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The CYGNO/INITIUM project

- The CYGNO/INITIUM project aims to study and demonstrate the feasibility of a large TPC
detector based on high granularity and sensitivity of the optically readout and operated at
atmospheric pressure in HeCF4 gas mixture and test the possibility to improve the nuclear
recoll threshold and directionality by means of negative ions gas mixture;

- The CYGNO/INITIUM is part of the R&Ds in the CYGNUS international collaboration to
realize a distributed observatory for directional dark matter and solar neutrino study;

- The project has been divided in 4 phase: c yG N o
- R&D on hight granularity and sensitivity of optically readout
- Phase-0: R&D and demonstrator TDR, effort, cost estimation, CDR of CYGNOGS30

- Phase-1: a m3 demonstrator, TDR, effort, cost estimation of CYGNO30

- Phase-2: a 30-100 m? detector to be hosted at LNGS as brick of the distributed observatory
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The CYGNO/INITIUM project

18 cameras monitoring
330"330 mm each
with 150 mp resolution and
a sensitivity of ~1 ph /20 eV released in gas

CYGNO is a demonstrator exploiting large gas TPC, GEM
based charge amplification, hight granularity and
sensitivity of optically readout at atmospheric pressure in
HeCF4 based gas mixture

A total of ~ 107 channels

INITIUM-ERC is an R&D for testing possibility to readout + time signals
iImprove nuclear recoil threshold and directionality by
means of negative ions gas mixture in CYGNO sCMOS sensors look to be the most cost-effective
demonstrator high granularity and high sensitivity readout
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Roadmap R&D and project Phase
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Phase-0 / Overview

AR AP MAY 2019 | JUN 2019 UG 201¢ P 2019 T N 9 DEC 2019 A
1 £ 18 22 1 1
CYGNO 52%

» LIME (Renga) 7% b —> test beam &|underground test
» MANGO (Baracchini) 85% B

» LEMOn (Pinci) 91% B

» CYGNO Physics (Baracchini) 74% "

» CYGNO - Detector Design (Mazzitelli) 45% -

» CYGNO - Detector Services (Pinci) 51% - —_> gaS/HV etc SyStemS delivery
» CYGNO -Trigger, DAQ and Data Analysis (Messina) 76% 3

» CYGNO - Apparatus Simulation (Cavoto) 57% >

» CYGNO - Construction and commissioning (Mazzitelli) 9% .

» CYGNO - Physics perspectives and roadmap to a 30 -100 m3 54%, -

SCICOM i
TDR
LNGS
CSN2

- LEMOn: long term stabillity, threshold and tracking performance
- MANGQO: negative ion study
- LIME: scale to a real demonstrator CYGNO module

- CYGNO TDR
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Phase(Q - R&D

Negative ion studies with GEM and
Optical readout

i - 5 cmdrift gap
‘- THGEM test
- 4 GEM test

. - Negative lon test

. _p

C. Capoccia, A. Pelosi, F. Rosatelli, S. Tomassini
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¢ - 90 cm long drift gap

£ - studying materials

{ - performing a detailed study,
minimisation and simulation of
radioactive background;

¥ - gas re-circulation and purification.
f- optimisation of PMT/SiPM readout
f and trigger.

g- HV Test
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50-liter prototype
the delivery is

foreseen for half of

July!

Tests expected in
fall 2019
@ BTF and the in
2020 at LNGS

10/7/2019 @ Palazzi

A. Orlandi, E. Paoletti, L. Passamonti, D. Pierluigi, A. Russo
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Phase(O - LNF infrastructure

many thanks to MU2E group and in

particular to E. Paoletti and F. Marino
7

clean room
1/1000

"& L'-L. A( ML

G. Mazzitelli for CYGNO/INITIUM Collaboration



Phasel - Monte Soratte site

- Under M. Soratte, a dismissed bunker partially used as a museum

- Some free galleries could be used as a site for tests under reduced
radioactivity conditions:

- 200 - 400 m of rock (limestone) in vertical direction, few 10 m in horizontal
o SR direction

+ cosmic ray measurements on going (LNGS + C. Gustavino), ~ 1/100 w.r.t.
outside

- |dentified as a possible site for the PTOLEMY experiment
= |- There is an interest by the CYGNO/INITIUM group for tests of prototypes

