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Structure	of	parallel	session	1	
•  Liquid	scin8llator	target	

–  Ultralow	background	LS	and	related	technologies	(Grzegorz	Zuzel)	
–  LS-based	0vDBD	detector	(Haruo	Ikeda) 		
–  JUNO	central	detector	and	calibra8on	strategy	(Mengjiao	Xiao)	
– Water-based	LS	detector	technology	(Minfang	Yeh)	

•  Water	target	
– Hyper-Kamiokande	detector	design	and	calibra8on	(Hide-
Kazu	TANAKA)	

–  Calibra8on	of	the	KM3NeT	Detector	(Salvatore	Viola)	
•  Liquid	argon	target	
–  Single-phase	LArTPC	(Jonathan	Asaadi)	
– Double-phase	LArTPC	(Shuoxing	Wu)	
–  Calibra8on	of	LArTPC	(Michael	Mooney)	



Characteris8c	of	three	types	of	
detectors	in	this	session	

Calorimetric	 +	Imaging	
	capability	

Size/maturity	

The KM3NeT detector

KM3NeT – ORCA (Phase 2)
Oscillation Research with Cosmics in the Abyss

KM3NeT -ARCA (Phase2)
Astroparticle Research with Cosmics in the Abyss

Letter of Intent for KM3NeT 2.0

2016 J. Phys. G: Nucl. Part. Phys. 43 084001

See Marco Circella’ s talk

KM3NeT will be a distributed research infrastructure. A network of cabled observatories 

located in deep waters of the Mediterranean Sea. Centrally managed: common hardware, 

software, data handling and control.

 1 building block
 115 Detection Units (DU)
 18 Digital Optical Modules (DOMs) 

equipped with 31 3’’- PMTs
 9 m inter DOM distance
 6 Mton volume

 2 building blocks (few km among the 

blocks)
 115 Detection Units (DU)
 18 Digital Optical Modules (DOMs) 

equipped with 31 3’’- PMTs
 36 m inter DOM distance
 1 km3 volume

S. Viola                          NNN16  - Beijing, China
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Hyper-K detector

• Two cylindrical-shape detectors in stages
• 74m diameter, 60m water-depth

• Fiducial volume: 0.37Mton
• ~20 times larger FV than Super-K

• 40% photo-coverage (inner-detector: 80k PMTs) 3

Photo-coverage 40%
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Shuoxing Wu ETHZ NNN16, IHEP Beijing

      The WA105 experiment at CERN 
   — double phase LAr LEM TPC demonstrators

             DLAr-proto 
3x1x1 m3 active (24 ton LAr total)

     DLAr (ProtoDUNE-DP) 
6x6x6 m3 active (700 ton LAr total)

4.7 m

Timescale: 2016-2019 Shuoxing Wu ETHZ
Detailed progress will be 
reported on Saturday talk

beam  
window

• cosmic trigger only 
• scaling up to 24 ton mass 
• intermediate step towards 3x3 m2 CRP

Operation November 2016

• beam test data (CERN SPS) 
• many interesting physics topics 
• basic readout 3x3 m2 CRP

18

Example of putting it all together: ArgoNeuTExample of putting it all together: ArgoNeuT

gg

gg
pp

ArgoNeuT Data
Preliminary

Neutrino Beam                                                            

ArgoNeuT Data
Preliminary

pp

ElectronElectron

● ArgoNeuT has recently released 
papers showing reconstruction of 

NC-p0 neutrino interactions as well as 

the identification of ne-CC interactions 

using calorimetry to identify the 
electron showers

Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

BOREXINO design 

10-16 g/g U/Th 
10-18 14C/12C 
10-18 g/g 40K LS purification 

Bcg mitigation 

Conclusions 

BOREXINO 
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Cerenkov (e.g. Super-K, SNO)

water-like WbLS
• Cerenkov./Scint. 

detection

Oil-like WbLS
• Metal-loaded LS

Water-based Liquid Scintillator

Scintillator (e.g. SNO+, Daya Bay)

LS WbLS H2O

If you always do what you always did, you will 
always get what you always got. -Albert Einstein

11/03/2016 M.Yeh NNN2016 2

LAr	

H2O	

LS	

H2O+LS	

Another	axis:	low	background	at	low	energy			

March, 
2014

July, 
2015

SS truss+ Acrylic 
sphere

Balloon + Acrylic support+ SS 
tank

Acrylic 
sphere+
SS truss

Balloon+ 
SS tank

Acrylic 
sphere+
SS tank

Acrylic 
module+
SS tank Final decision:

Acrylic sphere + SS 
truss

History of the Central Detector Design

8



Points	of	discussion	in	detector	
performance	

•  LS:	low	BG	
– Borexino:	Rare	gas	radioac8vity	(Ar,	Kr,	and	Rn)	
– KamLAND/SNO+:	primordial	RI	and	its	daughters	

•  H2O+LS:	Acenua8on	length,	Cherenkov/Scin8	
separa8on,	and	filtera8on	

•  H2O:	Deployment	of	photosensors	and	photo	
sensor	performance	

•  LAr:	Charge/scin8lla8on	readout	method	



Points	of	discussion	in	calibra8on	
•  LS	
–  Calibra8on	source	deployment	system	w/o	contamina8ng	
LS,	confirma8on	of	uniformity,	and	(non)	liniearity	

