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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?)
'*'*L T mmubstionunh backreund . Length of high energy particles

[ Joanz-1412
[ ]15/01-23/01
24/01-02/02
[] os/m02-06/02
10/02-15/02

Run3 )

15/02-05/03
23/03-26/03
29/03-02/04
04/04-08/04

Data and MC

energy spectra

] ]
Energy [keV]

® 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:
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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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3D Reco |l

® 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
plix}10) =[] H ({5} 1 Ly(6)) | o
Pl s 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
£ r R««M
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S Signal sliced into 5 blocks
Time (ns)
Accuracy within 2 cm
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2. Applied to alpha signal

BAT - CAM association
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3D Reco lli

® With 3D recoed tracks we can look at lengths

- 2D alpha
- length (mm)




3D Reco lll

full_length {full_length > 0 && full_length < 12 && pmt_direction != 0}

® With 3D recoed tracks we can look at lengths

htemp_1_ 1
L Entries 61312
350F= 1000 — g{zagev ] gg
N 2D alpha - 3D alpha 9;:5”812‘
800— 4.432 + 0.001
sk length (mm) N (Cm) 041893%;;2.30512
sl 5117 +0.002
200 L 0.1751+0.0022
100 :
200—
50 L
% 20 40 s‘a TR T T 1310 00_ é L ‘l‘ . . 110
full_length
® Expecting Radon contamination:
@ Theory + detector effect (7% error) Measured (1% error)
3.8|days
= ® 222Rn->5,50 MeV ->45.7 mm ® 243 mm
E Radon contamination
® 218pg->6.00 MeV ->51 mm ® 51.2mm )
confirmed
28.6 minutes 22 years S bl
eble e 214pg 5 7 .69 MeV -> 71 mm ® 729mm
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® With 3D recoed tracks we can look at lengths

G.Dho

p=
2D alpha
a0
- length (mm)
200¢
150
100
ol
B B e

3.8|days

JTBPO

28.6 minutes

Expecting Radon contamination:

3D Reco lll

full_length {full_length > 0 && full_length < 12 && pmt_direction != 0}

T Entries neme 1t 61312 33.7 mm
1000 — gltzagev 1 4232 .
i 3D alpha %2 / ndf 1548/11(;
800 432 + O
- (cm) ;i 61 mm
00— 03751 0.6005
400/ Compatible with:
200:— 238U
o f i s - 220Rn or 21Po
full_length
Theory + detector effect (7% error) Measured (1% error)
® 222Rn->5.,50 MeV ->45.7 mm ® 443 mm
Radon contamination
¢ 218pg->6.00 MeV ->51 mm ® 51,2mm .
confirmed
® 21pg.->7.69MeV ->71 mm ® 72.9mm



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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(b) 3D length of alphas
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Daughters, generated
: positively charged, will move
| - to the cathode:
- Higher Z (closer to cathode)
[ - Emission mostly toward GEM
S A

o

Potential of 3D just

starts unveiling!

cam_calc_abs_Z

Paper in preparation
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Run3 no ricirculation
low Rn

Runs 19909-20415 (22-25 May 2023)

RUN4: LOW ENERGY

Normalisation of spectra based on time duration of runs

Different periods of data of Run4 taken into consideration
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RUN4: LOW ENERGY

