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• The new FOOT arrangement
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Introduction

M28	pixel	sensor main characteristics
• MAPS	(	AMS	0.35 μm,	15	μm epi-
layer )	

• 50	μm thickness
• 928	(rows)	x	960	(columns)	pixels
• 20.7	μm pitch
• Size 20.22	mm	x	22.71	mm
• chip	readout time	185.6	μs
• Digital	Zero	SuppressedOutput

By	IPHC	In2p3	Strasbourg
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q 3	MIMOSA28	planes:
● AMS	0.35	μm	OPTO	process
● 50	μm	thickness
● 960x928	binary	pixels
● 20.7	x	20.7	μm2	pixel	pitch
●Digital	output
● Readout	clock:	80	MHz

q 2	MIMOSA18	planes:
● AMS	0.35	μm	OPTO	process
● 50	μm	thickness
● 512x512	binary	pixels
● 10	x	10	μm2	pixel	pitch
●Analog	output
● Readout	clock:	20	MHz

qDUT:	MIMOSA22ThrB
● Tower-Jazz	0.18	μm	process
● 50	μm	thickness
● 64×64	elongated	pixels:
22	μm (row)	× 33	μm	(col)
● binary	readout	
● Readout	clock:	100	MHz

Main	goal:	measurement	of	spatial	resolution	and	fake	hit	rate
for	the double	row	readout	validation

Critical	point	=>		Multiple	scattering	at	500	MeV	electron	beam!

Measurements with M28s at the LNF BTF in 2015



05/09/17 E.	Spiriti	 (FOOT	referees	- SBAI) 4

Residual	and	efficiency	 as	a	function	of	the	threshold

Analysis	parameters:
Hit-track	distance=150	μm
Chi2	cut	=4

Efficiency	evaluated	as:
ϵ	=		Num.	of	tracks	associated	 to	a	hit	in	the	DUT/

Nun.	of		tracks	crossing	 the	DUT
Efficiency	error	 is	the	binomial	 distribution	variance

How	we	disantangle	 the	multiple	 scattering	effect	to	evaluate	
the	RESOLUTION from	the	obtained	RESIDUALS?

Measurements with M28s at the LNF BTF in 2015
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Main	goal	Evaluate	the	smearing	in	the	position	resolution	produced	by
multiple	scatterings	of	beam	e- in	the	telescope	planes	(@	BTF).
(Exp.	Residual)² =	(Intr.	Resolution)²	+	(Mult.	Scatt.	Residual)²
Procedure	
1.Reproduce	 the	telescope	 geometry	 in	GEANT	(no	pixelization introduced)	
2.Simulate	 the	beam	(electrons)	
3.Follow	the	propagation	and	the	interactions	 of	the	beam	particles	 with	the	materials	
4.Save	GEANT	hit	position	 in	each	plane	
5.Reconstruct	 the	tracks	by	processing	 the	data	with	TAF	
6.The	result	 is	then	subtracted	 to	the	overall	experimental	 resolution	

Measurements with M28s at the LNF BTF in 2015
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Residual	comparison
(	data	versus	GEANT	
simulation)	in	the	5
tracking	planes	in	u	

coordinate

Measurements with M28s at the LNF BTF in 2015
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Measurements for PADME with 
M28s at the LNF BTF in 2017
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PADME	BTF	beammonitor
(	readout system )

Data	acquisition board:
Terasic DE1-SoC

Data	output	on	Ethernet
Readout of	2	M28	sensors

Two boxes	housing 2	M28s	
sensors each.

This simulate	the	2	stations
foreseen for	the	PADME	beam

monitor.
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PADME	BTF	setup	February 2017
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PADME	BTF	setup	February 2017
Run 1023	(	100	Keventi )

Beam profile in	the	two M28	sensors



05/09/17 E.	Spiriti	 (FOOT	referees	- SBAI) 11

PADME	BTF	setup	February 2017
Clusters	coordinate	correlations between the	2	sensors:
- cluster	size >=1
- cluster size >=2	

Clusters	coordinate	correlations between the	2	sensors :
- cluster size >=2
- cluster size >=3	
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Summary

• New	DAQ	working at 25	Hertz	rate	
(	Tested in	lab	up	to	1	KHz	)

• Reliable results fromadate	first	analysis
on	data	quality

• Tracking analysis under	way

• Next step:	read out	of	4	sensors

• Trigger	supervisor	functionality to	be	
implemented

PADME	BTF	setup	February 2017
Clusters	coordinate	correlations between the	2	sensors :
- cluster	size >=1
- cluster size >=2	
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PADME	BTF	February 2017	- Run 1023	(	100	Keventi )
residuals in	the	two M28	sensors pre alignment
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PADME	BTF	February 2017	- Run 1023	(	100	Keventi )
residuals in	the	two M28	sensors pre alignment (	X	vs	Y	plots	)	
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PADME	BTF	February 2017	- Run 1023	(	100	Keventi )
Beam profile in	the	two M28	sensors after alignment



05/09/17 E.	Spiriti	 (FOOT	referees	- SBAI) 16

PADME	BTF	February 2017	- Run 1023	(	100	Keventi )
residuals in	the	two M28	sensors after alignment (	X	vs	Y	plots	)
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PADME	BTF	February 2017	- Run 1023	(	100	Keventi )
Beam angular distribution before and	after alignment
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PADME	BTF	February 2017	- Run 1023	(	100	Keventi )
Geometrical tracks plot	4k	events
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The	FOOT	Detector	