•  H2O+LS	
–  Light	yield	as	fn.	of	concentra8on	
–  Quenching	
–  Acenua8on	and	scacering	

•  H2O	
–  Posi8oning	&	8ming	adjustment	among	PMTs	(KM3Net)	
– More	convenient/sophis8cated	calibra8on	sources	(HK)	

•  LAr	
–  Response	func8ons	for	readout	system	
–  Drig	path/diffusion/life	8me	of	electrons	



LS	

Jianglai	Liu	prepared	slides	for	JUNO/WbLS	



Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

• Ultra-pure LS: BOREXINO 
• Internal and external background: 

mitigation techniques 
• LS purification 
• Conclusions 

Outline 
G.	Zuzel	

These	processes	are	equivalent	
to	construct	their	detector!	



Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

BOREXINO design 

10-16 g/g U/Th 
10-18 14C/12C 
10-18 g/g 40K LS purification 

Bcg mitigation 

Conclusions 

BOREXINO 

Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

BOREXINO design 

 1 cpd in 100 t 
  39Ar, 85Kr, 222Rn  7 PBq/m3 222Rn 

  0.4 ppm Ar  
0.2 ppt Kr 

(in nitrogen) 

LS purification 

Bcg mitigation 

Conclusions 

BOREXINO 

G.	Zuzel	

Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

BOREXINO design 

 U/Th: ~1 ppt 

12 PBq/kg 226Ra LS purification 

Bcg mitigation 

Conclusions 

BOREXINO 



Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

GeMPIs at GS (3800 m w.e.) 

• GeMPI I operational since 1997     
(MPIK) 

• GeMPI II built in 2004 (MCavern) 
• GeMPI III/IV constructed in 2007-

2012 (MPIK/LNGS)  
• World’s most sensitive spectrometers 

 
GeMPI I: 
• Crystal: 2.2 kg, Hr = 102 % 
• Bcg. Index (0.1-2.7 MeV):                      

6840 cts/kg/year 
• Sample chamber: 15 l 

Sensitivity for U/Th: 
~10 PBq/kg 

HPGe spectroscopy 

Appl. Rad. Isot., 53 (2000) 191 
Astrop. Phys. 18 (2002) 1 

LS purification 

Bcg mitigation 

Conclusions 

BOREXINO 

Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

222Rn emanation 

Absolute sensitivity   
~100 PBq [50 atoms] 

Blanks: 
20 l o 50 PBq  
80 l o 80 PBq  

Appl. Rad. Isot. 53 (2000) 371  

LS purification 

Bcg mitigation 

Conclusions 

BOREXINO 

Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

Rn
source

Pump

Humidity
standard (gas)

Apparatus for
Rn diffusion

measurements

Salt

PMT PMT

PMT PMT

Vd

Membrane filter

Investigated 
foil

Constant 
Rn flux

Rn chamber

222Rn diffusion 

Sensitivity: D ~ 10-13 cm2/s 
de ~ 2 Pm  

LS purification 

Bcg mitigation 

Conclusions 

BOREXINO 

Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

Construction of nylon vessels 

Princeton clean room class 100 with 222Rn- 
reduced  air (VSA filter): CRn ~ 1 Bq/m3 A. Pocar, PhD Thesis (2003) 

LS purification 

Bcg mitigation 

Conclusions 

BOREXINO 

Cracow Epiphany Conference on Physics in Underground Laboratories and its Connection with LHC 
 05-08.01.2010 Cracow, Poland International Workshop On Next Generation Nucleon Decay And Neutrino Detectors, 03-05.11.2016 Beijing, China 

 

LS purification 

Bcg mitigation 

Conclusions 

BOREXINO 

LS purification during filling 
• Vessels inflated with synthetic air 
• Vessels filled with high-purity deionized water 
• Scintillator distilled and stripped with LAK nitrogen during filling 
• Detector filled with scintillator from top, while draining water from 

bottom 

G.	Zuzel	



LS based 0νββ detector  

• Ultra low background 
environment by  LS 
purification for neutrino 
detectors. 
(U,Th ~10-18 g/g by water extraction, 
distillation, adsorption…) 

• Active shield itself. 
• Large size detector can store 

much  0νββ source. 
(ton  size) 

• On-off observation is possible 
for 136Xe. 

Demerit 
• Can not see 2 electron tracks. 

(10cm/√E[MeV] order vertex 
resolution) 

• 2νββ signals BG case. 
(worth energy resolution,  
short live time of 2νββ) 

• Not easy for dissolving metal 
0νββ sources into LS. 

