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RICH	Package	2.0	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

RICH	Package	1.0	 Test	release	beginning	of	May,	CCDB	and	misalignment	s=ll	incomplete	
	
																				preliminary:			✔			stable	runninng		
																																													✔			no	issue	with	CPU	=me		~	10	µs	per	event	

RICH	SoRware	Release	

Released	end	of	May,	complete	misalignment	and	basic	CCDB	
		
																			s=ll	missing:			✔ mirror	op=cal	proper=es,	MaPMT	efficiencies		

RICH	Package	2.1	 On	proba=on,	Hipo4	ready	

RICH	Engine:	
reconstruc=on/rich/src/main/java/org/jlab/rec/rich/*	
	
CSG	Geometry:	
common-tools/clas-jcsg/src/main/java/org/jlab/detector/geant4/v2/RICHGeant4Factory.java	
common-tools/clas-jcsg/src/main/resources/rich/cad/*	
	
Banks:	
coatjava/etc/bankdefs/hipo/RICH.json	
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RICHEBEngine	

RICHPMTReconstruc=on	

RICHEventBuilder	

RICHTool	

Geometry:			
				-	RICHComponent	
				-	RICHLayer	
				-	RICHPixel	
				-	RICHFrame			
	
Ray	Tracing:	
				-	RICHRay	
				-	RICHIntersec=on	
				-	Quaternion	

processRawData()	
	
-	RICHEdge	
-	RICHHit				
-	RICHCluster	

RICHio	

HIPO	bank	output/input	

processDCData()	
find_Hadrons()	
find_Photons()	
Cherenkov	analysis	
write_Banks()	

RICHEvent	

throw_Photons()	

RICHConstants	
RICHPar=cle	

Hadrons	
Photons	
Analy=c_analysis	
Raytraced_analysis	

Reconstruc=on	parameters	
From	CCDB	via	getConstantsManager	

Tools	 Management	 Event	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

SoRware	Architecture	

Designed	as	post-process	
to	provides	a	Cherenkov	angle	es=mate		
for	each	single	hit	in	RICH	and	each	hadron		

RICHSolu=on	
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✔  calibra=on/rich/parameter					[ok]	
	
	
	
	

✔  Calibra=on/rich/misalignments		[ok,	values	to	be	defined]	
	
	
	
	
	
	
	
	
	
	
✔  	calibra=on/rich/aerogel			[ok,	radius	and	center	values	to	be	defined]	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

CCDB	Database	
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✔  calibra=on/rich/=me_offset		[ok,	values	to	be	defined]	

	
	
	
	
	
	
	
✔  calibra=on/rich/=me_walk		[ok,	values	to	be	defined]	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

CCDB	Database	



6	Contalbrigo	M.	

Read	CSG	volumes	from	CAD	stl	files	
	
Convert	volumes	into	tracking	surfaces		(Shape3D)	and	spheres	(Sphere3D)	with	given	orienta=on	
	
													Each	Sphere3D	has	an	associated		Shape3D	to	define	its	solid	angle	of	acceptance	
	
Misalign	the	tracking	surfaces	(as	per	moun=ng	points)	
	
														Survey		
														Global	RICH	
	
														Layer	(aerogel,	MaPMTs,	spherical	mirror	assembling)	
	
														Components	(each	single	mirror)	
	
Detail	MaPMT	pixel	geometry	(on	the	misaligned	plane)	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Geometry	



4	201	0			0.0	0.0	0.0			0.0	0.0	90.0	

z	
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4					0	0			0.0	0.0				0.0			0.0	0.0	90.0	
4	302	0			0.0	0.0	90.0			0.0	0.0			0.0	
4	302	5			0.0	0.0	90.0			0.0	0.0	90.0	

4	401	0			0.0	0.0	0.0			0.0	0.0	90.0	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Misalignment	
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Analy=c	solu=on	for	direct	photons	
	
“Exact”	solu=on	for	the	Cherenkov	Angle	
	
Only	direct	photons																																								

Ray	traced	solu=on	for	direct	photons	
	
Assume	knowledge	of	aerogel	ref	index	
	
Any	photon	

GOAL:	get	a	Cherenkov	angle	es=mate	for	each	photon	for	detailed	PID	op=miza=on	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Cherenkov	Analysis	
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Use	Line3D	intersec=ons	with	Shape3D	and	Sphere3D	
	
Use	global	surface	for	a	layer,	to	avoid	gaps	between	components	
	
Register	anyway	the	component	to	get	op=cal	parameters	
	
Apply	reflec=on	and	transmission	
	
				Missing:			mirror	reflec=vity	
																						MAPMT	pixel	efficiency	
																						……	
	
				Op=on:	non	spherical	aerogel	surface	
	
	
Start	by	throwing	photons	for		
																											a	given	PID	hypothesis	
	
Refine	the	ray-tracing	using	the	most	close	throw	
	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Ray	Tracing	



10	Contalbrigo	M.	

Next	tracing	step	

Stop	when	closer	than	half	expected	(angular)	resolu=on			

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Ray	Tracing	
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Raw	data:	
	
	"bank":	"RICH::tdc”,		"group":	21812,				"info":	"digi=zed	bank	Ring	Imaging	Cherenkov”	
					
	
RICH	alone	informa=on	
	
"bank":	"RICH::hits”,			"group":	22021,				"info":	"Reconstructed	Hits	in	RICH”	
	
	"bank":	"RICH::clusters”,				"group":	22022,					"info":	"Reconstructed	Clusters	in	RICH”								
	
	
RICH	–	CLAS12	Par=cle	Matching	
	
	"bank":	"REC::RICH”,				"group":	341,				"info":	"RICH	Responses	for	Par=cles	bank”																
	
	
RICH	Cherenkov	Analysis:	
	
