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WHERE WERE WE o e 4 b

® Data Analysis on Run4 data ( copper and water shielding) was begun.

Highlighed stability of data taking

0 Average light yield vs time

(>90% duty cycle)
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® Data-MC comparison hinted internal contamination (Radon?)
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® This half year we focused a lot on development of software and tools to more efficiently and better analyse data

Reconstruction 3D association Digitisation (simulation) Directionality Physics fit
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3D RECO WP2.1 and 2.2

® To develop the 3D reconstruction algoritm we started simple ——  long, straight, not-so-rare tracks: alphas

® 2 detector type:

a)
S
-

Camera Sep
Impact Point Final Directionality Angle g . 8 I\//\
600 s0of- - 100 r/
550 s50F- 300 . —— \v
: MR
s00- 500'-\\ F gher— gl el
200 Sample [#]
s 5 \ o 1S 150 WF_run_22100_evt_40_trg_0_ch_3
400~ 2 400~ 100 im § ::k
; —e— 161252612 § § ) o /J\
350 5° & 1o g=
1650 1700 1750 1800 1850 1900 1950 2000 2050 2100 165071700 1750 1800 1850 1900 1950 2000 2080 2100 onof~ ::k r/
75 W 5 . 2 ) 5 ;;:;al;l
From X-Y pixel distribution and intensity we can obtain: From relative intensity of PMT signals, Time over

. ) . threshold and waveform shape we can obtain:
® bidimensional angle of direction (®)

) . ® sense of directionin Z
® sense of direction in 2D

. . ® Projected lengthin Z
® Projected length in 2D
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BAT - CAM association
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3D Reco |l
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® Different response of the 4 PMTs
in LIME

' = rcosf

® Multivariate Bayesian fit

procedure

Nosings 4
p(x)10) = [T [Tt 1))
=1 =

® Calibrated on >>Fe source

®  Precisionof ~“1cm
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350

With 3D recoed tracks we can look at lengths

2D alpha
-3 length (mm)
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3D Reco lll

Theory + detector effect (7% error)

® With 3D recoed tracks we can look at lengths
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Theory + detector effect (7% error)

222Rn -> 5.50 MeV ->45.7 mm

218pg -> 6.00 MeV -> 51 mm

214pg -> 7.69 MeV -> 71 mm
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3D Reco IV

® What about orientation of these Rn daughter alphas?

® Selection in the centre to include cathode, GEM and detector gas

(no borders with resistors and field rings)

® Inclination angle and rough estimation of absolute z coordinate

support Radon daughter behaviour
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Potential of 3D just

starts unveiling!

Paper in preparation




RUN4: HIGH ENERGY

Normalisation of spectra based on time duration of runs

Different periods of data of Run4 taken into consideration

Data normalised in light intensity: 10* about 5.9 keV (non-linear response in z not considered yet)

Run3 no ricirculation
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Energy range of alphas

Run4 unfiltered

Runs 40919-42848 (04-14 Dec 2023)
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Run4 filtered
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How is the low energy range behaving?

Run3 no ricirculation
low Rn

0.006 Runs 19909-20415 (22-25 May 2023)
Fit
Peakl
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T=11e+05 * 46e+04
slope = -9.5e-06 + 4.1e-06
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RUN4: LOW ENERGY
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Run4 unfiltered
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Looking for correlation on low energy spectrum with periods with different radon concentration
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How is the low energy range behaving?
[ ]
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MC comparison will give further insight

RUN4: LOW ENERGY
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Run4 unfiltered
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Runs 40919-42848 (04-14 Dec 2023)

PR
5[//14/ /v4'?
y

Looking for correlation on low energy spectrum with periods with different radon concentration
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We are studying the impact of Rn

chain on low energy region

MC comparison: Now 10 times faster
and more efficient

Simulation code improved to speed up



WP2.1 and 2.2 RU N4: NEW VARIABLES SC_rms RMS of distribution of pixel intensity

New reconstructed variables exploiting pixel distribution and intensity P

SC_nhltS Number of pixel above threshold

Still ER contamination

AmBe - UNCUT AmBe - [sc_rms > 0.6; sc_tgausssigma * 0.152 > 0.5; R < 800; E > 500 eVee] 006 AmBe flsc_ms > 6. sc_tgausssigma * 0.152 > 0.5, R < 800, E > 500 eVee; 0.01< p < 0.15]
- « al - = ois
*“'s  ° [AmBe dataruns e AmBe data runs AmBe data runs
"
T 005
* " " 012 g
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® This variable appears to be a good method to remove ER

It will be included in ER/NR rejection studies \

° Recent interest received from

a Trieste group expert on

machine learning (prof. Trotta)
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WP2.1 and 2.2

ER

® From the camera point of view, the neutrons emitted

horizontally are aligned so that their angle is 0°

G.Dho
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NUCLEAR RECOIL ANGULAR RESOLUTION

AmBe neutron source was exploited to induce large amount of NR in LIME detector

This data set is a key test bench for NR angular resolution measurements, ER/NR discrimination

