Dark matter and neutrino study
with CYGNO: Computing model
and data handling
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standard model (SM)/general relativity (GR)

* divergence - renormalization;

R lEL’ g, t A g = 1

wv 4 Vv
2 C 2

° gravity;

 dark matter: * guantisation of the space-time;

e dark energy’ * dark energy ...;

electron neutrino ‘muon neutrino tau neutrino

. * dark matter ...:
®* neutrino masses;

| * the black hole/singularity
* matter—antimatter asymmetry;

* the theory Is elegant and with profound

* the theory Is composed of a mess of meaning as never probably happened
terms, stuck together. in physics



time

cosmology (A-CDM)

origin and evolution of the universe, from the Big Bang to today and on into the future

* The Planck epoch - Time < 1043 s - four fundamental forces were combined into a Dark Energy

Single, unified force. Accelerated Expansion
Afterglow Light

* The universe expands - Time 1043 -103° s - inflation (exponential expiation) S e s, el
explaining why universe was so flat and uniform, primordial black holes could
start to be formed

* The elementary particles are born - Time ~10-3° s - quarks were combined,
forming protons and neutrons; neutrinos were able to escape this plasma of
charged particles and began traveling freely through space, while photons
continued to be trapped by the plasma. It could be that dark matter (WIMPs) was
part of this plasma tum (e

Inflation A==

Fluctuationé
* The first nuclei emerge - Time ~1 s to 3 min - nucleosynthesis: universe cooled
enough for violent collisions to subside, protons and neutrons clumped together
into nuclei of the light elements—hydrogen, helium and lithium et Aoamliiiens
* The cosmic microwave background (CMB) becomes visible - Time 380,000 vy - Big Bang Expansion

the particle soup had cooled enough for electrons to bind to nuclei to form 13.7 billion years
neutral atoms; photons became free to traverse the universe

* The earliest stars - Time: ~100 million years
 Our Sun is born - Time: 9.2 billion years

°* Today - Time: 13.8 billion years - The universe is expanding at an increasing rate

> dark energy fixing the amount of

‘components” expected to be
observed In the universe today




But... prediction vs observation

example of unexpected:

URRENT HOLE POPULTION
A BLACK HOLE OBSLVAIIONS

* the distribution of black hole masses In g S gy;g;g HOSE 4— TSN
bt BLACK HOLESE

LIGO/Virgo detected compared to that predicted by WRNE o (8 STELLARL,
stellar evolution theories. g e -

* the observed rate of black hole mergers

compared to the expected rate. STELLIAR-MASS &
. BLACK HOLES I
— BLACK HOLES ¥

* the growth of supermassive black holes versus /—\> IRAISEING -

i . . INTEMWIZEAVE
time in the early universe. O wgs“
In general, the higher the redshift, the greater the [z n B{ﬁ}{i@f@f o \f

tension vs formation models, especially in the case
of supermassive black holes that appear to grow

too rapidly in the early universe. ¥
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But... prediction vs observati

the JWS

might have spotted a galaxy from 13.5 billion years ago,

just 300 million years after the Big Bang

stellar population larger then

luminosity lower
than expected

expected at early universe

metallicity larger then expected

103 ¢

10°

109
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#6

on

In the first Gyr:

too many early/bright galaxies

that come in a variety of physical conditions,

including passive galaxies already in place,

a lot of AGN, with rapidly growing SMBH,

galaxies that have already assembled a lot of mass,

and a lot of disks

age of the Universe [Gyr]

0.6

0.4 0.3 0.2

Hubble (Bouwens + )
—  JWST (so far)

n (=3 months)
P ] P ) | JI R | -
4 8 10 12 14 16 18

Paola Santini (INAF - Osservatorio Astronomico di Roma)

https://indico.gssi.it/event/529/



expansion vs gravitational collapse

the dark energy: 68% of energy that we do not “understand”

space-time matter
| I S8a1G
Hm* T H g.m* £ h glrw o 4 ?-;nf
2 C
space-time

In expiation (scale factor)

d G. lllingworth (University of California, Santa Cruz)

Hubble Space Telescope « Advanced Camera for S R
* vacuum energy coming from SM, Evacum ~ 10%4° times the needed one (A\)

* quintessence just the fifth forces ...