• LS rerated backgrounds. 
(long lived spallation productions) 

• Large photons by cosmic ray 
muon. (PMT ringing, after pulse )  

 

Merit 

H.	Ikeda	



Natural Tellurium in Liquid Scintillator 
SNO+ approach to neutrinoless double beta decay 
•0.5% Te loading has 1,330 kg of 130Te isotope 

• photo shows LAB with 19% Te, by weight! 
 

must purify all components of scintillator cocktail 
to achieve ultra-low backgrounds for NLDBD 

• LAB + PPO 
• telluric acid 
• 1,2-butanediol (new loading technique) 
• ultra-pure water used in synthesis 

 
tested the purification of all components 

• purification reduction factors of ~103-105 per pass, in our tests 
 

SNO+ Status and Schedule 

• Now filling with water (~77% complete) 

• November 2016: first delivery of LAB for commissioning 
scintillator purification plant 

• Scintillator filling in 2017 

• Late 2017: purification of tellurium, adding tellurium to the 
liquid scintillator 

• Early 2018: start double beta decay search 

SNO+ Water Fill Movie Natural Tellurium in Liquid Scintillator 
SNO+ approach to neutrinoless double beta decay 
•0.5% Te loading has 1,330 kg of 130Te isotope 

• photo shows LAB with 19% Te, by weight! 
 

must purify all components of scintillator cocktail 
to achieve ultra-low backgrounds for NLDBD 

• LAB + PPO 
• telluric acid 
• 1,2-butanediol (new loading technique) 
• ultra-pure water used in synthesis 

 
tested the purification of all components 

• purification reduction factors of ~103-105 per pass, in our tests 
 

H.	Ikeda	
Double Beta Sensitivity 

5yr	



KamLAND-Zen Sensitivity 
KamLAND 
Zen 400 

383 kg 

KamLAND 
Zen 800 ~60meV 

~40meV 

750 kg 

KamLAND2 
Zen 

~20meV 

KamLAND2 : HighQE PMT w/ Cones 
1000 kg 

Done!	

Star8n
g!	

KamLAND-Zen 400 phase 1+2 
2011 2012 2013 2014 2015 2016 

12                                              10 

Upper limit of 136Xe 0νββ half life (90%C.L.) 
Phase 1 :     T1/2

0ν > 1.9 × 1025  year 
Phase 2 :     T1/2

0ν > 9.2 × 1025  year 
Phase 1+2 : T1/2

0ν > 1.07 × 1026  year 

Effective Majorana mass 
<mββ>  < 61 ~ 165 meV 
mlightest < 180 ~ 480 meV 

10              6 

H.	Ikeda	



JUNO experiment (M. Xiao)

20	kton	LS	detector	
with		challenging	
energy	resolu8on	and	
nonlinearity	
requirements	



Calibra9on strategy

Many	sources	and	number	of	independent	
deployment	system	



Demonstra9on in simula9on

•  Energy	bias:	specially	designed	
sources	to	minimize	shadowing	
effects	to	<0.2%	

•  Uniformity	map	using	a	single	
gamma	source	in	a	plane	+	phi	
symmetry	sufficient	for	
positrons	

•  Nonlinearity:	tradi8onal	gamma	
approach	and	novel	e-/e+	
approach	



H2O+LS	



Water-based liquid scin9llator (WbLS) 
 (M. Yeh)



Technology developments
Light	yield	scale	with	the	LS	
concentra8on	J	

Online	purifica8on	while	maintaining	organic	
compound	in	water?	



Separa9ng Cerenkov from scin9lla9on



H2O	



Hyper-K detector

• Two cylindrical-shape detectors in stages
• 74m diameter, 60m water-depth

• Fiducial volume: 0.37Mton
• ~20 times larger FV than Super-K

• 40% photo-coverage (inner-detector: 80k PMTs) 3

Photo-coverage 40%
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Detector location
• The candidate site locates under Mt. Nijugo-yama

• ~8km south from Super-K
• Identical baseline (295km) and off-axis angle (2.5deg) to T2K

• Overburden ~650m (~1755 m.w.e.)

4

A Introduction of the Hyper-Kamiokande detector 51
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FIG. 20. The candidate site map. Broad area map (left) and detailed map (right).

B. Detector site (2 pages)2

1. Detector location3

The Hyper-K detector candidate site, located 8 km south of Super-K, is in the Tochibora mine4

of the Kamioka Mining and Smelting Company, near Kamioka town in Gifu Prefecture, Japan,5

as shown in Fig. 20. The J-PARC neutrino beamline is designed so that the existing Super-67

Kamiokande detector and the Hyper-K candidate site in Tochibora mine have the same o↵-axis8

angle. The experiment site is accessible via a drive-in, ⇠2.5 km long, (nominally) horizontal mine9

tunnel. The detector will lie under the peak of Nijuugo-yama, with an overburden of 650 meters10

of rock or 1,750 meters-water-equivalent (m.w.e.), at geographic coordinates Lat. 36�21’20.105”N,11

Long. 137�18’49.137”E (world geographical coordinate system), and an altitude of 514 m above12

sea level (a.s.l.). The candidate site is surrounded by several faults as shown in Fig. 21 and the13

caverns and their support structure are placed to avoid a conflict with the known faults. The site1415

has a neighboring mountain, Maru-yama, just 2.3 km away, whose collapsed peak enables us to16

dispose of more than one million m3 of waste rock from the detector cavern excavation.1

52 III HYPER-KAMIOKANDE DETECTOR
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FIG. 21. Location of faults and existing tunnels around the candidate site. The existing tunnels are located

at 423, 483, and 553 m a.s.l.