6 vs. sc_integral distribution zoom (AmBe)

& vs. sc_integral distribution zoom (Bkg)

60

& [ADUpx]

ample rate: 0.30x10

' Hz

0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175

sc integral [keV] sc integral [keV]

Machine learning work on
ER/NR discrimination will
help improve selection and

select in lower energy range

200

[Hz]

Rale



NUCLEAR RECOIL ANGULAR RESOLUTION IlI

s angle: -104.24

® Direction estimated by simple principal

PR
62//14/ /V4'?
y

component decomposition

2nd order
polynomial fit

® Kinematic simulation of the recoil distribution is With AmBe

convoluted with gaussian angular resolution and

No AmBe = Bkg

11!rlIHI[IIllll\Ir‘IrlI|IIIl}IHI[IIII}IHI[WIH

tested with data 0 |
ot bl e
Data suggests 45° 2D angular 100 0 ° angle wir. horizontal axis

Background is flat

resolution above 100 keV,_ at
Source peaked at 0 deg

Convolution with source distribution to be removed atmospherlc pressure

® 3D reconstruction can help improving the direction and the determination of the energy (by length)

® New simulation will improve the MC comparison
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Cathode

4.7 em

Beta™ emitter °°Sr source

Drift field
- cage
@8cm

Source Position

=

Triple thin
GEM stack
10x10 cm?

Confronting MC and data, the

angular resolution was measured
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DIRECTIONAL RECONSTRUCTION

Angular Resolution RMS (deg)

25

15

10

Code for directional reconstruction was developed in the past

Recently the code was improved and applied to real data taken with a prototype

30

—&— Deconvoluted
—l— Supposed Gaussian

s

50 60
e Energy (keV)

!VO

10°
10"

. —1; Bqpg0f
Interaction 2000
2 I
point I y 10"
- - 1240¢
— Y ! . 1 10°
1220} 10°
8 | ' 10
1200} 10°
I - - .
C4 I = - 10
1180} : 107
” | 10"
1160+
| —= 158.680881
2 1140}
I X | :
F Track main axis E #me=daanenez e
N o HZOF 10"
\040 1060 1080 1100 120 140 180 "w T W T R T S 10"
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Xlpxl

® Excellent result on data for ER angular

resolution

® HT 100% at all energies

® Can be adapted to NR and applied to

AmBe data

Paper in published in the

context of the PRIN project
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SENSITIVITY LIME

Strong effort to put into a single code the calculation of pli, 6%, H) =

p(Z|ji, 6, H)x(ji, 0| H)

Jo [ p(E|ii. 0, H)x(fi, 6| H)djidd

the spectra of expected DM signhal and the Bayesian fit Nijus
g g & Y L(&ptos o, H) = (o + ) Ve @t T K Fp fep, ) ! }

procedure to estimate Credible interval limit (BAT toolkit used) =1

i,b .
n;!

b is
M+ fhs Mo+ fhs

80|

b (deg)

Detector effects can be included 0o &0t
0.8 A SI coupling 40

2

g

[

o

2 o7 Angularand

Z 08 Iy e energy o

£ 05 1Y o distribution of_,,

E 0.4 L e —F .

S / . o signaland _

5 03 RIS Mixture composition & 40!

2 o2 Ll background &

3 o1 Y

. R S O E—— 50|
10 1 10 18;\.1 mass (Gew:l]od

| (deg)

LIME is not able to provide limits yet: unknown contamination -> no background model (LIME was not meant for this!!)

However, we can use it to estimate where the exposure of the detector can lead us

As a first test no measurable variables were included in the study: Large background
> Counting experiment:
As if LIME was a simple counting experiment Worst possible scenario

G.Dho



SENSITIVITY LIME I

y)
. o . '?Q//w
Simple cuts on geometry to exclude borders (33 L active volume) //V4
y
Loose cut on rho variable to remove many ER (Machine learning technique will strongly improve this)
¢ Different thresholds and NR efficiency analysed

® 20% of Run4 data used as background model and the rest as data 0.81kgd 210°beckeround eventsiy

31
“"E\ 10 (17 days equivalent)
G 10732 ' NEWAGE
S 10
. -.g 10—34
We are quite close to DRIFT n
(with a detector not thought for DM g 107
search) G 10362
S 109 T 05kl
Great improvement in energy © b - =1 EE;1:5KGVZ:
threshold (with respect to other 2107 = e gf? 8 Ehrf}ﬁgvee .
directional detectors) 0 107z e=1  Egp=ibkeVy, X
o= —— =08 Ep=15keVe,
107"= ——e=1 E,=15keV,, 150,
10—41_ 1 1 | L1 ‘ 1 | | 1 - ‘ | | | L1 |
1 10 10°

DM mass (Gev/c?)
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WP2.2 ANALYSIS CODE AND DATA REDUCTION |

® CYGNO-04 will use ORCA QUEST camera as sCMOS detector

Cluster distribution Fusion
below 1 keV Quest Reconstructed

cluster with same | %
code parameters | &

(different shape, noise, performance) and new lens

Nsigma=0.6 _
® Analysis and simulation code integrated the new camera "
and lens interface
® Example of data clusterised with same reconstruction parameters
QUEST
[ ]

Machine learning technique (and not) study to be applied at frontend level to reduce the raw data output for CYGNO-04 (we will

use 6 cameras!)

