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Objectives of target detector(s)

• Provide target mass for neutrino interaction

• Especially important for νe measurement

• Water target necessary or not?

• Acceptance for large angle tracks

• Reconstruct tracks inside detector

• Background reduction/control for νe measurement
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Need to be  quantitively defined 
in terms of physics requirements,

with consideration of the detector design



Current FGD

• 0.96×0.96cm2, planar geometry

• Scintillator produced in TRIUMF  
based on Fermilab recipe
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Reference design  
(based on WAGASCI structure)
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Reminder & strategy
2

Benjamin Quilain
Methods for substractiong interactions on carbon

10
Neutrino interaction with scintillators (C8H8)  30 % background that should be substracted⌅

2 methods are proposed :
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++ : Particle energy deposition = H
2
O module.

High statistics.

- - : Little abilities to use proton kinematic 
(50 % of protons lost)  Small MEC/CCQE ⌅
separation.

++ : Proton reconstruction threshold 
decreased to 250 MeV/c  Large MEC/CCQE ⌅
separation (see slide 10 & back-up) 

- - : -Particle energy deposition ≠ H
2
O module 

 Efficiency corrections  Systematics !⌅ ⌅
-Smaller statistics (1/3 of H

2
O module).

Plastic module Empty module

Filled with plastic cubes / oil

Empty module opens new possibilities for daughter hadron reconstruction & measurements.

Two modules: water-in and empty.
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3-mm thick plastic scintillator
Grid + x/z layers
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(a) Water module (b) Empty module

Figure 31: Reconstruction e�ciency for muons, pions and protons.

Table 9: Selection (reconstruction+selection) e�ciency, proportions of µ-like and non µ-like and momentum
threshold for muons, pions and protons in the empty module. The threshold is defined as the maximal
momentum for which particles have a selection+reconstruction e�ciency smaller than 30%.

µ ⇡ p
Reconstruction E�ciency 90% 87% 70%
µ-like particle e�ciency 89% 83% 9%
Reconstruction Purity 37% 13% 49%
µ-like particle purity 65% 23% 12%
Momentum threshold 50 MeV/c 50 MeV/c 300 MeV/c

The water-out module o↵ers interesting possibilities to study 2p2h interaction since 70%955

of the protons are reconstructed. In the future, a possible separation as a function of the956

number of proton track will be studied. Moreover, we are currently pursuing the use of957

single and double transverse variables [51, 52] to open new possibilities for separating 2p2h958

from Final State Interactions, or for isolating the interactions on hydrogen from interactions959

on carbon in this module.960
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Benjamin Quilain

From Task Force Report



Other possibilities..?
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Option 1: Fully active WAGASCI 

• Don’t need any hole in PS bars
• Z would be given by 2 hits in 
• Make 2 channels along the bar:

- glue + coat the WLS fiber that should collect the light from PS bar
- glue (close to corners) + coat the WLS fiber that should collect the light from LS 

Y
X
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Option 2: FGD3D

• PS detector, no active water
• Can put space between cubes (tracks go farther) and fill with water
• Also “empty” cubes interleaved with PS cubes 

1cm
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The 3-axis structure

By repeating this structure and 
close-packing them as shown on 
the previous page, you can get 
75% fill ratio (25% of volume is air)
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Possible design?

From S.Oser’s presentation

Number of channels ↔ segmentation, fiducial mass

simpler version of WAGASCI More ideas exist

3D-FGD Some ideas from Davide



Electron neutrino measurement
• νe cross section 

uncertainty will be 
important for CP 
measurement 
in T2K-II era

• Need to consider how 
to suppress/control γ 
background

• Current level 
sufficient?