2. Geological condition at the site vicinity2

Rock quality is investigated in the existing tunnels and in sampled borehole cores near the3

candidate site. Figure 22 summarizes the geological surveys. The rock wall in the existing tunnels45

and sampled borehole cores are dominated by Hornblende Biotite Gneiss and Migmatite in the6

state of sound, intact rock mass. This is desirable for constructing such unprecedented large7

underground cavities. A rock mass classification sytem developed by Central Research Institute of8

Electric Power Industry (CRIEPI) [118], which is widely used for dams and underground cavities9

construction for the electric power plants in Japan, is utilized to classify rock quality. The CRIEPI10

system categorizes rock quality in six groups as A, B, CH, CM, CL, and D (in order of good11

quality), among which the A, B, and CH classes are suitable for cavern construction. Fraction of12

rock quality at the measured sites is summarized in Table V. The geological surveys are performed1314

at three di↵erent altitudes (423 m, 483 m and 553 m a.s.l.) and better fraction of B and CH classes15

is observed at higher altitude. The measured fraction of rock quality is used for an assumption of16

rock quality distribution in cavern stability analyses.17

The initial stress of the rock is also measured at three points, two of which are located at the1

Mt. Nijugo-yama (cross sections)1,153m a.s.l.

Detector center

~
65

0m

Hidekazu	
Tanaka	



Cavern stability analysis

• Cavern stability analyses based on geol. survey results
• 3D finite element analysis adopting Hoek-Brown model

• Adopt a model to treat the elastic and inelastic behaviors of rock

• Excavation steps taken into account in stability analysis

• Evaluate plastic region depth and design cavern support

• Confirmed the Hyper-K cavern can be constructed 
with the existing technologies

7
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C Cavern (6 pages) 57

FIG. 26. PS-anchors pattern at 45 degree (top-left) and 105 degree (top-right) slices with uniform CH

distribution. Colored lines indicate PS-anchors with di↵erent setting of initial force applied to PS-anchors.

Bottom figures show developed figures of PS-anchors pattern for dome (bottom-left) and barrel (bottom-

right) sections. Initial force and length of PS-anchors are indicated by colored circles.

In Fig. 27, the fraction of rock quality is based on the measurements of rock quality and CM-class23

is arranged to the dome and bottom sections, which are structurally weaker due to its shape, so4

as to perform an analysis with a severe condition. Figure 28 shows the plastic region at 45 degree5

and 105 degree slices with the CH-CM mixed assumption in the case of no support. The plastic67

region depth is estimated to be ⇠ 10 m to 24 m. In the plastic region at 105 degree, two spikes8

in the plastic region can be seen at the boundary between CH and CM classes. These sharp9

spikes are due to the discontinuity of rock quality, which corresponds to a discontinuous change in10

physical strength, and it is di�cult to correctly analyze the plastic region in such a discontinuous11

condition. PS-anchor pattern is also considered for this case, as shown in Fig. 29. The number of1213

PS-anchors and the total length for three caverns are summarized in Table VII. The total length141

56 III HYPER-KAMIOKANDE DETECTOR

at each depth is corrected by taking into account the depth, overburden. The FLAC3D analysis2

software, which uses a finete di↵erence method, is adopted to perform a three-dimensional stability3

analysis. The Hoek-Brown model [119–121] is applied as a dynamic model. The Hoek-Brown model4

is the method to estimate physical properties of rock by using results obtained from examinations5

of sampled rock, and is widely used in the world.6

Figure 25 shows the plastic region at 45 degree and 105 degree slices in the case of no support7

(i.e., no rock-bolts, no PS-anchors, and no shotcrete). The plastic region depth is estimated to8

North�

South�

East�West�

Cross section�

View�

θ�

y�

x�

FIG. 25. The plastic region at 45 degree (left) and 105 degree (middle) slices with assumption of uniform

CH distribution. The right figure shows definition of the view angle.

9

10

be ⇠2.5 m to 12 m. The variation of the plastic region depth is due to the geological condition,11

e.g. initial stress direction. Based on the plastic region obtained, the respective cavern support12

(PS-anchors) patterns are considered as shown in Fig. 26. The number of PS-anchors and the total1314

length for three caverns are summarized in Table VI. The total length of PS-anchors is estimated15

TABLE VI. Summary of total number of PS-anchors and total length for three caverns in case of uniform

CH distribution. The number of PS-anchors and total length for one cavern is 1/3 of those in this table.

Section # of anchors Total length (m)

Dome 4,611 79,617

Barrel 4,719 71,631

Total 9,330 151,248
16

17

to be approximately 151 km.18

Another analysis is performed with a di↵erent vertical profile of rock quality, as shown in Fig. 27.1

Plastic region depth
(without support)

(45° slice)

Cavern support 
(PS-anchors)

(45° slice)
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Hyper-K detector

• Hyper-K detector consists of 
inner detector (ID) and outer 
detector (OD)
• and ‘insensitive region’ in between

• ID & OD are optically separated

PMT support structure
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• PMT support structure design adopts a 
truss-structure made of SUS members 

• Seismic response analysis confirmed 
earth quake do not make damage to 
the detector
• even if no water in the tank

• Construction & installation procedure 
similar to Super-K
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TABLE XI. Power supply (PS) for vertical rectangular coils per tank. The PS number is assigned along the

x-axis of tank.

