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CYGNO PROJECT

The aim of CYGNO project is the development and realisation of a GEM-based

Optically Readout Time Projection Chamber for the study of rare events with energy
releases in the range 1-100 keV.

Expected performance is:

- High detection efficiency down to 1 keV;

- Directionality at 10 keV;

- Background rejection below 10 keV;

Main ideas of the technology are:

- He/CF4 based gas target (atmospheric pressure);

- GEM amplification stage;

- Combined optical readout (CMOS for granularity + PMT for timing);
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PERFORMANCE WITH »>>FE

5.9 keV photons from %5Fe source were used to test detection efficiency
and light yield. Detector run continuously for 25 days
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500 photons collected per keV Similar resolution with PMT
Energy resolution of 15%
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To evaluate the background (electron recoils) rejection capability and the
signal (nuclear recoils) efficiency, we tested LEMON (a 7 litre prototype)

with >5Fe and AmBe sources.

AmBe produces:

- 59 keV photons;

- 4 MeV photons;

- 1-10 MeV neutrons;

A5 cm Pb shield was used

Unfortunately in all cases cosmics
and natural radioactivity produce
an unknown background that
piles-up to signals.

Need to go underground.
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signal efficiency
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total
€B

0.98 051 0.50 | 0.70 0.050 0.035
0.98 041 0.40 | 0.70 0.012 0.008

A sizeable efficiency in the range 5-10 keV was measured

while more than 95% (99%) >°Fe photons were rejected
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BACKGROUND SIMULATION

Full Detector simulation in GEANT4
Gamma and neutron background due to internal radioactivity simulated
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by SABRE experiment @LNGS
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CYGNO BASELINE DESIGN

1 m3 of He/CF4 60/40 (1.6 kg) at atmospheric pressure subdivided in two 50 cm
long parts by the cathode with a drift field of about 1 kV/cm

Isometric view
Scale: 1:15

Each side equipped by a 3x3 matrix of LIME-like:
- sCMOS sensor 65 cm away;
- Fast light detector (PMT or SiPM).

Shielding of 200 cm water and 5 cm copper giving a bkg cpy [1-20] keV of few 102;
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HALL-F: CYGNO IN THE BOTTLE

A possible room for CYGNO is in Hall-F
CYGNO EXPAREA: HALL " F " . . 0 .
el (tunnel connecting A and B halls);

- CUT VIEW -

Available cross section is 3x3 m2 (I=17 m)

SQUARE AREA 3x3m WE
SHOULD CONSIDER AS A
WORKING EXP. AREA ...

Hallway Exp. Area

(4.53 mt) Cesidio.Capoccia@Lntf.Infn.It
27.04.2020

It will be possible to house 0.4 m3 - CYGNO with
a 110/10 (water/Cu) shielding scheme;

Background rate of 2x104 cpy, will be lower than internal bkg (currently 5x105 cpy)
and will allow to study it;

With a rejection of 102-103these numbers will result in an avoidable bkg of few tens
of events/year external and few hundreds of events/year internal;
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Note: the weight of
each empty tank is
about 50Kg.

the handling can

be done by two
people.

r INSTALLATION

COPPER SUPPORT-LEGS
IN THE TANK-GROOVE

23.04.2020 Cesidioi.Capoccia@Inf.infn.it

PRODUCTION COSTS

||| MOLD-TOOLING |  DRAW-DOCUM || ROT. MOULDING | N.TANK |  TOTAL
VERZELLESISRL || Refusedtocarry out an evaluation due to the low quantity | | |

TELCOMSPA || €  4250000] € 3,000.00 | |€ 260,00 € 48620.00
MOULDING SERV. SRL| [ €~ 15,900.00 | € 1,200.00 ||€ 23500 12 | €C 1992000}

g 11 %w | mw | mmw |1 am

We are investigating
the possibility of
building custom tanks
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BACKGROUND- OPEN POINTS

14C contamination in gas can give important bkg. Need to know the origin
of C in CFy4.

Copper and plexiglass can be produced with low-radioactivity content.
Need to get in contact with producers, develop special procedures,
measure quality of materials.

Need to study a low radioactive GEM production;

Need to find low radioactive CMQOS sensors:

Need to purify and monitor gas mixture.

