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Introduction

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 (£/0.95-
25 mm ) and each pixel was looking at an effective area of
125%125 pm?.

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
50x50 mm? HZC Photonics XP3392 photomultiplier* detect-
ing light through a transparent 50 x 50 x 4 mm? 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 x 270 x 280 mm* and 2.5 mm thick has been
equipped with two 180 gm thin 200 x 200 mm? 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.

P P3392.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 0, =~ 2 mm, a divergence o/, ~ 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.

2 electrons @ 1 cm

24 cm

2-electrons @ 18 cm

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 HeCF, gas mixture
at atmospheric pressure and at very high gain (> 5 x 10°) 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 N1570*, actually
limiting the maximum field at 0.6 kV/cm. A drift velocity

AN1570: hitp://www.caen.it/csite/CaenProd.j 21&i
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of 4.36 cm/us 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 us 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.

image size 256 mm

Fig. 5. Background: example image collected at the Frascati Test Beam
(BTF): Top: longitudinal light distribution along the track (Ieft) 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 ym.
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Fig. 6. XY resolution vs depths (Z) obtained with a drift field to 0.6kV/cm

The degraded resolution of 10m/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 33x33 cm
GEM amplification stage constituting one of the 18 modules
of the Phase-1 1 m® of CYGNO demonstrator.

B. Diffusion

The measured diffusion of about 130 pm/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 400um is typical for a triple GEM stack and their
intrinsic misalignment of the hall.

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

e 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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Diffusion: all data vs center FC data
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Photons reviewed
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Photons reviewed
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XY resclution [pm]

A and o of light racks
2

Y scan detail at Z=10 (center)

¥ scan run B4-91 3 =3, 020, p<18 0 18,130 7-95

<]
T @ fevpinad: i |gholzez)
A Shkma oo =tecl]

-

- A
r‘l_—
2— *
- ¢
1—
U | || (I} (I

I | |}
-0 4 &£ 4 -2 0 2

500

g
=

=
=

=
=
i

100+

Y position [cm]

4 20 2

Y position [em)]

Y scan run 84-91, 3¢ -3 D0, <180, 18,4130, 7-95

¥ scan run BA-91 & =3, 020, <180 145,130 7-95

14
— - = 5-
212 =t
Q. - @ -
. > -
g 10- Tooe e a aF
@ - * 2
T - . 8 o
.g _ . F=
£ B . £
= - = ot
S 4 o I
=) 4: bll-: u
< 2= =
PR R PR U ol
‘10 3 B 4 2 ] 2 4 ) 8 10 =10
Y pesition [cm]
NT Ly "l,;”-.'-, bl V0 W12 YN
. O e e
800, Zcan run 84-91 5%, .=3 1«0, <17 L) .
700 i
600 |
[~ s - J T S B R
E 530 ™ ‘ .‘1'.'4-\"1-':_‘ .
E . . ® -
2 ana[ ) ' 5 100
S - * g -
o i * <
300 = 76—
: a -
200 - 50—
100 - 25—
0: | I ' I I | [ ] I U | [ I | | | | | l-'g:l
-0 -8 -5 - -2 0 2 q 6 3 =10

Z distance [cm]

¥ scan run B4-91 & =3, 00, <180 15,2130 7-95

¥ scan run BA-01 & =8, 00, <180, 18,2130, 7-95

4 2 0 2

Y position [cm]

e s ke M e

¢ g i
| | I | |

4 2 0 2

Y position [cm]




Physic Model

3. Phyvsics model

We use & simphified madel of charge cloud dynamices o de-
rive the expected variation of track wpology with = Speaif-
ically, we consider a ling of fonization charge with an iniial
delta-functicn charge cross-secton. The constiuent charges
diffuse in space in a 3-D rondom walk over time, giving o charge
profile which is Ganssion in eross-section with o constont inte-
gral and a width thet is proportional 1o the square roor of time
orAr) o g1t In the presence of a lincar potential, the charge
line drifls to the detector plane at & constant velocity, imply-
ing 174t the width of the charge distr:bution is also proportional
to the square root of absolute =, or «.(2) = H+Z There is 2
fixed z-independent width A associated with the resolution of
the reacout plane, leading to an expected relatonship setween
the widia of the charge distnibution and absolute - grven by the
quadrature sum of Both terms |5

rl2) = w’r\’ + Bz, (2)

