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Exploring the X-ray Transient and variable Sky
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Variability pervades the cosmos

Aperiodic, transient, periodic phenomena in the high-energy sky
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From variability to physics

Accretion physics

 radiation efficiency of accretion flows
* generation of winds and jets

 role of magnetic field

Strong gravity physics
Mechanisms behind massive stars explosions
Physics of B-field generation and dynamics

* in compact objects
* in normal stars




The EXTra$S project

EXTraS goals:

« extract all temporal domain information from XMM/EPIC data
(mostly unexplored in ESA/XMM-SSC catalogues);

« characterise it;
« release it to the community in an easy-to-use form

- hew science
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X1 University of
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The EXTraS collaboration: A. De Luca (Pl), R. Salvaterra, A. Belfiore, S. Carpano, D. D’Agostino, F. Haberl,

G. L. Israel, D. Law-Green, G.Lisini, M. Marelli, G. Novara, A. M. Read, G. Rodriguez-Castillo, S. R. Rosen, D.
Salvetti, A. Tiengo, G. Vianello, M. G. Watson, C. Delvaux, T. Dickens, P. Esposito, J. Greiner, H. Hdmmerle, A.
Kreikenbohm, S.Kreykenbohm, M. QOertel, D. Pizzocaro, J. P. Pye, S. Sandrelli, B. Stelzer, J. Wilms, F. Zagaria



m Full details: De Luca+2021,
The EXTraS project S

Project coordination

A. De Luca

Based at IASF-Milano.
« 5 participating institutions.
« 370 person-months (96 INAF), 2014-2016

1. Aperiodic variability

_A. Belfiore

400,000 XMM sources, time scales 1s — tens of hrs
» Light curves, hardness ratios, CDFs, power spectra
» set of parameters describing variability

2. Periodicity

G.L. Israel

>300,000 XMM sources, time scales <1s — hrs
« algorithm accounting for broad-band noise
« PDS, U.L. on pulsed fraction / folded light curves

Missed by standard src detect. >7,800 XMM observations
« Bayesian Blocks, time scales <5,000 s
« time, duration, detect. params. in 5 energy ranges

. Long-term variability

X3 University of

A S. Rosen
v Lelcester

>400,000 XMM sources, between different observations
» LCs with detections & U.L. using pointed & slew data
» set of parameters describing variability




The CATS@BaR project

Systematic search for pulsations in CATS @ 'BAR.) 1 2 5
Chandra/ACIS data T ] 1A
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Started in 2012, led by G.L. Israel
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Resutswproducts______[CIBE

* More than 30 refereed papers, several ESA and INAF PR Science
« 13 XMM-Newton proposals (3 LPs) totalling ~2.4 Ms highlights
* 4 Chandra proposals totalling ~150 ks in next slides
Scientific
exploitation

still preliminary

Reference
for any current
and future
experiment in the
time domain

Recovered ~30% of XMM observing time discarded by standard
analysis

» large set of software tools
(mostly released via the EXTraS web site)

» the EXTraS portal, a science gateway service




a

Science with EXTraS =

A low-luminosity GRB at high redshift Discovery of pulsations in NGC 5907 ULX-1
O — mmm o Flux S N
R A 8x10-2 erg/(cm?s) (L:sgdsé;g;;g)s Flares from Supergiant Fast X-ray transients
A distant SN shock breakout candidate | = = *« | Y ‘ Using EXTra$S
Full Ob — 315s duration g0 T . .. Duration>80s | | grightest PSR | Bayesian Blocks light
% B et T host ever detected ) ol b e
2=0.092+ 0.003 e n host spockoscopy
(424 Mpc) Extreme Pdot Sample of 144 flares
y ; O L e 0% from 9 sources
. Peakluminosity: | <= e g o e e E=107 €00 A challenge for ' MIMERW Y, " ,
4.3x10% erg 51 accretion theory Israel et al. 2017, Science 355, 817 Statistical properties
(0.3-10 keV) Salvaterra et al., in preparation of flares point to
N Rayleigh-Taylor
w Total energy: ' l J ) instability in
: o E ~ 1.7x10% erg 1.4 . ki accreting plasma
GROND data » 3 Sidoli et al., 2019, MNRAS 487,420
Similar to SN2008D Z
e o Periodic dips and pulsations in the brightest
s source in M31
s The unknown ~
A N v 1-minute flare from globular 2
o] cluster NGC 6540 3
of i. 1Y 1 Peakluminosity: £
i L L L~ 10%ergls (0.3-10 keV) S
ol e Properties defy any =
classification o)
[
>

! " | adne | o A e
o s Ml febal adtd, Mereghetti et al. 2018,
(selected by six high-school students!) A&A 616, A36

