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MoGvaGon	

•  Unknowns	  in	  ν	  cross-‐sec.	  for	  Hyper-‐K/J-‐PARC	  
– Good	  model	  of	  IniGal	  nuclear	  state	  

•  “Simple	  relaGvisGc	  Fermi-‐Gas	  model”,	  “Spectral	  funcGon”,	  …	  

– Existence	  of	  mulG-‐nucleon	  ν	  sca[ering	  (MEC)	  
•  models:	  MarGni,	  Nieves,	  …	  

– Charged	  current	  1π	  producGon	  
– Final	  state	  interacGons	  within	  the	  nucleus	  
– Pions’	  secondary	  interacGons	  in	  the	  detector	  
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Appropriate	  real	  data,	  well-‐defined	  control	  sample,	  	  
is	  need	  to	  test	  the	  above	  unknowns.	



MoGvaGon	

•  Unknowns	  in	  ν	  cross-‐sec.	  for	  Hyper-‐K/J-‐PARC	  
– Good	  model	  of	  IniGal	  nuclear	  state	  

•  “Simple	  relaGvisGc	  Fermi-‐Gas	  model”,	  “Spectral	  funcGon”,	  …	  

3	

 Andy Furmanski 3

Spectral function

- Previously CCQE model used RFG model

- More realistic model – spectral function, developed by O.Benhar et al

- Better agreement found with electron scattering data

- Implementation in NEUT based on NuWro
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Spectral function (2)

- Standard Impulse approximation used

- Available for carbon, oxygen, and iron (other nuclei fall back to RFG)

- Also applied to NCEL interactions

- Pauli-blocking implemented with a hard cut-off

Muon momentum

600 MeV numu – outgoing muon
Cross-section against muon momentum for 

600 MeV numu on carbon

SF	  has	  be[er	  agreement	  with	  electron	  sca[ering	  data.	



MoGvaGon	

•  Unknowns	  in	  ν	  cross-‐sec.	  for	  Hyper-‐K/J-‐PARC	  
– Existence	  of	  mulG-‐nucleon	  ν	  sca[ering	  (MEC)	  
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Meson exchange currents

- MEC models enhance the CCQE-like cross-section significantly around 1GeV

- Combats the MiniBooNE Ma = 1.35

- Interaction with a pair of nucleons

- Nieves' MEC model available

- Calculation of 49 different diagrams

- Code made available to NEUT developers
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Replace NEUT ⇡-less
� decay events

Create toy MC including np-nh
events at ND280

I Fit without an np-nh-controlling
parameter

Create toy MC including np-nh
events at SK with same systematic
tweaks as ND280

I Fit using the updated ND280
covariance matrix

I Fit without an np-nh-controlling
parameter

Repeat for toy with no np-nh events

Find best-fit point di↵erences
between the 2 toys

Tom Dealtry (University of Oxford) Controlling neutrino interaction systematics at T2K NuInt14, 19 May, 2014 25 / 28

MEC	  models	  enhance	  the	  CCQE-‐like	  xsec	  around	  1GeV.	  
-‐>	  MiniBooNE	  Ma	  =	  1.35	



MoGvaGon	

•  Unknowns	  in	  ν	  cross-‐sec.	  for	  Hyper-‐K/J-‐PARC	  
– Charged	  current	  1π	  producGon	  
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• P is identified as P-like ~ Invisible S
Absorption of S
S is below threshold

Study item #3

Reconstructed momentum 
(1 ring P-like)

Charged current 1 S production

• S is identified as P-like ~ Invisible P
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Momentum distribution of S
( MiniBooNE CC 1S+ )

momentum distribution of S
might be one of the error sources but 

Miss something ??
Multi-nucleon effects??