Our model doss not nclude two mmmor elfects:  first, re-
absorption of drift ¢lectrons with gas impurities such as oxy-
gen, which results 0 a linear decrease n the total charge of ths
track over daft distance. Sccond, based on the track pesition
along the Dragg curve, we expect small changes in the imtial
wni zation density along the ek (TE /v, a zindependent ef-
fect, We contiom thal nerther effect impacts our measwement
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fast and dirty output
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DOCUMENTD DI VALUTAZIONE DEIRISCHI PER L'ESPERIMENTO CYGNO @ LNF
Versione 0.1 del € Dicembre 2019

Scopo e Cescrizione Tecrica dell'esperimente CYGNO

Nell'ambato dal progetto CYCNO & previst Vistdlavioae di ur apparato sperimeatal: (nivelatcre
gas hasato sulla wecrica dela Tume Projection Charnrber) all’istemo dei laboriton sctterranei dei
Laboratori Nazionali del Gran Sasso, situati alls progressiva 3,6 km ¢el fomice di sinistra el
tenne] autestradale ol Gran Sass)

Il nivelatoss & costiluito da en recipicnte di an metro cubo comtenent: wa misecls di HeCF4
(50:40) a gressrose smwaloea contorrato da un canpo ¢ etinee genento da un alissertatore &
alta jeniione in grado farmire un volmggio 3i S0 LV (350W). | contenitore, realizeato in PAMIMA,
sard alimestats attrwerso wn opportune sistema di fussaggio, putifizazons, ncirrols ¢ recopero
chl quile noe ¢' peevista akkuna perdta. 1] segnale generaty chll'amplificarzsose tramate Cas
Electron Muliphers della canica rlasciaa dal paisaggw delle particelle sel gas. sard leito
altraverso tekcamere collegae &l sistema di acquisizione di frent-end iesicme a wtti | camli
aasiliar per il monilormggio ¢ il settaggio dei parametri di operaz onz. [ rivelator: sird collegato
con una sala di cortrollo ai laborworn esterni dei LNGS s10 ad Asserg (AQ1 eb altraverso
contollo remoto, con us collegamenio i fibra otlica dedicato.

L'appaaiv sperinsutaks smd sshonmeo Jalls radiostivith anbicntale eaidus nclla galaia
allravcng oppan tand sbiats Ji ssatcrigle pone devqua tane, pienibo) oppos sanssnceic wolcssto ©

grogettato » regon Jare ¢ nel rspetio dell: meemrative istisismice.

I nvelatoee Faae CYGNO ¢ in fise di propetiazione ¢ san’  codtruito tra 1l 2020 ¢ 1l 2021
presso - Laboratent Naziorali di Friscati, Atualmere s000 ‘0 costruaone test alcund prctotipd
ORAGE (HeCF4, 1 cm drift, 1KV HV max), MANGO (H2CF4, SF5, § cm dnift, 8kV EV max),
LEMON (HeCF4, 20 cn @nf', 15kV HV may), _IME [HeCF4, 50 cm dnilt, 50kV HV max). 1l
livoro di R&D vien: svolt presio we sed: Bd23, Ed 27 od Ed48 per calidrazione con sorgenti
ndicative (htps /sww InLinfo i 1efacmivinve/mapea_nfpdD.

I detouan & iawes solttusasicind oo descr it isl Jusuncuts (AlL 1)

pudnye.gropie condorenlid= LeUNA4TRUY WS e Zd AN ST OIY LRI D ad ¢ sim
assegnata alle duta NIEER ingegnedia la Valutezione Preliminire dei Rsobi (PRA) presse i
INGS. La documentazisne di gam, caprtolvo tecnico ecc. " mocolt ol link: (AT 2
ghecomfopentidalel dxn " FulZY Zae Y 2Sse YT hINAIBRG  Inaltes  aursernss

articol e mte tecnache sono desponikili sul sito dell’ espenimenio: hitps:'web inlnat/cygrus.

bpe - doyve g0,

& 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...