Imagem original

Predigao CNN

Data reduction expected to be of a factor
150

px)
y (px)

Eixo

Efficiency at low energy under study
(already outperforming current
reconstruction algorithm)

Eixo

52 am  Leee  SEas  Lawex
Eixo x (px)
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CONCLUSIONS

® During these months a lot of effort was spent in improvement of software in order to carry out more complex analysis
® 3D reconstruction algorithm is currently working for long NR tracks with extremely interesting results

® AmBe campaigns are paramount to determine operative parameters of the CYGNO detector and will soon exploit the software

improvements
® A conservative angular resolution of 45 deg on NR above 100 keV,, was found
® Anangular resolution on electrons was measured of 30 deg at 10 keV and below 20 deg above 20 keV
® Extremely conservative estimation of exposure of LIME puts it within range of DRIFT results

® Work on analysis tools and data reduction for CYGNO-04 has already started

G.Dho
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BACKUP I: 3D Reco |l

Y pixels [#]

® Merging the two detector allows 3D reconstruction
L,
. lel = Cl-—a
® LIME has 4 PMTs whose distance from the event changes their intensity R
® Important to match the signals of the detectors: multivariate Bayesian fit
Nooins 4 One can retrieve from PMT signals x,y
p({x;)160) = H H x;} | Li{0)) | o
coordinate and L (light yield at GEM)
1. Calibrated with iron signal with
known x,y position from camera
_ WF_run_41502_evt_311_trg_1_ch_2
N
. 77 I
£ r R««M
M‘w = Sample[#]
‘ Signal sliced into 5 blocks
Time (ns)

Resolution of about 1 cm Accuracy within 2 cm

G.Dho

e GEMs

2
costl = —

r’ =rcosf

2. Applied to alpha signal

BAT - CAM association

[ - PMT
2000~
[ + CAM

1500} Fd

*s

1000

500+ “‘

0 530 :o‘na éon Py
X pixels [#]
Enough for

association purposes



BACKUP Il: DIRECTIONALITY

® Track reconstructed by analysis code B F —
-12e0r ; nteraction
ol N\, point
. . N oy
® Noise and below threshold pixel pruned =t
® Principal axis component and barycenter calculated o
® Radius r opened around the barycenter and new barycenter - ,
: : o : : Track \
calculated on the pixels outside the radius in the region with B ] N
low skewness
&1 260] i
® After finding the Impact Point (IP), the track is weighted in intensity 5"260]; -
1240}
as a function of the distance from IP -
-
® Linear fit of the weighted points i :
1160'
f = 158680881 -
1140{
| e 146.459747
1120

| L
1040 1060 1080 1100 1120 1140 1160 1180
X [px]
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BACKUP Ill: ANGULAR RESOLUTION SIMULATION

® Directionality algorithm was applied in the past to simulation of ER, yielding:

60

50

AngRes [deg]

40

30

20

10

o

—— |pl<0.8rad

——|pI>0.8rad PO

X2/ ndf

%2/ ndf 143.8/23

po -3.526 +0.5364
p1 130.5+3.726

lllllIllllllII[IllIIIII![llllllIlIIllllI]III

pi

18.73 /21
1.334+1.721
167.1+11.44

In the data tracks were
mostly parallel to the
GEM -> like blue points

10 20 30

40 50 60

70 80

Measurement has finer granularity than simulation and results in
better results than simulation
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WP2.1and 2.2 BACKUP IV: SENSITIVITY LIME

® The limit estimation and fit procedure of the data is a key element for dark matter physics

Strong effort to put into a single code the calculation of the spectra of expected DM signal and the Bayesian fit procedure to

estimate limit (BAT toolkit used)

Limit evaluation based on Credible Interval calculated by exploiting Bayesian technique.

—

r () H)rw(i, 0| H 12 (90%CT)
, Gl )7, l ) — N»1(90%01):/ p(p|Z, H)dpy = 0.9
JaJb p(&|ii, 0, H ) (ji. 6| H)djid6 "

p(fi, 0]

7. H) =

In general based on a Likelihood profiled on measurable variables as direction and energy

""*hmk

) } L 1 1
E(."I:LH.S._, b H1) (.,Hf) + g ) ”f ~(kotis) H [( a J;-'Lb + ,E—luaa) —}

e fp + s My T s
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SENSITIVITY LIME I

® Detector effects which can be included are

Angular and energy distribution of Quenching factor of elements in gas

signal and background

QF
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Mixture composition
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® LIME is not able to provide limits yet: unknown contamination -> no background model (LIME was not meant for this!!)

® However, we can use it to estimate where the exposure of the detector can lead us

® As a first test no measurable variables were included in the study:

As if LIME was a simple counting experiment

G.Dho

v

Large background
Counting experiment:
Worst possible scenario
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