PS # Coil length [km] Voltage [V] IV [A] consumption [kW]

1 1.18 34.8 60 0.522

2 1.48 43.6 60 0.654

3 1.59 46.8 60 0.702

4 (x=0) 0.27 7.9 60 0.119

5 1.59 46.8 60 0.702

6 1.48 43.6 60 0.654

7 1.18 34.8 60 0.522

total 3.88
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FIG. 48. A photograph of the Super-K tank liner construction using mobile sca↵oldings.

Super-K water tank.

First, the drainage structure and the leveling concrete layer are constructed at the bottom

of the cavern. Then, the side-wall liner is constructed ring-by-ring from bottom to top using

mobile sca↵oldings built along the whole circumference. Such a barrel liner laying using elevating

sca↵oldings was successful in the Super-K water tank construction (see Figure 48). To fasten

HDPE sheets on the concrete layer by their studs, the backfill concrete is poured after setting a

form with a HDPE sheet attached. After the concrete sets hard, the form is disassembled.

After the barrel liner construction is completed, building the photosensor support framework

Super-K construction

Water containment system
• Water containment system consists of three 

layers of lining system:
• Outer water-proof sheet, Concrete lining, High 

Density Polyethylene (HDPE) lining
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FIG. 41. Schematics of the planned procedures for CPL installation into the cavern with shotcrete surface.
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FIG. 42. (a) The extrusion welding and a welded seam. (b) The high-voltage pin-hole test.

HDPE. The backfill concrete flows around the studs anchoring CPL firmly in place, and fastens it

securely to the surface of the concrete. The waterproof sheet between bedrock-covering shotcrete

and backfill concrete aims conveyance of water, coming from tiny leakage of water through the CPL

and backfill concrete structure, if any, and/or penetrating underground backwater from bedrock.

The adjacent CPLs are welded by the extrusion welding of thermoplastics, which is used typically

for assembly of large fabrications (such as chemical storage vessels and tanks) with wall thicknesses

up to 50mm. Figure 42(a) shows an extrusion welding work and close-up to the welded seam. In

this method, molten thermoplastic filler material is fed into the joint preparation from the barrel

of a mini hand-held extruder based on an electric drill. For the CPL welding the same HDPE is

used as the filler material. The molten material emerges from a PTFE shoe shaped to match the
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Water containment system
• Water containment system consists of three 

layers of lining system:
• Outer water-proof sheet, Concrete lining, High 

Density Polyethylene (HDPE) lining
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FIG. 41. Schematics of the planned procedures for CPL installation into the cavern with shotcrete surface.
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FIG. 42. (a) The extrusion welding and a welded seam. (b) The high-voltage pin-hole test.

HDPE. The backfill concrete flows around the studs anchoring CPL firmly in place, and fastens it

securely to the surface of the concrete. The waterproof sheet between bedrock-covering shotcrete

and backfill concrete aims conveyance of water, coming from tiny leakage of water through the CPL

and backfill concrete structure, if any, and/or penetrating underground backwater from bedrock.

The adjacent CPLs are welded by the extrusion welding of thermoplastics, which is used typically

for assembly of large fabrications (such as chemical storage vessels and tanks) with wall thicknesses

up to 50mm. Figure 42(a) shows an extrusion welding work and close-up to the welded seam. In

this method, molten thermoplastic filler material is fed into the joint preparation from the barrel

of a mini hand-held extruder based on an electric drill. For the CPL welding the same HDPE is

used as the filler material. The molten material emerges from a PTFE shoe shaped to match the
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132 III HYPER-KAMIOKANDE DETECTOR

ment system is desirable. The first prototype of the source deployment system has been developed2

(Fig. 81). The system will be installed in Super-K in 2016, and we plan to further develop the3

source deployment system for Hyper-K based on the Super-K operation experience.4

FIG. 81. Photograph (left) and sketch (right) of the first prototype of the calibration sources deployment

system.

5

6

A variety of sources can be deployed through this system including optical sources for PMT7

and measurements of detector optical properties, and various radioactive sources. Based on pre-8

vious experience at Super-K this would include a deuterium-tritium base reaction pulsed neutron9

generator (DT generator) to create 16N for calibration in the solar neutrino energy regime. A10

number of sources can be developed to provide neutrons for calibration. These include 252Cf and11

AmBe sources that were previously used to calibrate the neutron response of the SNO detector. In12

addition to the conventional neutron sources, we currently explore ideas for compact and pulsed13

neutron generator [141] for Hyper-K detector calibrations, that uses a similar technology to DT14

generator but is a palm-size portable neutron generator and can maneuver more e↵ectively in de-15

tector calibrations. These sources produce neutrons at a known rate, and comparing the rate of16

measured Gd captures to this rate the neutron detection e�ciency and any possible variation across17

the detector can be measured, should Gd be deployed in Hyper-Kamiokande. Neutron captures18

on Gd also provide a source of events inside the detector of known energy providing a further19

calibration of the detector response in addition to the neutron response of the detector. Develop-20

ment of additional calibration sources to exploit this system can be expected over the lifetime of21

