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Calorimeter: status and plans
q  2017 achievements: 
    ! PRE-Prod CsI and SiPMs completed & Module-0 tested 
    ! BID for CsI and SiPMs done ! Comments on delivery in few  slides 
    à PRE-Prod of MB – Design completed,  in production x 5, @ LNF for Xmas 
    ! PRE-Prod and test of FEE chips à see next slides 
    à PRE-Prod of WD. First board in Pisa, x3 in progress, V2 under planning 
    à Pre-production of FEE cables in progress, @ LNF for Xmas 
q  Data analysis of Module-0 in advanced status  
q  Plans on new “Module-0” slice tests 
      à update up to Ring-2  (19  New SiPM Holders, preamps, cables, MB+WD readout) .. 
q  Vacuum chamber for Module-0 ready ..  
q  Preparation of QA room  in SIDET OK, QA stations underway  
q  Details for production underway: 
      à Wrapping, Labeling CsI and SiPMs, DB Handling  
q  Successful test of SiPM cooling  and SiPM-CsI thermal gradient  
q  Mockup in progress 
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Calorimeter: pre-reviews …
q  In November we had two dedicated internal reviews for : 
      PRE-electronics review (21-22 Nov 2017) to discuss: 

  - status of calorimeter electronics; 
         - services and cabling; 
         - a PCB review (layout of FEE chips, Mezzanine Board and Digitizer board) 
         - discussion of rad-hard components (VTRX, FPGA, DC-DC converter) 
      PRE-Mechanical system review (28-29 Nov 2017) to discuss: 
         - status of outgassing 
         - status of cabling layout (FEE and services) 
         - operations of assembly, installation and maintenance 
         - interferences with tracker (cabling, access …) 
         - status of cooling system 
q   Positive outcome of these discussions with some recommendations and 
      some progress in the overall design … 

 … small corrections or board layouts and suggestions 
       … new drawings of feet for the calorimeter disk 
       … better organization of patch panels for distribution of services 
       … preliminary ideas for access 
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Electronics pre-Review
Two	days	of	presenta/on	and	PCB	review.	Very	nice	outcome.	
PCB	review	held	by	G.Drake,	R.Rivera,	J.Olson.	
	

Stefano Miscetti <stefanomiscetti@gmail.com>

Pre-review of Mu2e calorimeter electronics

Drake, Gary R. <drake@anl.gov> 4 dicembre 2017 19:55
A: Stefano Miscetti <stefanomiscetti@gmail.com>, proton protonis <franco.spinella@pi.infn.it>, Gianni Corradi
<giovanni.corradi@lnf.infn.it>, IVANO SARRA <email.ivano.sarra@gmail.com>
Cc: Jamieson Olson <jamieson@fnal.gov>, Ryan A Rivera <rrivera@fnal.gov>, "Byrum, Karen"
<byrum@anl.gov>

Dear Stefano, Gianni, & Franco,

Apologies for the delay in getting these comments to you.  Thank you for meeting with us on Wednesday,
Nov. 22 for the review of your PCBs.  You have done a lot of work to this point, and your designs look fairly
mature.  Thanks for putting together the presentations.  This was a lot of work, but really  helped the
committee understand how the boards work, and what the important performance parameters are.

This was an informal review, and the comments that follow are meant to be helpful.  The preamp and
mezzanine boards appear to be nearly final, and is mostly ready to go, with the suggestions below.  the
DIRAC board was aid to have another major iteration, to incorporate the PolarFire FPGA and possibly DDR4
memory.  We suggest having a final design review of this board after the final design is complete prior to
fabrication.

General Comments:
--------------------------

 1.  For sensitive analog lines, try to shield them top and bottom with non-current-carrying planes that can
provide a quiet shield against noise pick-up.  This is especially important when the analog trace must go
through areas that have digital traces or potentially noisy power planes.  For long runs, consider using
differential analog signals.

 2.  For digital traces, try to arrange them so that at least one signal return plane is directly under or over the
trace.  There should be no cuts in the plane over the trace run.  It is better if the digital trace has signal return
planes over top and bottom, on adjacent layers.  This is especially important for mixed signal designs, high-
speed signals, or clock lines.  Note that in general, most of the noise comes from the fast edges.  the clock
frequency determines how often that noise is injected.

Comments on Preamp & Mezzanine Cards:
---------------------------------------------------------

3.  On the cable between Mezzanine and Preamp, the I2C clock and data are a twisted pair. And there is a
neighboring ground pair on the connector/cable.  It would be better to twist each of the I2C signals with a
ground.

4.  Same comment with the routing of the two I2C lines on the PCB.  In the current design, these two single-
ended signals  are coupled electromagnetically, when instead each should be isolated from each other and
electromagnetically coupled to ground for the image current return.

5.  On the Preamp card, swap layers 3 and 4. And move the HV via.

6. Check clearance on the high voltage traces/pins on the both PCBs. At 300VDC IPC-2221B recommends
minimum 0.008" clearance around the HV and HV-return conductors. This includes copper-to-copper
clearance on the PCB traces, through hole connector pins, and possibly the layer separation in the flex circuit.

Comments on the DIRAC Card:
---------------------------------------------------------

Gmail - Pre-review of Mu2e calorimeter electronics https://mail.google.com/mail/u/0/?ui=2&ik=344fd3ecab&jsver=...

