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Qverview

e [2K overview
e POD : The n° detector

e First result of NC-1m® measurement using the POD
with run |+Il data

e Qutlook
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The 12K experiment
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T2K is a 2" generation long baseline precision
experiment :

e 0Oi3via vy—Ve appearance

e atmospheric paramaters Am?2s3, 023 via Vu—= v,
disappearance

Off-axis intense neutrino beam

Near detectors to measure unoscillated beam and
background interactions

R
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° background in T2K

Appearance is observed via CC-QE ve

Interaction recognised as “e-like” ring at
SK

e can distinguish muon and electron
rNgs

Interaction with one 1° can mimic a Ve
signal

e Y ringis e-like and second m® decay
Y ring can be missed

e |arge uncertainty in Ti° production
mode

e Not enough statistics at SK to
constrain this background to ~10%
level
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T2K signal and background events at SK

The predicted number of events
Event category sin” 26,3 = 0.0  sin® 26,3 = 0.1
Total 2.73 9.07
v, signal 0.15 6.60
v, background 1.42 1.32
v, background 1.02 1.02
7, background 0.06 0.06
V. background 0.08 0.07

Significant contribution to v, appearance
background due to NC1n®

Nulnt 2012, 25th October Rio de Janeiro, Brasil

Thursday, 25 October 12



First [ 2K far detector event

Super-Kamiokande IV

[ 15t ring + 2 ring ]
Invariant mass: 133.8 MeV/c?
(close to =® mass)
Momentum: 148.3 MeV/c

06:00 Jm. 24, 2010

Times (ns)
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Near detector at 280m
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The Off-axis near detector (ND280) provides

e Off axis beam measurement based on CCQE

e beam nue contamination

e Super-K background measurements (NCmn°)

Two target regions :

e The POD (Brass/Plastic segmented) : n° detector

e The tracker region : Fined grained plastic detector
FGD and TPC

e Both region have passive water planes

Large Calorimeter coverage (Plastic/Pb segmented)
e PID, hermiticity, active veto

Side Muon ranging detector

e Neutrino rate, Side muons, cosmics trigger

Precise cross-section measurements with very large
statistics !!!
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POD : The ri° detector

e Dense fine-grained tracking
calorimeter to measure m°
events on H20 target

4 40 tracking modules X-Y scintillator bars
with WLS fibres and read out by solid
state photosensors (MPPC) : 10,400
channels

4 Removable water targets to extract \ : | | : KI KI
Cross-section 51 i\
4 Total mass 15.8Ton (12.9Ton water OUT) \lua (120

e Upstream, Central and
surrounding POD ECal
modules provide energy

o]

ECals segmentation :
Plastic X-Y layers + Lead sheet

i b

Target region segmentation :
Plastic X-Y layers + Brass + Water bag

containment N
inerva triangular bar
section 3.3 cm x 1.7 cm
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NC-1 iV signal definition and topology
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MC & Data sample
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MC sample Data Sample :
* NEUT MC Generator e Analysis on Water-IN period only
e Runl (Bb/spill) : 55.65 x 10'° p.o.t. e Good spill selected if POD and
e Run2:110.15x 10"9p.o.t magnet have good detector status
e Run ! (Bb/spill) : 2.85 x 10'° p.o.t.
e Runll (11b/spill) : 5.70 x 109 p.o.t.
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POD vy shower reconstruction

T2K-MC 1° event

s Track Recon \\ I’ “Shower Recon
| | Top (X-Z)
! =
1L 150 —
1L -
| | 100 :*—
! 50 [—
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1L = - LT
| - E_
-100 E—
150 -
:l T RN TN TR U A | " R = (S T gaiilcag o e D
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Reconstruction is a two step process Sie 2
e Reconstruct track followed by shower reconstruction 150 E—
in individual bunch o e
NC-1m° analysis uses shower reconstruction output 50 E_
* |ook for narrow shower-like pattern of- = gt s
- * FRo ogeassong
e associate reconstructed shower to vertex 50 |~
e 3D matching 100 -
e distance to vertex to test photon shower hypothesis i ?
L . 300 355 0 % 00~
e Energy based PID to discriminate muon and EM signal
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NC-111° Selection