P T— - What about building a facility for tests under reduced environmental radiation
(cosmics + natural radioactivity)?
= |- Possible short-term plan:

- site characterisation (cosmics, gamma, neutrons, radon,...) in collaboration with
LNGS and LNF

- evaluation of safety issues

- evaluation of potential interest of other groups (multidisciplinary and
interdisciplinary)

- evaluation of possibile public engagement impact
- Initial costs could be borne by the PTOLEMY & CYGNO/INITIUM group, then?
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Phase-0/ CYGNO TDR

Technical Design Report - The requirement to access the LNGS are:

Esperimento XXX
- preliminary approval of the CSNII (half of Sep.)

In questo documento sono descritte le linee guida principali che necessariamente
devono essere presenti nella redazione di un Technical Design Report (TDR).

Questo documento & derivato dal template redatto e approvato dal Gruppo di - prel i m i nary approval Of the LNGS SC I COM (beg i n Of OCt.)

Lavoro “Project Management” dell’Istituto Nazionale di Fisica Nucleare (INFN) ed &
declinato tenendo conto delle peculiarita dei Laboratori Nazionali del Gran Sasso

X - delivering the final TDR document (begin of Dec.)
Summa/-:;tore : Verificato da Approvato da _ M Oreover,
LISt GOgI AUBON ccescesssnransassrsssssssasnassnanssasssnssessasnasnransassanssnssasnasnnas - . .
EXBCUUNG SUMIBT v 4 - The LNGS are under Seveso Safety regu|at|on until LVD
S Organigramma Exparimante e and BOREXINO are not removed (end of 2020)
4. Specifiche e parametri - Overview .........cccccviiiiiiiiiiiiiiiiiiiiiiiiiinanns 4
6. Valldazion e - The LNGS will assign room for new experiment only after
7. Installazione @ CommisSioNING ...oouiiiiiiiiiiiiiiiiiiiiiiiiiisirsnressisssoseees 6 . .
8. ASPOEI HSE .o Sl 3 a meeting foreseen next year where the proposal will be
10. GOStione el PrOGEtO ... discussed
suckgt , - . - . - Inthe meantime, CYGNO have the financial support to be
Organizational Breakdown Structure .. 9

built by INITIUM-ERC that ensure the realizability
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Phase-0 / TDR structure

The TDR template requested by LNGS have to describe:
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1.
2.

Scientific Motivations
R&D results

Organization

Validation

Installation and Commissioning

- Spokesperson: E. Baracchini (GSSI), D. Pinci (RM1-INFN)
- Technical Coordinator: G. Mazzitelli (LNF-INFN)

- Engineering Coordinator: S. Tomassini (LNF-INFN)

- Services Coordinator: D. Pinci (RM1-INFN)

- Read Out Coordinator: L. Benussi (LNF-INFN)

- Physics Coordinator: E. Baracchini (GSSI-INFN)

- Simulation Coordinator: G. Cavoto (RM1-INFN)

- DAQ & Analysis Coordinator: A. Messina (RM1-INFN)
Local Responsible: to be define

Site Manager: to be define
GLIMOS: to be define

HSE-Health and Safety at Work aspects |RAE: to be define

Radiation Protection

done or easy to complete;  to be done
G. Mazzitelli for CYGNO/INITIUM Collaboration



critical iIssues

- Internal background.:
gas radioactivity and materials: materials choice and gas purification

- external background:
gamma, neutrons, and comics: shielding (water+Cu+Pb?7+...)

Example: ™C decays in the gas

Recirculation & Purficatior

F. Renga

CYGNO TPC

el =
'ty e J :
.'-H. ' .\_i = Pressure Control

" SABRE measurements

by -
10 - ) Mixing statior
s Total gamma flux in Hall B: ~036 y/cm” I s

Total gamma flux in Hall C: ~0.56 y/cm?/ s

) 0y 500 000 4500 2000 o D m L
ElkeV]
Recovary plant
1] \
\ CYGNO gas system (He, CF4, SFe) block diagram
T SO S B SR S executive design and construction under evaluation

G. Cavoto, F. Bellini, A. Messina, G. D’Imperio

material budget radioactivity
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DAQ/Data analysis