Ø  Table	top	experiment:	less	than	2	m	long.		
Ø  Combines	magne*c,	TOF	and	calorimetric	measurements	
Ø  Secondary	fragmenta*on	on	detector	as	low	as	possible	

Beam monitor 
Drift chamber 

Start  
counter 

Permanent  
Magnet (0.8 T) 

Drift Chamber 

BGO 
calorimeter 

Plastic Scint. 
DE/DX & TOF 

Silicon trackers 
Target 

FOOT	overall detector	schematicpicture
FOOT	Pixel	tracker
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The	FIRST	target	and	Vertex	setup
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New	M28	sensor holding	PCB	designed for	PADME/FOOT

M28	sensor (	50	μm thick )

PCB	hole below the	M28	sensor

PCB	hole below
the	M28	sensor
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New	M28	sensor holding	M28	board for	PADME/FOOT

Tested in	laboratory in		
Strasbourg	mid of	last	june.

------
Two boardsavailable,	more	

in	production.
------

To	be	tested in	vacuum (for	
PADME)	and	on	beam in	the	

fall 2017.
------

All needed functionality for	
FOOT	already verified.
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M28	sensor beam monitoringmechanics for	PADME
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The	FOOT	tracker magnetic region
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The	FOOT	tracker magnetic region

Aster Enterprises, Inc.
Part Number 102270

Serial Number xx
QF2 Half Length Quadrupole

QF

Examples of	permanentmagnets,
Dipole and	quadrupole,

designedand	built at LNF	for	DAFNE	)
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The	FOOT	tracker magnetic region
Transversal dipolemagnetic field in	the	8	and	12	single

Permanent Magnet Hallbach configurations
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The	FOOT	tracker magnetic region

Double	magnet structure

Hallbach configuration
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The	FOOT	tracker magnetic region

�  

Most probable pulse height of	the	central pixel	as function of	
the	magnetic field parallel and	perpendicular to	the	surface of	

MIMOSA.
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FOOT	Inner	tracker

The	basic building	block idea:	the	PLUME	module
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FOOT	Inner	tracker

SiC Foam 4	%

SMD Mi26	sensor (50µm)

Top	Cover Layer	 (25µm)
Top	Metal Al	(10µm)
Subtrat Kapton (50µm) 120µm
Bottom Metal Al	(10µm)
Bottom Cover Layer	 (25µm)

Plume	2011	with 0.35%	X0

2	mm

Epoxy	glue	
(few	µm)

18	mm

Picture	of	PLUME	
ladder equipped with	

M26	sensors
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FOOT	Inner	tracker
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FOOT	Inner	tracker DAQ

Altera Arria10 SOM board as basic building
block for the Inner Tracker readout.
One board per	ladder (	8	M28s	)	readout.
Needed one adapter card	per	board to	be	
developed.
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FOOT Pixel Tracker CDR ( one )
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FOOT Pixel Tracker CDR ( two )
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FOOT Pixel Tracker CDR ( three )
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FOOT Pixel Tracker CDR ( four )
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FOOT LNF 2018 financial request

Gara	magneti	tracciatore	 I-S	2018	

Costruzione	magneti	tracciatore	 II-S	2018	

Costruzione	Vertice	 I-S	2018	

Test	su	fascio	Vertice	(BTF,	LNS)	 II-S	2018	

Acquisto	secondo	wafer	M28	 I-S	2018	

Disegno	e	realizzazione	prototipi	dei	moduli/ladders	Inner	Tracker	 I-S	2018	

Disegno	e	realizzazione	scheda	interfaccia	FPC-SOM	(Inner	Tracker)	 I-S	2018	

Disegno/realizzazione	frame	meccanico	Inner	Tracker	 I-S	2018	

Disegno	meccanica	supporto	tracciatore	 II-S	2018	

Test	su	fascio	ladder	Inner	Tracker	(BTF,LNS)	 I-S	2019	

Costruzione	ladders	finali	Inner	Tracker	 II-S	2018,	I-S	2019	

Realizzazione	meccanica	supporto	tracciatore	 I-S	2019	

Mappa	campo	magneti	tracciatore	 I-S	2019	

Assemblaggio	meccanico	tracciatore	 II-S	2019	

Prima	presa	dati	con	tracciatore	al	GSI	 II-S	2019,	I-S	2020	

Schema temporale attività nel triennio 2018-2020
( I-S = Primo semestre , II-S = Secondo semestre )
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FOOT LNF
2018 financial request
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Conclusions

A	lot of	work	in	front	of	us!
2017	main activities

• Test	of	the	new	M28	sensor board (	test	@	BTF	and,	if possible@	LNS	)
• Improvement of	the	new	SoC DAQ	(	in	vacuum for	PADME	)
• Study of	a	possiblemechanical solution of	the	Inner	Tracker
• Tentative design	of	the	new	kapton FPC	(	Flexible Printed Cable	)	for	the	

FOOR	version of	the	PLUME	ladder
• Interaction with	G&A	Engineering for	a	preliminary cost estimation

2018	main activities
• Assembly	of	the	new	M28	ladder prototype
• Definition	and	building	of	the	new	DAQ	for	the	Inner	Tracker
• Study of	the	solution of	the	entire Tracker mechanics
• Bid for	the	two magnets and	mapping
• Building	of	the	final Inner	Tracker
• Test	of	the	different components


