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Neutrino Beam to Kamioka 

Hadron Hall 

Material and Life Science Facility 



High Intensity Frontier!

J-PARC (Japan Proton Accelerator Research Complex)"

Hadron Physics 

Neutrino Oscillation 
mixing & CPV 

CPV 

New Physics & CPV 

!   Multi-purpose facility with high-intensity proton driver"



4	  
Courtesy M.Seidel 

1	  MW	

10	  MW	

Power	  Fron.er	  Growing!	  
J-PARC 3 GeV @ 500 kW"

J-PARC 30 GeV @ 335 kW 



Origin	  of	  Ma6er	  :	   
Explored	  with	  High	  Intensity	  Proton	  Driver	  =	  J-‐PARC	  

Muon	  Fundamental	  Physics	  
　〜Flavor	  and	  CP	  are	  violated	  in	  the	  charged	  Leton	  sector?〜	

原子核	

COMET（Hadron	  Hall）	

g-‐2/μEDM（MLF	  H-‐line）	

Hadron properties in 
Nuclear Matter 

CPV beyond CKM 

J-‐PARC	  
Super	  Kamiokande	  	  

Origin	  of	  
Ma6er	  

•  Search	  for	  Physics	  Beyond	  SM	  in	  
Quark	  and	  Lepton	  sectors	  	  

•  Deeper	  understanding	  of	  Strong	  Int.	  	  

Neutrino	  Experiment	  :	  T2K	  
　〜Mixing	  Angle,	  CP	  phase,	  	  and	  Mass	  Hierarchy	  〜	

Hadron	  Experiments	  
　〜CP	  beyond	  CKM;	  Mass	  modifica.on〜	



Ma6er	  =	  Remnant	  of	  1/109	  Asymmetry	

Origin	  of	  Ma6er	

Ma6er-‐An.ma6er	  Asym.	  
CPV	  and	  Flavor	  Mixing	  
CPV	  beyond	  CKM	
Role	  of	  muon	  as	  a	  charged	  Lepton	  

Role	  of	  Strong	  Interac.on	  
Strangeness	  and	  Charm	  

Our	  Stable	  World	

Explored	  with	  J-‐PARC	  Hi-‐Intensity	  Beams	

＝	

＋	



Flavour	  Mixing	  and	  CPV	
CPV	  thru	  quark	  mixing	

CP	  violated?	  
Thru	  Neutrino	  mixing?	  	  

Flavor	  mixing	  in	  charged	  lepton?	  
CP	  violated?	  

KOTO@J-‐PARC	  HEF	  and	  	  
SuperKEKB	

CKM	  Theory	

PMNS	  theory	

Explore	  with	  
T2K@J-‐PARC	  	  

COMET@J-‐PARC	  HEF	  
gμ-‐2/μEDM@J-‐PARC	  MLF	



Just a Dream of  
an Experimentalist 
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The Standard Model"

n Elucidate the relation btw flavour and 
space-time structure 
n Particle, Force, and Space-time 

n Comments at the 2nd WS on Particle 
Physics of Dark Universe  

     http://kds.kek.jp/conferenceTimeTable.py?confId=11916#20130404.detailed 

n “Certainly flavor physics could provide some 
constraints for compactification … but not 
enough” 

n “Need to combine accelerator based results 
and gravity, cosmology” 



	  
Oversea	  Projects	  	  

Elucida.on	  of	  the	  origin	  of	  ma6er	  with	  an	  upgrade	  of	  J-‐PARC	  

Intended	  Schedule	  (JFY2017-‐)	  	

	  g-‐2	  at	  Fermilab	  	
Mu2e	  at	  
Fermilab	  

(~2016)	

GSI-‐FAIR	  (Hadron	  Experiments)	
(~2018)	

(2021)	

Beam	  Intensity	  Upgrades	

Hi-‐momentum	  beamline	

COMET	  phase-‐I	

Further Intensity Improvements	

Hadron	  Hall	  Extension	

COMET	  phase-‐II	  
gμ-‐2/μEDM	

Advance	  beamlines	Polarized	  neutron	  /muon	  S&H	  lines	

（※）Accelerate to compete with US projects	

Accelerator	  
(Main	  Ring)	

Neutrino	  Exp.	  