* MOND (Modified Newtonian dynamics), a modified theory of Gravity



dark matter footprint

dark matter: the ~85% of the matter in the universe that we can’t “see”

* Galaxy Rotation Curves

* Velocity Dispersions

* Galaxy Clusters

* Gravitational Lensing

* CMB - Cosmic Microwave Backg
* Structure Formation

* Bullet Cluster

* Type la supernova distance
measurements

* Sky surveys and baryon acoustic
oscillations

* Redshift-space distortions

* Lyman-alpha forest



alaxy rotation curves

astronomical observables
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Angular scale

_ . Big Bang Nucleosynthesis: The amount of
CMB: The temperature fluctuations spectra of CMB lightest  chemical elements  depends

depends on the interaction between gravity (to which critically on the conditions of the early
both DM and baryonic matter contribute) and the universe, and in particular on the balance

pressure generated by the only baryonic matter between baryonic and non-baryonic matter




it’s “just gravity”

made of baryons

°* gas, dust, cold molecules, charged particle in the
galaxy halo —> any (radio emission) search failed.

* astronomical candidates:
* planets and brown dwarfs (0.01-0.08 Mo)

* fossils of white and black dwarf and neutron stars that
brings to dark dwarf

* MACHO
* Primordial Black Holes (PBH)

up to now gravitational effect or cooling/accretion time
IS too long/short to ensure the proper abundance need.




it’s “just gravity”

the PBH an example...

The merger rate of primordial-black-hole binaries

Yacine Ali-Haimoud,! Ely D. Kovetz,? and Marc Kamionkowski®

7 L Center for Cosmology and Particle Physics, Department of Physics,
Masses In the Stellar Graveyard New York University, New York, NY 10003, USA
in Solar Masses 2 Department of Physics and Astronomy, Johns Hopkins University, Baltimore, MD 21218, USA
(Dated: January 10, 2018)

Primordial black holes (PBHs) have long been a candidate for the elusive dark matter (DM),
and remain poorly constrained in the ~ 20 — 100 M mass range. PBH binaries were recently
suggested as the possible source of LIGO’s first detections. In this paper, we thoroughly revisit
existing estimates of the merger rate of PBH binaries. We compute the probability distribution of
orbital parameters for PBH binaries formed in the early Universe, accounting for tidal torquing by
all other PBHs, as well as standard large-scale adiabatic perturbations. We then check whether
the orbital parameters of PBH binaries formed in the early Universe can be significantly affected
between formation and merger. Qur analytic estimates indicate that the fidal field of halos and
interactions with other PBHs, as well as dynamical friction by unbound standard DM particles, do
not do significant work on nor torque PBH binaries. We estimate the torque due to baryon accretion
EM Neutron Stars i _ to be much weaker than previous calculations, albeit possibly large enough to significantly affect

‘ ‘ ) the eccentricity of typical PBH binaries. We also revisit the PBH-binary merger rate resulting from
gravitational capture in present-day halos, accounting for Poisson fluctuations. If binaries formed
in the early Universe survive to the present time, as suggested by our analytic estimates, they

GWTC-2 plot v1.0 dominate the total PBH merger rate. Moreover, this merger rate would be orders of magnitude
LIGO-Virgo | Frank Elavsky, Aaron Geller | Northwestern larger than LIGO’s current upper limits if PBHs make a significant fraction of the dark matter. As
a consequence, LIGO would constrain ~ 10 — 300 M- PBHs to constitute no more than ~ 1% of
the dark matter. To make this conclusion fully robust, though, numerical study of several complex
astrophysical processes — such as the formation of the first PBH halos and how they may affect PBH
binaries, as well as the accretion of gas onto an extremely eccentric binary — is needed.

