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Outline
• A brief introduction to ND280 and the Pi-zero Detector (P0D)

• A different sort of cosmic ray analysis: Backward-going 
sample

• Preliminary selection cuts

• Track Length, Energy Loss, dE/dx

• MIP Scales

• Discussion of current status and future prospects

• Some other miscellaneous work and prospects

• Closing thoughts on this Summer’s work
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T2K: Tokai To Kamioka
~500 members, 59 Institutes, 12 countries

J-PARC: Japan Proton
Accelerator Research 

Complex

1. Introduction1

T2K is a second-generation long baseline neutrino oscilla-2

tion experiment designed to probe the mixing of the muon neu-3

trino with other species and shed light on the neutrino mass4

scale. It is the first long baseline neutrino oscillation experi-5

ment proposed and approved to look explicitly for the electron6

neutrino appearance from the muon neutrino, thereby measur-7

ing θ13, the last unknown mixing angle in the lepton sector.8

T2K’s physics goals include the precision measurement of9

the νµ→ντ oscillation parameters with precision of δ(∆m223) ∼10

10−4eV2 and δ(sin2 2θ23) ∼ 0.01, and achieving a factor of11

about 20 higher sensitivity compared to the current best limit on12

θ13 from the CHOOZ experiment through the search for νµ→νe13

appearance (sin2 2θµe $ 1
2 sin

2 2θ13 > 0.004 for CP violating14

phase δ = 0). In addition to neutrino oscillation studies, the15

T2K neutrino beam (with Eν ∼ 1 GeV) will enable a rich fixed-16

target physics program of neutrino interaction studies at ener-17

gies covering the transition between the resonance production18

and deep inelastic scattering regimes.19

T2K, similarly to the K2K experiment, uses Super-Kamio-20

kande as the far detector to measure neutrino rates at a distance21

of 295 km from the accelerator, and near detectors to sample the22

unoscillated beam. The experiment includes a neutrino beam-23

line and a near detector complex at 280 m (ND280), both of24

which were newly constructed. Super-Kamiokande was up-25

graded and restored to 40% photocathode coverage (the same26

as the original Super-Kamiokande detector) with new photo-27

multiplier tubes in 2005–06. Fig. 1 shows a schematic layout28

of the T2K experiment as a whole.29

295 km

280 m

J-PARC
Near Detector

Super-Kamiokande

1000 m

Neutrino Beam

Figure 1: A schematic of a neutrino’s journey from the neu-
trino beamline at J-PARC, through the near detectors (yellow
dot) which are used to determine the properties of the neutrino
beam, and then 295 km underneath the main island of Japan to
Super-Kamiokande.