Hadron	  Exp.	  

Muon	  Par.cle	  
	  Physics	  Exp.	  

Neutron	  and	  
Muon	  at	  MLF	  

Next Generation Neutrino Experiment	

Neutrino	  OscillaQon	  and	  a	  hint	  of	  CPV　　	

NOvA	  at	  Fermilab	



in/for J-PARC 
Radiation 
Resistive 

High rate 
tolerant 

Sensor and 
 rad tol FE 

High density 
integration 
and speed 

Large scale 
Integration  

Network 
DAQ 
framework 

Open resource 

Education 

Multidisciplinary 
collaboration 

Slide by Manobu Tanaka 



Radiation resistive 
-beyond 108 n,p/cm2/sec- 

Sensor materials(ex.scCVD Diamond)! Rad tol. process evaluation!
-ex. SOI process-!

Residual	  of	  Vth	  shijs	  of	  various	  FET	  types	  

DSOI	  MOS	  FET	  threshold	  shijs	  
and	  compensa.on	  

Evalua.on	  of	  other	  processes	  also	  
	  are	  planned.	  

Univ. Tsukuba!
Hokkaido Univ.!

Charge Collection Efficiency:100%!
Ileak < 5pA/cm2!

100Mrad!

toward Grad!Beyond 1016n/cm2!
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Slide by Manobu Tanaka 



High rate tolerant 
-fine grain, high density- 
Silicon sensor Photon sensor 

Cylindrical fiber tracker requires 
5000 ch MPPC readout 

Tohoku Univ. 
France Omega 

,KEK 

Kyushu Univ 
,KEK 

128ch Silicon trip 
sensor readout ASIC 

Timing resolution 
for 1p.e. 

Energy resolution 
shaping time 50ns 

Fast and Fine grain 
tracker based on 
photon sensor 

g-2/EDM silicon tracker requires 
 Peaking time<40ns, S/N >10 

and time walk <5ns 

Fast and Fine grain tracker 
based on silicon sensor 

Slide by Manobu Tanaka 



High rate tolerant 
-fine grain, high density- 

MLF-Neutron pixel sensor MLF-µSR 

Neutron imager under high intenisity, 
beyond He gas detectors 

Rad hard study, Efficiency v.s. converter thichness,etc 

Bonn Univ Kishihsita, 
KEK 

Cf + 10B 

α from n+B 

High rate µSR, beyond GHz rate 

more rad tol 

DRAM sensor with 
neutron converter test 

< 1Mrad 

Slide by Manobu Tanaka 



Network distributed DAQ for large scale 
system integration 

for many groups in J-PARC/Open-It 

MLF neutron/muon beamlines 
as well as High-p in Hadron 

Sharing know-how on 
DAQ middleware as a commodity tool 

Sharing know-how on 
SiTCP as a commodity tool 

will be able to replace to 
10Gsps and more 

SiTCP 
1Gsps TCP/IP data link 

COMET Hadron 
phys. 

MLF-µSR 

DAQ middleware 
working 

MLF-
neutron 

Slide by Manobu Tanaka 



Spread of expertise 
Sharing of know-how 

link of multi-projects/
discipline 

Seminars 
!  Advanced elec-DAQ seminar 
!  Young researchers and students 
seminar 

Training Courses 
!  ASIC design Training 
!  FPGA design Training 
!  PCB design Training 
!  DAQ-middleware Training 

Do It Yourself supported by  
1. Network of professionals 
2. Multilinks to various projects 
3. Multilinks to other fields 