L ™

Until the discovery of gravitational waves by LIGO-Virgo collaboration, the Black Holes (BH) were identified
only via X Ray telescope (EM), and their mass was limited at about 20 solar masses. LIGO-Virgo observed
BHs match more bigger and smaller and if Primordial Black Holes (PBH) exist it could have these mass...
Moreover, the merger rate would be order of magnitude larger then LIGO-Virgo observed rate to justify
dark matter.



It’s another gravity
MOND...

* General Relativity works fine but:

°* Quantum Field Theory calculations lead to
higher-derivative corrections!

* Quantum Field Theory in curved spacetime
changes gravity at the early-epoch!

* Why General Relativity and not any other
theory?

* Solar System tests maybe passed by
number of modified gravity




It’s another particle...
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It must have mass to interact with gravity N3 _
it must be stable to explain today abundance (T>>10% sec) and possibly : m. v ADM :

relic from the early universe WIMP

-10 - neutralino ¥

20 l I] ’

- axion a axino a
* _ > i

sterile
neutrino N

* it must be neutral with no electromagnetic interaction

[N
N
I

* It must be cold, not too warm (like neutrino) to not escape from mass
cluster (p/m<<1 at CMB formation)

lUgl(l(ﬂ.int / pb)

wimpzilla

* it could be axions, patrticles with mass of 10-3-10 eV, no charge, no spin, l .
needed to solve the not observed CP violation In strong interaction. 30 |- e .

gravitino gy,

* it could be WIMPs, particles with mass of 10°-10? eV, weakly interacting, 35k -
motivated by SUSY and “freeze out miracle” that predict the relic : v v ey v ]
abundance starting form the weak force cross section properties. -0 L '”L]'s' e e

logg(mpy / GeV)

* it could be gravitino, sterile neutrino (~keV), dark photons (~ GeV)

* it could be WIMPzillas with mass of 10%1-10-2® eV produced at the
beginning of the universe due to the large energy available at that epoch




Dark Matter properties and
detection



the WIMPs production and detection

Early Universe “freeze out” miracle

) ) production
1) In the hot, early Universe DM WIMP is T 1 SM X
in thermal equilibrium with SM partides rE m=100GeV 1 > . <
Increasing .
SM X

XX & qq 34 annihilation

strength

2) When the Universe starts to cool
down, DM decouples from SM particles

XX 7 qq
3) When the Universe starts to expand,
DM today relic density is determined

XX I’ qq e T AR, L

" T(GeV)

Indirect detection

In order to reproduce the measured DM relic density, WIMP
cross section and mass must he of the order of the weak scale




the dark matter when living on the earth

alaxy rotation T . 4. ..

www.djsadhu.com



https://arxiv.org/pdf/1404.1938.pdf

the WIMPs direct search properties

and constraint...
XN — XN elastic scattering off nuclei E = 1+-100 keV

_ N v~ 220 km/s, px ~ 0.3 GeV cm= DM density in the Milky Way,
R [kpe] o cross section (SD and SI), mx ~ 1-100 GeV DM mass
Local DM velocity PDF

5|
. Maxwellian Aq-A-1|

12QS[2S0A

detector requirements: '
. » large mass,;

- * long exposure;

-+ low energy threshold

600T ‘e 12 193

0 150 300 450 600
vikms'l



background

Backaground

nuclear recoils \?\J\é -

electron recoils

Signal

Neutron background

Signal <—> Background | @
muons background i
OM_
B
;He ¢ oralpha...
®
/ 1n0
/




external background

Phpatele * muons (cosmic) co
..... - - 55 ' ZHé 1O
Boulby_ ~* underground lab B e
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e Wy WA ol * material selection
s "= e detector discrimination
Andes g [+ Yoo :M

--------

&= ® neutrons (natural radioactivity and ( wewonsacgoma ||C

/ s induced) =
* underground lab ®

Note: southern hemisphere WIMP temporal modulation opposite to northern hemisphere

) - - - - ¢ oralpha...
e — stE R ¢ * passive and active shielding
o Kamioka 5 [ Napp 24Bi -~ Ha § . . . .
%10_,;_ . N 11— Hall * £ * materiale selection low U, Th contamination
= - H RS € 214; 1 E
5 10-1 = W /ny B 208 ] ; -
E - A \A = 3§ neutrinos
107 A T
- 102 1.':”. h 4 -
Wr 2 ¢ yltimate dealbreaker (coherent nucleus
0oL I hﬁ scattering and elast_ic electron scattering)
- o T ooz ] g neutrino fog

