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Hyper-Kamiokande	

	 Rich	physics	programs	
◦  ν	oscillations	
◦  Leptonic	CP	violation,	ν	mass	hierarchy,	…	

◦  Nucleon	decay	discovery	
◦  ν	astrophysics	
◦  Supernova	burst	ν,	…	

Hyper-Kamiokande	(HK)	

60	m	
258	kton	

74m	Ø	

40%	
photo-	
coverage	

l  Large	aperture	photodetectors	are	essential	for	physics	sensitivities.	

→	Wide	dynamic	range	

New	high-QE	50	cm	Box&Line	PMT	

×2	high	detection	efficiency		
			and	half	time&charge	resolutions	

×2	high	pressure	bearing	for	60	m	depth	

compared	to	Super-K	PMT	(up	to	∼40m	depth)	

About	7,000	PMTs		
for	Outer	Veto	Detector	

(187	kton		
		Fiducial	
					Mass)	

→	High	rate	tolerance	
→	Clear	photon	counting,		
→		∼nsec	time	resolution,		

→	High	time&charge	resolutions,	
						high	detection	efficiency,	..	

low	background	

Requirements	

Water	Cherenkov	detector	in	Kamioka,	Japan	
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Planned	40,000	photosensors		
Baseline	option:	20’’	PMTs	

Alternative	option:	
50%	20’’	MPTs	and	50%	mPMTs	

F Photosensors 113

FIG. 77. Multi-PMT conceptual drawing with 33 7.7 cm

PMTs as ID detectors and one 20 cm PMT in the OD half.

While each small ID PMT has a reflector cone, many light

enhancement options are possible for the OD PMT. A 16

mm thick acrylic vessel is used as pressure vessel. The ID

PMT orientation is chosen such that shadowing from nearby

modules is limited.

FIG. 78. A Hamamatsu R12199-02

7.7 cm PMT that is currently used in

KM3Net and considered for IceCube-

Gen2 modules. As this passed the Hyper-

K PMT requirements, it is also a good

candidate for a Hyper-K mPMT.

However, a pressure vessel in either glass or acrylic would protect the PMTs from any external1

water pressure. The lower pressure requirements also do not restrict the vessel to either 33.3 cm2

or 43.5 cm diameter glass spheres. The baseline design of a Hyper-K mPMT would replace each3

50 cm PMT by 33 7.7 cm PMTs in a half sphere with a radius of about 26 cm in order to fit them4

mechanically as illustrated by Fig. 77. When reflector cones are added to each 7.7 cm PMT to5

increase the e↵ective photocathode area by about 30%, we get the same e↵ective photocathode6

area as a single 50 cm PMT. The 7.7 cm PMTs will be supported by a 3D printed foam structure7

and optically and mechanically coupled by Silicon Gel to a 16 mm thick acrylic pressure sphere.8

The angle of the first circle of 7.7 cm PMTs with respect to the base plane of the hemisphere is9

chosen such that their main viewing angle is above the neighboring mPMTs to minimize shadowing10

e↵ects. According to the design of the OD, explained in Section III F 3, OD PMTs can now be11

encased in the opposite hemisphere and use the same electronics as the 33 ID PMTs. In between12

both hemispheres a 40 mm cylinder exists for OD PMT base and the electronics. The penetrator,13

which connects the signal and power cable to the module, would be connected to the cylindrical14



Multi-PMT Option for Hyper-K	
l Multi-channel	optical	module		

From single large PMT to multiple small PMTs:
multi-PMT

Developed by the KM3Net collaboration for the Mediterranean km3 neutrino telescope.

Under investigation by the IceCube-Gen2 collaboration for neutrino telescope in ice.

20” PMTs not very pressure resistant, although lots of R&D (see talk Y.Nishimura).
mPMTs are encased in pressure vessel.

Natural solution for in-water electronics.

T. Feusels (UBC) mPMT R&D 27/10/2015 2 / 10
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which connects the signal and power cable to the module, would be connected to the cylindrical14

Based	on	KM3NeT		
optical	module	

(Concept	design)	
3-inch	PMTx33	

20cm	PMT	
	for	OD	

Photodetectors	and	
electronics	arranged	
inside	a	pressure	
resistent	vessel	

§  (Almost) uniform 
coverage by PMTs 

§  Directionality 
§  Several 

manifacturers 
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mPMT Prototype 

Main	limits	of	KM3NeT	solution	for	HK	project:	
	

§  Vessel:	
Km3Net	experience	demonstrated	that	glass	spheres	are	
characterized	by	high	40K	and	other	radioactive	
contamination.	

	
§  PMT	Read-Out:		

In	Km3Net	the	time	over	threshold	(ToT)	strategy	is	
exploited;	this	is	not	a	good	solution	for	HyperK	project	in	
which	charge	measurement	is	important	
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Large PMT vs mPMT? 

•  CC1π:	
•  Increase	in	acceptance	for	long	baseline	neutrinos	
•  currently,	large	background	from	π0	with	1γ	missed	

Ø  missed	1γ	may	be	tagged	with	finer	granularity	with	
mPMT.	

•  Exclusive	multi-ring	event	reconstruction:		
•  Important	for	mass	hierarchy	study	

Ø  Reduces	the	systematics	from	τ	contributions.	
•  multi-ring	efficiency	can	be	improved	by	finer	granularity	

	

Detector	 Directional	
sensitivity	 TTS	 QE	 Dark	rate	

mPMT	(3’’	PMT)		 1/6	of	solid	angle	 1.3	ns	
	

27%	(35%	super-
alkaline	PhotoC.)	