Selection Cut Data MC signal MC backgrounds
Pre-selection 415750 4569.1 + 16.1 183382.2 + 100.7
event within beam spill
Fiducial 51736 1716.1 + 10.3 481171 + 54.1
vertex in Water target
No p-like 11170 1185.5 + 8.0 10571.8 + 24.6
reject CC events
2 EM-like 2061 399.0+4.7 1958.1 £ 10.8
No p decay 1536 387.9 + 4.6 1335.1 + 2
no delayed hit cluster
9 direction cut 093 250.4 + 3.7 616.6 + 6.8
EM charge
additional PID to shower 312 166.7 £ 3.0 223.0£3.5
EM separation 115 79.1 + 2.1 64.5+1.9

finally calculate i invariant mass M,, = /2E,E,,(1-cos6,)
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POD NC-1m¥ reconstruction efficiency

NCPi0 Reconstruction Efficiency versus True Momentum |
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MC reconstructed Invariant Mass

Invariant Mass of Signal Events Invariant Mass of Background Events
Ezog AJ RAARSE RARAS RASAN RAARS REALE RARAS RAAAS RARRS LALL" gzo””“]' AJ MRS RARES RAAAN RAALS LEALYE RALE] RAALN RALA"
g 18 MC - & '8F MC
16 - 16} -
10 - 10} r
8 8 8 =
af 3 af- {JHJH‘“*”LMLA E
2F c 22—[ Wiy ey
ob..uluuh.ul.l“l.h‘.‘:mm.nm“l“..* obf.ul. N T TS PR PR PR L+ 1*7—4—’?
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
Invariant Mass (MeV) Invariant Mass (MeV)
Expected 143.6 £ 2.8
, . Signal 79.1 = 2.1
Extract number of signal events using an Badkground 64.5 = 1.9
unbinned Likelihood fit Charge Current 00% 1.5
Muon 122 £ 0.8
Muon + #° 74 + 0.6
Muon + 7= 114 £ 0.8
Muon + other 9.0 £ 0.7
Invariant mass distributions used as pdf Neutral current 19.8 + 1.0
: : . : Other 16.5 = 0.9
in Likelihood fit xt 3.3 + 0.4
Other 46 £+ 0.5
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Likelihood fit

Lrotal = L(E)EScale X L(B)X-sec X L(S:B)Norm * L(E,S,B)ghape:

|_Tota| = L(Nsig, kag, ESCaIe)
e Nsig : Number of signal events

e Nbkg : Number of background events

4 Apply NEUT cross section uncertainties to MC background prediction

4 Gaussian with mean of 65 and sigma of 14

e EScale controls the ratio of photoelectrons (PE attributed to a
Y) to total energy of y in MeV

Ratio of y energy to visible energy from MC (0.2PE/MeV)
Difference between MC and data due to detector geometry
Energy scale systematic is 7%

Gaussian with mean 1.0 and sigma 0.07

* 4+ 4+ 4+

muon energy scale tuned to cosmics and beam data

Antonin Vacheret, Particle Physics Dept. Oxford Nulnt 2012, 25th October Rio de Janeiro, Brasil

Thursday, 25 October 12



Result of the fit on data
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0 50 100 150 200 250 300 350 400 450 500
Invariant Mass (MeV)

Observed Expected Ratio
Signal 66 + 13 79+2 084+0.16

Background 52+ 10 65+2 080%0.16

Fitted E,,, is 0.94 + 0.03
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Sidelband analysis
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Compare background events with a muon decay signal
e (Check consistency of background shape prediction with data
e (Check agreement between MC background events passing and failing muon
decay cut
e Reiterate likelihood fit procedure on background events (gives O + 4 signal events)
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Summary of systematic errors