The effective energy threshold is determinate by the ability 200F — Vx> 8
: : : 0. P: 52, Ph: 494, R: 1.6 - == 3<Vpx<8
to identify candidate over background Ry 150 o/ o<
& 160~
- Particle ldentification (PID) ginierdes, e 140/&-’-@ .,
- Line model from all data S 120" w -}
. . . . —— Robust line model = -
- directionality & head talil = 100, - \i“ -
' 802— e
- topology (sparsity, curly, etc) oo ¢ "
o
20-
Moreover, a throughput of ~GB/s T AT AT
' _ O 20 40 60 80 100 10;~ ’
(StrOngly dependent On c]!:sterlng_run831 _Nsig_1 Mcut 350 Pcut 0 scale 4 close 2 nccs.txt ) r g;f:“;j‘ W
underground background ,9amma Bkg @ FNG - | -
o . . _ 8- neutron source . MeV Electrons
condition) is foreseen and a first | & A
level real time analysisis need in | & e
order downsample data . R RN
- front end farm, GPU/FPGI - st R .
_ _ "... .~ % “& puclear recoill
- machine learning tools 0 T i | N
’ » P chergylkev) | o i2DBSCAN classmcatlon

|. Abritta Costa, E. Di Marco, A. Messina, G. Mazzitelli, D. Pinci
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Phase0/1 - INFN-CC @ LNGS-LNF

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

data aux channels

Jupyter notebook: Python3,
PyROOT, ROOT

:jLDy“f BALChun 10 ™00, L ot SO0 D i P e e

Front-end
DAQ

- -
58 caarn adadd paichiellizes )
DA 1)

X

C o060 CTO C TO

Run Status

- Start: Wed Now 7 20:57:42 2018 Stop: Wed Nov 7 20:58:10 2018
m Alarms: Off Restart: Off Data dr: /data2/dragon/51565/data

1552340687 14:44:47.821 2019/03/11 (thresh,INFO] Frogram thresh on host smaug stopped

Equipment
Equipment + Status Evants Evants]/s] Data[MB/s)
HeadVMNE Ide 0 0.0 0.000
HeadScalar e 2.75sM 1.0 0.000
TallVNE Idie 0 0.0 0.000 ru n
TailScaler e 0 0.0 0.000
Epics ~ Frontend stopped 0 0.0 0.000
Winner . - = 0.0 0,000 Control and
DGGInG
Chamnned Events MB written Compr. Disk Leved
=0: runB119.mid 0 0.000 0.0% [778% | |
Lazy Label Progress File Name ® Files Total s OW c 0 n ro
\g-drive 0% runéESs.mid 34 0.0% y
f“\

fa_head [Ixdragondt triumf.cal mhttpd [smaug.triumd.ca) meenver [smaug.triumf.cal
Logger [smaug.trivmf.ca) fewiener [smavgtriumfcal  fevScaler [smaug triumf.ca)
L fe_tad [IxdragenO2.triumf.cal

G. Mazzitelli, CL preventivi 09-07-2019
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Phase( - dependency

construction work <— clean room / control room <— design
electrical systems <— gas system, cameras, HV...

Heating, Ventilation and Air Conditioning (HVAC)

water, compressed air & pressurised equipment <— camera cooling, DAQ cooling

cry : : : i
lifting and transport systems <— design & installation N:ER
supervision and control <— cameras, oxygen monitor, etc 1 | LY
g 2 k’j;/ ‘
12y s :.F:T‘(l-r-\,\__ o
IT <— DAQ (in cave), back end (computing center LNGS) \F\ J\ J o i