R&Ds for future 
projects Matching seeds to needs 

Matching needs to seeds 
Slide by Manobu Tanaka 



R&D	  for	  Hyper-‐Kamiokande	

Slide by Masashi Yokoyama 



COMET	  ElectromagneQc	  Calorimeter	
High	  granularity,	  high	  energy	  resolu1on	  and	  fast	  1ming	  calorimeter	  for	  100	  MeV	  region	

COMET Phase-II setup	

GSO and LYSO property	

•  Requirements	  
–  Energy	  resoluQon	  <	  5	  %	  at	  105	  MeV	  
–  PosiQon	  resoluQon	  <	  10	  mm	  
–  Fast	  Qme	  response	  <	  100	  ns	  
–  OperaQon	  in	  vacuum	  and	  1	  T	  magneQc	  field	  

•  Candidate	  crystals	  
–  GSO	  :	  20x20x150	  mm3,	  10.9	  X0	  
–  LYSO	  :	  20x20x120	  mm3,	  	  10.5	  X0	  

•  Prototype	  module	  
–  Teflon	  tape	  +	  Al	  Mylar	  wrapping	  
–  Hamamatsu	  APD	  S8664-‐55	  (5x5	  mm2)	  readout	  
–  Custom-‐made	  fast	  shaping	  preamplifier	  

•  A	  prototype	  of	  7x7	  crystals	  was	  beam-‐tested	  with	  an	  electron	  
beam	  and	  our	  choice	  is	  LYSO.	  

•  AcQviQes	  towards	  the	  full	  calorimeter	  are	  ongoing.	  
–  LYSO	  crystal	  pre-‐producQon	  
–  Larger	  area	  APD	  
	  	  	  	  	  	  	  	  5x5	  mm2	  →10x10	  mm2	  

–  OpQmizaQon	  of	  preamplifier	  
–  Monitoring/calibraQon	  system	  

Electromagnetic Calorimeter	

Energy Resolution	 Position Resolution	Energy Resolution	
Beam test of a 7x7-crystal prototype 	

Hamamatsu APD S8664	
5x5 mm2	 10x10 mm2	

GSO crystal	

Slide by Junji Tojo 



Fiber Tracker for High Intensity Beam	

¨  Scintillation fiber tracker 
¨  Compact MPPC PCB 

¤  32 ch MPPCs 

¨  Readout board (EASIROC board) 
¤  32 ch operation 
¤  Multihit TDC, ADC 

Fiber Detector	 Photon Sensor (MPPC)	

Specification(DAQ)0
� MPPC0640ch0(EASIROC0�02)0
� ADC0
0000000000Deadtime0200us0
0000000000Fastclear(not0Implemented)0
0000000000Pedestal0suppression0
� MHTDC0
0000000000LSB01ns0
0000000000variable0time0window0
0000000000Deadtime0200us0
0000000000Fastclear(not0implemented)0
� DAQ0
0000000000SiTCP0100Mbps0
0000000000Double0buffer0
0000000000COPPER0Trigger0
0000000000Asynch0Trigger0

FPGA0

Ethernet0
by0SiTCP0

MPPC00
640ch0

EASIROC0
�20

ADC0

VME0J10connector0
(power0supply0only)0

VME0J00connector0
(COPPER0Trigger)0

Readout board (EASIROC board)	

107 Hz beam handling at J-PARC 2ndary beamline	

¨  Requirement 
¤  Stable operation up to 108 Hz beam 
¤  Time resolution better than 0.8 ns  

Fiber tracker with MPPC readout	

h5004
Entries  3057533
Mean   0.8846
RMS     136.6

Time [ns]
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Entries  2371004
Mean    4.156
RMS     138.9
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Entries  2371004
Mean    4.156
RMS     138.9

Drift Time BC3# 1

BFT-X Time distribution	

Drift chamber (1.5mm D.L.) 	

