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FermrLAT

(LAT)

FermiLAT energy range
20MeV 300 GeV

104GeV  102GeV  102GeV 10! GeV 10° GeV 10" GeV 102 GeV 10° GeV 10* GeV 10° GeV 10° GeV
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FermrLAT

-\ Catalog Sources UID (%) BCU (%)
“‘AW(\-- IFGL 1451 630(43)  92(6)
2FGL 1873 575 (31) 257 (14)
Large AreaTelescope 3FGL 3033 1010 (33) 568 (19)
AT 4FGL-DR1 5064 1336 (26) 1310 (26)
(LAT) AFGL-DR2 5788  1679(26) 1515 (26)
4FGL-DR3 6658 2157 (32) 1492 (22)
4FGL-DR4 7195 2340 (34) 1624 (23)
FL16Y 7220 2115 (30) 1513 (21)
20 MeV/ FermkLAT energy range 2300 GeV/
10* GeV 103 GeV 102GeV 10! GeV 10° GeV 10! GeV 10-2 GeV 103 GeV 10* GeV 10° GeV 106 GeV
VT



4FGL-DR4 Catalog

Class Designator Number

Blazar Candidate of Uncertain Type BCU 1624

Binarv BIN 10

BL Lacertae type blazar BLL 1490 Catalog Sources UID (%) BCU (%)

Compact Steep Spectrum Quasar CSS 6

Flat Spectrum Radio Quasar FSRQ 820 IFGL 1451 630 (43) 92 (6)

Normal Galaxy (or part) GAL 6 2FGL 1873 575 (3 1) 257 (14)

Globular Cluster GLC 34

High-Mass Binary HMB 11 SFGL 3033 1010 (33) S68 (19)

Low-Mass Binary LMB 9 4FGL-DR1 5064 1336 (26) 1310 (26)

Milleoond Puker _ Msp 17y AFGL-DR2 5788 1679 (26) 1515 (26)
arrow-line Seyfert h

Nova NOV 3 4FGL-DR3 6658 2157 (32) 1492 (22)

Pulsar PSR 141 AFGL-DR4 7195 2340 (34) 1624 (23)

Pulsar Wind Nebula PWN 22

Radio Galaxy RDG H4 I

Starburst Galaxy SBO . NEW!| FL16Y 7220 2115 (30) 1513 (21)

Seyfert Galaxy SEY 3

Star-Forming Region SFR 6

Supernova Remnant SNR 45

Special Case SPP 124

Steep Spectrum Radio Quasar SSRQ) 2

Unknown UNK 147

Unassociated 2430
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Multi-WavelengthCatalogs

AlIWISE data release

\ 4

Infrared

\ 4

o-ray FermiLAT 4FGL-DR4




Multi-WavelengthCatalogs

NVSS catalog
SUMSScatalog

Radio

MGPS2 catalog
ATNF Pulsarcatalog

PanSTARR3?S1
SkyMappeDR14

Optical

SDSSIV DR16
GAIA DR3




Multi-WavelengthCatalogs
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Infrared —

NVSS catalog
SUMSS catalog
MGPS-2 catalog

ATNF Pulsar catalog
AINIWISE data release

— PanSTARRS PS1
—{  SkyMapper DR14
Optical — :
— SDSS-IV DR16
— GAIA DR3
X-ray > eROSITA
y-ray » Fermi-LAT 4FGL-DR4
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UnidentifledSources

Infrared » AlIWISE data release
> PanSTARRSPS1
_ »  SkyMapper DR14
Optical
> SDSSIV DR16
> GAIA DR3
o-ray » FermiLAT 4FGL-DR4
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* PanSTARRS counterparts
" AlIWISE counterparts

152

151
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UnidentifledSources
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UnidentifledSources

> NVSScatalog
_ > SUMSScatalog
Radio > MGPS2 catalog
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NeuralNetwork Input Data

Sorted and Normalized Light Curve
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Info on;

A average brightness

A maximum annuahveraged activity
A variability of sources

A flaring patterns

NormalizedMW SpectraEnergy Distribution
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Info on;

A spectral index

A spectral curvature

A flux and harness ratio
A peak energy
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Artificial NeuralNetworks

o-ray Data NN

Artificial NeuralNetworks inputefinitionandstructure

\ 4

\ 4

Light Curve
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G SED
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DataNNs
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ANN Validation
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ClassificationResults

Blazar of UnknownType
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ClassificationResults
Best Sample Sky Distribution |
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ClassificationResults
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I
1
v L
= T
T eF
1 i
e ]
?: ‘
=
L
-
.-.-I.
-=L
3
X
Jar
o1
[
le-6 le+3 le+6 le+9 le+12

EnerQYOhserver frame [eV]

fr (1077 erg/s/cm®/Ang)
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Survey: sdss Program: legacy Target: SERENDIP_FIRST QSO_MAGC_OUTLIER

RA=133.64598, Dec=7.340086, Plate=1299, Fiber=981, MID=52972

2=0.65607+0.00019 Class=Q30 BROADLINE

No warnings.
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ClassificationResults

le—11
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vF, [erg cm™ s71]

153possibleBLL

Exampleof one UlDclassifiedaspossibleBLL
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Survey: eboss Program: ebess Target:

RA=30.87525, Dec=31.53837, Plate=7737, Fiber=814, MID=57722
2=0.59262+0.00027 Class=GALAXY
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235possiblePulsar