The T2K neutrino beam is generated using the new high-30

intensity proton synchrotron at J-PARC, which has a Phase-31

I design beam power of 0.75 MW. The narrow-band neutrino32

beam is centered 2.5◦ off-axis, with its direction adjustable within33

−0.5◦ with respect to the Super-Kamiokande/J-PARC baseline34

direction, allowing variation of the peak neutrino energy.35

The near detector site at 280 m from the target houses on-36

axis and off-axis detectors. The on-axis detector, composed of37

an array of iron/scintillator sandwiches, measures the neutrino38

beam direction and profile. The off-axis detector immersed in39

a magnetic field measures the muon neutrino flux and energy40

spectrum, and electron neutrino contamination in the direction41

of the far detector, along with measuring rates for exclusive42

neutrino reactions. These measurements are essential in order43

to characterize signals and backgrounds that are observed in the44

Super-Kamiokande far detector.45

The off-axis detector is composed of a water-scintillator de-46

tector optimized to identify π0’s (the PØD); the tracker consist-47

ing of time projection chambers (TPCs) and fine grained de-48

tectors (FGDs) optimized to study charged current interactions;49

and an electromagnetic calorimeter (ECal) that surrounds the50

PØD and the tracker. The whole off-axis detector is placed51

in a 0.2 T magnetic field provided by the recycled UA1 mag-52

net, which also serves as part of a side muon range detector53

(SMRD).54

The Japanese government approved the T2K experiment in55

2003. Construction of the neutrino beamline started in Japanese56

FY04, which began on 1 April 2004.57

The complete chain of accelerator and neutrino beamline58

was successfully commissioned during 2009, and the T2K ex-59

periment began engineering runs on 23 December 2009, with60

neutrino data running from 23 January 2010 until 24 June 2010.61

In this period, we achieved a continuous beam power of 50 kW,62

demonstrated, albeit briefly, a maximum power of 100 kW,63

and collected a total of 3.36 × 1019 protons on target for use64

in physics analysis.65

Primary ND280 detector construction was completed in 200966

with the full installation of the INGRID, the central ND280 off-67

axis detectors (PØD, FGD, TPC and downstream ECal) and the68

SMRD. The ND280 detector began stable operation in February69

2010 and has recorded more than 95% of the delivered beam.70

The T2K collaboration consists of over 500 physicists and71

technical staffmembers from 62 institutes in 12 countries (Canada,72

France, Germany, Italy, Japan, Poland, Russia, South Korea,73

Spain, Switzerland, the United Kingdom and the United States).74

This paper provides a comprehensive review of the instru-75

mentation aspect of the T2K experiment and a summary of the76

vital information for each subsystem. More detailed descrip-77

tions of some of the major subsystems and their performance78

will be presented in separate technical papers, and are not in-79

cluded in this paper.80

2. J-PARC Accelerator81

J-PARC (Japan Proton Accelerator Research Complex) con-82

sists of three accelerators [1]: a linear accelerator (LINAC), a83

rapid-cycling synchrotron (RCS) and a slow-cycling synchrotron84

(the main ring, orMR). An H− beam is accelerated up to 400MeV85

(181 MeV at present) by LINAC, and is converted to an H+86

beam by charge-stripping foils at the RCS injection. The beam87

is accelerated up to 3 GeV by the RCS with a 25 Hz cycle. The88

harmonic number of the RCS is two, and there are two bunches89

in a cycle. About 4-5% of these bunches are supplied to the90

MR. The rest of the bunches are supplied to the muon and neu-91

tron beamline in the Material and Life Science Facility. The92

proton beam injected into the MR is accelerated up to 30 GeV93

with ∼0.3 Hz. The harmonic number of the MR is nine, and94

the number of bunches in the MR is eight (six until June 2010).95
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The Pi0 Detector (P0D)

40 X-Y layers of scintillator
10,400 Channels (MPPC)

1950kg Fiducial Mass (water)

!"#$%&&' ('

!"#$%&'(")*"+*(,')-'..%-"&*(/0*12-2,-"&()'

!"#$%&'&(')*$ #+*$%,-&.!,).!$/--0$ (1+..&2!$
3)4&'1* ** 56*7*86*7*596:* ;8<6=*

>6?* ::*7*5@*7*9966* 56A66*
::*7*5@*7*9:A6*

?BC,%.* ** 56*7*A6*7*96A6* :A66=*
DE?* ** FG<*7*FG<*7*5;<A* ;AA;*

BHI?* 6G@*7*5<G@*7*;@8* A65<*
'' 6G@*7*5@G8*7*;@8*

J..*/(2*5*##*K/&%&%L*M55*1"/0.2*,.%1*NOB*+'02&(P*2'-Q2&*
#'&&"&21*%-*")2*2)1R*"&*&2%1*"/-*%-*0"-Q*2)1(*S?BC!%.*%)1*
BHI?TP*2'-Q2&*')(2&-21*')*,2)-&%.*Q".2*')*0%&R*"&*')*
BU(Q%$21*4&""V2*SBHI?T*

*+,'

-.,'

/01,'

2345%56'$5%'%5'6789:;'
=3)4&'1*Q%(*56@F<*,Q%))2.(*W'-Q*)2W*#"1/.2(*
=!"#$.2-2*C,%.*Q%(*99::<*,Q%))2.(*

!"#$%&&' ('

!"#$%&'(")*"+*(,')-'..%-"&*(/0*12-2,-"&()'

!"#$%&'&(')*$ #+*$%,-&.!,).!$/--0$ (1+..&2!$
3)4&'1* ** 56*7*86*7*596:* ;8<6=*

>6?* ::*7*5@*7*9966* 56A66*
::*7*5@*7*9:A6*

?BC,%.* ** 56*7*A6*7*96A6* :A66=*
DE?* ** FG<*7*FG<*7*5;<A* ;AA;*

BHI?* 6G@*7*5<G@*7*;@8* A65<*
'' 6G@*7*5@G8*7*;@8*

J..*/(2*5*##*K/&%&%L*M55*1"/0.2*,.%1*NOB*+'02&(P*2'-Q2&*
#'&&"&21*%-*")2*2)1R*"&*&2%1*"/-*%-*0"-Q*2)1(*S?BC!%.*%)1*
BHI?TP*2'-Q2&*')(2&-21*')*,2)-&%.*Q".2*')*0%&R*"&*')*
BU(Q%$21*4&""V2*SBHI?T*