No usable models available until now .
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MoGvaGon	

•  Unknowns	  in	  ν	  cross-‐sec.	  for	  Hyper-‐K/J-‐PARC	  
– Final	  state	  interacGons	  within	  the	  nucleus	  
– Pions’	  secondary	  interacGons	  in	  the	  detector	  
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T2K-TN-192-v1.0

p⇡ [MeV/c] �(ABS + CX)pred [mbarn] �(ABS + CX) [mbarn]
201.6 175.93 198.1+11.1

�15.4

211.6 194.41 213.7+17.8
�19.1

237.2 214.43 219.0+12.7
�14.0

265.5 235.92 225.5+14.6
�14.1

295.1 219.39 209.1+14.9
�13.6

Table 1: Results of the �(ABS +CX) measurement at various values of p⇡ and also
the predicted value.
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Figure 1: Results of the �(ABS + CX) measurement with comparisons to previous
measurements. “Our measurements” are the DUET results.
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Pion	  cross	  secGon	  data	  on	  C	

DUET	



MoGvaGon	

•  Hyper-‐K	  
– Neutrino	  target:	  H2O	  
– 4π	  acceptance	  for	  charged	  parGcles	  
– Charge	  ID	  is	  difficult	  
– Cherenkov	  thresholds	  of	  charged	  parGcles	  in	  H2O	  

•  Muon:	  118	  MeV	  
•  Charged	  pions:	  157	  MeV	  
•  Proton:	  1GeV	
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Appropriate	  real	  data,	  well-‐defined	  control	  sample,	  	  
is	  need	  to	  test	  the	  above	  unknowns.	



Our	  proposal	
•  New	  H2O	  target	  near	  detector	  in	  UA1	  magnet	  	  
•  H2O	  target	  	  
•  Same	  νµ	  flux	  as	  Hyper-‐K	  
•  4π	  acceptance	  
•  Lower	  momentum	  thre.	  than	  Cherenkov	  det.,	  HK	  
•  Charge	  ID	  is	  possible	  
•  Observables	  
•  DifferenGal	  (Q2	  or	  (pµ,	  θµ))	  CC0π data	  w/	  bin	  correlaGons	  
•  DifferenGal	  (pπ)	  CC1π	  data	  for	  non-‐QE	  BG	  esGmaGon	  
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Same	  target	  nucleus	  as	  Hyper-‐K	

Same	  phase	  space	  as	  Hyper-‐K	



Our	  proposal	
•  3D	  grid-‐like	  structure	  +	  H2O	  target	  for	  HK	  ND	  
–  x	  +	  grid	  +	  y	  +	  grid	  +	  …	  layers	  
–  4π	  angular	  acceptance	  for	  charged	  parGcles	  
–  Lower	  momentum	  thre.	  than	  Cherenkov	  detector	  
–  Charge	  idenGficaGon	  is	  possible	  if	  operate	  in	  UA1	  magnet	  
–  H2O(signal):CH(BG)	  =	  79:21	  (=	  46:54	  -‐>	  T2K	  ND280)	  
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[本研究の特色]

図 5: 格子状に組んだシンチレータ

•WAGASCI検出器
WAGASCI検出器のシンチレータを格子状に配置する方法は今までに

例がなく、水標的でありながらもニュートリノ反応で生じた二次荷電粒
子がどのような方向に飛んでも飛跡を再構成することができる画期的な
方法である。ミューオン以外の二次粒子を測定することで、ニュートリ
ノ反応モード別の測定も期待できる。
[国内外の関連する研究の中での当該研究の位置づけ、意義]
多くのニュートリノ実験においてニュートリノ反応モデルの不定性は

大きな系統誤差を生んでいる。ニュートリノの反応断面積を測定し、ニュートリノ反応モデルに制限を与えること
は T2Kのみでなく、ニュートリノコミュニティー全体に有益である。
[インパクトと将来の見通し]
• レプトンセクターでの CP対称性の破れは、未解決の問題である”物質優勢宇宙の起源”に迫る非常に重要な
研究である。