• Finer granularity 
helps? other idea?
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!μ	sample	
1Rμ	FHC

!e	sample	
1Re	FHC

!̅μ	sample	
1Rμ	RHC

!̅e	sample	
1Re	RHC

1Re		
FHC/RHC

!	flux+cross-section	
	constrained	by	ND280

2,8% 2,9% 3,3% 3,2% 2,2%

!e/!μ			and	!̅e/!̅μ	cross-sections	 0,0% 2,7% 0,0% 1,5% 3,1%

NC	γ 0,0% 1,4% 0,0% 3,0% 1,5%

NC	other 0,8% 0,2% 0,8% 0,3% 0,2%

Final	or	secondary	hadron	int. 1,5% 2,5% 2,1% 2,5% 3,6%

Super-K	detector 3,9% 2,4% 3,3% 3,1% 1,6%

Total 5,0% 5,4% 5,2% 6,2% 5,8%

Fractional	error	on	number-of-event	prediction

Fractional	error	on	the	number	of	expected	events	at	SK

T2K	systematics	uncertainties	(joint	oscillation	analysis)
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Selection of Electron Neutrino Interactions in
ND280—Full details of the event selections can be found
in Ref. [27], where the only difference is that in this
analysis only interactions in FGD1 are selected, rather
than FGD1 and FGD2. This is so that interactions on
water in FGD2 are not included.
Electron neutrino interactions are selected using the

highest momentum negative track starting inside the
fiducial volume of FGD1. To reduce the large background
from νµ charged current interactions, electron particle
identification criteria are applied using TPC dE/dx and
ECal shape and energy measurements. These remove
99.9% of µ− tracks, and although a clean sample of e−

is selected, 62.4% of events are from photons which pro-
duce e+e− pairs in FGD1. This γ background is reduced
by searching for a positron and applying an invariant
mass cut, and vetoing on activity in TPC1, the P0D, and
ECals upstream of FGD1. After this procedure, 315 νe
CC interaction candidates are selected, with an expected
purity of 65%. The reconstructed momentum, scattering
angle, and Q2 distributions are shown in Fig. 1, and com-
pared to the prediction from the NEUT neutrino inter-
action generator [28]. Q2 is reconstructed assuming CC
quasi-elastic (CCQE) kinematics [29], with a stationary
target nucleon and 25 MeV binding energy.
The background from γ → e+e− conversions in the

νe sample is 23%, 70% of which are from neutrinos in-
teractions outside the FGD1 fiducial volume. A control
sample, referred to as the γ sample, is used to constrain
this, and is selected by finding electron-positron pairs
that enter the TPC and that have a low invariant mass.
The data shows a deficit at low momentum in both the
νe and γ samples. This deficit is also visible in Ref. [27],
which selects events in FGD2 as well as FGD1.
Unfolding method—The Bayesian technique by

d’Agostini [30] is used to unfold from the measured
reconstructed distributions to the underlying true distri-
butions. For each observable, the true (reconstructed)
bins are denoted by tk (rj). There are nt (nr) true
(reconstructed) bins in total. Bayes’ theorem is used to
generate the unsmearing matrix

P (tk|rj) =
P (rj |tk)P (tk)

nt
∑

α=1

P (rj |tα)P (tα)
, (1)

where P (rj |tk) is the smearing matrix and P (tk) is the
Monte Carlo (MC) prior probability of finding a signal
event in true bin tk. Given a dataset Nmeas

rj , the esti-
mated number of events in each true bin is given by

Ntk =
1

ϵtk

nr
∑

j=1

P (tk|rj)(N
meas
rj

−Brj ), (2)

where Brj is the number of background events that were
selected and ϵtk is the efficiency of detecting a signal event
in bin tk. The unfolding is performed separately for each
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FIG. 1. Reconstructed pe (top), cos(θe) (middle) and Q2

(bottom) distributions of νe event candidates. The NEUT
Monte Carlo prediction is separated into the νe CC interaction
signal, background from γ → e+e− conversions, background
from µ− tracks and all other backgrounds. The last bins in the
top and bottom plots do not include the overflow of events.

variable. For defining the true bin of each interaction,
the true momentum of the electron, true angle of the
electron, and true Q2 of the interaction from the gener-
ator are used for pe, cos(θe) and Q2, respectively. The
NEUT neutrino generator is used for the unfolding re-
sults presented in this Letter.

