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Updated	Barrel	EMC	
Geometry



Outline

pGeometry	description	updates
pCrystal’s	front	end	material	updates

pSome	reconstruction	checks
pPosition/energy	distributions	for	photons	and	charged	
particles
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Geometry	updates
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n The	geometry	updates	were	
based	on	an	old	version	of
geometry in	2009	(only	
crystals).

n Until	the	last	collaboration	
meeting,	we	have:
n updated	all	crystals
n newly	added	wrappings

Crystal Wrapping



Geometry	updates
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n We	also	have	added:
n Carbon	alveoles



Geometry	updates

2018-6-5 PANDA	Collab.	Meeting	18/2 5

n In	this	work,	we	
continue	the	geometry	
implementation	for	the	
front	end	materials,	
including:
n Front	insert
n Temperature	

insulation
n Aluminum	plate



Front	insert
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ü Shape:
ü Cuboid	with	a	hole
ü ~3	mm	thickness	in	average

ü Material:	ABS	plastic
ü Elements:	C,	H,	N	(molecule	– 15:17:1)
ü Density:	1.07	g/cm3
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Front	inserts	are	placed	in	front	of	the	crystals	



Temperature	insulation
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ü Shape:
ü Tube	segment
ü Thickness:	1	mm

ü Material:	vakuVIP Heat	360	(Polyurethane)
ü Elements:	C,	H,	N,	O	(molecule	– 25:	

42:	2	:	6)
ü Density:	0.225	g/cm3
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Aluminum	plate
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ü Shape:
ü Tube	segment
ü Thickness:	1	mm

ü Material:
ü Element:	aluminum	
ü Density:	2.7	g/cm3
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Simplified	vacuum	insulation	panel
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BarrelEMC

Slice

SuperModule

Module

Crystal Wrapping Alveole Front	insert	
(new)

Temperature	
insulation	
(new)

Aluminum	
plate	(new)

The	updated	geometry
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Volumes	hierarchy



Material	summary

Part Material Elements Density	
(g/cm3)

Crystal PWO Pb,	W,	O	(molecule	- 1:1:4) 8.29

Wrapping	(new) VM2000 C,	H	(molecule	- 2:4) 0.9

Alveole Prepreg C,	H,	Cl,	O	(frac.	mass	-
0.846:0.088:0.028:0.038) 1.8

Front	insert	(new) ABS C,	H,	N	(molecule	- 15:17:1) 1.07

Temperature	
insulation	(new) Polyurethane C,	H,	N,	O	(molecule	- 25:	42:	2	:	6) 0.225

Aluminum	plate Aluminum Al 2.7
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Code	update	summary

pPndEmc:	Update	the	logic	to	handle	the	new	ROOT	file
p SetGeometryVersion()
p ConstructRootGeometry()
p ProcessHits()

pPndEmcMapper:	Update	the	map	of	detector	ID	to	tci
(PndEmcTwoCoordIndex)

p New	class	PndEmcMapperGeo12Root

pPndEmcStructure:	Update	the	map	of	tci to	xtal (PndEmcXtal)
p Crystal_name_analysis()

pCodes	are	ready	to	check	into	the	pandaroot
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Check	I	– Photon	position
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ü Generate	1	GeV	photon	with	different	input	𝜃s and	𝜙s,	check	the	
reconstructed	directions.

ü The	plots	show	consistent	input/output,	which	means	the	crystals’	indices	are	
correctly	put	in	simulation
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Check	II	– Photon	energy/moment

pSome	variables
pE1,	E9,	E25:	

p the	energy	deposited	in	the	central	crystal,	the	3*3	crystal	array,	
5*5	crystal	array	containing	the	central	crystal	and	the	first	
innermost	ring

pLateral	moment:
p
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p where	n	is	the	number	of	crystals	associated	to	the	shower,	𝐸/ is	
the	deposited	energy	in	the	i-th crystal	with	𝐸0 ≥ 𝐸2 ≥ ⋯ ≥ 𝐸4,	𝑟/
is	the	lateral	distance	between	the	central	and	the	i-th crystal,	and	
𝑟6 is	the	average	distance	between	two	crystals.

pZernike	moments	Z20,	Z53:	
p A	set	of	Zernike	moments	which	describe	the	energy	distribution	
within	a	cluster	by	radial	and	angular	dependent	polynomials
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Check	II	– Photon	energy/moment
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ü Compare	energy/moment	distributions	between	the	new	and	old	geometries	
for	1	GeV	photon

ü Most	distributions	are	similar,	except	for	the	E25.	Mean	value	of	E25	in	the	
new	geometry	is	slightly	smaller	than	the	old	one.	This	is	reasonable	as	in	the	
new	geometry	more	materials	are	imposed.



Check	III	– Charged	particles
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ü Besides	photon	detection,	EMC	is	
also	a	powerful	detector	for	electron	
identification.

ü Generate	e/mu/pi/K/p	@	1	GeV

ü If	we	look	at	E25,	for	example,	
electrons	can	be	well	separated	to	
other	particles.



Check	III	– Charged	particles
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ü Generate	e/mu/pi/K/p	within	the	
momentum	range	of	0.05	– 6	GeV

ü All	distributions	are	reasonable



Non-uniformity	of	light	collection
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For	tapered	parallelepipedal	
crystals,	light	yield	at	the	rear	
end	sensor	distributed	non-
uniform	due	to	the	interplay	
of	absorption	and	focusing	
effect.

From	Bremer	Daniel’s	thesis



Non-uniformity	of	light	collection	(II)
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Non-uniform	function	in	pandaroot
for	a	typical	crystal:

1.117356 + 𝑥×(−0.01767657 + 4.456127×10EF𝑥)

ü By	enabling	the	non-uniformity	
correction,	the	reconstructed	energy	
becomes	larger

ü Need	to	further	study	the	
reconstruction/calibration

Distance	to	front	end	(cm)

Non-uniform	function



Summary

pHave	Updated	the	front	end	geometries	and	
materials	for	the	barrel	EMC

pThe	code	is	ready	to	check	into	the	pandaroot

pHave	looked	at	some	of	the	position/energy	
distributions	with	the	updated	geometry.	More	
detailed	checks/studies	will	be	done.

pTo-do:	Update	the	rear	end	materials.	More	
information and	suggestions are appreciated.
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Backup
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Backup
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