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450	m	

115	lines,	20m	spaced,		
18	DOMs/line	9m	spaced	

2	

Building	Block	(115	strings)	

•  115	strings		
•  18	DOMs	/	string			(~50	kt	~	2	×	SK)	
•  31	PMTs	/	DOM					(~3	kt	~	MINOS)	
•  Total:	64k*3¨	PMTs	

~200/700	m
	

Digital	OpDcal	Module	

‒  31	x	3”	PMTs	
‒  Uniform	angular	coverage	
‒  Direc3onal	informa3on	
‒  Digital	photon	coun3ng	
‒  Background	rejec3on	
‒  All	data	to	shore	

17”	

9/36	m	

Depth=2475m/3400m	



~ 700	or	200		m
	

Digital	OpDcal	Module	 Deployment	Vehicle	

‒  31	x	3”	PMTs	
‒  Gbit/s	on	op3cal	fibre	
‒  Hybrid	white	rabbit		
‒  LED	flasher	&	acous3c	piezo	
‒  Tiltmeter/compass	
‒  Low	power	(7	W)	

‒  Rapid	deployment	
‒  Mul3ple	strings/cruise	
‒  Autonomous/ROV	unfurling	
‒  Reuseable	 3	

KM3NeT	Technology	
String	

‒  2	dyneema	ropes	
‒  Oil	filled	PVC	tube	
‒  Low	drag	
‒  Low	cost	



Two	String	Event	(ARCA)	
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KM3NeT	Development	Plan	
Phase	 Blocks/	

strings	
Primary	deliverables	/	

site(s)	
PMTs	needed	

1	
0.2/	
31	

Proof	of	feasibility	and	first	science	
results;	
KM3NeT-Fr	+	KM3NeT-It	sites	

				18,000	

2.0	

2/	
230	
	

Measurement	of	neutrino	signal	
reported	by	IceCube;	
All-flavor	neutrino	astronomy;	
KM3NeT-It	site	 +175,000	

1/	
115	

Neutrino	mass	hierarchy;	
KM3NeT-Fr	site	

3	
6+1/	
805	

Neutrino	astronomy	including	
Galac3c	sources	
Mul3ple	Sites	

+385,000	
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PMT	specifica3ons	
Catania 

emanuele.leonora@ct.infn.it' 22'

Main$assembly$phases:$connec+on$in$the$octopus$board$

Moun,ng'of'the'HV'fence'even'by'a'drop'of'glue'

Connec,on'of'the'PMT'tails'to'large'Octopus'board' Connec,on'of'PMTs'to'the'small'Octopus'board'

View'of'the'large'Octopus'board'connectors'

Parameter		 Requirement	

Photocathode	diameter	 >	72	mm	

Nominal	Voltage	for	Gain	3x106	 900	–	1300	V	

Gain	slope	=	log10(gain)/log10(HV)	 6.5	–	8.0	

QE	at	404	nm	 >	23	%	

QE	at	470	nm	 >	18	%	

TTS	(FWHM)		 <	5	ns	

Dark	count	rate	(0.3	p.e.	threshold)	 <	2	kHz	

Pre-pulses	 <	1	%	

Delayed	pulses		 <	3.5	%	

Early	aperpulses	 <	2	%	

Late	aperpulses		 <	10	%	



PMTs	for	KM3NeT	
•  Phase	I	

–  15000	PMTs	have	been	purchased	from	Hamamatsu	
–  Each	PMT	is	equipped	with	an	ac3ve	base	(developed	
@NIKHEF):	it	provides	the	correct	HV	(going	from	3.3	V	to	
about	1000	V),	set	the	threshold	and	provides	the	Time	
over	Threshold	(ToT)	for	the	measured	signal	

–  Each	single	PMT	is	fully	characterized	and	calibrated	(see	
next	slide):	about	97%	of	the	tested	PMTs	fulfils	the	
requirements	

•  Phase	II	
– We	are	working	with	several	companies	(ETEL,	
Hamamatsu,	HZC/Photonis,	Melz)	in	order	to	improve	the	
Signal/Costs	ra3o.	