*+,'

-.,'

/01,'

2345%56'$5%'%5'6789:;'
=3)4&'1*Q%(*56@F<*,Q%))2.(*W'-Q*)2W*#"1/.2(*
=!"#$.2-2*C,%.*Q%(*99::<*,Q%))2.(*

mm

mm5

UW Group: J.Wilkes, 
Hans Berns, Dave 
Forbush, Kev, Mike 
Dziomba, Scott Davis

z [m]
-0.5 0 0.5 1 1.5 2 2.5

y 
[m

]

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

698

700

702

704

706

708

710

712

Figure 17: The color plot shows a slice (x = 0) of the mapped
B-field (in Gauss) in the TPC region. The neutrino beam is
entering the picture from the left.
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Figure 18: For each B-field component the residuals between
a fit of the data and the actual measurements is shown. The
RMS of the distributions is taken as a measure of the systematic
uncertainty of the mapping. The fit is performed in the center
region.

bars are interleaved with fillable water target bags and lead and1071

brass sheets. This arrangement forms an “active” neutrino tar-1072

get where the PØD operates with the water target bags filled or1073

emptied, enabling a simple subtraction to determine the water1074

target cross sections. The scintillator bars provide sufficiently1075

fine segmentation to reconstruct charged particle tracks (muons1076

and pions) and electromagnetic showers (electrons and photons1077

from π0’s).1078

The main features of the PØD design are shown in Fig. 19.1079

The central section, composed of the “upstream water target”1080

and “central water target”, uses alternating scintillator planes,1081

water bags, and brass sheets. The front and rear sections, the1082

“upstream ECal” and “central ECal”, use alternating scintillator1083

planes and lead sheets. This layout improves the containment1084

of electromagnetic showers and provides a veto region before1085

and after the water target region to provide effective rejection1086

of particle interactions entering from outside the PØD.1087

There are a total of 40 scintillator modules in the PØD. Each1088

Upstream ECal

Upstream Water Target

Central Water Target

Central ECal

Legend

Lead

Light-tight Cover
Brass
Water

Scintillator
Wavelength-shifting Fiber

Figure 19: A schematic of the pi-zero detector. The beam is
coming from the left and going right. Insets show details of the
Water Target SuperPØDule layers and Central ECal layers.

PØD module, or PØDule, has two perpendicular arrays of tri-1089

angular scintillator bars. There are 134 vertical bars (2200 mm1090

long) and 126 horizontal bars (2340 mm long) in each PØDule.1091

Each bar has a single hole filled with a wavelength-shifting fiber1092

(Kuraray multi-clad, S-35, J-type, doped with Y-11 (175 ppm)1093

with a diameter specification of 1.00+0.02
−0.03 mm). Each fiber is1094

mirrored on one end and the other end is optically read out us-1095

ing a Hamamatsu MPPC (see Section 4.1). Each photodetector1096

is read out with a TFB electronics (see Section 4.4). There are1097

40 PØDules, each with 260 scintillator bars and fibers being1098

read out, totaling 10,400 channels for the entire PØD detector.1099

The PØDules were formed into four “super-groups” called Su-1100

perPØDules. The two ECal SuperPØDules are a sandwich of1101

seven PØDules alternating with seven stainless steel clad lead1102

sheets (4 mm thick). The upstream (central) water target Su-1103

perPØDule is a sandwich of 13 PØDules alternating with 131104

(12) water bag layers (28 mm thick), and 13 (12) brass sheets1105

(1.5 mm thick). The dimensions of the active target of the entire1106

PØD are 2103 mm × 2239 mm × 2400 mm (width × height ×1107

length) and the mass of the detector with and without water is1108

16.1 tons and 13.3 tons respectively.1109

The PØD polystyrene scintillator bars were identical to bars1110

originally developed for the MINERvA experiment [32]. The1111

bulk polystyrene is Dow Styron 663 (W), a commercial grade,1112

general-purpose polystyrene without additives. Wavelength-1113

shifting dopants, 1% PPO and 0.03% POPOP, are added into1114

17

These events were analyzed to show each layer’s detection efficiency. Due890

to the triangular design of the PØD’s scintillator bars, a normally incident891

MIP is most likely to pass through two bars, as demonstrated in Figure 20.892

However, depending on the path taken, there is a chance that one bar is893

untouched, or that the signal is below the noise threshold cut applied by the894

reconstruction.895

Figure 20: Illustration of a singlet and doublet, as a MIP passes through a PØDule layer.

