
The BTF “papers”
• energy calibration


• energy resolution


• “diffusion” behaviour and Z estimator


• FC effect


• two proceeding published: 2018 IEEE 
Nuclear Science Symposium and Medical 
Imaging Conference Proceedings (NSS/MIC), 
2017 IEEE Nuclear Science Symposium and 
Medical Imaging Conference (NSS/MIC)

https://www.overleaf.com/1368473969fhqbqgwmgwpq

https://ieeexplore.ieee.org/xpl/conhome/8508871/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8508871/proceeding


Introduction

• Was aimed to fully report the designi and 
contraction methodology underling also that 
was fully realised in 3D printing


• but:


- Davide have exploit large text and figure in 
Fe paper


- We discover that the design and choices 
were wrong
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Fig. 1. LEMOn 3D printing design: left PMT holder, semi-transparent cathode, field cage rings, triple GEM stack and large transparent windows, optical
bellow and ORCA Flash camera holder.

This camera is instrumented with a Schneider lens (f/0.95-
25 mm ) and each pixel was looking at an effective area of
125⇥125 µm2.

Fig. 2. Triple GEM system and the 3D-printed field cage equipped with a
semi-transparency cathode

On the other side, LEMOn has been equipped with a
50⇥50 mm2 HZC Photonics XP3392 photomultiplier3 detect-
ing light through a transparent 50⇥ 50⇥ 4 mm3 fused silica
window.

This system allowed to study - mainly for timing purpose
- the primary light scintillation in the drift volume and the
secondary light produced by the first GEM layer 200 mm
far away. A ' 70% transparent cathode has been realized
using an ATLAS MicroMegas mesh, glued on the last ring
of the field cage and ensuring an adequate light transmission.
The box 370 ⇥ 270 ⇥ 280 mm3 and 2.5 mm thick has been
equipped with two 180 µm thin 200 ⇥ 200 mm2 windows
made of TEDLAR in order to guarantee the gas containment
and to reduce as much as possible the multiple scattering of
the impinging electrons.

3http://www.hzcphotonics.com/products/XP3392.pdf

III. DETECTOR OPERATION

Data reported in the following have been collected at the
Frascati Beam Test Facility (BTF) [14] optimized to deliver
electrons with an energy of 450 MeV, a typical beam spot
size �x,y ' 2 mm, a divergence �0

x,y ' 2 mrad, and an
energy spread of ' 1%. Moreover, for some measurements the
beam multiplicity has been tuned from the single particle up
to hundred electrons per spill (10 ns bunch length). The beam
was monitor in multiplicity and spot size by means of a front
detector, namely a fitpix and a calorimeter [16] accommodated
in the back of LEMOn and acquired with the camera image
and the TCP PMT signal.

Fig. 3. Example of two tracks collected at the Frascati BTF with electrons
traversing the major axis (240 mm) of the field cage close to the GEM (up),
and 180 mm far away (down).

The prototype was operated with 60:40 HeCF4 gas mixture
at atmospheric pressure and at very high gain (> 5⇥ 105) in
order to reach a good light production. With this mixture, a
photons yield of 0.07 photons/electron has been measured [4],
[9], [11]. Moreover, by means of a Garfield simulation a
typical energy loss of 0.23 keV/mm for a ' 400 MeV electron
and about 7 primary e�/mm are expected.

The field cage was powered by a CAEN N15704, actually
limiting the maximum field at 0.6 kV/cm. A drift velocity

4N1570: http://www.caen.it/csite/CaenProd.jsp?parent=21&idmod=894.