Some study already started about radioactive source to be used. Any

advice?
Davide Pinci - The CYGNO Project
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SIGNAL SIMULATION

Interactions of recoils in gas simulated: GEANT
for electrons and SRIM for nuclei:

Depth vs. Y-Axis

Gas parameters (ionization, diffusion, drift velocity,
attachment) simulated with GARFIELD;

Response and noise behavior of PMT and CMQOS simulation on-going
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14

LIME

50 litre sensitive
volume

NN \-\-———--

. N (UN R
\'|

e LT I%

il CTERICIN CWE 1 W R ""‘. e

R

IR

s

\\\\\M\\“‘\\l\m
AN:W

lmll HIIIN

o

Ill(ll(llIIHLWYHWIHIHl!llllmllllmllmnlllll ‘ ¢

Davide Pinci - The CYGNO Project



15

LIME
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DAQ

Data acquired so far with a DAQ prototype able to synchronise

CMQOS and PMT:

Need to design and assemble a reliable DAQ system, running

underground for several CMOS and PMT;

Brazilian group is working on this.

* 12 single I/O channels

Version A L « § differential /O channels verSion B

Dual ADC
AD9613
Dual ADC
AD9613 ; FPGA USB / Ethernet
Dual Al Cyclone V or Arria 10 interface
AD9613 www.intel.com www.ftdichip.com
Dual ADC www.microchip.com
AD9613

www.analog.com

Quad ADC
AD9239-250
www.analog.com

Quad ADC
AD9239-250
www.analog.com

Power supply

Clock distribution www.analog.com

1 Board features: AD9510 www.ti.com
1 6108 PCB layers www.analog.com

i\ ~8cm x 12cm size
H

Board features:
6 to 8 PCB layers
~ 8cm x 12cm size

Main features: Connectors and Devices:
- pr¢ mmable logic - connectors : 8 coaxial LEMO, 30 pairs header type, 1 USB B type, 1 power
-8 izers 12bit@250MSPS -2 ADCs (10mm x 10mm)
- 20 I/O channels - 1 clock distribution (/0mm x 10mm)
- USB/Wifi/Eth interface - 1 FPGA
- single +5V supply operation - 1 Serial Configuration Device (ex: EPCS64)
- 1 multichannel power device (ex: TPS75003)
- 1 USB interface (ex: FT2232H)

Main features:
- programmable logic

- 20 I/O channels
- USB/WifVEth interface
- single +5V supply operation

¢ 12 single 10 channels
« § differential IO channels

FPGA USB / Ehternet
Cyclone V or Arria 10 ) interface
www.intel.com b www.ftdichip.com
www.microchip.com

Power supply

Clock distribution www.analog.com

AD9510 www.ti.com
www.analog.com

Connectors and Devices:
- connectors : 8 coaxial LEMO, 30 pairs header type, 1 USB B type, | power

- 8 digitizers 12bit@250MSPS -2 ADCs (10mm x 10mm)

- 1 clock distribution (/0mm x 10mm)

- 1 FPGA

- 1 Serial Configuration Device (ex: EPCS64)
- 1 multichannel power device (ex: TPS75003)
- 1 USB interface (ex: FT2232H)

Davide Pinci - The CYGNO Project



CYGNO Schedule

GANTT

PROJECT TITLE
PROJECT MANAGER

wes D TASK

1 Project Conception and Initiation

11 Preliminary Design

12 Design

13 PRA & Preliminary HSE Evaluation
14 TDR submission & Approval

15 RAD LIME/MANGO Protype

16 Preliminary Syrmulation

17 Data Analysis Design

2 Project Definition & Costruction

21 Costructive Design
22 Deterctor Procurements
23 Detarctor Contruction
24 Rigk Aanlysys

25 LNGS site design

26 LIME/MANGO Test

27 R&D GEM

28 R&D Camera

29 R&D Lens

210 R&D DAQ

211, DAQ Setup & Test

29 Full Datector Symulation
212 Data Analysis Development

3 Project Istallation & Opration

31 LNGS site preparation
32 Transporation

33 Installation

34 Commissioning

35 Unshielded Operation
36 Shielding Istaliation

37 Shielded Operation

38 Project Updates Design

39 Data Analysis

4 Project Upgrade/Decomissioning
41 CYGNO Decommisssoning

42 UPGRADE to CYGNO30-100

YGN COMPANY NAME  INFN
anni Mazzi DATE
APPROVAL (2019) DESIGN and PROCUREMENT (2020) CONSTRUCTION and OVER GROUND TEST (2021) COMMISSIONING -~ OPERATION (2022-2023)
1-4 5-8 912 1-4 58 912 1-4 58 9-12 14 58 ‘ 9-12