The Bayesian unfolding technique was also used in
Ref. [6] for measuring the νµ CC inclusive cross-section
with ND280. The main difference in the unfolding
method for this analysis is that the MC background pre-
diction, Brj , is estimated using the γ sample. Specifi-
cally, the background from neutrino interactions occur-
ring outside of the fiducial volume (out-of-fiducial events)
is re-weighted based on the γ sample data. This choice
is made as the systematic uncertainties relating to in-
fiducial events have been well-studied, 30% of the out-
of-fiducial events are on heavy targets (iron and lead)



Low energy hadrons

• Efficiency study by Benjamin

• Low energy proton measurement (energy, direction) 
is difficult (resolution)

• Maybe possible with much finer granularity?

• Quantitative requirement?

• How important is Michel electron tagging?

• Requirements for electronics (dead time, ..)
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Sub-WorkPackages (preliminary)

• Definition of detector configuration [with simulation/physics]
• Water target necessary? (alternative configuration?)

• WAGASCI-like? FGD-like? Else?

• Plastic scintillator

• WLS fibers

• Photosensors (MPPC)

• Mechanical structure [with WP1]

• Water system (if necessary)

• Electronics (frontend, backend)
• Independent system or identical to HTPC (like FGD-TPC)?

• Interface to other system (DAQ, hardware)

• Monitoring system

9



Scintillators

• Lots of experience with Fermilab 
extrusion facility 

• Produced scintillators for 
MINOS/SciBar/INGRID/P0D/
ECAL/WAGASCI

• May need to produce/test new 
die

• Availability of facility for mass 
production to be checked

• Other suppliers?

10



Scintillator performance

• Also observed significant cross-talk:

• Improved version (fraction of TiO2 increased) just delivered.  
To be tested soon
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The beam is injected to the scintillator with machining as shown in
Fig. 4.15. The length of the fiber is 60 cm. For the data taking, the number
of events at the edge of the scintillator, X=6 mm in Fig. 4.16, is required to
be more than ten thousand to measure the efficiency with the 1 % statistical
accuracy. Figure 4.16 shows the mean light yield in each position. The posi-
tion of the fiber is at 8 mm(left plot) and 20 mm(right plot). The tendency of
the light yield is same as that of the scintillator without machining, however,
the light yield is a little low overall. The reason of it is under investigation
and maybe due to the effect of the machining or individual difference of the
scintillator. Figure 4.17 shows the mean light yield along with Y axis. The
attenuation length is 25 mm.

Figure 4.18 shows the detection efficiency in each position. The efficiency
is more than 99 % even at the edge. The right side edge of the scintillator
is also tested and there is no difference compared with the central part, as
shown in Fig. 4.19.

Figure 4.15: Position of the beam injected to the scintillator with machining
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Figure 4.16: Mean light yield of the scintillator with machining in each po-
sition. Left (right) plot corresponds to 1⃝ ( 2⃝) in Fig. 4.15.
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The beam is injected to the scintillator with machining as shown in
Fig. 4.15. The length of the fiber is 60 cm. For the data taking, the number
of events at the edge of the scintillator, X=6 mm in Fig. 4.16, is required to
be more than ten thousand to measure the efficiency with the 1 % statistical
accuracy. Figure 4.16 shows the mean light yield in each position. The posi-
tion of the fiber is at 8 mm(left plot) and 20 mm(right plot). The tendency of
the light yield is same as that of the scintillator without machining, however,
the light yield is a little low overall. The reason of it is under investigation
and maybe due to the effect of the machining or individual difference of the
scintillator. Figure 4.17 shows the mean light yield along with Y axis. The
attenuation length is 25 mm.

Figure 4.18 shows the detection efficiency in each position. The efficiency
is more than 99 % even at the edge. The right side edge of the scintillator
is also tested and there is no difference compared with the central part, as
shown in Fig. 4.19.