• WAGASCI検出器の開発、測定は次世代の計画であるハイパーカミオカンデを用いた長基線ニュートリノ振
動実験の前置検出器をデザインする際に良い材料となる。

（１年目）

• T2K前置検出器のProton Moduleと INGRIDを用いた反ニュートリノの反応断面積の測定の結果をまとめる
• WAGASCI検出器の制作を完了、前置検出器ホールへのインストールをし、ニュートリノのビームデータを
取得する

• WAGASCI検出器で、ビームデータと宇宙線データを収集し、検出効率などの性能を評価する
• WAGASCI検出器のデータから、粒子の単位長さあたりのエネルギー損失、飛程、シンチレータでの光量を
用いた粒子識別の方法を、シミュレーションやビームテストの結果と比較して研究する

(２年目）

• 反応点付近の陽子などの短い軌跡やエネルギー損失から、荷電カレント準弾性散乱 (CCQE)反応のイベント
選択の方法を研究する

• WAGASCI検出器での CCQE反応を選択する手法を確立し、それぞれの反応断面積と反応断面積比を求める

(３年目）(DC２は記入しないこと)

• νe(νe)出現モードと νµ(νµ)消失モードについて、ニュートリノ振動の同時解析を行い、CP非対称パラメー
タ δCP を測定する

• 以上の結果を博士論文にまとめる

林野竜也
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Current	  status	

11	



Water	  Grid	  And	  SCInGllator	  detector	  
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Box	  for	  
Japanese	  sweets	  (Wagashi)	

H2O/CH	  detector	  
(3D	  grid-‐like	  structure)	 ~	

The	  project	  starts	  on	  August,	  2013.	  
Approved	  as	  a	  test	  experiment,	  T-‐59,	  at	  J-‐PARC	  PAC.	  	  12	



Project	  members	
•  8	  insGtutes,	  41	  collaborators	  

–  Ins)tute	  for	  Nuclear	  Research	  of	  the	  Russian	  Academy	  of	  Science	  
•  I.	  Ayzenberg,	  A.	  lzmaylov,	  I.	  Karpikov,	  M.	  Khabibullin,	  A.	  Khotjantsev,	  Y.	  Kudenko,	  
	  	  	  	  S.	  Martynenko,	  A.	  Mefodiev,	  O.	  Mineev,	  T.	  Ovsjannikova,	  S.	  Suvorov,	  N.	  Yershov	  

–  KEK	  
•  T.	  Ishida,	  T.	  Kobayashi	  

–  Kyoto	  University	  
•  T.	  Hayashino,	  A.K.	  Ichikawa,	  A.	  Minamino,	  K.	  Nakamura,	  T.	  Nakaya,	  K.	  Yoshida	  

–  Laboratoire	  Leprince-‐Ringuet,	  Ecole	  Polytechnique	  
•  A.	  Bonnemaison,	  R.	  Cornat,	  O.	  Drapier,	  O.	  Ferreira,	  F.	  Gastaldi,	  M.	  Gonin,	  	  
	  	  	  	  J.	  Imber,	  Th.A.	  Mueller,	  B.	  Quilain	  

–  Osaka	  City	  University	  
•  K.	  Kim,	  Y.Seiya,	  K.	  Wakamatsu,	  K.	  Yamamoto	  

–  University	  of	  Geneva	  
•  A.	  Blondel,	  E.	  N.	  Messomo,	  M.	  Rayner	  

–  University	  of	  Tokyo	  
•  N.	  Chikuma,	  F.	  Hosomi,	  T.	  Koga,	  M.	  Yokoyama	  

–  Ins)tute	  of	  Cosmic-‐Ray	  Research,	  University	  of	  Tokyo	  
•  Y.	  Hayato	   13	



Detector	  configuraGon	
•  WAGASCI	  +	  muon	  range	  detectors	  (MRDs)	  
– MRDs	  are	  located	  50cm	  away	  from	  the	  WAGASCI	  detector	  to	  
idenGfy	  the	  charged	  parGcle	  direcGons	  from	  TOF.	
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Figure 3: Schematic view of entire sets of detectors.