σ=0.68 ns	

Time [ns]	

Time [ns]	

Operation E10 
 @ 12 M/spill 
•  Time resolution  = 0.68 ns 
•  Efficiency 98%	

Slide by Koji Miwa	



J-‐PARC	  Research	  Building	  
•  Gathering place for users 

•  No permanent office due to limited space but Large Open Space 
for users  
•  Permanent office space at IQBRC etc.  

•  Meeting facilities 
•  Small ~ mid size collaboration meeting / workshop  
•  Seminar  

•  Cafeteria 
•  Lunch / decent coffee and tea  

•  Supporting staff office 
•  User’s office (in discussion) 
•  Safety division in the annex 

•  Small workshop  

We invite young scientists to join us!  
Including	  Young	  at	  Heart! 



Flavor and Space-Time 
J.J. Heckman, C.Vafa, Phys.Lett. B694 (2011) 482-484  

n CPV and Flavor Structure can be explained 
from higher dimensions / higher energies? 

20 

F-Theory GUT 



Go Beyond the SM"
!   Learn from the past (ancient Greek Philosophy) !"



History of Universe & the Standard Model"

courtesy Prof. Katsuhiko SATO / Prof. Hiromi YOKOYAMA /
YOSHIDA (Co.) TTI production"

Infla.on	  	  

second	  

Tim
e	  

Big	  
Bang!	  

13.8	  billion	  
years	  

WMAP	  
300	  K	  
years	  

atom	  	  
forms	  

birth	  from	  
“nothing”	

time (sec)"
10-44"

10-36"

gravity"

10-11"

	

 10-6"

	

w
eak force"

strong force"

electro-m
agnetic"

force"

nuclear 
force"

quarks to 
nucleon"

1012"

1015"

1029"

1032"

temperature (K)"

The Standard Model"



J-‐PARC:	  Next	  5	  Years	  
・Achieve	  Design	  Intensity	  
・More	  Science	  Outputs	  
・Lead	  Intensity	  Fron.er	

Accelerator	  
・RCS:1	  MW	  /	  MR	  0.75	  MW	  
・Explore	  Mul.-‐MW	  
Possibility	  	

MLF　	  
・Neutron	  :	  Diverse	  Material	  
and	  Life	  Science	  
・Muon	  :	  Produce	  outputs	  from	  
D	  and	  U	  lines	  /	  New	  beam	  lines	  
to	  extend	  Muon	  Science	  
Fron.er	  (g-‐2/EDM/HFS/
DeeMe)	  

ADS	  (Acc.	  Driven	  System)	  
Staged	  approach	  from	  ADS	  
Target	  Test	  Facility	  to	  
Transmuta.on	  Exp.	  Facility	  	  

Neutrino	  
・Established	  non-‐zero	  θ13	  
・Constrain	  CPV.	  	  Hiarachy?	  
・Prepare	  next	  gen.	  of	  Exp.	  

Hadron	  
・Restart	  “Physics	  Produc.on”	  	  	  
:	  Hyper-‐nucleus,	  K-‐rare	  decays	  
・Complete	  new	  beam	  line	  for	  
	  COMET	  and	  1st	  results	  	  
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Neutrino	  detectors	

•  Neutrino	  detector	  development	  at	  J-‐PARC	  
neutrino	  facility	  
– Near	  detector	  upgrade	  
– Test	  experiments	  (T59,	  T60,)	  
– New	  ideas	  (nuPRISM,)	  

•  Hyper-‐K	  R&D	



T2K	  near	  detector	  upgrade	

27 April 2015 ND280 upgrades  Alain Blondel HyperK-EU meeting 27-Apr-2’15   1

ND 280 upgrades 

with help by Jeanne Wilson, Mark Hartz, Leila Haegel, Mark Rayner, and many others

•  3	  TPCs	  (2×2×1m3	  each)	  	  
with	  bulk	  micromegas	  

•  Scin.llator	  detectors	  with	  	  
>50,000	  MPPCs	  in	  total	  

•  Inside	  UA1	  magnet	

Current	  T2K-‐ND280	

F.Sanchez, Near detector workshop  19th January 2014, Tokai

TPC concept

HPTPC

tracker or 
range 

detector

Ecal

Ecal

Ecal

• Low momentum 
detected inside the 
TPC. 