Hyper-Kamiokande.1
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1.1.2. Integrated light injection system2

Hyper-Kamiokande will include an integrated light injection system for optical (extinction and3

scattering) and PMT (timing, gain and multi-photon) calibrations. This system consists of a4

number of light injection points connected via optical fibres to light pulsers in the electronics.5

Light pulses of 1-2 ns can be produced using LEDs, laser diodes (LDs) or similar solid state6

optical devices can be produced relatively inexpensively. This allows multiple optical sources to7

be deployed around the edge of the detector that can then be used for calibration. This system8

consists of an LED (or similar) coupled to an optical fibre, which is then connected to an optical9

di↵user on the PMT support structure. The optical di↵user is used to shape the light inside the10

detector and designs can provide di↵erent calibration pulses for di↵erent needs.11

In order to maintain fast light pulses over the order 100 m distance of optical fibres required12

for Hyper-Kamiokande graded index fibre is required rather than the step index fibre used in for13

example SNO+. Graded index fibre has a small active core complicating the challenge of light14

collection. The key challenges of this system are the coupling of the LEDs to the optical fibre,15

minimising dispersion in the fibre to maintain short optical pulses and achieving the required dy-16

namic range without compromising the fast optical pulses. Research and development is currently17

underway in the UK to solve these problems. Figure 82 shows first prototype of LED and LD18

driver unit and light monitoring system with MPPC.19 Prototypes 

Both are controlled by FPGA system. 
One more pass this summer to produce boards optimised for each 

LED Laser Diode 

Monitoring 

MPPC Board 

Digitizer with 
FPGA control 

FIG. 82. Photograph of the prototype of LED/LD driver board (left) and MPPC front-end board (right).

20

21

For some calibrations, it will be essential to monitor the light injected into the detector. There22

are two points at which monitoring of the light produced can be done and Hyper-Kamiokande will23

monitor both. The optical coupling between the LED and fibre is imperfect and the light that does1

Novel Surface Mounted Neutron Generator (Neutristor) 

� Juan Elizondo-Decanini at Sandia 
National Laboratiories in the U.S. has 
been developing a compact neutron 
source based on surface deposition and 
lithography 
 

� Original development motivation is for 
cancer therapy  
� Introduce 10B into cancer cell 
�  n + 10B o 4He + 7Li + J  
� J kills the cell  

 
� To prevent damage to healthy cells put 

the source as close as possible to taget  
� Goals: 

� Small  
� Inexepensive  
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FIG. 8. Schematic diagram of data readout and processing system.

.

TABLE VII. Calibration techniques used in Super-Kamiokande

Calibration source Purpose

Nitrogen-dye laser Timing response, charge linearity, OD

Laser with various wavelength Water attenuation & scattering

Xe lamp + scintillator ball PMT gain, position dependence

Deuterium-tritium (DT) fusion generator [16N] Low energy response

Nickel + 252Cf [Ni(n, �)Ni] Absolute gain, photo-detection e�ciency

Cosmic ray muon / ⇡0 / decay electron Energy calibration for high energy events

2. R&D work and alternative options434

Although the baseline design is proved to work with the Super-K experience, there are several435

ongoing R&D to improve the performance of the electronics/DAQ for Hyper-K. The current e↵ort436

includes the development of a front-end electronics based on FADC, R&D of an FPGA-based high437

precision TDC, and a more intelligent trigger for low energy events and/or events extending over438

multiple compartments. It is planned to test multiple options with a prototype detector to evaluate439

their feasibility and performance.440

E. Detector calibration441

In order to achieve the scientific goals of Hyper-K, precise calibration of the detector is indis-442

pensable. Because the Super-K detector has been operated successfully for more than a decade443

HK Electronics: FADC + Communication

4th Hyper-K Meeting
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RapidIO Test II

• Implemented 4 RapidIO cores in FPGA on each board; 

each RapidIO core has associated DMA engine.

• Managed to get each of 4 links running at 135MB/s; can 

also run faster, near 250MB/s, but needs to tweak DMA.

• Starting to work on the routing functionality; did some 

tests already, checking fail-over when cables are 

detached.

Terasic 

Board

Extension

Card

Trial&for&communica-on&
(RapidIO&in&FPGA&boards) Elec.&+&HV&modules&in&water 

Data/Clock/Power&
network&&in&water 
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FIG. 7. Schematic diagram of the front-end module.

