
In-Situ Calibration 



Note	for	online	slides	
•  Please	see	the	vertcial	text	on	the	right	of	
each	slide	for	the	script(s)	used	to	produce	the	
plot	(and	if	not	in	JPP:	where	to	find	them)	
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Part 1: Introduction 
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PMTs	
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Quantum	Efficiency	
	Probability	to	emit	an	electron	

Electron	emission	



PMTs	
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Quantum	Efficiency	
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PMTs	

9	

Quantum	Efficiency	
	Probability	to	emit	an	electron		

	
CollecBon	Efficiency	

	Probability	to	‘catch’	the	electon	

Electron	emission	



PMTs	
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Gain	&	Gainspread	
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Gain:		
	#electrons	hiXng		
	anode	given		
	one	photoelectron	

	
	~3*106	in	KM3NeT	

	
Gainspread:	

	StaBsBcal	fluctuaBon		
	in	#electrons	

AmplificaBon	



Pulse	->	L0	hit	

12	Analogue	pulse	



Pulse	->	L0	hit	
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PMT	Parameters	
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Efficiency-Related	
QE	shape	
RelaBve	PMT	Efficiency	

	Absolute	QE	*	CollecBon	eff.	*	…	
Gain	
Gainspread	



t=?	
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CLB	

Time-Related	Parameters	



t=?	
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CLB	

Time-Related	Parameters	

PMT	Transit	Time	
	
	
	
Electronic	Time	Delay	



t=?	
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CLB	

Time-Related	Parameters	
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CLB	

Time-Related	Parameters	



PMT	Parameters	
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Efficiency-Related	
QE	shape	
RelaBve	PMT	Efficiency	

	Absolute	QE	*	CollecBon	eff.	*	…	
Gain	
Gainspread	
	
Time-Related	
Transit	Bme	
Transit	Bme	spread	
Electro-OpBcal	Bme	delays	



PMT	Parameters	
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Efficiency-Related	
QE	shape	
RelaBve	PMT	Efficiency	

	Absolute	QE	*	CollecBon	eff.	*	…	
Gain	
Gainspread	
	
Time-Related	
Transit	Bme	
Transit	Bme	spread	
Electro-OpBcal	Bme	delays	

PMT	Time	Offset	(detx	file)	



Part 2: In-Situ Calibration 



MoBvaBon:	Why	In-Situ?	

22	

115*18*31=64170	PMTs	
	->	3.5	years	of	work	(assuming	5min/PMT)	

	
Detector	seXngs	and	environment	change	over	Bme	

	HV	seXngs,	temperature,	etc.	
	
In-situ	calibra6on	allows	to	monitor+calibrate	all	PMTs	over	detector	live6me,	
without	the	need	for	special	calibra6on	runs	(=down6me)	



PMT	Parameters	
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Efficiency-Related	
RelaBve	PMT	Efficiency	

	Absolute	QE	*	CollecBon	eff.	*	…	
Gain	
Gainspread	
	
Time-Related	
PMT	Time	offset	
Transit	Bme	spread	



PMT	Parameters	
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Efficiency-Related	
RelaBve	PMT	Efficiency	

	Absolute	QE	*	CollecBon	eff.	*	…	
Gain	
Gainspread	
	
Time-Related	
PMT	Time	offset	
Transit	Bme	spread	



Time-over-Threshold	
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ToT	distribuBon	
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ToT	->	Gain	&	Gainspread	
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hpps://elog.km3net.de/Analysis/154	



PMT	Parameters	
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Efficiency-Related	
RelaBve	PMT	Efficiency	

	Absolute	QE	*	CollecBon	eff.	*	…	
Gain	 	 	 	 	 	 	(ToT	distribuBon)	
Gainspread 	 	 	 	 	(ToT	distribuBon)	
	
Time-Related	
PMT	Time	offset	
Transit	Bme	spread	



40K	fit	method	
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Data, before calibration
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40K	fit	method	
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Mean	 	 	<>	PMT	Bme	offsets 	 	(t0)	
Width 	 	<>	PMT	transit	Bme	spreads 	(TTS)	
Amplitude 	<>	PMT	efficiencies 	 	(ε)	
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Data, before calibration
Calibrated data
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K model fit40 



40K	fit	method	
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Data, before calibration
Calibrated data
Random coincidences

K model fit40 

Mean	 	 	<>	PMT	Bme	offsets 	 	(t0)	
Width 	 	<>	PMT	transit	Bme	spreads 	(TTS)	
Amplitude 	<>	PMT	efficiencies 	 	(ε)	



40K	fit	method	

K.	Melis,	Coll.	MeeBng	Athens	 32	

Mean	 	 	<>	PMT	Bme	offsets 	 	(t0)	
Width 	 	<>	PMT	transit	Bme	spreads 	(TTS)	
Amplitude 	<>	PMT	efficiencies 	 	(ε)	
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40K	fit	method	
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Mean	 	 	<>	PMT	Bme	offsets 	 	(t0)	
Width 	 	<>	PMT	transit	Bme	spreads 	(TTS)	
Amplitude 	<>	PMT	efficiencies 	 	(ε)	
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 hitsγK simulations, 40 
=556 Hz∫=0.54 ns, σ    