• Large momentum done 
with tracker chambers 
or range detector.

• Calorimeter for neutral 
energy containment. 

�

⊗ B

More	  precise	  study	  of	  ν	  interac.on	  
High-‐pressure	  TPC?	  

Another scheme:  take horizontal fibres out through the side
of the aquarium:

WLS fibres feed
through holes in
hollow double side
wall, then space
potted with sealant
(epoxy or polyurethane)
to prevent liquid leaking
out of aquarium

Finer	  segmenta.on	  with	  water-‐based	  scin..?	  

Possible	  upgrade	  under	  discussion	

Set!Up�

OrH&ò�B�� ê�

(p'Ü>)!1m�

2mm×2mm!
¹=�

ĬŌİŊŎĬņŌ!
ļĞĠĺŎ�

�w�6!
MPPCñ1�

MPPC¿ē�ĀńĭŅŎŉ!
NIMòEASIROCñ2!

²Ù¤D�

���
Ŝ×Ŝr�

•  ľŇĮİıĨĬŌİŊŎį!
•  .LsĉīŎĲğŌĩ!
•  kuraray!SCSF`78!
•  JWã1.05g/cm3!!
•  £ÚĎ��Āą!

•  ļĞĠĺŎ£ÚĊMPPCč_�Úĝ2
ĜăęąĔČĨıĦŎŐ�9âőĉ
ļĞĠĺŎč�®ÁhĝĀą!

•  MPPCĊĎ!
0.1mm�WčÓÖĉe¬!

PC�

ñ1!MulI!Pixel!Photon!Counter!
ñ2!Extended!Analogue!Silicon!pm!!
Integrated!Readout!Out!Chip�

Scin.lla.ng	  fiber	  with	  improved	  MPPCs?	  



Crosstalk and After pulse rate

6

Crosstalk and After pulse rate = expected 1p.e. - measured 1p.e.expected 1p.e.
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Crosstalk and After Pulse Rate

~4% @ΔV=2V

WAGASCI�
•  3D'gridXlike'structure''
– x'+'grid'+'y'+'grid'+'…'layers'
– 100cm'x'100cm'x'200cm,'target'mass'is'~2'ton.'

– 4π'angular'acceptance'for'charged'parCcles'
– H2O(signal):CH(BG)'='79:21'(='46:54'X>'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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                WAGASCI detector            .     
Event display of WAGASCI  (MC simulation) 
          
                without grid layer                                     with grid layer 
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       MPPC for WAGASCI       
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Dark noise rate Photo detection efficiency 

-32ch array MPPC 
-Low noise, high PDE 
       enable us to use 
       thin scintillator 

1.5mm 

older MPPC 

WAGASCI MPPC 

older MPPC 

WAGASCI MPPC 

T59(“WAGASCI”)	
Large	  acceptance	  with	  H2O	  target	  
By	  3D	  grid	  structure	  of	  thin	  scin.llator	  	  
+	  improved	  MPPC	  array	

T60	
Emulsion	  detector	  for	  
<GeV	  neutrino	  with	  	  
various	  target	

Emulsion films 
(vacuum packed) Sandwich structure of  

Emulsion films and  
Frame type spacers  

Mechanical fixing by stainless spring Pouring water 

Target mass : H2O 1.3kg (2.0 mm pitch) 

Emulsion films 
(vacuum packed) Sandwich structure of  

Emulsion films and  
Frame type spacers  

Mechanical fixing by stainless spring Pouring water 

Target mass : H2O 1.3kg (2.0 mm pitch) 

Test	  experiments	  for	  neutrino	  detector	  development	

Cross-‐talk,	  ajerpulse	  suppressed	

H2O	  target	



Large	  aperture	  photosensors	
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Photo-sensor candidates
highQE/CE Hybrid Det.Super-K PMT