The results are shown in Figure 21, and display the probability of finding896

0, 1 or 2 hits in each x/y plane. The tracking efficiency is 100% for all but897

the first three scintillator places, which is explained by the selection criteria898

allowing a small number of first layer neutrino interactions into the sample.899

Figure 22 shows the summed charge deposit for the two hit sample, after900

calibration and path correction. The plot has been fit with Gaussian-Landau901

distribution, and returns a most probable value of 37.9 p.e./mip/cm. This902

value provides a known point, which each channel of the P0D can be cali-903

brated too, ensuring a constant response for the detector.904

8.3. LI Operation and Performance905

The LI system was operational in standalone mode during commissioning906

of the PØD in Fall 2009 and fully integrated into the DAQ for the first physics907

run. Mid-run one of the pulser boxes developed a fault which blew the LI908

system fuses. Repairs were completed the following summer in advance of909

the next physics run.910

The LI system simultaneously illuminates the entire PØD readout at a911

rate of 20 Hz interspersed with other trigger types. The current settings give912

the LI system an effective rate of 1.5Hz. The LI system cycles through a913

35

5432kg Fiducial Mass (total)
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ND280, for Real!

6Antonin Vacheret, Imperial College London NEU2010, 28th September CERN

ND280 off-axis detector 6

Tuesday, 28 September 2010

UW Water Works

Beam
P0D

TPC
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A Little Motivation?
• ~9 months ago I asked: “What sort of capability do we 

have for momentum reconstruction of P0D-contained 
tracks?”

• Answer: 笑う

• Interest: Explore methods to reveal more information on 
track momentum, energy loss 

• (Finally)Decided to start exploring these questions in 
August

7

νµ
µ−

π+
CC COH Pi+
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Concept
• Given the slight depth of ND280 
cosmics have a natural angle cutoff

• Backward-going cosmics can be 
selected by angle or timing+recon 
info

Beam Stopped By Earth

Cosmic Bombardment

Stopped By Earth

“Backward-going
Cosmics”

“Forward-going
Cosmics”

ND280

8
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The Benefit of Doing 
things Backwards
•With backward-going cosmic 
events take TPC momentum 
measure when cosmic is just about 
to enter the P0D

9

P0D TPC

Vtx

Cosmic Ray

ND280 Cartoon Diagram

FGD1 FGD2
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Event Selection Cuts
• FGD Cosmic Trigger
• Backward-going
• Single Track in TPC
• Single Track in P0D
• Track Matching Conditions Met
• Single 3D P0D Vertex Reconstructed
• “Vertex” in this this case is the stopping location 
of the  cosmic

10

FGD1 FGD2

Vtx

TPC1P0D
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TPC1 Z Position
• TPC Reconstruction’s track’s first node 
position in Z:  Require Z < -740mm

11

TPC1
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P0D Vertex
• X Position of P0D Vertex

-1050mm 1010mm

12

TPC X-Z Direction

x

z
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P0D Vertex
• Y Position of P0D Vertex

-1080mm 1100mm

13

Downward-going 
selection bias 

TPC Y-Z Direction

Downward-going 
selection bias

y

z
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P0D Vertex
• Z Position of P0D Vertex

-3290 -1050mm

14

P0D
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Actually...
• There are more cuts:

• P0D Reconstruction quality checks (Some more on this 
later -- if there’s time)

• Position and direction matching between P0D,TPC

• TPC Vertex “fiducial”-like cut (no events near edges)

• Track angle CosTheta > 0.9

• TPC momentum recon quality check

• TPC PID (really should be removed)

• Analysis-specific cuts:

• Water-in, water-out

15
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All events that pass
requirements
FGD Cosmic Trigger
Single 3D P0D Vertex
Single P0D Track
Single TPC Track
Backward-going
P0D-TPC Track Matching:
Timing, Position, Angle

All events that pass
analysis selection cuts

TPC Muon PID
P0D Vertex is Contained

Water-In
P0D Vertex, First Node  Sep <  60mm

TPC node  > 150mm from edge
TPC Node Angle , Cos > 0.9

Check TPC Node Momentum Ordering

Candidate Events Analyzed Events
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Track Length, Energy Loss, g/cm^2