® Normalisation of spectra based on time duration of runs //17//./‘4
® Different periods of data of Run4 taken into consideration
® Data normalised in light intensity: 10000 about 5.9 keV (non-linear response in z not considered yet)
Run3 no ricirculation Run4 unfiltered Run4 filtered
low Rn high Rn low Rn
0.006 Runs 19909-20415 (22-25 May 2023) 0.006 Runs 40919-42848 (04-14 Dec 2023)
: :akl Peakl -== Ezakl Peak
--- Slow Bkg af:ai'nzﬂl%gl;jﬁ;lﬂ?gfmm --- Peak2 Peak 10*
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ar:aun:=ﬂzl%ﬂzﬂs?‘71tfs§0004 Peakl ROI (tzﬂ)
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é P?\?\’l\(;.: 0.0006 + 0.0001 F%%E:{:O";%gﬂ o0 ‘ depOSIted
%‘0 003 ﬂi '31523:3:19-;1&0590 gﬂ 003 Sf:flpgr‘ljeﬂgl[l)a-ljoﬂﬂﬂl energy
8 I : S, 10°F ‘ induced by Rn
5;: :cwoje:ml ' A 3 : Vl I chain
D002 s T i P i
—}:L slope = -9.56-06 + 4.1e-06 i : e j - | "r"'lj-i’l-{h -
e ] ——— 0.001f et S " W"' Tl lw
e 1 Ty I | 0.000 ¥ I -- 'H ---- o ‘ L L . Lo L T PO
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We are studying the impact of Rn Simulation code improved to speed up
. . . . . . . . - . -
MC comparison will give further insight chain on low energy region MC comparison: Now 10 times faster
h and more efficient
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WP2.1 and 2.2 RU N4: NEW VARIABLES SC_rms RMS of distribution of pixel intensity
p

New reconstructed variables exploiting pixel distribution and intensity sc nhits

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] a6 AmBe flsc_ms > 6. sc_tgausssigma * 0.152 > 0.5, R < 800, E > 500 eVee; 0.01< p < 0.15]
LA P R — =
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L .
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(] b3 50 4] 100 125 150 175 200 0 b3 50 4] 100 125 150 175 200
Energy [keV)

Energy [keV] Energy [keV]

® This variable appears to be a good method to remove ER

It will be included in ER/NR rejection studies
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WP2.1and 2.2 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

CA'ME_RA

LIME

polietilene

copper

® From the camera point of view, the neutrons emitted horizontally are aligned so that their angle is 0’
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& [ADU/px]

60

NUCLEAR RECOIL ANGULAR RESOLUTION I

Arbitrary coarse selection on NR events

6 vs. sc_integral distribution zoom (AmBe)

NRs selected sample rate: 8.52x107% Hz
lotal Nfs events: 1471
* = NRs selection boundaries

25 50 75 100
sc_integral [keV]
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Nfs selected sample rate: 0.30x107" Hz
Total NRs events: 61
= NRs selection boundaries

25 50 75 100 125 150 175 200
sc_integral [keV]

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

select in lower energy range
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NUCLEAR RECOIL ANG

jor axis angle: -104.24°

® Direction estimated by simple principal

component decomposition

® Kinematic simulation of the recoil distribution is
convoluted with gaussian angular resolution and

tested with data

Data suggests 45" angular

resolution above 100 keV,,

Convolution with source distribution to be removed

ULAR RESOLUTION IlI

PR
62//14/ /V4'?
y

2nd order

ool

wﬁ polynomial fit
70;

“of-

sof-

sof- With AmBe

a0f-

20f-

“’5— No AmBe = Bkg
Ok—'1lO-OI ll—é{)“‘‘(I)IIII—SIL)IIIIHIJ(}I

angle w.r.t. horizontal axis

Background is flat

Source peaked at 0 deg

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

® New simulation will improve the MC comparison

G.Dho

11



DIRECTIONAL RECONSTRUCTION

10°
10"

. . . . i % 2 Interaction | " é’?ﬁ"’ i

® Code for directional reconstruction was developed in the past P point B 2 _ 1o

® Recently the code was improved and applied to real data taken with a prototype i tﬁ:ﬁ’ &
::: | “wf - 158680881

. —_— N i I 146.459747 10"

® Beta emitter ?Sr source . Track main axs N [y 2

¥ et 1040 1060 1080 1100 1120 1140 1160 1180
Xlpxl

Cathode

Drift field
- cage
@8cm

—&— Deconvoluted o

_m Supposed Gaussian Excellent result on data for ER angular

4.7 em

30

Source Position

Triple thin
GEM stack
10x10 cm?

resolution

25

=

® HT 100% at all energies

Angular Resolution RMS (deg)

Confronting MC and data, the

15 ® Can be adapted to NR and applied to
angular resolution was measured _
:#: AmBe data

10
Paper in published in the

50 60
& Energy (keV) context of the PRIN project
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WP2.1and 2.2 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.