Venetian 
blind 

dynode

highQE/CE PMT

Box&Line 
dynode

Avalanche 
photo-

detector

Quantum Efficiency　22% 30% 30%
Collection Efficiency　80% 93% 95%

Established by SK
price known in R&D

lower price expected

in R&D
lower price exp’d

>30%	  QE	  achieved	  with	  50cm	  dia.	  tube	

���������� �����������������
���	�������������������������������� 
�

50!cm!HQE!Box&Line!PMT�

!  Installa<on!finished!in!2014/8.!
!  Proof!test!restarted.!�

High8QE!Box&Line!PMTs�

New�

Replace!3!Super8K!PMTs!to!Box&Line.PMTs�

50cm!High8QE!PMT!
20cm!HPD!
50cm!Super8K!PMT�

Replaced!with!
!new!version!of!!
!!!!!!HV!module�

Long	  term	  test	  ongoing	  in	  200ton	  water	  tank	  at	  Kamioka	

光センサー開発
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Time (ns)
-20 -15 -10 -5 0 5 10 15 20 250

0.2

0.4

0.6

0.8

1
20-inch high-QE HPD (5mm dia. AD) w/ preamp.

20-inch high-QE box&line PMT

20-inch normal-QE Super-K PMT

Photoelectron
-1 0 1 2 30

0.2

0.4

0.6

0.8

1

1.2

1.4
20-inch high-QE HPD(5mm dia. AD) w/ preamp.

20-inch high-QE box&line PMT

20-inch normal-QE Super-K PMT

Super-K PMT
50cm HQE B&L
50cm HQE HPD

Super-K PMT
50cm HQE B&L
50cm HQE HPD

1p.e. 時間分布 1p.e. 電荷分布 multi-p.e. 電荷分布
1PE 

2PE 
3PE 

4PE 

1PE 
2PE 

SK PMT B&L PMT HPD

1p.e. Δt (ns) 2.1 1.1 1.4

1p.e. ΔQ/Q (%)
Peak/Valley ratio

53
2.2

35
4.3

16
3.9

• 時間・電荷の高精度化を達成
• 更なる試験を予定（水中での性能試験、長期安定性試験を含む）
• 遅くとも2016年までに開発完了、センサー候補の絞り込みを目指す

Improved	  .ming	  and	  charge	  resolu.on	



E40 Preparation status	

Beamline Fiber Tracker for high rate beam	



¨  Σ beam is a secondary beam 
¤ 107Hz π beam is necessary for reasonable number 

of Σ beam 

¨  Beam structure of J-PARC slow extraction 
¤  instantaneous beam rate ( > 10 * mean beam rate) 
à 108 Hz	

High rate π beam handling 	

h5004
Entries  3057533
Mean   0.8846
RMS     136.6

Time [ns]
-200 -100 0 100 2000
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20000

30000

40000

50000

h5004
Entries  3057533
Mean   0.8846
RMS     136.6

SFT Time Distribution

h106
Entries  2371004
Mean    4.156
RMS     138.9

Time [ns]
-200 -100 0 100 2000

1000

2000
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4000

5000
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7000

h106
Entries  2371004
Mean    4.156
RMS     138.9

Drift Time BC3# 1

Time [ns]	

Stable operation under high intensity beam of 108 Hz 
Good timing resolution to separate accidental background	 Fiber Tracker	

h10
Entries  172942
Mean    24.94
RMS     19.14

s (MHz)µInstantaneous beam rate in 1 
0 20 40 60 80 1000

1000

2000

3000

4000

5000

h10
Entries  172942
Mean    24.94
RMS     19.14

sµInstantaneous beam rate in 1 

Overall mean rate 6MHz	

Instantaneous mean rate  
                          24MHz	

6 MHz beam @ E10 exp.	

TDC (1.5 mm DL DC)	



Development of Fiber Tracker	

¨  KURARAY scintillation fiber 
¨  Compact MPPC PCB 

¤  32 ch MPPCs 
¨  Readout board 

¤  32 ch operation 
¤  Multihit TDC, ADC 

YITP workshop (K. Miwa)	

!"#$"%&'()*+

,"$-(./(01(%$234

!"#$
5'"6

)*+(,"$-

78&2$9&':'6

;82982

%&'()*+,-

%&.//0#12

%"33"/1*"1*&01'415&.//0#6

%&.//0#1'(

!"#$"%&'(<$=>

,"$-(./(01(%$234

!