• Capability of identifying directions of motion of charged particles from the hit-time differ-
ence between the central detector and the MRDs

• Track reconstruction efficiency of 99% for an isolated track longer than 10cm

• Particle identification capability, especially for protons and pions or muons, with dE/dx
information

Once the performance is confirmed, we will measure the water to hydrocarbon charged current
cross section ratio.

3.2 Water to hydrocarbon charged current cross section ratio mea-
surement

We have studied the water to hydrocarbon charged current cross section ratio measurement by
using the MC simulation in the Geant4 framework. The simulated event display is shown in Fig.
7.

A neutrino charged current interaction in the central detector is identified by a track from
the fiducial volume of the central detector to the MRD located around the central detector,
where the MRD is used to identify a long muon track. First, hits are clustered by timing. Then,
tracks are reconstructed using hit information. Next, tracks joined between the central detector
and the MRD are searched to select long muon tracks which are stopped inside the MRD. After
that, charged particles which originate from neutrino interactions in the material surrounding
the central detector are rejected with VETO layers, and the determination of the direction of
motion of charged particles from hit-time difference between the central detector and the MRD.
Finally, the reconstructed event vertex is required to be inside the fiducial volume (FV) of the
central detector. The FV of the central detector is defined as a volume within ±45cm from the

6

ν	  beam	 MRDs	  
	  Side	  (x	  2)	  
	  Downstream	  (x	  1)	  

Front	  VETO	  
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Site	
•  B2	  floor	  of	  ND	  hall	  
– Off-‐axis	  angle	  =	  1.6	  deg.	  
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Figure 6: Neutrino energy spectrum at the candidate detector position(red). The spectrum at
the ND280 site (black) is also shown.

5 Requests

5.1 Beam condition and beam time

The test experiment can run parasitically with T2K, therefore we request no dedicated beam
time nor beam condition.

We request 1 × 1021 POT of ν (not anti-ν) beam data for the test experiment. In order to
achieve the goals discussed in Sec. 3, we would like to use the B2 floor of the near detector hall
of the J-PARC neutrino beam-line as a test facility of the neutrino beam.

5.2 Request of equipment

We request the followings from April 2015 until a long beam shutdown period after the end of
the test experiment.

• Site for the detectors and the readout system (4m × 8m) in the B2 floor of the near detector
hall (Fig. 5)

• Electricity (∼10kW) for the electronics and water circulation system

• Beam timing signal and spill information

• Network connection

The infrastructure for all these is already existing. Equipment such as the detector itself will be
covered by external funds.

References
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MRDs	

•  Side	  MRDs	  (x	  2)	  
–  tracking	  layers	  +	  steel	  plates	  
– pµ	  up	  to	  ~1	  GeV/c	  

•  Downstream	  MRD	  
–  tracking	  layers	  +	  steel	  plates	  
– pµ	  up	  to	  ~	  2	  GeV/c	  
– magneGzed	  steel	  (opGonal)	  

•  µ	  charge	  ID	  for	  anG-‐ν	  run	  

16	
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Goals	
•  Basic	  performance	  test	  of	  3-‐D	  grid-‐like	  detector	  
– Track	  recon.	  efficiency,	  PID	  capability,	  TOF	  cut	  for	  BG	  

•  Cross	  sec)on	  ra)o,	  H2O/CH	  
– 4π	  acceptance	  
– 3%	  accuracy	  
– CC-‐inclusive	  channel,	  then,	  exclusive	  channels.	  

•  Absolute	  cross	  sec)on	  on	  H2O	  (and	  CH)	  
– 4π	  acceptance	  
– 10%	  accuracy	  (Flux	  error	  is	  dominant.)	  
– Double	  differenGal	  cross	  secGons	  for	  (Tµ,	  cosθµ)	  
– CC-‐inclusive	  channel,	  then,	  exclusive	  channels.	  
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MC	  study	
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T.	  Koga,	  N.	  Chikuma	  
(Univ.	  Tokyo)	
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Figure 7: MC event display of a charged current neutrino event in the central detector.