INITIUM CYGNO

800

600

400

Costs [k€]

200

2109 2020 2021 2022 2023

Budget Profile [Year]

G. Mazzitelli-LNF-INFN, UFJF, Oct. 2019
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2020 PAPERS

Two papers submitted

Three papers under internal review

. PreparED Fok susission 1o JINST
PREPARED FOR SUBMISSION T0 JINST

Stability and detection performance of a GEM-based
Optical Readout TPC with He/CF4 based gas mixtures

A density-based clustering algorithm for the
CYGNO data analysis
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particle tracking
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First evidence of luminescence in a He/CF4 gas mixture
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he Time Projection Chamber (TPC) s a deal candidat to ack partiles in  widerangoof encrges, Larg volumes LAquila, 1-67100, Italy LAquila, 167100, Italy

TPCs can be readout with a suitable number of

nnels offering a complete 3D reconstruction of the charged artile

tracks and of their rleased energy allowing the entication of heit mas. Morcover, He-bused THC's
promising t study KeV enersy paricles, opening the possibilny fo directonal searches of Dark Matir (DVD and the
study of Solar Neutrinos (SN). On the other hand, in order to reach a keV energy threshold. a large number of channels
is required to obtain a high granularity, that could be expensive and hard to manage.

A small prototype (named LEMOn) to test and validate an innovative read-out technique s described here. It based
on he amplificaton of the fnizaton in Micro Patc Gas Deector (MPGD) producing vsile lght collected by a

sub-millimeter position resolution sCMOS (:

cientific CMOS) camera. ‘This type of readout - in conjunciion ith a
fast light detection - allows a 3D reconstruction of the tra

to the track direction and a very promising

nsiti
paricte identiication capabiliy usfult distinguish DM nuciearrecils from a 7induced buckground.

e ‘Time Projection Chambers (TPC) have various ap-
plications in high energy physics and nuclear physics.
Fhese detesions are. anm ng the best in offering good
charged particle energy resolution and to allow he identi

fication of the particle’s mz is can be obtained al
with a very good performance in m.kmg the particle’s
trajectory with competitive spatial resolution. The study
of such a technology for ultra-rare e events searches s the
directional search of Dark Matter'* (DM) and the detec-
tion of neutrinos coming from the Sun (SN)** is currently
being pursued by several roups, which are part of the
CYGNUS? international netw

A longer term project for um of m* volume TPC re-
quires the construction of 1 m* demonstrators. In nm
paper we deseribe the performance of a smaller
prototype (named LEMOR) in tracking ultra-relati e
electrons. LEMOR is based on Micro Pattern Gaseous De-
tectors (MPGD), namely a large triple Gas Electron Mul-

tiplier (GEM)Y, optically read-out by means of a low noise
and high granularity SCMOS sensor”
Many smaller sale prototypes have been tested so far
showing promising results to design the CYGNO 1 m’
r to be constructed in 2020-2021 and to be
hosted at the INFN National Laboratory of Gran
ILN(,bL In a later ph: 30-100 m* detector is foreseen,
uted observatory for DM and
SN within the CYGNUS international metwork,

1. INTRODUCTION

The purpose of the current R&D phase is to asses the per-
formance of a relatively large TPC based on the drift of the
ionization electrons within a He-based gas mixture operated
at atmospheric pressure and equipped with a high granularity
and high sensitivity optical readout of GEMs. In this respect
the test of the LEMOn prototype with ultra-relativistic elec
trons presented here is meant to study the capability of the
optically readout TPC to detect and to reconstruct within the
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ABSTRACT:

Optical readout of Gas Electron Multipliers (GEM) provides very interesting performances
and has been proposed for different applications in particle physics. In particular, thanks to its good
efficiency in the keV energy range, itis being developed for low-energy and rare event studies, such
as Dark Matter search. So far, the optical approach exploits the light produced during the avalanche
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Asstract: Time Projection Chambers (TPCs) worl
ers (GEMs) produces a very sensitive detector capa
photons generated during the GEM electron multip
photo camera. The CYGNO Experiment has recen!
pled toa low noise and high spatial resolution CMC
based on an adapted version of the well-known DBS
tion of the CYGNO’s DBSCAN-based algorithm w
parameters, and a comparison with a widely used al
(NNC). The results will show that the adapted versic

Pistituto Nazionale di Fisica Nucleare,
Laboratori Nazionali del Gran Sasso, Asse

Identification of nuclear recoils in a gas TPC with
optical readout

May 2020

Abstract

1. Introduction

The advent of a market of high position resolution and single photon light s
open new opportunity to investigate ultra-low rate phenomena as Dark Matter (DM)
particle scattering on nuclei in a gaseous target.

