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Understanding	 and	 correct	 simula>on	 of	
electromagne>c	 showers	 plays	 key	 role	
when	 developing	 HEP	 experiments.	
Enhanced	 radia>on	 and	 pair	 produc>on,	
induced	 by	 the	 crystalline	 structure	 of	 a	
detector	 medium,	 accelerate	 EM	 shower	
development	 when	 par>cle	 moves	 at	 a	
small	angle	with	respect	to	crystal	axes	and	
comes	 from	 its	 coherent	 interac>on	 with	
ordered	atoms.		

MOTIVATION	



	 Our	 recent	 evalua>on	 of	 the	 upper	 limit	 of	 crystal	
effects	 in	 the	 lead	 tungstate	 crystal	 of	 the	 CMS	
electromagne>c	 calorimeter	 showed	 that	 the	 peak	 of	 the	
electromagne>c	 shower	 shiLs	 by	 2-4	 radia>on	 lengths	 to	
the	entry	surface	of	the	crystal	[1].	

	The	reduc>on	of	effec>ve	radia>on	length	in	aligned	
PWO	crystal	was	experimentally	observed	at	CERN	SPS	[2].	

	Such	shower	modifica>on	demands	reconsidering	of	
event	reconstruc>on	methods.		
	
References	
1.	V.	Baryshevsky	et	al.,	Nucl.	Instr.	Meth.	B	402	(2017)	35.	
2.	L.	Bandiera	et	al.,	Strong	Reduc>on	of	the	Effec>ve	
Radia>on	Length	in	an	Axially	Oriented	Scin>llator	Crystal	
Physical	Review	Le^ers	121,	021603	(2018).	



We	present	>ming	varia>ons	of	the	EM	
calorimeter	 signals	 from	 showers	 in	
“crystal”	 PWO	 for	 paraxial	 gamma-
quanta,	 electrons	 and	 positrons	 in	
comparison	 with	 signals	 from	 showers	
in	the	“amorphous”	PWO,	i.e.	when	EM	
shower	 develops	 far	 from	 direc>ons	 of	
main	crystal	axes	and	planes.		
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4D	Triangula-on	with	Photon	Timing	

Picture	from	A.	Bornheim	talk	Precision	Timing	Detectors	for	Par>cle	Physics	
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Fast	Timing	Fundamentals	



Methodology	
To estimate the PWO crystal structure influence on the 

energy deposition, the GEANT4 simulation of electromagnetic 
shower development in a structureless PWO standard sample 
routinely implemented in GEANT4 was used as a benchmark. 

 
First, the characteristics of both pair production and gamma-

quantum emission in the PWO crystal have been evaluated by 
the method developed earlier for various gamma-quantum and 
electron (positron) energies. 

 
The obtained pair production probabilities and electron 

(positron) energy loss lengths, increased due to the influence of 
the PWO crystal structure, have been introduced into the 
GEANT4 simulations through the increase of the corresponding 
values for the structureless PWO.  
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GEANT4	simula>on	
CMS	ECAL	endcup	crystal	30x30x220	mm	wrapped	with	

polished	Al.	Energy	deposit	+	photon	transport	



PWO	Double	Exponen-al	Pulse	Shape	

𝛼= ​1/​𝜏↓𝑟𝑖𝑠𝑒  , ​𝜏↓𝑟𝑖𝑠𝑒 = ~4 𝑝𝑠		 𝛽= ​1/​𝜏↓𝑑𝑒𝑐𝑎𝑦  , ​𝜏↓𝑑𝑒𝑐𝑎𝑦 = ~10 𝑛𝑠		
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Signal	front	shape	at	various	energies	
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Results	with	modified	GEANT4	func-ons	

Shower	accelerated	to	approximately	4-5	radia-on	lengths,	thus	reducing	rear	leakage	and	
constant	term	in	the	calorimeter	energy	resolu-on	
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Signal	rise	-me	at	various	energies	
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Conclusions	
•  Results of simulations of the electromagnetic shower 
development accelerated by the crystal-assisted 
processes in the PWO crystals manufactured for the 
ECAL CMS are reported; 
•   Obtained results can be used as an experiment 
proposal 
•  Obtained results can be used to refine the methods 
of a particle reconstruction by Compact Muon Solenoid 
at LHC (CERN); 
•  Obtained results should be used when performing 
detector study for Future Circular Colliders and other 
similar projects at energy frontier (Energy Dependent!); 
•  Obtained results should be used for development of 
dedicated patches at relevant particle tracking computer 
toolkits, like GEANT4 and others. 
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