Depth [km w. e.] ElkeV]



Internal background

Background

vic = 0.3 \
€

° Solid (hight purity powder or melts with intrinsic low background)

® cosmogenic activation, removed by underground production

* residual surface a or 3-decay removed, by discrimination

° Liquic

readout (PMTs)

85Kr and Radon, removed by cryogenic cycle and liquid filtering

Argon: 3°Ar and 4?Ar, Xenon: 13°Xe
readout (PMTs, SIPM, ecc)
residual surface a or 3-decay, removed by fiducialization

Radon, removed by gas filtering

residual surface (mainly from readout) a or 3-decay, removed by

discrimination and fiducialization (*)

Neutron background

®/

or alpha ..

readout (PMTS, SIPM, Cameral), removed by fiducialization

Bib Eﬂ m

uwiN|0d uO!lenhsm X1

Light Yield

COSINUS prototype P.D.

1.4/
1.2
1
R B ' * e /gamra band
0.6 %, 43 keV Auger electrons
0.4
Na recoil band
llllllllllllllllllllllllllllllllll | recoll band
0 T e — B T T T T S T T e
-0.2 ._{I‘I‘ | | | | | | | | | ! | | | ! | | | | | | | ‘ | | | |
10 20 30 40 50 60 70
Energy (keV)

DRIFT fiducialization with N-

o Cathode |, % sp *%,.°
o) O
Q
CYGNO prototype P.I.
— | 8 - = Y/px >8
Y— = 3<ypx<8
— - Yipx <3
“le- _/M
(V) g :
. A )
T e
o | MweC — ’
v ! | | | I}
0 1000 2000 30 | == Nucl. Recoils

- == Soft electrons
NIl MeV electrons ' »

|JI|l]ll]IIIJ|IIIIlI|IJ|Il||IIIl||]]I|J

(*) with some constraint on longitudinal fiducialization (see next)



detector requirements
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_ detector requirements:
« large detector mass;
- long exposure and stability;
- » very low energy threshold,;
- » ultra-low radioactive background;
- » very high background discrimination
e calibration
'« DM identification:
* nuclear recoll shape  weak
» seasonal modulation Weakalone
e directionality >trong

Astronomy possible only with
directionality

\"—\'v-\""\:v "\""?"'\' -

\“'-1 "v—$ """\ “-\ ‘v-t ""‘\'
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detector technology

! gaseous

|IQUI.d, cryogenic Semiconductors: Noble Gas =B (O 100 eV) threshold
medlum (O 1000 eV) threShOId Ge: CDEX, COGENT CF4: DRIFT, DMTPC, just some ideas to increase
hiah sensibilitv and Si: DAMIC, SENSEI MIMAC, Newage, _ L .
dgi Set y NEWS-G sensitivity and scalability
Superheated liquids:
2-phase noble liquids: CsFg, CF5l: PICO Semiconducting
« |Xe: XENON 11, LUX/LZ, calorimeters:
Panda-X, DARWIN Ionlzcl’rlon Ge, Si:
« LA ArDM, Darkside, ARGr j SuperCDMS, Edelweiss I
~ 10 %
Inorganic scintillators: ~1-07% E;\JM )
- DAMA/LIBRA, oS fast SlgnCﬂ ~100 % /ﬁk‘ ,
COSINE, slow signall e Y
Csl: KIMS - =
Phonons Thermal bath
Single-phase noble liquids: bolometers

LA DEAP-3600
LXe: XMASS

21.03.15

CaWO,: CRESST Il . N _
Nal: cosinus - solid, cryogenic

very low (O 10 eV) threshold
limited mass and scalability




detector sensitivity characteristics

Reference |
limit
—

Cross section

solid, cryogenic
very low (O 10 eV) threshold
limited mass and scalability

Smaller target
nucleus

Lower
energy
threshold

liquid, cryogenic

 gaseous Increased medium (O 1000 eV) threshold
low (O 100 eV) threshold | Exposure high se_psmlllty and
scalability

WIMP Mass



dark matter scenario

solid —> crystals —> gases —> liquid

DAMIC (SNOLAB),
DAMIC-M (LSM),
CDEX (CJPL), etc.