There have also been several attempts to improve the photon collection e�ciency with special394

lens systems, wavelength shifters, or mirrors attached to the existing sensors. The e↵ect of such395

additional system to the detector performance, such as angular acceptance and timing resolution,396

needs to be carefully studied.397

D. Electronics and data acquisition system398

1. Baseline design399

In terms of the required specifications and the number of photosensors in one compartment, the400

current design of the Hyper-K detector is similar to that of the Super-K detector. Therefore, it is401

possible for us to design the data acquisition system using the same concept as SK-IV, reading out402

all the hit information from the photosensors, including the dark noise hits.403

However, because the egg-shape of Hyper-K detector makes the cable routing and mechanical404

support di�cult to design. We are now planning to place the front-end electronics module and the405

power supply for the photosensor in the detector water, close to the photosensor. The underwater406

front-end electronics will be enclosed in a pressure tolerant water-tight housing, which have been407

used in other experiments with several established techniques.408

The schematic diagram of the front-end module is shown in Fig. 7. There are four main409410

functional blocks in the front-end board. One module accepts signals from 24 photosensors.411

The signal digitization block accepts the signals from the photosensors and convert them to the412
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current design of the Hyper-K detector is similar to that of the Super-K detector. Therefore, it is401

possible for us to design the data acquisition system using the same concept as SK-IV, reading out402

all the hit information from the photosensors, including the dark noise hits.403

However, because the egg-shape of Hyper-K detector makes the cable routing and mechanical404

support di�cult to design. We are now planning to place the front-end electronics module and the405

power supply for the photosensor in the detector water, close to the photosensor. The underwater406

front-end electronics will be enclosed in a pressure tolerant water-tight housing, which have been407

used in other experiments with several established techniques.408

The schematic diagram of the front-end module is shown in Fig. 7. There are four main409410

functional blocks in the front-end board. One module accepts signals from 24 photosensors.411

The signal digitization block accepts the signals from the photosensors and convert them to the412
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New$11″$HQE$PMT$
by$ADIT/ETEL 

Low$capacity$AD,$
Pixelized$AD 

Improved$builtBin$HV,$
Low$noise$preamplifier 

Photosensor$TesHng$
FaciliHes$

PD$protecHve$case$ MagneHc$shielding$

US 

Canada'/'U
K 

(see Nishimura-san’s talk for details)

Friday, October 30, 15

Photosensor Test 
Facility

Automated 
calibration system

Integrated light 
injection system

Compact neutron 
generator

HK detector calibrations
• Hyper-Kamiokande detector calibrations designed 

based on Super-K calibrations
• Feasible techniques/methods for large water Č detector

• SK calibration paper: NIM A 737 (2014) 253-272

• Several R&D projects are in progress to develop 
more sophisticated calibration systems and sources 
for Hyper-K
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The KM3NeT detector

KM3NeT – ORCA (Phase 2)
Oscillation Research with Cosmics in the Abyss

KM3NeT -ARCA (Phase2)
Astroparticle Research with Cosmics in the Abyss

Letter of Intent for KM3NeT 2.0

2016 J. Phys. G: Nucl. Part. Phys. 43 084001

See Marco Circella’ s talk

KM3NeT will be a distributed research infrastructure. A network of cabled observatories 

located in deep waters of the Mediterranean Sea. Centrally managed: common hardware, 

software, data handling and control.

 1 building block
 115 Detection Units (DU)
 18 Digital Optical Modules (DOMs) 

equipped with 31 3’’- PMTs
 9 m inter DOM distance
 6 Mton volume

 2 building blocks (few km among the 

blocks)
 115 Detection Units (DU)
 18 Digital Optical Modules (DOMs) 

equipped with 31 3’’- PMTs
 36 m inter DOM distance
 1 km3 volume

S. Viola                          NNN16  - Beijing, China
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The KM3NeT DUs are kept vertical under the pull of a buoy but nevertheless they 

move a bit under the action of currents.

Continuous monitoring of the DOMs positions with an accuracy of tens of centimeters 

is an essential requirement for accuracy direction reconstruction

The positions of the  DOMs are recovered through an acoustic positioning 

system that is composed of three main sub-systems:

 a Long Base-Line (LBL) of acoustic transmitters (beacons) and receivers, located 

at known positions
 an array of digital acoustic receivers (DARs) installed along the detection units 

(DUs) of the telescope
 a farm of PCs for the analysis of acoustic data 

 Beacon signals must be detected at 

distances of 1 km 
  
 Suitable frequency range 20  kHz-50 kHz
 lowest level of PSD ( ~40 dB re 1 

uPa2/Hz)  
 attenuation (0-10 dB/km)

20 kHz – 50 kHz20 kHz – 50 kHz

KM3NeT positioning system 1/3
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Project requests

DOMs position accuracy < 20 cm

DOMs orientation accuracy < 3°

Calibrated PMT amplitude response 

Relative hit times accuracy ~ 1 ns

KM3NeT ARCA (Phase 2) performance

For E
ν
 >10 TeV

Median angular resolution <0.2°

 

  

   

For E
ν
 >10 TeV

Median angular resolution < 2°

Tracks (muons) Cascades

Letter of Intent for KM3NeT 2.0

2016 J. Phys. G: Nucl. Part. 

Phys. 43 084001
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Rela8ve	8ming	adjustment	

The time calibration of each PMT of the telescope is obtained by the 

combination of:

 Calibration of the  shore station and seabed infrastructures 

(asymmetry measurements)

 Intra-DOM calibration

 Inter-DOM calibration 

 Inter-DU calibration 

Time calibration steps
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~ 150 Cherenkov photons per decay 

stable 40K concentra&on
40K 40Ca

e

2-fold PMT coincidence in a DOM

      In  dark room

 In situ (3000m-3500m water depth)

The relative time offset of the 

PMTs in each DOM can be 

obtained from the dark room 

data by analyzing the signal 

from 40K in the glass sphere of 

the DOM. This can also be done 

after deployment of the DU, by 

analyzing the signal from 40K in 

the sea.