	"bank":	"RICH::hadrons”,				"group":	22023,					"info":	"Reconstructed	Hadrons	in	RICH”							
	
	"bank":	"RICH::photons”,				"group":	22024,					"info":	"Reconstructed	Photons	in	RICH”	
	
	"bank":	"REC::RingCher”,				"group":	22025,				"info":	"Reconstructed	Cherenov	nforma=on	in	RICH”	

	

[FULL,	CALIB,	DST]	

[FULL,	MONITOR,	CALIB]	

[FULL,	MONITOR,	CALIB]	

[FULL,	MONITOR,	CALIB]	

[DST]	

[FULL]	

[FULL]	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

RICH	Hipo	Banks	



12	

RICH:	Single	Photon	Time	Analysis	

Dark	counts	

Other	bunch	
CLAS12	Reconstructed	Time	and	Posi=on:	
Photons	are	traced	using	informa=on	
from	other	CLAS12	detectors		
	
RICH	Measured	Time	and	Posi=on:	
Defined	by	the	RICH	DAQ	

Good	photons	should	match		
in	=me	and	space	
	
Time	analysis	allows	to		
separate	spurious	signals		

12	Contalbrigo	M.	 CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	



13	Contalbrigo	M.	 CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Time	Calibra=on	



14	Contalbrigo	M.	 CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Offsets	sv	Hardware	

Major	features	could	be	explained,	but	no	fine	tuning	achieved	



15	Contalbrigo	M.	 CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Time	Calibra=on	



16	Contalbrigo	M.	 CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Time	Calibra=on	
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Δx	

Δy	DC3	space	point	

RICH	Cluster	

DC	Trajectory	 RICH	MAPMT	plane	

Track	chi2	 DC-RICH	chi2	
									=	Δ	/	pixel	size	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

RICH-DC	Matching	



18	Contalbrigo	M.	

Average	chi2	in	RICH	cluster	-	DC		track	matching	distance		
Indica=on	of	a	preferred	PMT	plane	(RICH)	posi=on	and	orienta=on	in	space	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

RICH-DC	Matching	

Run	2467	



19	Contalbrigo	M.	

No	misalignment	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

RICH-DC	Matching	
Run	2467	

ARer	alignment	



20	Contalbrigo	M.	

x	(cm)	

N.	Photons	–	18	
+	aerogel	max	x	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Number	of	Photons	

Tile	1	Tile	2	

Tile	4	

Tile	7	Tile	9	

Tile	14	 Tile	12	

Tile	15	Tile	17	

Tile	3	Tile	5	

Tile	10	 Tile	8	

Tile	11	Tile	13	

Tile	16	Tile	18	

Tile	6	

Run	2467,	par=al	alignment	



21	Contalbrigo	M.	

Direct	light	not	too	sensi=ve	on	rota=ons	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Cherenkov	Angle	Reconstruc=on	
Run	2467,	par=al	alignment	
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Refrac=on	from	a		surface		
with	local	normal	devia=on	θ		

Contribu=on	on	light	dispersion		
at	small	incident	angles	

σθaer	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Aerogel	Surface	Quality	
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OPTICAL:	
	
Density																																																								0.223	<	ρ	<	0.245					gr/cm3														
	
Refrac=ve	index						(n2=1+0.438	ρ)      	1.0477	<	n	<	1.0523	
	
Scaqering	length																																								Lsc	>	43	mm	
	
Absorp=on	coefficient																															A>0.95	
	
MECHANICAL:	
	
No	bubbles,	crackes;	chips	limited	to	less	than	1	%	area		
	
	
Side	to	side	length	varia=on																					ΔLside	<	0.25	mm	
	
										
Tile	to	=le	thickness	varia=on																		ΔH=le	<	1.5	mm	
	
	
Surface	planarity																																									ΔSsurf	<	1	%	of	lateral	side	

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Aerogel	Specifica=ons	



24	Contalbrigo	M.	 CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Resolu=on	vs	Planarity	
Run	2467,	par=al	alignment	



25	Contalbrigo	M.	 CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Response	to	Electrons	

Run	5038	with		
Un-calibrate	=me	and	par=al	alignment	
(Aerogel	Layer	0	,	Tile	12)	

Electron	as	iden=fied	by	EB	
	
Can	not	be	dis=nguished	from	pions	
	
	
	
Average	Cherenkov	angle	in	the	event	
	
					for	each	photon-hit:	
	
											RICH-CLAS12	=me	matching	
											(measured	in	RICH	vs	tracked	in	CLAS12)	
	
											single-photon	angles	within	physics	boundaries	
											(from	par=cle	momentum)	
	
											pion	guess	for	star=ng	throws		
											(only	ini=al	values,	secondary	bias	on	solu=on)	
	
											no	other	hypotheses		

p	

k	

π
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Response	to	Hadrons	
Run	5038	with	un-calibrated	=me	and		par=al	alignment		(Aerogel	Layer	0,	Tile	12)	

p	

k	

π
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Stress	tests	
	
				Reconstruc=on	and	calibra=on	of	a	large	data	set	
	
Study	misalignment:	
	
				A	preliminary	study	has	been	done,	need	to	be	refined	and	extended	to	the	spherical	mirror	
					
Refine	op=cal	surfaces	
	
				Aerogel	non-planarity	
				Mirror	efficiency	/	MaPMT	efficiency		
	
Refine	code	structure	
	
			eu.mihosoR.vrl.v3d			à		org.jlab.geom.prim	
	
Perform	PID										
	
			Basic	calcula=ons	are	already	available,	no	outputs	(on	purpose)

CLAS12	Coll.	Mee=ng,	18th	June	2019,	JLab	

Conclusions	&	Outlook	

RICH	reconstruc=on	soRware	is	ready	for	mass	produc=on	