50 pixels = 750 pm

A

DAMA (LNGS), COSINE (Korea),
SABRE (LNGS/LSC), ANAIS (LSM), etc

Heat Detetctor

Light Detector

Particle

DRIFT (Bulby), CYGNO (LNGS),
TREX (LSC), NEWS-G (SNOLAB), etc

LUX (SNOLAB), XENON (LNGS),
DARKSIDE (LNGS), PANDAX (CJPL), etc.

COSINUS (LNGS), etc

0.1 1 10 dark matter mass threshold (GeV)



CYGNO 1 m3 of HeCF4 60/40

CYG N O & t . I d t (H, He light target, F target and quenching/light production)
r 10 - i ~== Ny, = 100
optical read Ou T )

----- N, = 10000

107 readout channels + time signals 10
18 cameras monitoring 330*330 mm
each with 150 ym resolution and a
sensitivity of ~ 1 ph / 2 eV released in gas 107

10°%
107
107
10°%
1 0—46
1 0—4?

emme HE.I"CFd 60/40
e He/CF iC,H,, 58/40/2

! ! Lo | ! L
1 10

1 keVee
2.15 keV per |'He
3.12 keV peril C
3.75 keV peril F
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X N ...

ERC-INITIUM R&D on negative

lon for 3D reconstruction



neutrino ultimate limit

elastic electron scattering

10'° T T T T T T
1012 1 | 01
ro Len: !

10 1 » v Dep |

10

- .- |Water

ad P Cherenkov .
- ok

F o[ +14%] For 1 m3 of He:CF4 60:40 with 20 keV threshold

Ve ) az R—9 _g events events
R R=N,- / E)pppr(E)o(E)dE T 910 s-m3 y-m3

10*

10° ~ 30 events/year in CYGNO30

10 ‘

10 ]



where we are going...

APPEC Dark Matter Report 2021 (to be published) submitted to APPEC for final approval

\\ EDELWEISS

CRESST \N NEWS-G
\\\ T-REX_~ DAMIC-M
SuperCDMS (Si) ,/

SuperCDMS (Ge)

10—39

10—40

10—41

10—42

1 0—43
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CYGNO Computing Model



why (scientific objective)
CYGNO alarge TPC for dark matter and neutrino study

exploiting the progress in commercial scientific Active Pixel Sensors (APS) based
on CMQOS technology to realise a large gaseous Time Projection Chamber (TPC) for
Dark Matter and Solar neutrino search.

a A § et A
<&l) and protgo DE JE - all
2015/16 2017/18 2019/21 2022/25
ROMA1 LNF LNF/LNGS LNF/LNGS
NRA & &)

P — —\‘

——

10° beta/gamme rejection

low-energy (1-100 keV) nuclear recoils

now!



TPC Detector In a nutshell

Time Projection Chamber (TPC)

.
*
RN
—

A TCP Is costituited by a
vessel filled with gas or
liquid (Ar, Xe, He:CF, In
CYGNO case) where an
electric field is applied
(hundreds of V/cm)

6@
(%3
eadout

<Cathod
<\,
=

‘ ml
=

g

Field cage



TPC Detector In a nutshell

.
*
RN
—

>
S i= when a charged particle
= s pass through the gas, there
O Y IS a known probabillity to
U g w lonise the gas and ...
drift
/ (s

/ \

Incident particle Field cage



TPC Detector In a nutshell

lonization
/\ . m
°o)® -
S | o® =
b= 0\ ® O .
= L o ... produce free ions and
O ®/¢ Y electrons that ...
. —_
O
U o w
/ S —