• Walter Toki (Colorado State University) recently 
tabulated and calculated the g/cm^2 of all P0D 
materials, along with estimated energy loss for 
each component of the P0D

• Implemented these values in analysis to 
generate the following plots

• Will give a brief outline of a calculation here, 
and discuss some important reference numbers

17
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Calculation

18

CECal TPC1

θ

e.g. stopping P0Dule
Traversed Material

mippy muon

• Get the P0D Vertex Z position

• Calculate P0Dule number based on Z Position

• Assume coming from downstream, thus pass 
through a number of layers prior to stopping 
P0Dule:

• Lead, Brass, Water, Water Bag(plastic), 
P0Dule 

• Vertex placed in a P0Dule, so add additional 
0.5*P0Dule length or E Loss (generic average)

• Correct for true path length with 1/Cos(theta) 
factor

• Not Accounted for: gap between TPC and 
P0D

y

z
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Reference Values

19

Water In
Water Out

g/cm^2 traversed vs. P0Dule

Energy Loss vs. P0Dule

Normal Incidence Muon

Energy Loss
Water In ~568 MeV
Water Out ~429 MeV

g/cm^2 Traversed

Water In ~325 g/cm^2
Water Out ~255 g/cm^2

Complete P0D Traversal: Minimum Traversal:

Minimum Traversal

Minimum Traversal

Complete P0D Traversal: Minimum Traversal:
~54 g/cm^2

~81 MeV

Minimum Traversal: used as min value for range
of fits later on. Equal to passing CECal.
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Regarding MC
• MC currently used is not yet the official 
sample

• Manually generated MC from data kinematics
• Only generated MC with water in P0D, so no 
water-out Data/MC comparisons here (yet).

• Am now discussing official cosmic MC 
generation for ND280 with manager (Mike 
Wilking, TRIUMF) 

20
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Track Length Vs. P
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Track Length Vs P
Water In
Water Out

Water-out tracks have greater track length for given momentum
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g/cm^2 Vs P
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Water In
Water Out

Length traversed expressed in g/cm^2 results in identical water-in, 
water-out results, as hoped for.
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Water In
Water Out

Intercept suggests P0D-TPC gap ~13 MeV

MeV

g cm−2

MeV

g cm−2Slope = 1.948± 0.011 Slope = 2.025± 0.046
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Water In

MCData

MeV

g cm−2

MeV

g cm−2Slope = 1.948± 0.011 Slope = 2.003± 0.021

Data/MC = 0.97± 0.01
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Energy Loss Vs P
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E Loss Vs TPC P

Monday, October 3, 2011



Entries  1108

Momentum (MeV) (20MeV/Bin)
100 200 300 400 500 600 700 800

< 
E 

Lo
ss

 >
 (M

eV
)

0

100

200

300

400

500

600

Entries  1108Track E Loss Vs TPC Momentum, all cuts, Muons, Water IN Entries  6017

Entries  1108

E Loss (20MeV/Bin)
100 200 300 400 500 600 700

< 
M

om
en

tu
m

 >
 (M

eV
)

0

100

200

300

400

500

600

700

Entries  1108Track E Loss Vs TPC Momentum, all cuts, Muons, Water IN Entries  6017

0

10

20

30

40

50

60

70

80

Momentum (MeV) (20MeV/Bin)
100 200 300 400 500 600 700 800

E 
Lo

ss
 (2

0M
eV

/B
in

)

100

200

300

400

500

600

700

Track E Loss Vs TPC Momentum, all cuts, Muons, Water IN Entries  7397Track E Loss Vs TPC Momentum, all cuts, Muons, Water IN

E Loss Vs TPC P

35

Water IN
Profile Plots
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Water OUT
Profile Plots

E Loss Vs TPC P
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Water In
Water Out

Energy loss within P0D consistent for water-in, water-out.
Expect energy loss “range out” at 430MeV (water out), 570MeV (water in)

Pretty clear there is some sort of systematic offset here. Perhaps 
unaccounted energy loss between the P0D and TPC

(For a mippy muon)

^
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Water In
Water Out

Intercept suggests P0D-TPC gap ~30MeV

Slope = 1.055± 0.006 Slope = 1.144± 0.029
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Water In

MCData

Slope = 1.055± 0.006 Slope = 1.077± 0.012

Data/MC = 0.980± 0.012
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Misc + Conclusions