7)*&

%&.//0#2
*+,--0+

?$3@#$

;5AB

C&*+(C>"9'#

!"#$#%&"#'(

),(C&*+(C>"9'#

!"#$"%&'(C>"9$-=

D$E'(0A(%$234

%"#'(
5'"6

D#$=='#

78&2$9&':'6

;82982

)*+(,"$-

.#'/E9F

<,(C&*+(C>"9'#

!"#$"%&'(C>"9$-=

D$E'(0A(%$234

!"#$%&' #"($%

#"($%

(289,*
:;%

!"#$%&' #"($%

#($%

<$=>(,"$-

.#'/E9F

!"#$
5'"6

<$=>(,"$-

78&2$9&':'6

;82982

!C&*+(C>"9'#

!"#$#%&"#'(

)$%

G2'32

)$%

$-H@"&$%

I$9*&"#(J"32

(C>"9'#KL%$2 ?/G

MLN!

OP

G>M

<=
@QN9

G>"--'&(M

G>"--'&(AQ
G>"--'&(M

G>"--'&(AQ

G>M(L(L(L(L(L(L(L(L(L(L(L(L(L(L(LG>AQ
G>"--'&

D$E'

C
$=
-
"
&(
>
'
$=
>
2

/-"&*=8'(78&2$9&':'6(;82982

?$3@#$E$-"2*#(."#"&&'&(;82982

O-982(

C.O5;GL/(@>$9

/?G(@>$9

J.,/

0)*=$@(3$=-"&(

((((((((((((((@*-2#*&&4
C.O5;G(@*-2#*&

C>"9$-=(2$E'

,"$-

D>#'3>*&6

I$"3("6R832

C'#$"&$S'6(/?G

J
$%
'
#(
T
(7
.
.
G
(#
'
"
6
*
8
2

C&*+(3>"9'#(*82982

J"32(3>"9'#�*82982

)*=$@(3$=-"&(;82982

Figure 20: Diagram of the SPIROC board. The SPIROC chip has 32 channel inputs of
PPD and each channel has a preamplifier, slow shaper for an energy measurement, and fast
shaper and discriminator for a time measurement. The each discriminator output signal is
sent to FPGA, then time information is obtained with a few ns resolution. The multiplexed
analogue output is sent to external ADC chip and the digitized ADC data are read out
serially.

(a) LAL evaluatin board (b) KEK-Tohoku test board ver.1

(c) KEK-Tohoku test board ver.2

SPIROC-A chip

FPGA (control)

32 MPPC input
Analogue probe

Logic input
(trigger etc.)

Logic output
(from FPGA)

SiTCP connector
(SiTCP module should
be connected)

Discriminator output
(32 ch, LVDS)

SiTCP module
for network 
deta transfer

Figure 21: Progress of the development of the SPIROC board. We started the LAL eval-
uation board (Figure (a)). Then in the test board ver1 (Figure (b)), network access and
readout became possible by adding the SiTCP connection. The test board ver.2 (Figure (c))
is the final test board which has all component shown in Figure 20.
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Development of Fiber Tracker	

¨  KURARAY scintillation fiber 
¨  Compact MPPC PCB 

¤  32 ch MPPCs 
¨  Readout board 

¤  32 ch operation 
¤  Multihit TDC, ADC 

YITP workshop (K. Miwa)	
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Figure 20: Diagram of the SPIROC board. The SPIROC chip has 32 channel inputs of
PPD and each channel has a preamplifier, slow shaper for an energy measurement, and fast
shaper and discriminator for a time measurement. The each discriminator output signal is
sent to FPGA, then time information is obtained with a few ns resolution. The multiplexed
analogue output is sent to external ADC chip and the digitized ADC data are read out
serially.

