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Remainder of the methoginm

~Mulkivariate regression is a method to exploit the dependency of the
CYGNO camera(s) Light yield on several variables (x-y position, diffusion
vs z-distance, ete) simultaneously to improve energy resolution

~Input variables are used to train the regression using the Gradient Boost
Regression (based on a BDT in scikit-learn) are X,Y position of the
reconsktructed cluster and several cluster shapes

~5Fe Data is used, because of the well known energy peak
~GBR target is cluster integral/peak value (to have a variable centered at 1

- Two alkernative mekrics are bested:

- §0% quantile (median), and 8% and 95% quantiles

- §0% quantile gives the central prediction, the other two give per-cluster
energy resolution estimates (+ and - asymmetric errors)

- Detailed training options to be further optimized

E. DL Marco o Ockober 20021 2



Inclusive Resulks INFN
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Sakurabtion correction?

INFN

Energy response using RAW
enerqy estimate varies 11%

-®- uncorrected

-e-regression

from 28 to 48cm

~two possible competing
effects: saburation (main)

and transport efficiency -
diffusion

‘Depev\d&w@j reduced to &%

with regression
0'9;_ - need to validate the
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- Z (April #Fe data)
0.8 2'5' - '3|ol L |3|5| L |4|0| L 1415. I
2 (em) Caveak: im&&rpiav with
simulation of saturation!

E. DL Marco

(checlke data-MC again...)
o Ockober 2021




Resolution vs Z INFN
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AE’J‘!‘E{. LIME dakba INFN

Recownstructed all the runs with £8Fe, Will show ov\i.j the ones
with Veem=4-40 V

Since the exposure is 1/5 of the July data (10ms vs soms) because data
were taken without the std DAQ, so no Llimitations on exposure time, bleg
from cosmics is much reduced (bv 1/8).

These runs cover a wider range for 2: 6.8 /11 /16 /21 /26 / 31 / 36 /
41 / 46 cm, Results from Donatella Tozzi%s analysis shows this response
behavior:

picco rispetto a z energy_res (first peak) vs z (cm)
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https://agenda.infn.it/event/28621/contributions/145206/attachments/85448/113435/LIME-55Fe.pdf

QQST‘QSSELOM r@"%r&iMng INFN

The regression is re-trained own this data for consistency, using as
training sample data with source at all Z.

Added variables that in principle are correlated to possible sources of
saturation, to correct for it (e.g. # pixels over thresholds / # total pixels
of the clusters <> local energy density in a GEM hole)

The inclusive E,mprovemeuﬁ it resolubtion seems similar bto the one showin
in July data. Try to evaluate the performances more quantitatively:

1. Fit the Light vietd diskribution with a ers&at Rall
2. eskimate the response as the peaw Posi&ms«

3. estimate the resolubtion both with the o of the Gaussian core
(optimistic) and with the full RMS (ncluding tails)

- the hypothesis is that the core is driven by the intrinsic resolution, and
the tail by the effect of saturation
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Inclusive resulks INFN

N.B. Raw resolution worse than July data because it includes
data with z(source-GEM) < 15cm where saturation is happening
smearing the enerau response.
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Exampi&s abt different z's inFn
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Resulks vs Z INFN
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Resolution significantly
Ly [orcweci everywhere

Core Craussian resolubtion can be
better than 10% (if no saturation)
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Conclusions INFN

-Multivariate regression gives a large improvement in enerqgy
resolution for clusters from 59 keV photons

-Regression can give a resolution estimate as well which can be
used for categorization, or on a per-cluster basis

- Using the April data it seems that regression can improve the
energy resolution of & eV ele-recoils everywhere when there is
NOT saturation

- enerqy resolution moujba con be E.,m[arovad ko bebbter Ehawn 10%

- for Llow 2%, sakuration dominakes and with these input variables
ik does NOT correct for it (studies ongoing...)

- Writing a module to calculate regressed energy on top of the
ntuples (“post-processing” reconstruction step) from stored GBR
Likelihood confiquration

* needed bo malee some extensive validations and closure besks
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