–  Preliminary	results	are	very	encouraging	

7	



PMT	pictures	

8	

Hamamatsu	 HZC	

ETEL	

MELZ	
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Hamamatsu	QE	
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Each	single	PMTs	is	tested	and	calibrated.	
	120	PMTs	are	tested	daily	

11	

DarkBox	developed		@INFN-Napoli		



Underwater	PMT	performance	
(very	preliminary)	

12	

Measured	rates,	by	using	40K	events,	for	L1	triggers	and	ToT	as	measured	with	
PMTs	(1054	in	total)	installed	onto	the	DOMs	presently	taking	data	at	3500	m	
underwater.	
There	is	a	good	uniformity	among	the	different	channels	
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XP72B20	 Reference	 #1	 #2	 #3	 #4	 #5	 #6	
QE@404nm	 25	 26	 26	 26,8	 26	 25,5	 25,1	
QE@470	 18	 19,4	 19,4	 20,7	 20,2	 19,7	 18,8	
HV@3x106	 900-1300	 1231	 1129	 1134	 1085	 1154	 1146	
GainSlope	 6,5-8,0	 7,19	 7,55	 7,19	 7,22	 7,38	 7,41	
DCR	 2000	 378	 121	 875	 588	 419	 211	
PTV	 2	 3,4	 3,1	 3,5	 3,8	 3,7	 3,1	

XP72B20	 Reference	 #1	 #2	 #3	 #4	 #5	 #6	
QE@404nm	 25	 25,9	 25,5	 26,1	 26,2	 25,2	 25,7	
QE@470	 18	 19,6	 18,5	 20,7	 20,5	 19,3	 19	
HV@3x106	 900-1300	 1240	 1233	 1153	 1172	 1256	 1110	
GainSlope	 6,5-8,0	 6,93	 7,07	 7,06	 7,17	 6,95	 7,24	
DCR	 2000	 537	 443	 1616	 904	 784	 1037	
PTV	 2	 3,9	 4,4	 4,8	 4,2	 3,6	 3,6	

3.1”	HZC/Photonis	

3.5”	HZC/Photonis	

Datasheets	HZC	Photonis	
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PMT9320_733.txt

Absolute calibration, ETEL



Prototype	from	MELZ	FEU	(Moscow)	



MELZ	PMTs			
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Q.E.	measurement	by	Oleg	(ECAP)	

	but	charge	resolu3on	is	bad	–	eager	to	test	latest	prototype	
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The	KM3NeT	DOM	

•  17	inch	glass	sphere	(two	hemispheres)	
•  31	3-inch	(cathode	area~	3x10-inch	PMTs)	

–  19	in	lower,	12	in	upper	hemisphere	
•  31	PMT	bases	(total	~140	mW)	(D)	
•  Front-end	electronics	(B,C)	
•  Al	cooling	shield	and	stem	(A)	
•  Single	penetrator	
•  No	mu-metal	shield	
•  Op3cal	gel	between	glass	and	PMTs	

A	

B	

C	
C	

D	

PMT	









40K:	Inter-PMT	Calibra3on	

γ

Up	to	150	
Cherenkov	
photons	
per	decay;	
stable	40K	

concentra3on	

e-	(β	decay)	40K	

40Ca	

γ

23	Knowledge	of	efficiencies	vs	zenith	-	important	for	NMH	measurement	



Ligne déployée et connectée à Capo Passero le 3 décembre 2015 

Nanobeacon:	Inter-DOM	Calibra3on	

24	



KM3NeT	Integra3on	Sites	
Av.	integraDon	speed	of	DOMs:	4	DOMs/week/site	
Av.	construcDon	speed	of	DUs:	1	DU/month/site	
Av.	integraDon	speed	of	base	modules:	1	module/week/site	
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Thank	you!	