[2] K. Suzuki et al., ”Status of the neutrino cross section measurement in the T2K experiment”,
The XLIX Rencontres de Moriond QCD and High Energy Interactions (2014).

[3] Y Hayato et al., Acta Phys. Polon. B 40 2477 (2009).

[4] C. Andreopouloset al., Nucl. Instrum. Meth. A 614 87 (2010).
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Event	  selecGon	  for	  CC-‐inclusive	
•  WAGASCI/MRD	  matched	  track,	  stopped	  in	  MRDs	  
–  Select	  a	  long	  muon	  track	  from	  CC	  interacGon.	  

•  TOF	  (t1	  <	  t2)	  cut	  for	  charged	  parGcle	  BGs	  
•  WAGASCI	  fiducial	  volume	  cut	  
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Figure 7: MC event display of a charged current neutrino event in the central detector.

[2] K. Suzuki et al., ”Status of the neutrino cross section measurement in the T2K experiment”,
The XLIX Rencontres de Moriond QCD and High Energy Interactions (2014).

[3] Y Hayato et al., Acta Phys. Polon. B 40 2477 (2009).

[4] C. Andreopouloset al., Nucl. Instrum. Meth. A 614 87 (2010).
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VETO	 WAGASCI	

	  	  	  	  MRDs	  	  	  	  	  	  	  	

Fiducial	  volume	
t2	t1	



Performance	  for	  CC-‐inclusive	  (MC)	
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neutrino	  run	

CC	  	  
	

NC	 BG	  from	  
outside	

All	

Events/1021POT	 31466	 1608	 1832	 43440	
FracGon	 90.1%	 4.7%	 5.2%	 100%	

low	  BG	  	

0	 180	60	 120	0	  

0.2	  

0.4	  
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0.8	  

60	0	

8000	
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2000	

0	

μ	  efficiency	  	  
sca[ering	  angle	  	  
distribuGon	  

-‐H2O	  
-‐CH	  

・large	  acceptance	  
・similar	  efficiencies	  	  
	  	  	  	  	  	  	  	  	  	  between	  targets	

degree	

efficiency	  

120	 180	
degree	

BGs	  from	  MRD	  
BGs	  from	  wall,	  floor	

CC-‐inclusive	  
NC	

events/1021POT/10deg	
T.	  Koga	  (Univ.	  Tokyo)	



R&D	  
of	  detector	  components	
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3mm-‐thick	  scinG.	  for	  WAGASCI	
•  Positron	  beam	  test	  at	  Tohoku	  Univ.	  on	  Dec.,	  2014.	  

24	8

Scintillator 
processed by G-tech

The average for these 7 bins at the edge*1 :
11.34 ± 0.11p.e.

The average for these 7 bins at the edge*1 :
99.60 ± 0.94%

Light Yield

Efficiency

The average for these 9 bins at the edge*2 :
10.41 ± 0.09p.e.

The average for these 9 bins at the edge*2 :
99.78 ± 0.91%

*1 ch # is 4 in vertical, 6~12 in horizontal
*2 ch # is 4~12 in vertical, 6 in horizontal

ScinG.:	  test	  producGon	  @	  Fermi	  lab	  
2nd	  gen.	  MPPC	  (ΔV=4.0V)	
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Right side MPPC	

Wave Length Shifting fiber	0.7×20×200 cm3	

-‐Light	  yield	  >	  17	  p.e/MIP.	  	  
-‐DetecGon	  efficiency	  >	  99.5%	  (5	  p.e.	  thre.)	  
-‐Timing	  resoluGon	  =	  1.6	  ns.	  	  
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good	  performance!	  	

distance = 100cm	

 (2nd gen, 1×1m2, ΔV=2.6V)	Left side MPPC	
	

MRD	  scinGllator	

Cosmic-‐ray	 leW	  
right	  
leW	  +	  right	

A.	  Izmaylov	  (INR)	



    Mechanical design of WAGASCI  .            
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・Design is ongoing.   
 