Figure 4.15: Position of the beam injected to the scintillator with machining
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Figure 4.16: Mean light yield of the scintillator with machining in each po-
sition. Left (right) plot corresponds to 1⃝ ( 2⃝) in Fig. 4.15.
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Figure 4.19: Mean light yield (left) and their efficiency (right) at the edge of
the scintillator with cut. They correspond to 3⃝ in Fig. 4.15.

Table 4.4: Measured parameters for the 3 mm thickness scintillator

Parameters without machining with machining
Light yield per MIP 24 p.e. 18 p.e.
Attenuation length 30 mm 25 mm

along with Y-axis

52

Position 1 Position 2 Position 3

Light yield measurement with WAGASCI scintillator (2014)

Position dependence

From Master thesis
of T.Koga



MPPC 
(Multi-Pixel Photon Counter)

• Semiconductor photosensor 
(“SiPM”) by Hamamatsu

• Compact, high photon detection 
efficiency, immunity to B-field

• T2K near detectors were first large 
scale application

• >50,000 devices used

• Excellently working since 2009
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MPPC development
• Recent version has significantly improved performance 

compared to those used in T2K

• Will (re-)start communication with Hamamatsu about 
possible further development, including package

13

30 CHAPTER 3. DEVELOPMENT OF MPPC
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(b) Optical crosstalk.
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Figure 3.5: The results of the performance test for each MPPCs.

Dark noise Cross talk

36 CHAPTER 4. DEVELOPMENT OF MPPC CHARACTERIZATION SYSTEM

(a) An array of MPPCs (S13660(ES1)) (b) The circular photosensitive area of the
array of MPPCs

Figure 4.1: An array of MPPCs.

MPPC

Light source

EASIROC PC

Temperature controlled chamber

photon

Figure 4.2: The basic concept of characterization system.

array (S13660(ES1)) that has independent cathode channel by channel. A type number of single
channel MPPC is S13081-050CS(X1), which is the conventional ceramic packaged type and
crosstalk suppression type as mentioned in section 3.2.

4.2 Design of the characterization system
Figure 4.2 shows the basic concept of characterization system. MPPCs and a light source are
placed in a temperature controlled chamber. Photons are emitted from the light source and
detected by the MPPCs. The signals from the MPPCs are read out by using NIM EASIROC
module controlled via a PC.

4.2.1 NIM EASIROC module

NIM EASIROC module is general purpose MPPC readout module [24] as shown in Fig 4.3.
A front-end ASIC named Extended Analogue SiPM Read Out Chip (EASIROC) developed by
Omega/IN2P3 in France is used in this module. An EASIROC chip has 32 MPPC inputs and all
essential functions to operate many MPPCs such as amplifier, discriminator, and bias voltage
adjustment. Figure 4.4 shows a schematic of one channel in EASIROC chip. The bias voltage
applied to each MPPC channels is individually adjustable up to 4.5 V by using 8-bit input DAC.
An EASIROC chip has two amplifiers with high and low gain with a factor 10 of gain difference.
The amplified signals are shaped by the slow and fast shapers. The pulse height of the slow
shaper output is stored to the analogue buffer by using a sample and hold circuit. The external

array MPPC for
 WAGASCI test modules



Preliminary Timeline
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• 2017

• Fix design

• R&D and test of components

• Scintillator, MPPC, electronics, mechanical component

• 2018

• Test production of scintillator.

• Beam test with small prototype?

• Start mass production/procurement (fiber, MPPPC)

• 2019

• Mass production, testing

• 2020

• Construction of detectors



Groups currently interested
• Japan

• Japanese universities

• KEK

• Postdoc opening for ND upgrade! (Deadline: Apr/17)  
 http://www.kek.jp/en/Jobs/e_researcher_T2Kexperiment.pdf

• Got grant for T2K upgrade, acc.+beam+ND (-2020)

• Postdocs+test/prototype/construction

• Little engineering resource in Japanese institutes

• LLR (France)?

• Mechanical engineering? electronics??

• More groups are necessary! your contribution is welcome
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http://www.kek.jp/en/Jobs/e_researcher_T2Kexperiment.pdf