Intra-DOM calibration based on 40K

S. Viola                          NNN16  - Beijing, China
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Digital	Op8cal	Module	(DOM)	

KM3NeT	ARCA	
(Phase	2)	
performance	

		

40K	

LED,	muons	

laser,	LED,	muons	
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	Posi8oning	system	

 Triaxial accelerometer

      LIS3LV02DL
 Triaxal magnetometer 
 HMC5843
  

Control Logic Board

(CLB)

Yaw oscillations due to inertial 

motion (Coriolis’ force)

AHRS
Attitude & Heading Reference System

Monitoring of the absolute orientation and acceleration of each DOM through an Attitude & 

Heading Reference System 

Each AHRS must be calibrated before the CLB 

integration in the DOM to take into account Hard 

Iron and Soft Iron effects.

New single chip solution for KM3NeT 2.0
 3 axial magnetometer and accelerometer in one chip

KM3NeT positioning system 3/3

Rotation of the magnetometer 

in the uniform magnetic field  

produces an ellipsoid  in 

Hx,Hy,Hz space.  

Calibration matrix  

YAW ARCA DU2
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LAr	

Xin	Qian	prepared	slides	for	single/double	LAr	



Single-Phase	LArTPC	(J.	Asaadi)	



State-of-art	Performance	(J.	Assadi)	



ArgonCUBE:	R&D	for	the	future	(J.	Asaadi)	

•  2D	pixel-readout	
technology	poten8al	for	the	
DUNE	near-detector	



Double	Phase	LArTPC	(Shuoxing)	
Lower	capacitance=lower	noise	







M.	Mooney	



Case Study:  MicroBooNECase Study:  MicroBooNE

♦ “Micro Booster Neutrino 
Experiment”

• Accelerator ν experiment @ FNAL

• LArTPC with 89 ton active mass

• Non-evacuated liquid argon fill

• Cold (in LAr) front-end electronics

• Near-surface operation

• UV laser calibration system

3

2.5 m

2.3 m

10.4 m

Beam
(νμ)

μBooNE TPC
Dimensions

♦ Physics goals:
• Investigate MiniBooNE low-

energy excess

• Measure first low-energy ν-Ar 
cross sections

• R&D for future detectors

• Key step for Short Baseline 
Neutrino (SBN) program

M.	Mooney	



MicroBooNE TPCMicroBooNE TPC

♦ Two induction planes (U, V) and one collection plane (Y); drifted 
ionization in LAr puts signal on all three

• Drift E field at 273 V/cm, ~uniform via surrounding field cage

• 8000+ channels in total with front-end electronics in LAr

♦ 3D event reconstruction by combining signals from all three planes 
(minimum two needed), each with 3 mm wire pitch

• Millimeter-scale spatial resolution

4

Cathode

Anode

-X (Drift)

Y (Up)
Z (Beam)

Field Response MeasurementField Response Measurement

♦ Must remove correct field response of wires in deconvolution to 
enable unbiased charge estimation

♦ Simulated field response (Garfield) needs verification with data

♦ Measurement with MIPs in situ folds in track extent across wire pitch

♦ BNL test stand aiming to make measurement with point-like source 
from laser pulsed on photocathode – “LArFCS”

25

LAr Field 
Calibration 

System 
(“LArFCS”)
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LAr Field 
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System 
(“LArFCS”)
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Field Response MeasurementField Response Measurement

♦ Must remove correct field response of wires in deconvolution to 
enable unbiased charge estimation
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♦ Measurement with MIPs in situ folds in track extent across wire pitch

♦ BNL test stand aiming to make measurement with point-like source 
from laser pulsed on photocathode – “LArFCS”

25

LAr Field 
Calibration 

System 
(“LArFCS”)

Need	to	consider:	
•  	Signal	to	nearby	wires	
•  	Space	charge	effect	caused	by	slow	

drig	of	Ar+	by	CR	muons	
•  	Electron	life8me	
•  	Diffusion	
•  	Charge	clustering	
è	high-level	candles:	Michel	electron		

Michel eMichel e-- Spectrum Spectrum

♦ Tag Michel electrons from cosmic muon decay using “kink” 
topology and muon Bragg peak

• Uses automated reconstruction

• Important calibration sample
for energy scale, tuning e-, γ
reconstruction (charge clustering)

35

Shape Normalized,
2D Reconstruction,
Stat. Uncert. Only

M.	Mooney	



Summary	

•  To	realize	NNN,	many	people	are	working	on	
various	target	materials	(here,	all	liquid)	and	
good	progress	they	have:	
– pure	LS/LS	rich	WbLS:	low	BG	
– water	rich	WbLS:	light	yield,	acenua8on,	
scin8lla8on/Cherenkov,	and	filtera8on	

– H2O:	more	sophis8cated,	low	cost	detectors/calib	
– LAr:	readout	and	detector	response	