Summary	
•  15,000	3inch	PMTs	(Hamamatsu)	-	Working	well	
•  Big	effort	to	test	all	PMTs	
•  Push	to	improve	performance/cost	ra3o	for	Phase	2	
			 		–	ETEL,	HZC,	MELZ	
•  Aiming	for	<100euro/item	–	combined	orders?	
•  Think	carefully	about	specs	
•  Be	careful	with	nega3ve	photocathode	–liquid	coa3ng	
•  In-situ	40K	calibra3on	useful	for	KM3NeT		
•  MOU	with	HyperK	to	share	knowledge	–	mee3ng	at	Nikhef	
•  Volume	instrumented	HK	may	have	some	advantages?	
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Thank	you!	
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Sensi3vity	to	Mass	Hierarchy	

3	yrs	
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The	KM3NeT	Glass	Sphere	
•  Glass	sphere	(two	hemispheres)	
•  Rated	to	6700m	depth	
•  Outer	diameter	17	inches,	thickness	14mm	
•  VITROVEX	low	ac3vity	borosilicate	glass	
•  Refrac3ve	Index	1.47	
•  Titanium	vacuum	port	
•  Manometer		
•  Internal	pressure	(-200	mbars)	
•  Penetrator	via	20.5mm	diameter	hole	
•  Around	hole	sphere	is	flazened	
•  single	o-ring				

Spill proof floor

Mixing etc

Degassing pump

Gel and glue handling area 12

29

KM3NeTKM3NeT: Technical Design Report

3.1 Optical Modules and Electronics Containers

Three types of optical modules will be presented in this section: spherical optical module with a large photomultiplier, capsule 

optical module with two large photomultipliers and multi‐PMT spherical optical module, with 31 small photomultipliers.

3.1.1 Common features

The proposed optical module designs have several common features described below.

Optical Module Glass Vessel

The optical module glass vessel houses the photomultiplier and associated equipment, protecting them against the hydro-

static pressure and sea water. Commercially available transparent vessels considered are borosilicate glass spheres with diam-

eters of 13 and 17 inches. They are delivered as two half spheres with a precisely ground interface that allows for a watertight 

joint between the two. There are two major producers of this kind of spheres, Nautilus GmbH, Germany and Teledyne

Benthos, USA. Both companies have indicated that delivery at the rate of several thousand spheres per year is feasible.

As each penetration through the glass increases the leak risk, the number as well as the diameter of such penetrations is mini-

mized; in particular there will be no evacuation valve. Around any penetration the surface of the sphere has to be flattened in 

order to locate the unique O‐ring.

The handling of the glass spheres must avoid mechanical stress which can, over the lifetime of the sphere, induce cracks lead-

ing to leaks. In Table 3.1 the properties of the optical module vessels are summarised.

The water and air tightness at the level of the junction between the two halves is ensured by the aforementioned precision 

grinding and in addition by putty and tape on the outside of the joint. 

The two halves are kept together by establishing a partial vacuum inside the sphere. A passive pressure sensor inside the 

vessel allows for leak diagnostics.

Glass properties

Refractive index      1.47

Transmission       >95% (14 mm, λ>350 nm)

Density at 20oC       2.23 g cm‐3

Thermal conductivity      1.2 W m‐1K‐1

Characteristics of spheres

       13 inch   17 inch

Depth rating (m)      10000   6700

Overall diameter (mm)      330   432

Wall thickness (mm)      11   14

Mass (kg)       7.89   17.2

Buoyancy (empty) (N)      114   260

Diameter shrinkage per 1000m depth (mm)    0.30   0.41

Table 3.1: Properties of the glass vessels used for the optical modules.
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Implementa3on	in	DOM	
•  Reflec3ve	rings	around	PMTs	
(+27%	light	detec3on,	see	
JINST 8 (2013) T03006)	

•  PMTs	supported	by	plas3c	structure	
produced	by	3D-prin3ng	

•  Calibra3on:	Acous3c	sensor,	
compass	+	3ltmeter,	nano-LED	beacon	

•  Electronics	components	azached	
to	cooling	structure	

•  One	single	penetrator	for		
connec3on	to	ver3cal	cable	

•  Low	power	(7W	per	DOM)	

•  Op3cal	fibre	data	transmission	
–  DWDM	with	80	wavelengths	
–  Gb/s	readout	
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KM3NeT	readout	

HV	for	PMTs	
Discrimina3on	
w.r.t.	predefined	
threshold	
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Power	board	

FPGA	for	TDC	(3me	&	3me	over	threshold),	

Time	stamping	(1	ns	precision);	

Interface	for	3me	synchronisa3on	(white	rabbit):	

Control	of	calibra3on	devices;		

Communica3on;	

Online	filter		
onshore	

All	data	
to	shore	
(op3cal	
Fibres)	

Central	Logic	Board		
(CLB)	


