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SUMMARY

e INTRODUCTION




DARK MATTER

Angular scale

e Well established theoretical paradigm of modern 000 18 10 0.2 o1 0.07°
Physics P
5000 |
E,\l_,4000’
x
== 3000
Q
2000 |
e The most supported hypotheses predict the 1000 |

existance of at least one new particle
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Multipole moment, ¢
Taken from Planck coll., https://doi.org/10.1051/0004-6361/201321529

e The Galaxy resides in a halo of these particles and Earth motion makes it more likely for
these particles to interact with regular matter on our planet

i

Direct Detection Experiments
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DIRECTIONALITY RELEVANCE

 Typical signal measured is the energy of the recoils in the detector, but the Earth motion in
the Galaxy and around its axis imprints a directional dependence on the recoils
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CYGNO/INITIUM EXPERIMENT

e CYGNOY/INITIUM is the project of a directional detector, whose
main goal is the direct detection of Dark Matter (DM)
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WORK DONE

e The work can be split in two branches

G.Dho

Anadlisys and simulation (A&S)
Studies on the importance and

relevance of directionality in the field
of DM:

e Discrimination of different models of DM

e Sensitivity limits of the CYGNO/INITIUM
experiment

Experimental studies (ES)
Characterization of detector

parameters with laboratory
measurements:

e Studies on electro-luminescence of
He:CF4
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A&S: SUPERNOVAE DARK MATTER (SNDM) MODEL

e Collaboration with Stanford PhD W. DeRocco [1]

MeV scale particles at
semirelativistic velocities
could stream from SN
explosions
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A&S: SETUP OF THE ANALYSIS

» We wanted to know how many events we needed to distinguish the two models

calculated theoretical simulated fake profile likelihood
spectra experiments ratio test

e In the analysis we considered
- Different elements for heavier and lighter targets (He, F, Xe)

- Heavier and lighter WIMP masses and corresponding SNDM with no
background assumption

- Energy resolution and energetic region of interest taken from measurement

[2][3][4]

- Diverse anqular resolutions
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A&S: RESULTS

10 GeV WIMP
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A&S: SENSITIVITY FOR CYGNO/INITIUM

» A similar work can be performed trying to discriminate WIMP signal from background
e The background is expected to be isotropic in angle at the first order approximation

e The gas mixture is He:CF, at 60/40 at atmosferic pressure

 The likelihood has to be slightly adapted, considering the background of |1 and of WIMP
signal of Y

_(MS+Mb> u+ub ILLb
Lb+s_ N ! XN XH M5+Mb sz M+Mbp>

evt ®

n; 1
H]

» The criterion for the sensitivity is adapted to have the 3 sigma sensitivity curve
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A&S: SENSITIVITY 3 6 LEVEL
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A&S: SENSITIVITY 3 6 LEVEL
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A&S: SENSITIVITY 3 6 LEVEL
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ES: MANGO PROTOTYPE

A Multipurpose Apparatus for Lenses

Negative ion studies with GEM
Optically readout | N FN
~ LNF
- Istitute Nazionale di Fisica Nuclears
3 GEMs:
50 um thick /

140 um pitch

17mm FL, f/0.95 Fast C Mount

https://www.schneideroptics.com

TPC volume:

Max volume 500 cm?
___ (10x10 cm?)area

70 um holes diametre

He:CF4 mixture 60/40

1 atm

sCMOS Camera
Orca flash 4.0.

Plastic gas-tight box
2048x2048 pixels

noise <2 ph/pixel
www.hamamatsu.com.
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ES: ELECTRO-LUMINESCENCE
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ES: DATA TAKING

Cathode
55 @ | 1 cm, E=0.9 kV/cm
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e Typical signal to look for are iron spots
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ES: LIGHT MEASUREMENTS

e Do we see more light?

light/pixel (a.u.)
- 12000

Y (pixels)

10000

8000

E. O kViem

6000

1600

Visible light output X (ot

light/pixel (a.u.)
g 12000

increase 1200

Y (pixels)

10000

8000

« E_11.3 kVicm

1600
X (pixels)

M



ES: LIGHT MEASUREMENTS

e With short exposure (500 ms), an algorithm to find round spots was used

e 200 pictures combined were utilized to have more statistics
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ES: LIGHT MEASUREMENTS

» Analysing the various electric fields applied it is visible a clear influence on the photon
yield
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ES: CHARGE MEASUREMENTS
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ES: CHARGE MEASUREMENTS
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CONCLUSIONS AND PLANS

e In the context of the CYGNO/INITIUM experiment | have worked both on experimental and analysis studies

e | developed a simple simulation and statistical analysis tool to inspect more in depth the directionality
approach for discrimination of different DM models and of the expected WIMP signal from the background

e | also performed experimental studies on the possibility of exploiting electro-luminescence in our gas
mixure

WHAT IS NEXT
e | will continue the study of the sensitivity and limits plots of the experiment

adding more experimental and practical details

e MANGO is at LNGS, so | can continue the study of the
phenomenon of electro-luminescence and try to optimize it
for the purposes of the experiment
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A&S: RESULTS
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A&S: RESULTS
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A&S: RESULTS
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A&S: RESULTS

Normalized spectrum
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ES: CONTRIBUTION OF DIFFUSION OF GEMS
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ES: LIGHT MEASUREMENTS

» Analysing the various electric fields applied it is visible a clear influence on the photon

yield
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A&S: STATISTICAL FRAMEWORK

e In order to discriminate the two models | developed a simulation and a statistical analysis
procedure



A&S: STATISTICAL FRAMEWORK

e In order to discriminate the two models | developed a simulation and a statistical analysis
procedure

— Determination of the two hypothesis and # of events M to test H, (WIMP) H, (SNDM)
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A&S: STATISTICAL FRAMEWORK

e In order to discriminate the two models | developed a simulation and a statistical analysis
procedure

— Determination of the two hypothesis and # of events M to test H, (WIMP) H, (SNDM)

- Simulation of fake experiments starting from the theoretical spectra of model x
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A&S: STATISTICAL FRAMEWORK

e In order to discriminate the two models | developed a simulation and a statistical analysis
procedure

— Determination of the two hypothesis and # of events M to test H, (WIMP) H, (SNDM)

- Simulation of fake experiments starting from the theoretical spectra of model x

— For each experiment the profile likelihood ratio is evaluate for each H,

In(A\)
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A&S: STATISTICAL FRAMEWORK

e In order to discriminate the two models | developed a simulation and a statistical analysis
procedure

— Determination of the two hypothesis and # of events M to test H, (WIMP) H, (SNDM)

- Simulation of fake experiments starting from the theoretical spectra of model x

— For each experiment the profile likelihood ratio is evaluate for each H, 5 =

- The discrimination criterion is applied to the distributions of A
Low N High N

events events

v
Error type | and Il both oE / \ 5% on type
at 5% or less R land on i
5% ontype = /
lbutnoton ™ 00—
I T

S R | S
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