LNF infrastructure
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many thanks to MU2E group
and in particular to E. Paoletti
and F. Marino
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Procurement

o Parsel 0oV MO rACOAI0 [
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PrRasone « noviore o .
o_ N I E R NIERING.IT
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Poure res com e v
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Lires Eanbrde Aroto e—
[ Cwabrde 4, (@

— roto o i
coretare € o -1 1 JARA D4 800
Parve® per VX on /mt!m 0
reh Ao srywnere CHe 0— ! "Uﬂm ‘,DC.,]C,DD

o" 1 o ay ﬂ 10:
- Spettle . . wemr?unw / 5‘3?5”1 “6”53553
Istituto Nazionale di Fisica Nucleare - r
Laboratori Nazionali di Frascati I ' /Il( f” ”

Via E. Fermi n. 40
00044 Frascati RM

Work will
start at
the
begging T

prov. BO
of 2020 il 07/04/1967

residente in  Via del Colle n. 25 - 40013 San Lazzaro di Savena (BO)
codice fiscale CLZRRT67DO7A944H

doc ton carta di identita n. AUB686517 emessa dal Comune di San
1OCUMENTO N | azzaro di Savena in data 12/12/2013
nella qualita di Direttore  Tecnico, Amministratore Delegato e Legale

Rappresentante (con poteri di cui al verbale del Consiglio di
Amministrazione del 20/05/2019)

OGGETTO Procedura negoziata per la fornitura di Valutazione Preliminare dei Rischi (PRA)
dell'esperimento CYGNO ai Laboratori Nazionali del Gran Sasso (LNGS)

Offerta economica

Ready to
go

Il sottoscritto

A
ID|
Hi
}
. 138w
ef‘gﬂga&,

dell'operatore economico NIER Ingegneria S.p.A.
sede legale e sede operativa  Via Clodoveo Bonazzi n. 2 - 40013 Castel Maggiore (BO)
Partita IVA 02242161202
Codice Fiscale 02242161202

Nota
LE ined esastenie O aJ0%0
deve eamre colegata
aglarmnaments con il
sistema & Azote ec.27

VIA C. BONAZZI, 2 - 40013 CASTEL MAGGIORE (BO) - HQ +39 051 0391000

VIALE TUNISIA, 50 - 20124 MILANO (MI) +39 02 48015228

CENTRO DIREZIONALE ISOLA, E/7 - 80143 NAPOLI (NA) +39 081184607




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
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INFN-CC @ LNGS-LNF

G. Mazzitelli thanks to the support
of R. Gargana, D. Maselli, S. Stalio

BACKUP

data aux channels
Jupyter notebook: Python3,

PyROOT, ROOT
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LNGS computing meeting

Sandra Pariss
Respensabile del servizio calook LNGS

sancea pacabincs nin it
p < Stefaro Stalio
stefano stalio@@ings infnuit

p.c.: Doll.ss Elsabetis Baacchini
Mssponsabie ERC NITIUM

elsabella Daracchini@osss il

p.c.: Dott. Danvide Pingi
Responsabie CYGNO

CaICe DS roans L ren s

Frascati, 13 Novembre 2019

OGGETTO: richiesta servizi di calcolo LNGS per il dimostratore CYGNO, ERC INITIUM ¢ I

PRIN Zero Radicactivity in Future Experiments

Centikssimi,
I dimosralore CYGNO, protolipo per I realzzazione di ure grande TPC a gas per malera
oscura drezionale ¢ studio del neurini solan, ¢ stato approvaio dala Commissione Nazionale Il
Se'INFN per prossimi 5 anni in sineegia con FERC INITRM @ # PRIN Zero Radioactivity in
Fulwe Experiments che ne garaniscono la valldid scienifca ¢ & sosienibiitd economica
L'obiettho del dimostralone & portae la tecndiogia delle TPC a gas ad essers competitiva con |
grandi esperimenti per lo studio defla malena oscura di Eassa Massa @ apare unad NUOvVa

frwlrs Al s broroeries 0lery sty le spetironcopts dul il O Desss enengls

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
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A and o of light racks
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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
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