1 di 2 05/12/17, 08:24

Then	a	list	of	technical	comments	follow.	
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Test of FEE-gain
AEer	Module-0	test	beam,	we	have	worked	to	tune	FEE	gain	to	avoid	satura/on	
§  At	BTF	we	had	FEE	gains	:		GX1	=	15	and	GX2=30.	A	clear	satura/on	observed	@	100	MeV.	
§  We	had	fixed		with	two	steps	opera/on:	reduced	SiPM	bias,	modified	preamp.	
§  We	run	with	Vbias	=	Vop-3V	(for	the	series)	and	Gx1	=	7.5.	
§  Since	the	CAEN	digi/zer	had	0-1	V	dynamic	range	we	had	
						also	modified	the	output	of	the	Mezzanine	Board.	
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6/19/2017E. Diociaiuti & R. Donghia @ Calorimeter CRR for CsI and SiPMs12

Reduction	of	a	
factor	1.8
each	3	V	

Charge
• ΔV	=		Vop – Vbreakdown
• Good agreement
between the	2	channels
and	their ratio
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q  The	product	of	Npe	X	Gsipm=	Qsipm	
						reduc/on	due	to	Vbias	is	≈	2	
	
q  This	means	our	Gx1	effec/ve	was	3.8	

q  Proposal	is	to	have	the	new	set	of	
					Preamps	running	with	Gx1=4	in	order	to	
					get	a	pulse	height	of	1.1	V	at	100	MeV	
	
q  Dynamic	range	0-2	V	

Ham	SiPMs	
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Details on outgassing measurement

Module – 0 test 

11/28/2017M. Ricci, M. Martini | Internal Mechanical Review: Outgassing 9

• The module zero is still in progress in order to understand the previous results.
• Current outgassing limit is:

2,4 x 10-5 mbar x 20 l/s x 0,75= 3,6 x 10-4 Torr x l/s

According to the result, after this test we may check the outgassing behavior 
separately of the FEE plate and crystal matrix to disentangle the contributions.

This value for module-0 has been obtained after 10 days of 
outgassing and by separating the FEE plate from the 
aluminium disk (as in picture). The value is still decreasing.

This outgassing value, when scaled to the final 1340 
channels, corresponds to a total of 9,7 x 10-3 Torr x l/s

q  Outgassing	of	module-0.	
	
q  The	Al-disk	with	51	wrapped	crystals	and	

packed	as	in	the	final	configura/on	reached	in	a	
vacuum	vessel	0.6	x	10-5	Torr	(aEer	5	days	of	
pumping)	in	agreement	with	the	outgassing	
specifica/ons	of	the	measured	components.	

	
à Virtual	leaks	reduced	to	a	small	effect.	
	
à Next	step	is	to	test	the	SiPM	and	FEE	disk.	
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Comparison	of	cooling	tests	with	ANSI	completed:		
à	evalua/on	of	SiPM	temperature	in	SiPM	holder	
	system	and			
à	CsI-SiPMs	thermal	gradient	(	<	3	°C)	
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QA stations /QA room: CsI+ SiPM
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q  QA	area	cleaned.	AC	units	OK.	Floor	with	low	outgassing	resin	done.	Installa/on	of		glass	windows	and	
doors	done.	ODH	requirements	for	N2	flow	being	controlled	by	our	mech.	Integra/on	team.	

q  Discussion	for	usage	of	sources	underway:	
-  OK	for	Na22	calibra/on	source	
-  OK	for	CsI137	for	RIN	but	shielding	s/ll	underway	
	
The	QA	area	is	now	ready	to	be	used:	
o  First	tables	installed,	storage	cabinets	being	procured:	
o  Missing	materials	being	procured	(PMTs,	Digi/zer,	
						RIN	readout,	Power	supplies,	PREP-material)	

o  QA	staPons	being	completed	in	Italy	for:	
								-	Op/cal	test	of	crystals;	
							-		Radia/on	Induced	Noise	test	on	crystals;	
								-	SiPM	MTTF	determina/on;	
								-	SiPM	gain/IV	curve.	
	
o  D.Pasciuto	(Pisa	à	NIU)	will		oversee	the	logis/c	for	the	produc/on	and		organize	the	adjacent	area	for	

disk	assembly	and		installa/on.	He	will	be	at	FNAL	for	1	years	star/ng	from	8th	of	January	2018.	

o  We	will	start	organizing	shiTs	and	training	from	beginning	of	February	



CsI+ SiPM pre-series delivery
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q  First	50	SiPMs	(pre-series)	will	be	at	LNF	next	week	to	test	QA	sta/on.		
q  SiPM	producPon	will	start	in	the	middle	of	February.		

	!	They	will	be	shipped	directly	to	Fermilab.	
	
q  Pre-series	of	12	Siccas	CsI	crystals	sent	from	China	on	first	week	of	December.	
						They	arrived	at	FNAL	on	Friday	15	and	have	been	surveyed	for	mechanical	tolerances.	
						Pre-series	from	St.Gobain	has	been	delayed	è	we	will	receive	it	end	of	January.	
	
q  Crystal	producPon	will	start	in	the		
							middle	of	February.		

q  Mechanical	precision	of	the	crystal	OK	

q  Bad	quality	on	some	crystals	corners		
							to	be	understood	