The nature of DM is still one of the key issues to understand our Universe.
aggiungere reference generica su DM Different models predicts the existence of neutral
particles with a mass of GeV or higher that would fill our Galaxy. They could interact

ma, 1-00185, Italy
ra, Brasil

che "Enrico Fermi",

Roma TRE, Roma, Italy
Roma TRE, Roma, ltaly
Ambiente, Sapienza Universita di Roma, Roma, ltaly

stability of an optically readout Time Projection
ture based on three Gas Electron Multipliers

1in two different proportions (60/40 and 70/30) in
ime. With electrical configurations providing very
efficiency in the whole detector volume was found
10% larger for the 60/40 was found. The electrostatic
I currents for 25 days. The detector worked in very
d. Anyway. in the presence of less CFa, a larger
ted.

TP drif region the posiions of clustes with ew fonisation
s, The patern ofcontgos clustr eprescnts
Suorico dell Fisice Centro Studi Ricerch “Enica Frmi atvistic e tory and are
Farza el Viminal 1, Roma, 100134,y
A it Nl i Fsis Nulss, Lo sl Grn
.

processes in GEM channels. nal detection efficiency and very good energy resol with the nuclei present in ordinary matter producing highly ionizing nuclear recoils but

Further luminescence in the gas can be induced by electrons accelerated by a suitable electric rejection, with a kinetic energy as small as few keV. More given the motion of the Sun in
field. The CYGNO collaboration studied this process with a combined use of a triple-GEM structure
and a grid in an He/CF4 (60/40) gas mixture at atmospheric pressure. Results reported in this paper

allow to conclude that with an electric field of about 11 kV/cm a photon production mean free path

the Milky Way towards the Cygnus constellation such nuclear recoils would exhibit a
B e e Frascat, Frasat, LOGOAA, Ty In absence of a reference time for the events, electron drift
o't Diputimento d Ingegncra Chinics, Mterid © Awbiene, M can ROt be exploited to extract information about their
st di Roma. Roma, LOOLSS,Taly depth inside the detector. In this paper, we study a method o

iuto Nosionale di Fisica Nuclar.Seione diRoma TRE Roma.  measure the longitudinal position of an ionizing paricle in the

TPC drift volume based on the electron diffusion and there-

dipole angular distribution in a terrestrial detector. In this paper we describe the u
of a scientific CMOS camera to capture the light emitted by Gas Electron Multipliers
(GEMs) in a Time Projection Chamber (TPC) device. The GEMs are located in the
TPC gas volume at the anode position and are used to convert the ionization produced

of about 1.0 cm was found.

ICorresponding author.

in the gas by the nuclear recoils into flashes of visible light. The flash of light and its

shape can be located in space adopting a cluster recognition algorithm. Neutron and
ation emitted by radioactive sources are used to set in motion atomic electrons
and nuclei respectively in the gas volume. Moreover, natural radiation as cosmic rays
is leaving a trail of ionization in the They are all producing different patterns of
light emission from the GEMs that can be reconstructed and analyzed. Nuclear recoils
can then be efficiently identified down to a few keV kineti gy. The study of the
optical readout of TPC has been recently conducted with several small size prototypes
(NITEC [1], ORANGE [2,3|, LEMON [4-6]) with various particle sources, in the context
The CYGNO Experiment of the CYGNO project. In the following, we report the study of nuclear recoils excited by
)\ > 5 .
neutron from an AmBe source and electron recoils from a Fe source in the gas volume
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CYGNO paper in preparation
Who wants to contribute and sign?

'YGNO (a CYGNUs module with Optical readout) is an experiment that aims
at searching Dark Matter in the low mass region, exploiting very promising
performance of the Optical Readout approach of multiple-GEM structures for
large volume TPC. This experiment is part the CYGNUS proto-collaboration
which aims at constructing a network of underground observatories for direc-
tional Dark rch. The combined use of high-granularity sCMOS and
fast sensors to read out the light allows the reconstruction of the 3D direction
of the tracks, offering good energy resolution and very high sensitivity in the

keV energy range together with a very good particle identification useful to dis-
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