/ \

Incident particle Field cage



TPC Detector In a nutshell

lonization wmp drift

° ¢ 4_.
= o ® S
S |e ¢ S ... start to drift in the
& o ¢ kS direction of the anode and
U o _* w the cathode where ...
O
E drift
/ S —

/ \

Incident particle Field cage



TPC Detector In a nutshell

lonization wmp drift

/\. )
o —
3 !
% * o O ... a readout device is
O o o X placed.
@ — o
U E ritt
// \

Incident particle Field cage



TPC Detector In a nutshell

lonization wp drift == amplification

O
/cu\ ¢ 5 \ In CYGNO gas TCP an
o |® 2 amplification process by
= |%, g means of triple Gas
O o Y Electron Multiplier (GEM)
¢ = 0 and produce an avalanche
/ anift of electrons ...
/ \

Incident particle Field cage



TPC Detector In a nutshell

lonization wap drift == amplification

A

/\. ‘
¢ S
g | 2 g
c | S . ... that generate photons
S | o Y with an efficiency ~ 7% in
o . | HeCF4 gas mixture.
E drift ’
/ e

/ \

Incident particle Field cage



optical readout in a nutshell

jonization == drift == amplification

O\

an sCMOS
camera
2304%x2304
resolution, 0.7
electrons rms and

— PMTs for the time
/ Edrift

shape longitudinal
1 — \ evolution

Incident particle Field cage

Readout

N ywyY

<Cathode>




optical readout in a nutshell

R E—
L . . . . DT L ol
jonization ™= drift = amplification
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CYGNO prototype under test at LNGS

validating montecarlo expectation and testlng HW/SW

SpNITah =L msmiomgp M’“‘”’“‘”‘”“i
jonization == drift =% amplification . ‘ i |

..................................................... = m WMM W M
' Wwwmw b
ek ol

»ﬂ W-uw%w«wm%#(ﬁ\»«W»«v«
& WW*WWWMW
% ¢ '.5 R § hwmm-‘.wm
o |* =
c | O
Y] )
o @ o
. —_—
j Earirt
S
I d t rt l F l(; cosmic and radioactivity at see level,
nciaen Pa IClE e Cage in 500 ms image over 30*30 cm area

* testing data taking, calibration and Ko\
reconstruction, and analysis algorithms Ry

°* comparing data and monte-carlo full
simulation

* validating ancillary system like gas system, ey . '* @LNGS no shield @LNGS 4 cm Cu shield
DAQ, computing Infrastructure



CYGNO project objective

demonstrate the technique and ...

5*10 litres, 1 camera
10 MB/event 0.9 Hz



CYGNO project objective

demonstrate the technique and feasibility of ...

CYGNO4

10 MB/event 0.9 Hz

4*1072 litres, 4 cameras
110 MB/event (Hz ?)




CYGNO project objective

demonstrate the technique and feasibility of large scale detector

" =

prototype CYGNO4

XN ...

3*1074 litres, > 100 cameras
2 GB/event (Hz ?)

4*1072 litres, 6 cameras
110 MB/event (Hz ?)

5*10 litres, 1 camera
10 MB/event 0.9 Hz




the INFN-Cloud infrastructure

data management and online data validation and qualification

DAQ —~
* the CYGNO project is hosted in the underground |laboratory ,
of LNGS where it is recommended to have only the minimum N 2!, !
setup necessary to collect data on a local buffer T | CT o > S
°* many experiments in the past decide to host their computing - =N ; e Nes
infrastructure in CC of LNGS =

CYGNO-INFN cloud dashboard

* |In 2020 started the INFN-Cloud project, offering many ———————
services at PaaS/Saas level, optimal to host our computing « > c G
model, ensuring the characteristics of scalability, safety,
reliability etc.

5 tps://paas.clo +

Y I
Overleaf » B o

s |

rrrrrrrrrrrrr

CENTRALISED SERVICES!

aaaaaa

* In collaboration with the INFN-Cloud we integrate and 2 G,
develop a sets of tools for data management, analysis and e I
simulation available at user level and accessible and 4 &

exploitable to all the CYGNO Iinternational collaborators




the middieware CYGNO project

data management and online data validation and qualification

* experiment data management;
* experiment front end metadata production and management;

* slow/fast remote experiment monitor without access to LAN DAQ
(shift workers from all over the world);

* online data reconstruction and pre-analysis;

* online data validation and qualification;

* high level/back end metadata production and management, alarms
and warnings dispatcher also via discord experiment channel.



