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Recap of reco changes (N

Implemented the step © of directional clustering to gather Llong
tracikes

- useful wrt GAC because it handles better the track overlap,
which in LIME/500ms exposure is likely

~tuned a Lot on the Summerzo data (bleg-only), tuning depends
on the running conditions

-speed up of factor >10 achieved by moving to 2D for the seeding
(because each hit was replicated by N times -N=pixel intensity)

~the remaining pixels after step © are clustered only if they are
isolated from long (clustered) tracies

- noticed issue: still halos leftover from krakes, with Low-
intensity remain. Easily rejected offline (e.g. with density)

Re-~reconsbtructed almosk ALL Ehe AnBe Summer2o daka wikh Ehis.
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Original Image Polynomial clusters found in iteration O

500

500 ;

400

1000 3

300

1500 -JEEEEECEE

200

100

2000 -

0 500 1000 1500 2000 0 100 200 300 400 500

Long track spu& i bwo

Holo of Low density hits

E. DL Marco 1 April 2021 3



Original Image Polynomial clusters found in iteration 0

Lowng btraclk spti?: i Ewo

Holo of Low density hits
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Polynomial clusters found in iteration 0
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manages to s[;?i.ii torrecﬁv Overtapping Erackes,

N.B. The overlap is not shared: first clustered gets the hits...
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Rereco of AmBe daka (INFN

The speed up of the code of factor »10 allowed ko reconstruct:

-~half of AmBe rums talkken with LIME during the Sumwmer:
[3737-3791]: 26k events

-3 runs of big-only [3792-3794 ] (the later ones have sizeable
energy scale shift)

~N.B. This set of data is affected L 101
by the Light entering the camera R
corhers. o

= select a small “dark” region in
the center (~1/4 acceptance)

i B
400 600 800

=cannol use de/dx of muons (long straight tracks) for £
calibration (need to use only the part in the dark region)
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Selections (NN

Despite the small acceptance, the statistics is very large wrt
LEMON (~10 x larger)

Cosmic Control Region (CCR)

- length » 10em, l1~p&&kiev\3&h/i.@\g&k!<lc% (straightness),
slimmness < 0,18, orGaouss ¢= 1.8 F:»E;xei.

Sighal Preselection:
- length < Sem, sliminess>0.4, width<s.5 mm, orGauss ¢ 0, 3mm
Sighal Tight Selectiown:

- In the LEMON AmvBe paper we used 6 = In&egrat/[zzixets » XXX
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Cosmics CK INFN

clusters (normalized to AmBe)

bkg. subtr. data
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* bems&&v: long tracks have 3™14, dE/dx on afu,tt Froche

* Slight shift wrbk 2 sebs of rums, unusable (bias due bo
* Normalizakion scale factor Light in the corihers)

AmBe/bleg = 092
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Signal preselection (N

bkg. subtr. data
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Density shows a clear peale arocund 10, These are letbover of Lown
&fact;sv(ai.sawm Fe - with a small shiﬁﬁ f f 3

Th nks with \delta>17 are high-enerqy NR candidates, [10-17]
fimiijvge Né? as well as blkg - 3 L

Energy spectrum seems exponential, ho efficiency for £<3 keV
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Ef{é&&emav for fixed ER r@.\}@.ﬂ‘ﬁc} INFN

Define two selections on & at a given Fe rejection (e, rejection
of ERs of E=6 keV).

In LEMON tested 99% and 26% rejection. Try 929% and 999%
rejection. Compute the efficiency of this cut as a function of E.

Baracchini et al, Measur.Sci.Tech. 32 (2021) 2, 025902
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For 107 ERs efficiency the NR at ~[6-% JieV improves from §-5%
to [¥-16]%. For 1078 ER efficiency, NR inefficient for £ < ¥ keV.
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Beyond simple 1D cul (N

Unkil now, used omj the cuk on 1 variable (&), while more
cluster shapes are available,

Try an intermediate step to 9o beyond it and use more the
shape of (few) cluster shapes, and their correlaktions (which are
also informative).

