
ECAL	Digitization	Updates	

1)  Add	Birk’s	Effect	to	the	ECAL	hit	process	for	shower	and	
preshower----ZhiWen	

	

2)  Convert	simulated	ECAL	deposit	energy	to	photon	number	and	
photon	electron	number,	which	is	based	on	the	vertical	cosmic	
test	result	of	the	SDU/	THU	modules.		

					GEMC	ECAL	simulation	configuration:	
					a)	1	Module	with	shower	only	
					b)	no	EM	field	
					c)	0-11GeV	µ-	hit	on	the	ECAL	module	(shower	only)	
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EC shower

Edep	
	
Birk’s	effect	Edep	

0-11GeV	µ-	

Birk’s	constant=	0.126	mm/MeV		
	

The	dependence	of	light	output	from	energy	deposition	is	usually	not	
linear	in	organic	scintillators.		
Ø  		A	high	density	of	excited	molecules	along	the	particle	track	causes	

deexcitation	without	photon	emission	(quenching	effect).		
Ø  Light	output	becomes	saturated	



1)  scintillation	photons	per	MeV	of	deposited	energy:		N0	

2)  efficiency	of	light	collection	from	scintillator	to	fiber,	
							96*π*(0.15/2)2	cm2/6*0.5*6.25*cos30o	cm2=10.4%		
3)  trapping	efficiency	in	fiber:	from	manufactory:	5.4%		
4)  attenuation	in	fiber:		
							A	=	0.5*EdepB*exp(-x1/λ)+0.5*EdepB*exp(-x2/λ)	
				x1:	distance	travelled	to	the	module	end	
				x2:	distance	travelled	backward	then	reflect	back	to	the	module	end	
				λ:  360 cm	attenuation	length	of	WLS	fiber	
3)  quantum	efficiency	of	PMT:	20%:	

											Np.e=	Edep(Birk’s	effect)*N0*10.4%*5.4%*A*20%	

Convert		ECAL	Deposit	Energy	to	Photon	Electron	Number	
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Nphe

N0	=	8540	photons	per		
1	MeV	deposit	energy	in	
ECAL	shower	

0-11GeV	µ-	



Vertical test result	
Signal Pedestal 
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	photo-electrons	calculated	as	(MPV-Pedestal)/(e*Gain)	=	491.3	p.e.	with	
(Gain=5*10^6) 

For	preshower	test	at	UVa	(used	IHEP	preshower),	Y11	light	yield	is	twice	of	BCF91.	Comparing	
with	SDU	#2(426.5),	our	result	is	only	15%	better.	(Maybe	SDU	#3	mirror	quality	is	bad	or	maybe	
because	the	UVa	preshower	test	use	IHEP	not	Kedi	scintillator,	could	the	wavelength	be	
different?) 
 

SDU#3	-----Ye	Tian	



n  Vertical	Test result 

Triggered	by	two	scintillators 
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Gain	of	PMT:		2.5× ​10↑6 	
														QDC:		0.1pc/channel 

Peak	is	424.9 

THU#1-----Chendi	



N0	=	8320	photons	per	1	
MeV	deposit	energy	in	
ECAL	shower	

1GeV	e-	,		15o<θe<45o	
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 / ndf 2χ   22.9 / 19
Prob   0.2416
Constant  6.7± 378.3 
Mean      1.4±  1946 
Sigma     1.79± 80.22 
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MeV	(deposit	energy	in	
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Sigma     3.7± 209.9 
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With	preshower+	2cm	
Al	support	structure	



Next	steps	

•  Update	with	beam	test	results		
	

Any	comments	and	suggestions	?		



Back	up	



Using	the	above	highest	MIP	light	yield,	which	is	about	500	p.e./200	
layers	1.5mm	layers	(0.3MeV	MIP	energy	per	layer	or	60	MeV	MIP	
energy	total),	scale	up	to	1	GeV	electron	(20%	sampling	factor	or	
200MeV	energy	deposit	in	the	scintillators),	we	obtain	
(500/60*200=1666	p.e.)	for	1	GeV	electrons.	This	is	1.67	p.e./MeV,	
which	is	still	factor	2-3	lower	than	LHCb	2.6-3.5	p.e./MeV,	ALICE	
4-4.4	p.e./MeV,	and	KOPIO	53	p.e./MeV	

SoLID	EC	Design	Weekly	Meeting	Minutes	

PMT	Quantum	efficiency:	20%		
		