11(90%CT)
. . mo0cn): [ plju1 7, H)dpy = 0.9
0

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

Nbins T
. _ | i [hs 1
L(Z| s, po, H1) = (pp + pug ) Nevt e Hotns) K—P;wr—ﬂs) —]
(@ sy ptoy H1) = (oo + ps) i|=|1 P R
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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 Mixture composition
signal and background

QF

b (deg)

. ————————————
| e

154
[{e]
I

0.8 0.8 ". f '. “' SI coupling

0.6

o o
[=2]

T[T [T
F

0.4

—Hin He:CF, 60/40
He in He:CF, 60/40

Relative probability of being detected
(=2 o
N o
T | T TT

02 i| —— Cin He:CF, 60740 0.1- '-;_:-‘ . e .
I (deg) | ——Fin F*,B!CF450f40 ) NET/ST T B S~ P BN S S
107 1 10 1 o°
107 10° E(keVm) gM mass (GeV/cl)

® LIME cannot be used to estimate limits: 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:
Worst possible scenario

As if LIME was a simple counting experiment
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SENSITIVITY LIME 1lI

® Simple cuts on geometry to exclude borders (33 L active volume)
® 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

g 10_315
5 =
= 107
© =
We are quite close to DRIFT § 10—335_
(with a detector not thought for DM @ -
search) o =
o =
C 435 _
. . g 107 = e=1 B, = kVe
Great improvement in energy IS S iﬂ Ei=0 =02 t ¥
threshold (with respect to other 8— 1036 £=0.8 Et:::1k V,,
directional detectors) ) = e Ehrjkskve\e/ 1.50,,
10°%"= — £20.8 Ep=15keVe,
- —e=1 E,=1.5ke V 1.5(5bkg
10_38 1 | ‘ 1 1 1 1 1 1 1 | ‘ | | | |
1 10 10°

DM mass (Gev/c?)
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SENSITIVITY LIME 1lI

® Simple cuts on geometry to exclude borders (33 L active volume)
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 0.85 kg day (17 days equivalent)
« 107% s
5 10—32E NEWAGE
5 10—33%
. © 103
We are quite close to DRIFT g = e
(with a detector not thought for DM A 10 =
search) G 10736
c P =R e=1 =1keV,
210 _ e EEFO.Skeeee
Great improvement in energy 5 10_38:5 -— £=(1) : Ethr=}k5kvevee
threshold (with respect to other a b - Ett:;mgve: 1,50, LUX
directional detectors) 1077 e=1 B =1.5keV,,
1 0_40;_ e=0.8 Ethr=1 .5keVee
= —e=1 [E,=15keVe 1.50
10—417 \\\II\‘ 1 1 \\\\l I I

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 (different shape, noise, performance) and new lens

Fusion

: , , : . QUEST
Analysis and simulation code integrated the new camera and lens interface

Example of data clusterised with same reconstruction parameters

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!)

Predigao CNN

Data reduction expected to be of a factor
150

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

S92 M\ lwee a3 Lm0 Jas2
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 |: DIRECTIONALITY

Interaction
point

Track main axis
1.5

® Track reconstructed by analysis code Ziaeof
® Noise and below threshold pixel pruned :
® Principal axis component and barycenter calculated :?: |
® Radius r opened around the barycenter and new barycenter ‘Z
calculated on the pixels outside the radius in the region with s

low skewness

® After finding the Impact Point (IP), the track is weighted in intensity f"m

as a function of the distance from IP

® Linear fit of the weighted points

G.Dho
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