CYGNO... computing model
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the user Interface and services
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data management

the “tape-r,, | TAPE DRIVE

data replica dashboard
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* data by means m2c process, bunched in runs, are copied on S3

object storage, as well as metadata, locally stored and replicated
on cloud MariaDB;

* afew second after the run is closed, it is available for full

reconstruction on the cloud HTcondor queue and can be T
downloaded with various tools (web, rest api, POSIX, ecc); |
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data reconstruction pipeline

offline/online process

data preparation

Zero suppression
noise filters

optical corrections

sCMOS
Images

PMT
waveforms

RAW events

reconstruction

clustering &
superclustering

PMT info evaluation

EVENTs data sets
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clusters features

calibration source, radioactivity, data "hits” PMTSs features
cosmic rays, Dark Matter wind...
post-processing _
calibrations user analysis
high-level analysis physical outcomes
noise filter: me_dlan _fllter | | | | mMulti-EVENTS "l calibrated
optical correction: vignetting, optical distortion data sets

superclustering: Geodesic Active Contour (GAC)

data sets
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online data reconstruction

the “sentinel” - Data Transformation Service (DTS)

resources monitor

R | data quality monitor
' sentinel - : ers/image
/- evenss B Sllcisiie B pied

/ l consumer
HTConddr —Jﬁ B siorage

LNGS

(LNF/LNGS)

CLOUD
| on line
events middleware reconstructed data
producer and metadata
* parallel to run data management, sigle events are send to cloud by .
means of kafka producer remore console
B DN AP 4 10 4 20

* the sentinel process consume data parallelising the events
reconstruction on the HTCondor queues

slow control monitor

* data and metadata are the stored and presented for on line motoring

optimise/scale architecture to completely be
able to provide online reconstruction
Implement data compression (triggerless
ML/GPU algorithms are under study)




online experiment monitoring

the r-console
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online data analysis

analyser - DTS on line

reconstructed data
and metadata
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astroparticle experiments

exploiting CYGNO experience
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bigger rather then faster!

astroparticle experiments are characterised by having a
different throughput respect to typical HEP experiments,
anyhow following a scaling law that underline how are
anyway demanding in the overall process.

‘ Centro Nazionale di Ricerca in HPC,

Big Data and Quantum Computing GSNZ
Fisica delle

Astroparticelle

astroparticle experiments features:

uniqgue and unrepeatable data (ex. ultra high cosmic
events) constraint on uptime/dead-time

data could be acquired In difficult and extreme
conditions (ex. space, under water Ice, etc)
conditioning the possibility of interventions and
changes in the setup

templates and montecarlo are needed not only to
evaluates systematic but also to identify “candidates”
of events. (ex OG, cosmic ray shower, etc) with large
request of computing resources

for many experiment data need to often to be re-
calibrated and reconstructed many times with
discontinuity and peak in the usage of computing
resources



conclusion

* our current model of the Universe, based on the Standard Model (SM), General Relativity (GR), and Lambda
Cold Dark Matter (LCDM), Is facing more tensions and unresolved questions today than in the past.

* dark matter is one of these unresolved questions: it probably exists as a particle, and we may likely discover
it In future detectors with lower thresholds and larger mass ranges.

* CYGNO project started, and a technical run Is on going to test all the needs for the full demonstrator
starting in 2025. if successful a full scale detector for physics will follow, who's characteristics will be
challenging also from the computing point of view;

* a setup based on the INFN-Cloud of full computing services and data handling tools for CYGNO
experiment has been setup, Is running and show appropriate performance

* the CYGNO use case is one of the seed that can be easily generalised to develop the computing model of
many small/medium experiments In the astroparticle Italilan community, reducing resources requests,
costs, energy and environments impact, improving security, ecc. ecc.
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