10	kHz	

20’’	PMT	 1/2	of	solid	angle	 2.7	ns	 30%	 8	kHz	

•  More	physics	
justifications	for	
mPMT.		

•  Many	efforts	how	
to	manage	mPMT	
tasks	(photosensor,	
readout	electronics,	
support	structure,	
calibration,	(DAQ,	
software))	
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3’’ PMT by Hamamatsu 

PMT	R-12199	Hamamatsu	
QE:	21%	(@470nm);	26.9%	(@390nm)	 	 	Gain:	5·106		
TTS:	1.67	ns 	 	 	 	 	 	 	Peak-to-valley	ratio:	3.3	@	1.1	kV	
Dark	Counts:	86%	tested	for	KM3NeT	<	2	kHz	
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PressureVessel 

A	preliminary	sketch	for	
acrylic	spherical	vessel	+	
cooling	(seal)	system	

A	mechanical	closure	guarantees:	
•  longer	endurance		
•  Easier	and	better	assembling		
•  Good	cooling	system	by	a	metallic	flange	

A	seal	will	be	used	
between	the	acrylic	
hemispheres	and	metal	
support.	

Inside:		
•  Read-out	system	
•  PMT	support	
•  3’’	PMTs	

x4	=	1	
sphere	

The acrylic vessel of  the first prototype will be a sphere with a diameter of  
about 17’’ (432 mm, like in Km3NeT) and a thickness of  18 mm.  
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Requirements (from SK) 



PressureVessel 
Several acrylics tested: PLEXIGLAS®	GS	UV	Transmitting	by	Evonik	choosen for the 
construction of  the first mPMT prototype for Hyper-K 

Checked	compatibility	between	optical	gel	
and	acrylic	and	measuread	the	transparency	
of	acrylic+optical	gel.	
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Radioactivity	
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Pressure	Tests	
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Conclusions	
mPMT	R&D	is	well	advanced	and	a	mPMT	module	prototype	will	be	ready	by	fall	2018.	
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Backup	Slides	(mechanical)	
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Stress and Strain 
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Stress and Strain 3D 
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Mechanical tests: simulation §3.6 REMARKS ON PRESSURE VESSEL DESIGN
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Figure 3.4. Stress analysis of a spherical pressure vessel in spherical coordinates. Once
again thickness is grossly exaggerated for visibility.

3. The normal stresses σθθ and σφφ are equal and constant over the entire vessel. For simplicity
we will use the abbreviation σ = σθθ = σφφ .

For convenience in writing out the stress matrix we will order the axes as {θ, φ, r}. As per the
preceding discussion, the stresses at any wall point have the configuration

[

σθθ τθφ τθr
τφθ σφφ τφr
τrθ τrφ σrr

]

=
[

σ 0 0
0 σ 0
0 0 0

]

(3.9)

This shows again that the vessel wall is in a plane stress state.

§3.5.2. Free Body Diagram

To find σ we cut the sphere into two hemispheres as shown in Figure 3.4(b). The FBD gives the
equilibrium condition σ 2π Rt = p π R2, whence

σ = p R
2t

(3.10)

Any section that passes through the center of the sphere yields the same result.

We can summarize our findings by showing the stress matrix expressed in terms of the original
data:

[

σ 0 0
0 σ 0
0 0 0

]

= pR
2t

[ 1 0 0
0 1 0
0 0 0

]

(3.11)

Comparing to (3.9) shows that for the same p, R and t the spherical geometry is twice as efficient
in terms of wall stress. Why? This is explained in the next section.

3–7

•  All	shear	stresses	are	zero	τr𝜙	=	τ𝜙r	=	
0	and	τθ𝜙	=	τ𝜙θ	=	0	θ	=	0	

•  The	normal	stress	σrr	varies	from	
zero	on	the	inner	free	surface	to	
the	the	pressure	p.	

•  	The	normal	stresses	σθθ	and	σ𝜙𝜙	
are	equal	and	constant	over	the	
entire	vessel,	equal	to	σ.	
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Mechanical tests: simulation 

•  Wall	Thickness.The	wall	is	assumed	to	be	very	thin	compared	to	the	other	
dimensions	of	the	vessel.	As	a	result,	we	may	assume	that	stresses	are	uniform	
across	the	wall.		

•  Symmetries.	In	spherical	vessels,	the	geometry	and	the	loading	are	spherically	
symmetric.	Therefore	the	stresses	may	be	assumed	to	be	independent	from	the	
two	angular	coordinates	of	the	spherical	coordinate	system.	

•  Uniform	Internal	Pressure.	
•  Ignoring	End	Effects.	This	includes	supports	and	cylinder	end	caps.	The	

assumption	is	that	disturbances	of	the	basic	stress	state	are	confined	to	local	
regions	and	may	be	ignored.	
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Evolution of displacement 
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Backup	slides	(electronics)	
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A	basic	Cockcroft-Walton	(CW)	voltage	
multiplier	circuit	design	developed	by	
Km3Net	Collaboration	(See	P.	Timmer,	E.	
Heine,	H.	Peek,	JINST	5	(2010)	C12049)	
used	to	generate	multiple	voltages	to	drive	
the	dynodes	of	the	photomultiplier	tube.		

Similar	HV	circuit	developed	at	INFN-Na	

10	different	voltages	from	5	volt	supply		

Voltage Multiplier Circuit 