ClassificationResults

PossiblePulsarpopulation

L
P o . ° 4FGL-DR4 Unid.
b ® ® o e o ® Possible BLL
. o 69 ° ® . 60 -, e® ® ® Possible FSRQ
*. ® L '. ¢ o o« ¢ o ® Possible Pulsar
® Py &
'y ® M ® PO ° % A b e o ° o o
RIS . R & DAL
oo s ° . e o o. ° . . R e ® . . oo
®
® 30 ¢ o, e ® o * o 308 ® ¢ °
e, ° ° . oy S o ®
e ® o ® ‘ o®e ® ®
] Y b ° [ (7 ] [ ] o« * Py
¢ L] ° ' o ® N Y .. [ ] ® .‘ .._‘
® ® L N ®e® ‘o 33 oa’ ° - , b
- 0 - ¢ » ("o é.> Pl W0 @ 0 ° =) e * o
= N 3 pod = : rPoeew . o
= N o .o - e X0 e s ? .~ .« g vSew 'L A e g
> % -.o .\.. Y g L il % % -4 ¢ ° \
% ¢ ¢ L% : ® <° ® : ®
¢ ° : . g *re ° o.
. ° 9 * ® P ] @
° ¢ °*
. 30 S o 30,
(X ®
¢ d ™ L] ™ ¢ °
® ™ ® o
= ® ° °
°
* -60 60 . o
° oo "
) L] ®
. ® ) ° [ ]
*S L]

d <90 ® )
10/11



Conclusions

UnidentifiedSourceslassificationandpossiblecounterparts

Major points Thingsto check
Multi-Wavelengthdatausefulness ImbalanceY fewerpulsarlike sourceghanblazarlike
Classification of 90% UID and possible multi- sources
wavelengthassociatiorof 84% UID ClassesY addresspresenceof other sourcesclasses
PossibleUID counterpartdistribution reflects blazar (SPP,PWN ecc)

pulsarpositionaldifferences
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Conclusions

UnidentifiedSourceslassificationandpossiblecounterparts

Major points Thingsto check
Multi-Wavelengthdatausefulness ImbalanceY fewerpulsarlike sourceghanblazarlike
Classification of 90% UID and possible multi- sources
wavelengthassociatiorof 84% UID ClassesY addresspresenceof other sourcesclasses
PossibleUID counterpartdistribution reflects blazar (SPP,PWN ecc)

pulsarpositionaldifferences

Blazar ofunknowntype classification

Major points Thingsto check
Multi-Wavelengthdatausefulness Comparaesultswith previousworks
Classificationof 88% BCU Dedicatedsearcho studythe opticalenergyrange
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4FGL-DR4 Catalog

Class Designator Number

Blazar Candidate of Uncertain Type BCU 1624

Binary BIN 10 R T

BL Lacertae type blazar BLL 1490 L ,.‘-.‘é:':’f ..h::'-‘&'\? j‘»'.'.'.l‘_ﬁ,:.'.'i‘xﬁ;‘ -
Compact Steep Spectrum Quasar CSS 6 _»r'i-?f:" ':0?.!:-,‘;; ..5'5,}:;':53.'5 $3 .',‘:','.3? £ ’s,.:'&'.::;‘.é;}c;. R .'ih Ky
Flat Spectrum Radio Quasar FSRQ 820 P ;}i—;, ‘-;-;', 3'3-".-;’--‘:. o Nl e G T, -,,-""?'."'!'.E}-;:: st
Normal Galaxy (or part) GAL 6 % A q',:i N . ; )
Globular Cluster GLC 34

High-Mass Binary HMB 11

Low-Mass Binary LMB 9

Millisecond Pulsar MSP 179

Narrow-line Seyfert 1 NLSY1 8

Nova, NOV 8

Pulsar PSR 141

Pulsar Wind Nebula PWN 22

Radio Galaxy RDG H4

Starburst Galaxy SBG 8

Seyfert Galaxy SEY 3

Star-Forming Region SFR 6

Supernova Remnant SNR 45

Special Case SPP 124

Steep Spectrum Radio Quasar SSRQ) 2

Unknown UNK 147

Unassociated




NeuralNetwork Input Data
SortedandNormalizedLight Curve
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NeuralNetwork Input Data

NormalizedMulti-WavelengthSpectraEnergy Distribution
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Exampleof SED forBL Lac, FSRQandPulsartypesource



NeuralNetwork Input Data

Upper Limits in the FermLAT energybands
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NeuralNetwork Input Data

Upper Limits inotherenergybands
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Thresholds

1.0

0.8

0.6

Le

0.4

0.2

0.0
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Thresholds

F.-Score

1.0

0.8

B2 +1 B (,82+1)-TP
B2 1 ~ (TP+FN)-B2+ (TP +FN)

+
recall precision

Fg =

F-Score

is the harmonic mean of precision and recdil+#f 1 0.4

0.2

0.0

0.0

—— BL Lac
—— FSRQ

—— Pulsar i
------- Best Threshold for BL Lac = 0.303 |
——————— Best Threshold for FSRQ = 0.475
------- Best Threshold for Pulsar = 0.899 |

0.2

0.4 0.6
Threshold

0.8

1.0



Thresholds

F.-Score

241 ) (ﬁ2+1)-TP
B2 1 ~ (TP+FN)-B2+ (TP +FN)

+
recall precision

changingp to improvethethreshold b = 0.50

Precisionis 2 times moremportantthenRecall