Source Error | Contribution to Ratio (%)
Mass Uncertainty 0.8% 0.8%

Detector Alignment 2.5 mm < 0.1%

Fiducial Volume ™% %

Relative Flux Uncertainty 15% 15(6.5)%
Reconstruction Uncertainties | 4.7% 4.7%

Energy Resolution 10% 0.5%

Shape Uncertainty 13.7% 13.7%

Total - 22(17)%

Fiducial volume uncertainty comes from vertex reconstruction biais

Neutrino beam flux uncertainty reduced by normalising to tracker region CC-inclusive measurement

N Data +0.044
Cﬁc =1.036+0.028(stat) 0.037 (det. syst) £ 0.038(phys. model)  p.r.L (107) 041801 2011
cC Ve

Reconstruction uncertainties dominated by PID

Shape uncertainty dominated by total number of background events in side band
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Summary of results

we present a measurement of IS

NC-11° production using 8.55 x
109 p.o.t (Run I+ll) in water IN
configuration

Events / (20 MeV)
=
| l | B
| | l 1 11

sk E
: JI f
e data/MC (NEUT) ratio : :

10—

r=0.84 +0.16 (stat) = 0.18 (sys) g Jﬁlj{ {lh _
o

e Ratio normalised to tracker CC- # NS S
: : . | o I I I NP IO '3;,.1*.31.,1_:','?'!".‘ Py
InCIUSNe measurement IS : 0 50 100 150 200 250 300 350 400 450 500
Invariant Mass (MeV)
paa = 0.8110.15(stat)+ 0.14(sys)
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Outlook

POD has also ran in water OUT configuration during run |l
(2011-2012)

e optimisation of selection needed due to different shower
sampling fraction and efficiency

e Analysis in progress with result planned in 2013

NC-11° event reconstruction underway in the tracker
region (see poster session)

e different topologies accessible : conversion of y in FGD/

TPC region and Calorimeters
H. O’Keeffe
CC-m” selections also in progress v pusiars

Batkiewicz’s

poster’s

More results in 2013 : stay tuned !
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Selected events time distribution

Run I Event Time Run II Event Time
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200 3000 4000 5000 6000 7000 8000 200 3000 4000 5000 6000 7000 8000
Time (ns) Time (ns)

Bin centered at bunch time with 300 ns width (selected time cut)
RUN | : 33 events
RUN 1l : 82 events
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¥ direction cut
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Vertex resolution

Vertex Resolution X: (Truth-Recon) Vertex Resolution Y: (Truth-Recon)
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1’ energy distribution
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Fiducial Volume selection

Events / (100 mm)
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Non Electromagnetic signal
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Muon decay cut
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Number of 3D reconstructed EM showers 2
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Muon Decay cut
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EM-like shower total charge
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Distance of shower separation
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Vertex distribution

X Position of Saved Events Y Position of Saved Events
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Energy reconstruction

Antonin Vacheret, Particle Physics Dept. Oxford

|_True Energy vs. Charge (PEU) |

?1000.' ML BB BN AN B NN AR I!mm"mmhnvwol
c b
E 900: T M T T
> : 3 500 A
$ soof < v
o -
T 700f $ 400 =
e E lﬁ >
g 600k Ve
3 -
W sook 300 - -
E -
400F -
: 200 e .
300f <
200k e */ ndf 24.35/20
3 100 _y/__;— p0 -1.372 - 1.494
100 + p1 0.2055 + 0.0010
% 500 1000 1500 2000 2500 Op —="500 1000 1500 2000 2500
20110802 113 Corrected Charge (100 PEU Bins) 20130802 103 Charge (PEU)

Delta(E)Truth vs. True Energy

Delta(E)/Estimate vs. Estimated Energy

(Est. - Truth)Truth

1F
08f
osf
0.4f
0.2
of
02f
oaf
06
sk

(Truth - Est.)Est.

4

1Kk

20M-06-02 153

1
500 1000 0 100 200 300 400 500

Energy (10 MeV Bins) 20110802 153 Calculated Energy (10 MeV Bins)

Nulnt 2012, 25th October Rio de Janeiro, Brasil

Thursday, 25 October 12