 
 
 
 
 
 
     
Mechanical frame 

X layer 

Y layer 

MPPC 
Layer Module(4layers) 

Detector(16modules) 

Grid layer 

Mechanical	  design	
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A. Bonnemaison / O. Ferreira LLR Ecole Polytechnique11

Wagasci
 

Prototyping

Prototype of a grid made with 3x25mm²

 

, 1m long Plexiglas strips (real scale)
To be completed with X, Y layers and aluminum frame to build a detector layer prototype.

1m

MPPC	

A.	  Bonnemaison/	  
O.	  Ferreira	  (LLR)	  



Schedule	
•  WAGASCI	  
– May,	  2015:	  Final	  mechanical	  drawing	  
– Aug.	  –	  Nov.,	  2015:	  ConstrucGon	  

•  Side	  (Downstream)	  MRDs	  
– May,	  2015	  (Jul.,	  2015):	  Final	  mechanical	  drawing	  
– Dec.	  –	  Feb.,	  2016	  (Mar.	  –	  May,	  2016):	  ConstrucGon	  

•  Installa)on/Commissioning	  @	  ND	  hall	  
– Mar.	  –Sep.,	  2016	  

•  Start	  opera)on	  
– Oct.,	  2016	  
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Possible	  upgrade	
•  Install	  an	  upgraded	  WAGASCI	  into	  ND280	  magnet.	  
– 4π-‐acceptance	  water-‐target	  near	  detector	  

28	

WAGASCI	

Discussion	  is	  just	  gezng	  started.	



Summary	

•  We	  are	  developing	  a	  new	  water-‐target	  neutrino	  
detector,	  WAGASCI.	  

•  WAGASCI	  was	  approved	  by	  J-‐PARC	  PAC	  as	  a	  test	  
experiment.	  

•  Start	  operaGon	  on	  Oct.	  2016.	  

•  Possible	  upgrade:	  WAGASCI	  into	  ND280	  magnet	  
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Backup	
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MoGvaGon	

•  An	  ideal	  near	  detector	  for	  Hyper-‐K/J-‐PARC	  
– Momentum	  thresholds	  of	  charged	  parGcles	  are	  
lower	  than	  Cherenkov	  thresholds	  in	  H2O	  

CC1π'π+'(OA'angle'='1.6'deg.)�
momentum' �_'

GeV' cm'

�_�vs'x�|'
cm'

GeV'

P�²ÎÁãæÆÚ�¤ ��:'
p=158MeV'

CCìπ'π+�

ØÏÒ>�

Grid)size� Efficiency)for)
all))cc1pi�

cc1pi,detect)track))
in)MRD�

2.5'cm� 48.6%� 51.1%�

5.0'cm� 39.7%� 42.0%�

�n² 7π+¿kQ ½]S'
(kQ=top'view'µª³'side'view±3ØÏÒ	�)'

πë�_(cm)� πëx�|(GeV)�

πëK��S�π+K��S�

total'CC1π''5.668e4/1021POT'

'

ØÏÒ>�

Grid'size'='2.5cm'
Grid'size'='5.0'cm�

Grid'size'='2.5cm'
Grid'size'='5.0'cm�

Grid'size'='2.5cm'
Grid'size'='5.0'cm�

π+	  momentum	  (GeV/c)	 π+	  range	  in	  H2O	  (cm)	

CC1π+	  events	  (T2K	  off-‐axis	  =	  1.6	  deg.)	

157	  MeV/c	

15cm	

π+	  detecGon	  efficiency	  
w/	  3D	  grid-‐like	  detector	
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