K + detector simulations40 
=530 Hz∫=3.14 ns, σ    



40K	fit	method	
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Time	CalibraBon	Cross-Check	
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PMT	efficiencies	<->	superstructure	
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-  CalibraBon	precise	enough	to	see	collar	
-  PMT	efficiency	spread:	~6%	

PMT	eff.	per	PMT	DO
M
	

PMT	
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Efficiencies	>	1?	
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K Simulations40 
Model
Data
Corrected data

Indeed	more	coincidence	light	seen	than	expected	



Efficiencies	>	1?	
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PMT	Parameters	
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Efficiency-Related	
RelaBve	PMT	Efficiency 	 	 	(40K	fit)	

	Absolute	QE	*	CollecBon	eff.	*	…	
Gain	 	 	 	 	 	 	(ToT	distribuBon)	
Gainspread 	 	 	 	 	(ToT	distribuBon)	
	
Time-Related	
PMT	Time	offset 	 	 	 	(40K	fit)	
Transit	Bme	spread	 	 	 	(40K	fit)	

The	end	of	the	story?	



t=?	
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CLB	

Time-Related	Parameters	



Inter-DOM Time Calibration 



t=?	
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CLB	

Time-Related	Parameters	
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Dark	Room	laser	calibra6on	
-  Calibrated	laser	shoots	on	one	PMT	per	DOM	
	
LED	Nanobeacons	
-  LED	flashers	on	each	DOM	
	
Atmospheric	Muons	



L1	Hit	Time	Differences	
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Atmospheric muon simulation



L1	Hit	Time	Differences	
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Data, before calibration
Random coincidence fit
Simulations + Random coin.
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L1	Hit	Time	Differences	
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Data, before calibration
Random coincidence fit
Simulations + Random coin.

Poisson(dk+l	|	mk)	



L1	Hit	Time	Differences	
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Best	Fit	DOM	Time	Offsets	
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Best	Fit	DOM	Time	Offsets	
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L1	Hit	Time	Differences	
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2nd	Method:	Hit	Time	Residuals	
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Hit	Time	Residuals	
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Hit	Time	Residuals	
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DOM	Time	Offsets	
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DOM	Time	Offsets	
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CalibraBon	Overview	
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Inter-PMT	 Inter-DOM	
40K	CalibraBon	
	
(Atmospheric	muons)	
	
(Nanobeacons)	
	

	
	
Atmospheric	muons	
	
Nanobeacons	
	

(Laser	CalibraBon)	
	
(40K	in	lab.)	

Darkroom	Laser	Calib.	
	
White	Rabbit	



CalibraBon	Overview	

24/02/17	 K.	Melis	|	In-situ	calibraBon	|	Time	calibraBon	PRR	 58	

Inter-PMT	 Inter-DOM	 Inter-DU	
40K	CalibraBon	
	
(Atmospheric	muons)	
	
(Nanobeacons)	
	

	
	
Atmospheric	muons	
	
Nanobeacons	
	

	
	
Atmospheric	muons	
	
Nanobeacons	
	

(Laser	CalibraBon)	
	
(40K	in	lab.)	

Darkroom	Laser	Calib.	
	
White	Rabbit	

	
	
White	Rabbit	



Inter-DU Time Calibration 



•  Triggered	Event:	
–  At	least	5	local	DOM	coincidences	

complying	with	track	hypothesis	

•  OpBmal	DU	Bme	offset	reflects	in	
high	trigger	rate	

•  Best	fit	inter-DU	Bme	offset	
compaBble	with	other	methods	
(muons	and	LEDs)	

*Work	+	plots	by	M.	Jongen	

Inter-DU	Bme	offset	difference	–	575	[ns]	

Trigger Rate Optimization 
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Inter-DU	Coincident	Hits	
•  18	inter-DU	DOM	pairs	on	

same	floor	
o  18	inter-DU	coincidence	rate	

distribuBons	
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S1F13	<->	S2F13	
Background	subtracted	

Data	
MC	(scaled)	

Best	fit	inter-DU	Bme		
offset	difference:	524±10	ns	
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Comparison:	Inter-DU	
•  From	white	rabbit	round	trip	Bme:	
•  From	nanobeacon	fit:	
•  From	trigger	rate	opBmisaBon:	
•  From	inter-DU	coincidences:	
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~529	ns	
~509	ns	
~525	ns	
~524	ns	

*	Nanobeacon	fit	is	sensiBve	to	inter-DU	spacing,		
16	ns	difference	corresponds	to	3.2	meters	difference	

Good	agreement	between	methods,	given	
resoluBon	on	inter-DU	distance	(91±2.5	m)	



Backup 



Singles	Rates	
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Bioluminescence	etc.	



[Hz]Mean singles rate 
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Mean	Singles	Rates	
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