40
Monday, October 3, 2011



Some Comments
• Extracting MIP, Energy Scale

• Can use dE/dx and ELoss to validate understanding of P0D 
materials, then calculate p.e.-to-MeV scale

• Cosmic Ray data shows that sample should really only be ~1% pions --> 
increase sample size by not cutting on TPC PID=muon (important for 
augmenting water-out)

• Byproduct of this work: Will re-visit current overall MIP calibration for 
P0D, switch from region-calibration to individual scint layer calibration

• Have finally settled down on primary cuts and plots, next step is to 
consider systematic uncertainties and cut optimization

• Will finalize this analysis into a one-click macro to be run on all cosmic 
data as it is taken and processed, produce validation plots
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Low EDep Node 
Summary

“The Shelf” EDep between 10p.e. and 20p.e.

Original Goal: make set of plots as above on 
the right, pursue a p.e.-to-MeV MIP calibration

42

From P
0D Gro

up Rep
ort
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Current Results:

No more Low EDep shelf. \(^o^)/

43

Problem traced to beam trigger difference from cosmic trigger,
still working on exact cause, but can now cut out bad events.

From P
0D Gro

up Rep
ort
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Conclusions
• Has been an incredibly productive and positive summer

• Have had the joy of being able to create and answer a lot of questions, 
with plenty more questions to explore

• Intended to work on Coherent Pion analysis this summer but got very 
distracted by this fun topic

• However, track matching between P0D and TPC is essential for CC 
COHPi so that work will be directly applicable

• Submitted draft of P0D Fiducial Water Mass tech note

• Also managed to finish reading my first ライトノベル this summer, non-
physics milestone reached \(^o^)/

• Thank you all for your time, and special thanks to Nakaya-san and 
Minamino-san for helping arrange to let me partake in the BIEP 
summer program!

44
Monday, October 3, 2011



Vertex Distributions
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Vertex Distribution

46

All events that pass
analysis selection cuts

All selection and analysis cuts

Water In
Water Out

Water-out sample size kind of small
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Vertex Distribution

47

All events that pass
analysis selection cuts

All selection and analysis cuts
Water-out sample size kind of small

Water-In/Water-out Ratio

Normalize each water-in, water-out vertex distribution histogram, take ratio
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Track Match & Angle
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Position Matching
P0D TPC

Backward-going 
Cosmic

TPC First Node

P0D Last Node ∆Z

Z

(X or Y)

If      were zero, the two nodes would ideally match pretty well. If      is 
not zero, extrapolate from track angle and      where the matching 
node would be (do two fits, one for XZ, one for YZ).

∆Z ∆Z

∆Z
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Node Position Match
X Y

Corrected Corrected

No Correction
No Correction

Require: −50mm < ∆X < 50mm

−35mm < ∆Y < 65mm
50
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Node Position Match

No vtx cuts, No Correction No vtx cuts, Corrected

Vtx cuts and Corrected51

Require:
−50mm < ∆X < 50mm

−35mm < ∆Y < 65mm
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Timing and Angle
• Timing Between 
TPC and P0D track

20deg

52

• Angle between direction of matched 
P0D, TPC nodes

Require: 
−100ns < ∆T < 50ns
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P0D TPC Gap

53
Monday, October 3, 2011



P0D-TPC Gap
• It seems there is a systematic offset in energy loss and g/cm^2 
traversed (will see in a few slides)

• Reconstruction reveals sizable gap between P0D and TPC

• Closer look at geometry information reveals answer

54
18cm reconstruction, real gap
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Cartoon Detector Schematic

55

CECal

• "/t2k_1/OA_0/Magnet_0/Basket_0/P0D_0/CECal_0/P0Dule_0/Epoxy_0/X_0/Bar_0"

“/t2k_1/OA_0/Magnet_0/Basket_0/P0D_0/CECal_0/P0Dule_0/Epoxy_0/Y_0/Bar_0”

P0D Braces TPC1
TPC uses “double box” design

central cathode
upstream edge

TPC Gas &
Field Region

C02 Gap Region

- Inner Box
- Outer Box

“/t2k_1/OA_0/Magnet_0/Basket_0/Tracker_0/TPC1_0/GasGap_0/Drift_0/CentralCathode_0”

TPC Cathode Edge:   -771.00mm

Final P0Dule X:          -959.85mm

Final P0Dule Y:          -938.75mm

Average Delta Z:      -178.3mm

Final P0Dule X

Final P0Dule Y
∆Z
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