radiation protection <— calibration

L’ONJRE DI ESSERE UTILI

mechanics <— design <— shielding

electronics <— DAQ
TDR - HSE-Health and Safety at Work aspects

- PRA HRA, etc <— specification and certification <— gas system

- PRA HRA, etc <—design <—scheldieg

G. Mazzitelli for CYGNO/INITIUM Collaboration



Phasel1 Effort 2020

anagrafica 2019

Vaialla sezione: LNF LNGS RM1

SEZIONE | NOME COGNOME | TIPO [ CONTRATTO [|QUALIFICA| RICERCATORI TECNOLOGI [ TOT. PERS. | FTE |[FTE / PERS.
Y| Bedogni Roberto X 15
Benussi Luigi X 10
Bianco Stefano X 20
Maccarrone Giovanni X 30
Mazzitelli Giovanni X 60 +40INITIUM
Piccolo Davide X 20
Tomassini Sandro X 10 + 10 INITIUM
LNF |1.55 fte | 6 pers. | 0.1 fte | 1 pers. 7[1.7 0.236
[SEZIONE || NOME COGNOME |[TIPO [[CONTRATTO |QUALIFICA| RICERCATORI | TECNOLOGI |TOT. PERS.]|FTE |[FTE / PERS.]
mearacchini Elisabetta X 20 + 80 INITIUM
LNGS | 0.2fte; 1pers.| Oftei pers. 1(0.2 0.200
[SEZIONE || NOME COGNOME |/ TIPO [[CONTRATTO |QUALIFICA| RICERCATORI | TECNOLOGI |TOT. PERS.]|FTE |[FTE / PERS.]
Cavoto Gianluca X 20 + 10 INITIUM
D'Imperio Giulia X 50
Di Marco Emanuele X 10+ 10 INITIUM
Marafini Michela X 20
Messina Andrea X 30
Pinci Davide X 40 +10INITIUM
Renga Francesco X 30 +10INITIUM
RM1 | 2fte. 7pers.| Oftei pers. 7| 2.0 0.286
| TOTALE [3.75 FTE |14 PERS. 0.1 FTE|[1 PERS. | 15 | [[3.85[ 0.257
1.7 INITIUM

activity partially founded by European Research Council (ERC) grant agreement No 818744
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Baracchini E.

Dho G.
PhD 1
PhD 2

Postdoc

Bedogni R.
Benussi L.
Bianco S.

Caponero M.
Maccarone G.

Mazzitelli G.
Piccolo D.
Saviano G.

Tomassini S.

Cavoto G.

D’Imperio G.
Di Marco E.
Marafini M.
Messina A.

Pinci D.
Renga E
lacoangeli F.

Petrucci F

Totale

anagrafica 2020
Appartenenza Qualifica FTE CYGNO  FTE INITIUM
GSSI-LNGS Professore 0.20 0.80
GSSI-LNGS PhD 1.00
GSSI-LNGS PhD 1.00
GSSI-LNGS PhD 1.00
GSSI-LNGS Postdoc 1.00
LNF Ricercatore 0.05
LNF Ricercatore 0.10
LNF Primo Ricercatore 0.20
LNF Primo Ricercatore 0.20
LNF Primo Ricercatore 0.40
LNF Primo Ricercatore 0.60 0.40
LNF Primo Ricercatore 0.20
LNF Ricercatore 0.20
LNF Tecnologo 0.10 0.10
Roma Ricercatore 0.20 0.10
Roma Assegnista 0.50
Roma Ricercatore 0.10 0.10
Roma1 Ricercatore 0.20
Romai Ricercatore 0.30
Roma Ricercatore 0.40 0.10
Roma1 Ricercatore 0.30 0.10
Roma Tecnologo 0.20
Romas3 Ricercatore 0.20
4.65 5.70

G. Mazzitelli for CYGNO/INITIUM Collaboration
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Phase0 —> Phasel main activities

ORCA-FUsion

CAMERA SPECS

LOW NOISE AND EXCEPTIONAIL
]

HIGH RESOLUTION WGH SPEED
2304 x 2304 100 fps
3. 3Megapxeals MZ23IM x 204 R0
DYNAMIC RANGE PIXEL SIZE READOUT NOISE
21400:1 Bopmx 6.0 pm 0./ electrons rms
Jiraquet San
ANU DSNU PEAK QE
0.06 % rms 0.3 electrons rms 80%
W A0 @actrons

sCOMS sensor (low cost and low radioactivity)

time resolved sensors
optical lens

DAQ

shielding

negative ion

echo friendly gas

low radioactivity materials (GEM, etc)
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Phase1 Budget

Request @ CSNII ~ 300 k€/3years (related to R&D Phase2 and cost not fundable by INITIUM-ERC)

- DAQ study and development

- material test

- GEM test

- structural monitoring

- Preliminary Risk Evaluation

- gas eco-friendly

Budget INITUM (overhead subtracted)

- 500 k€ for detector contraction (5 years)

- 200 k€ for personnel at LNF (2 years * 2 persons)
- 600 k€ for personel at GSSI| (PHD, ecc)

any help and suggestions are welcome ...
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