Training a multiclass Deep Neural Network (DNN) with 3 oubput
classes:

1. NRs 2. ERs (&leeV) 3. other backqgrounds (cosmics,
nabkural mcl,wac:&vi&v

The oulput tn each class is normalized such that for a given
cluster it represents the prababiti&v to be n thab class (i.e.

N=3
l
c=1
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Training sampms INFN

Apart ML technicalities, this is the bottleneck. We need a pure
sample of each class to train the model.

Class 3. can be kaken from data (bwg-—-onij runs)

Class 2. can be taken from Fe runs, with a loose selection ko
remove pieces of cosmic tracks (e.q. loose cut on 3)

Class 1 (NRs signal). Is the most prabtema&a. We dont have it A
perﬂfm:& candidate would be SIM. Tried with a sample that Giulia
quickly produced, but verified that there is some large data/MC
discrepancy,
= Used the AmBe sample in data

= blkg-subtracted to qet the 1D distributions

= generate toy MC to get events according 1D shapes

= assume the same correlation maktrix of the sigrbkyg sample in data
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Variables used INFN

9 variables: 3, length, slimness, GLG“”SS, 0};““”, RMSL, RMST, size (1
F:'E,xei.s), Niits {1 pixets/&hreskaicﬁ)

N.B. 1 Avoid ko puk ev\er%\j (apart normalized ko Nuis) ot to
nmalkee the DNN to learn the s;at:&rum of Fe/NRs in the input

N.B. 2: krain after the NR preselection, Can be made more
effective/aqqressive training on all the reconstructed clusters

N.B. 3: 9 variables is a Joke for a DNN. Can be made more
effective @.‘?. fu,&&av\g) the energy release pattern in the slices
alowng the cluster
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Training debails INFN

Trained with Tensorflow with 9 (put dimensions) =» 10 =» 7

-» 3 (oubput dimensions) nodes
“Softmax” function used in the Lastk step so that the 3 au&pu?

values are in (0,1) with sum 1 (probability interpretation)

“Categorical &rass—-en&ropv” Lloss used ko evolve the network

DNN scores i Ehe 3 classes:
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bkg. subtr. data

DNNs i daka INFN

Computle the DNN scores for the 3 classes for each cluster
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these are the cosmic-pieces
Lowmciems&v NRs: this is a probi.em, in Fe data
comes from the sample definition?
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SEMP&Q usage: 1D cut INFN

One can simply do the simplest usage of it. Substitute \delka
with DNN NRs node oubput.

Fix the problem of the low-density clusters in DNN before
evaluating the pewformanae... stay tuned,
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Exkended skafm usaqe (INFN

For each cluster, can use the max{DNNug, DNNeg, DNNother ) ko
define the “category” of cluster,

This defines 3 samples, each one enriched of that class of
clusters

. Each cluster enters the distribution
o ; S “fURaLDNN’

o000 : o only once, using the oubput for
specific cluster category
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~it variable “finalDNN” (iner

£.9. The fit to the “other node” of DNN in the ‘others’ category will
constrain the small “other” background in the NRs category
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A way ko besk Ehis apprcat:k s kalkke dabka close in kime with LIME
and: 1. ho-source 2. Fess ov\i.v 3. AmRe 4, AmRe + Febs,
Compare NR/ER /other vb@.i.cis i (4) one with 1., 2. and 3.
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Conclusions INFN

Speeded up / tuned for LIME code of cluster reconstruction
(V& tag of the “lime21l” GIT branch)

First tests o SIM not crazy (Ehanlkes Giulia). Need to look at
the & resolutiown,

Re-~reconskruckted all the AmRe / cosmics / Fe daka wikth V&

Re-analysis a la LEMON-20-001 seems ok (u,g» to x2 eﬂwientj
in the region &-% keV for 1072 ERs efficiency)

Tried a mulkivariate approach to use bebter cluster shapes
instead of only 3. Two approaches started:

1. cut based
2. simulbaneous fik of MVA output in 3 categories

Both ko be finalized...

E. DL Marco 1 April 2021 19