Data

• We have 3 set of runs (0.6kV/cm, 0.45kV/cm, 0.3kVcm), almost any 
of that is affected by some issue that compromise the comparison


• each sets of runs consist run at different position (Z and Y)


- in general there is a lack of statistic, 20-30 “nice” events per run 
—> it’s difficult to assign a reasonable error


- we discover that old 10 cm around the center have a good field


- the field between GEM and first FC ring is often unknown


- The runs at 0.6kV/cm have a strange behaviour not understood
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of 4.36 cm/µs for a drift field of 0.6 kV/cm was evaluated
from this simulation. Some data as been also collected at a
lower field in order to understand the field cage performances.
The triple GEM system was powered with a HV GEM power
supply [8] ensuring stability and accurate monitoring of the
drawn currents.

The ORCA Camera I/O has been configured in order to
get a pre-trigger, that must occur 80 µs before the shutter,
and to synchronize the PMT signal waveform acquired with
a oscilloscope LeCroy 610Zi. Optics and exposure time were
optimized to ensure the largest light collection and to avoid
events due to the natural radioactivity. Between 100 and 300
images were typically acquired per run. Fig. 3 shows two
examples of track images acquired with LEMOn.

The 450 MeV of the BTF were delivered by accelerator
along the X (see Fig.4) direction whit a repetition rate of one
second and the The prototype was accommodated over the
remotely controlled table of the BTF in order to scan Y, Z
(0.2 mm precision) position.

Fig. 4. Reference frame

IV. TEST BEAM RESULTS

In the following the we report the most interesting results
obtained during the test beam at the Frascati Beam Test
Facility (BTF).

A. Tracking performances

In order to evaluate the tracking performance of LEMOn
prototype, the most probable track has been identified in any
image by means of a Hough transform [17]. Each track,
appropriately rotated, is sub-divided in 36 segments of 48
pixels each, a sub sample of 18tn segment around the center
is then selected in order to avoid field distortion and ineffi-
ciency [18]. In each segment the light profile transverse to the
track direction is fitted with a Gaussian and the mean value
is used to identify the segment position and uncertainty, as
shown in Fig. 5.

In Fig. 5 (bottom) examples of longitudinal and transverse
light profiles are shown.

Fig. 5. Background: example image collected at the Frascati Test Beam
(BTF); Top: longitudinal light distribution along the track (left) and transverse
light profile with a superimposed Gaussian fit (right); Bottom: track fit.

Then, a linear fit of the traversal light main position along
each segment is performed and the residual distribution is used
to evaluate the detector X,Y resolution, providing an intrinsic
resolution in both plane of about 60 µm.

Fig. 6. XY resolution vs depths (Z) obtained with a drift field to 0.6kV/cm

The degraded resolution of 10µm/cm (Fig. 6) is strongly
determined by the drift field and is limited in LEMOn by
High Voltage connectors and the power supply. The new pro-
totype, LIME, under construction at the National Laboratory
of Frascati will be able to provide 1 kV/cm over 50 cm of
drift length. LIME will be also equipped with a 33⇥33 cm
GEM amplification stage constituting one of the 18 modules
of the Phase-1 1 m3 of CYGNO demonstrator.

B. Diffusion

The measured diffusion of about 130 µm/sqrt(cm) 0.6kV
is well in agreement with the expected value obtained with
Garfield simulation from where is also expected a better
behaviour ad higher drift field up to 2kV/cm. The intercept
at zero of 400µm is typical for a triple GEM stack and their
intrinsic misalignment of the hall.



Methodology

raw image

rotated tracks HOUGH

rotation and 
Y 

light X Y 
profiling 
and X 

Image

 —> Vdrift= 3.33 cm/μs

! some data are out of sync

Scope
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Luminosity: all data vs center FC data
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all data +/-64 mm +/- 36 mm
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Resolution: all data vs center FC data
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all data +/-64 mm +/- 36 mm
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Diffusion: all data vs center FC data
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all data +/-64 mm +/- 36 mm

+/- 14 mm
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 example: 450e- RUN87-5, 2/455V/0.6kV/0.01s
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Pedestal mean: 101.78, sigma: 1.03, over th. (120) 143
Sigma mean: 2.67, sigma: 2.13, over th. (50) 12

