodoulou, NuFact2012 24/07/2012



Beam Flux Uncertainties

» Kaon production multiplicity Run [+2 NDS v, Flux |

» Pion production multiplicity g% T _im;:gl&'l'“ E

» Proton beam PO S el - e
Alignment and intensity -

» Off-axis angle :
» Horn [

Angular alignment o ! B, (GeV)
Absolute current § o030 Tl R B
, , T [ ik femCers p
Production cross sections — See.Nuck Mult - Run 3 Norm

Secondary nucleon production B
ND280 phase space

0.2 -
Target alignment M: :

vV Vv VvV Vv
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ND280 Run3 Data Cross Check With

Runl+2

Delivered
ND280 good spill =
ND280 good spills & DQ =
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CC Efficiency (MC)

Efficiency for true muEF vstrue p for train fike: neut
l.l

_j-l} 200 E ] S0f B (L | 2000 14804 1500 1600 1000
Tr|:||r|1_I iAW
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Fit Result From The ND280 Data

=400

53505_ CCQE 2130; CCnQE
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CCy, Inclusive Selection

CC Inclusive Selection
Good negative track in FV 2479 2347.9 6358 6148.8
Upstream TPC veto 1741 1800.7 4502 4749.6
PID cut 1202 1266.2 3283 3440.6
CCQE Sub-Sample Selection
TPC-FGD track =1 664 727.4 1853 1989.9

No Michel electron 619 676.0 1735 1858.8
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TPC Muon-

tlectron Pulls
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ND280 Detector Systematics Table
Systemacs  Sample  Ewor(%)

Pion re-interaction Special MC 3.0
Track quality Beam data/MC 0.1
TPC single track eff. Beam data/MC 0.5
TPC double track eff. Beam data/MC 0.6
TPC particle ID (PID) Beam data/MC 0.1
TPC momentum scale External measurements 0.5
TPC mom. distortion Special MC ~1-7
TPC mom. resolution Beam data/MC 2.0
TPC-FGD match. eff. Sand interact. + cosmics <1
Fiducial mass External measurements 0.7
Charge mis-ID Beam data/MC <0.3
Michel electron eff. Cosmics 0.5
Cosmic rays Special MC 0.1
Sand interactions Special MC 1.5
Out-of-fiducial volume Several samples ~1-9
Pileup Beam data/MC 0.2
Track Multiplicity external bkgd Beam data/MC 1.5
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