(a) LAL evaluatin board (b) KEK-Tohoku test board ver.1

(c) KEK-Tohoku test board ver.2

SPIROC-A chip

FPGA (control)

32 MPPC input
Analogue probe

Logic input
(trigger etc.)

Logic output
(from FPGA)
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(SiTCP module should
be connected)

Discriminator output
(32 ch, LVDS)

SiTCP module
for network 
deta transfer

Figure 21: Progress of the development of the SPIROC board. We started the LAL eval-
uation board (Figure (a)). Then in the test board ver1 (Figure (b)), network access and
readout became possible by adding the SiTCP connection. The test board ver.2 (Figure (c))
is the final test board which has all component shown in Figure 20.
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Fiber Detector	 Photon Sensor (MPPC)	

Readout board (EASIROC board)	
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Entries  3057533
Mean   0.8846
RMS     136.6
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Drift Time BC3# 1

BFT-X Time distribution	

BC3 (1.5mm D.L.)	

σ=0.78 ns	

Time [ns]	

Time [ns]	

Efficiency 98%	



K1.8 beam intensity history	
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Experimental challenge	

BC3,4
(MWDC)

BH2

BH1GC

BFT

D4

Q11

Q12
Q13

Q10

SFT-X, UV

SDC2

SDC3,4LC TOF
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Target
BFT	

SFT	



Intensity/multi-probes/science frontier 
requires technology frontier 



	

 
 

	

Intensity/multi-probes frontier offers 
R&D platform of technologies 



J-PARC                experiment              	


•  CsI calorimeter  to measure  ������ 	
•  background rejection: ���������������������������������hermetic extra-particle detection ( “veto”) ��� ������	
•  Trigger/DAQ (37k channels): ���������������������������waveform digitization (14bits, 125MHz ADC),  pipeline readout	


- CP symmetry breaking���
- rare decay:                                       in the SM 	


65 participants from Japan, US, Korea, Taiwan, Russia 
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J-PARC                experiment              	

•  Trigger/DAQ (37k channels): ���������������������������waveform digitization (14bits, 125MHz ADC),  pipeline readout	


65 participants from Japan, US, Korea, Taiwan, Russia 

-   Veto low visible-energy deposits with good timing resolution (sub-MeV, sub-nanosecond) ���
    in high counting rates (multi-hit discrimination) → waveform digitization to be 500MHz ADC ���
	


-   huge amount of data to observe rare decays���
    → high-speed data reduction ���
         and compactification ���
	




OJT Projects 

PPaarrttiiccllee//
NNuucclleeaarr  llaarrggee  
ggrroouupp  
>>110000  

PPaarrttiiccllee//
NNuucclleeaarr  
ssmmaallll  ggrroouupp  

AAssttrroonnoommyy//  
CCoossmmiicc  rraayy  

MMaatteerriiaall//
LLiiffee  

OOtthheerrss  

Liq-‐Ar	  	  
Detector	  

Photon	  
Detector	  

0.5～0.35umCMOS 
0.8umBiCMOS 0.25um 0.18um 

Education 

Development(ex.ASICs On the Job Training) 

Kyoto 

Osaka 

Hiroshima I 
Kyushu 

Saga 

Nagoya 

JAXA Tokyo 

TokyoI 
KEK 

Tohoku 

wider higher 
stronger

Silicon/Ge	  
Detector	  

Gas	  Drij/	  
Gas	  TPC	  
Detector	  

200chips for DC!
100chips for APD!

200chips for MPGD!
40chips for PSD!

100chips for MPPC!
~100chips for TPC!
~1000chips for TPC!