Th mean = 104.34, sigma = 2.15
Signal: 127185

track background

the pedestal must be 
take very far from 

the track….

track 
residues
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450 e- @ BTF FC goodness
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z x
y



Photons reviewed
500ph/0.23 keV/mm 
—> ~ 2100 ph/keV



Photons reviewed
250ph/0.23 keV/mm 
—> ~ 1100 ph/keV
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Y scan detail at Z=10 (center)
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Physic Model



fast and dirty output



Fe



fast and dirty output

Raw 
data

Fidulacization

pearson =  
cov(x,y)/SxSy

eta =  
log(ph/px/Pearson)



fast and dirty output

350 ph/keV



AmBe



fast and dirty output



fast and dirty output

10-20% contamination some and look not 100% efficient



Clustering KMeans (ph/px & pearson)

selection: 2100! 
All but to many auto low energy 

Look very efficient

eta xi



working around length



Safety & host @ LNF

• Content: activities and procedure


• Description of workplaces and duty


• Responsibility (organigramma)


• —> Document of Risk Evaluation on witch are 
based the personal safety and radio protection risk 
and training 


• Open issues: the LNF are using a new safety and radio-
protection on line form that do not describe correctly the 
hosted user in the case of CYGNO —> we probably have to 
go back to paper… 
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LNF infrastructure
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A. Mengucci

many thanks to MU2E group 
and in particular to E. Paoletti 

and F. Marino

Reuse, Reduce, 

Reuse, Repurpose, 

Recycle!

CYGNO Lab

N2
H2CF4Arbasement

clean room  
1/1000 



Procurement

done
done

Work will 
start at 

the 
begging 
of 2020

Ready to 
go



On going soon

• ICARUS is going to finish the CRT for the 
beginning of 2020


• UTA refurbishing or substitution (Jan-Mar)


• Gas distribution system installation



Computing/DAQ-
SC-DQM/network
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INFN-CC @ LNGS-LNF
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Front-end 
DAQ

MIDAS

ROOT

data aux channels

MIDAS run 
control and 

slow 
control

c 
p 

c 
p 

c 
p 

INFN-CC

SWIF

User HTTP queries

Jupyter notebook: Python3,  
PyROOT, ROOT

BACKUP G. Mazzitelli thanks to the support 

of R. Gargana, D. Maselli, S. Stalio

AAI users 



Backup 

CYGNO lib

ROOTRepo



LNGS computing meeting

• Niece and constructive feedback


• No problem for the DAQ throughput (up to 40Gb/s easy) 
soon probably more available, doubling and redundancy 
nel be easy as soon as the new optical cables will be 
available


• We must be more accurate on the evaluation of the 
computing resource for simulation (CPU and storage)


• Contact person


• On call when running (DAQ/computing expert)


• procurements: 3 switch 40Gb/s and some support to the 
computing cluster.


• Next step: request to CNAF



SPARE 
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MIP 0.6kV/cm (1938 pixel)
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MIP 0.6kV/cm (34 segments)
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MIP 0.6kV/cm (34 segments)
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MIP 0.6kV/cm (568 pixel)
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MIP 0.6kV/cm (10 segments)
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MIP 0.6kV/cm (10 segments)
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MIP 0.45kV/cm (34 segments)
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MIP 0.45kV/cm (34 segments)
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MIP 0.45kV/cm (34 segments)
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MIP 0.45kV/cm (10 segments)
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MIP 0.45kV/cm (10 segments)
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MIP 0.45kV/cm (10 segments)
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MIP 0.3kV/cm (34 segments)

!44



G. Mazzitelli, CYGNO Weekly Internal Report

MIP 0.3kV/cm (34 segments)
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MIP 0.3kV/cm (34 segments)
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MIP 0.3kV/cm (10 segments)
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MIP 0.3kV/cm (10 segments)
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MIP 0.3kV/cm (10 segments)
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