A superflare from an L dwarf

13 dips in 40 observations

E~2x10%erg @ ~—~——— oy
' | with P~ 4 hr Most luminous LMXB
No other flares in 3.5Ms i I | dipper known
of XMM data N U ; (L6<;1é3103)°erg/s
et O¥RALL A A flare from a very early protostar Orbital period of nova M31N 2013-01b .2-12 keV, It dominates hard X-ray
VLTVIMOS Spectrum | - _— Jrbiial peric emission of M31
- an L1 ultracool dwarf Position & CRBR51 ! S ’ One of the most luminous (spin) Pulsations at ~3 s
a known YSO [ P Vi | and fastest novae ever 4.15 h (orbital) modulation
The coolest star ever B { detected in M31 Marelli et al., 2017, ApJ 851, L27
detected in X-rays Spectrum > highly i B S ! ,f\ [\ N A ) Rodriguez et al., 2018, ApJL 861, L26
absorbed stellar flare - TANRWATN. / \ Discovered P=1.28h
Mechanism to store and . IR \ 1Y One of the few systems
release such a dramatic ‘ SED > i A (VARAY ALY &/ below 2-3h “period gap”
amount of energy in such class 0/1 YSO ! A :
a tiny star is a mistery De Luca et al., 2020, / AINESY b oatfle A It harbours a massive
A&A 634,113 X-ray emission from AN N | _\_ | whitedwarfanda very
such early proto-stars Pizzocaro et al., 2016 T low-mass companion
is poorly known A&A 587, 36 Marelli et al., 2018, ApJ 866, 155
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Ly ~ 1.6x104 erg/s

brightest and

farther PSR . .

%LQQMQQ Israel+2017,
Science 355, 817;

: Israel+2016;
« A further PULX was found (NGC7793 P13)
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A low-luminosity GRB at high redshift Discovery of pulsations in NGC 5907 ULX-1

/idis‘,%am SN shock breako‘L‘lt Fandidate > . A djstau; SN shock m candidate
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315s duration
z=0.092
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\\ Lt 1.7x1046 erg Full observation Flare i
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\
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—
Flares from Supergiant Fast X-ray transients
Using EXTra$S

vavavvvswevvdvvon BaveSian . — . Eak 3 ‘ : Bayesian Blocks light
Blocks light curves |- |

Sample of 144 flares
from 9 sources

Statistical properties
of flares point to
Rayleigh-Taylor
instability in
accreting plasma

m— — P p—— ——r = . anx ac Sidoli et al., 2019, MNRAS 487,420
MOdeI-indeDendent 2 ———— ‘5 — A ‘ A Periodic dips and pulsations in the brlght;_
estimate of temporal S e — ’
properties of flares

144 flares from 9
sources

Onset of R-T
instability in
accreting plasma e foer b . |
near the NS ‘ - - ;i:':i'?,‘;;s*m""“
magnetosphere. o g
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MNRAS 487, 420

a tiny star is a mistery RO T AV It harbours a mgsswe
A&A 634, L13 X-ray emission from white dwarf and a very
such early proto-stars Pizzocaro et al., 2016/ low-mass companion

is poorly known A&A 587, 36 Marelli et al., 2018, ApJ 866, 155



Selected by a group of high-school
students during a stage at IASF Milano

Aligned with GC NGC6540, the flare
defies any standard interpretation

Mereghetti+2018, A&A 616, A36
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Missions R

+ Show All Missions  STUDENTS DIGGING INTO DATA ARCHIVE SPOT MYSTERIOUS X-RAY SOURCE

10 August 2018
Mission Home

+ Summary An enigmatic X-ray source revealed as part of a data-mining project for high-school students
. Fact Sheet shows unexplored avenues hidden in the vast archive of ESA's XMM-Newton X-ray Observatory.
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Quei liceali
che studiano
iraggi X

di TINA SIMONIELLO
infografioa df MANUEL BORTOLETTI

Sei ragazzi diuno scientifico di Saronno
nature > research highlights > article scoprono una sorgente variabile mai vista prima
E firmano l'articolo su unarivista di astrofisica

nature European | (v ) Opu——
N ol journal of science Commission s liceo, ma hanno gid giocando. Invece no, lavoravano,

Si merftano la citazione, uno per
uno, e il ringraziamento che com
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CON IL PROGETTO DI ALTERNANZA SCUOLA-LA

Sorgente X scoperta da sei lig

L'identificazione della sorgente variabile di raggi X &

ipity
s
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slone Xmn

scientifico G.B. Grassi di Saronno nell’'ambito del prog
genti X coordinato dall'inaf. Il successo dell'esperien
nazionale di astrofisica

di Redazione Media Inaf [ T EREIEY

Giovani scienziati crescono, anche grazie al initiative. Their discovery could hd comprendere i

progetto Alternanza scuola-lavoro, e realizza-

bio, Lorenzo A
na Torrer
Bartolome,

di sei studentesse e studenti del Liceo scienti-

ASTRONOMY AND ASTROPHYSICS - 1

Teens stumble on a new clag
object

fico G.B. Grassi di Saronno, Razvan Patrolea,

Lorenzo Apollonio, Elena Pecchini, Cinzia
Torrente, Bartolomeo Bottazzi-Baldi e Mar-

Ui X coordinato dall'Inaf (Istituto
Nazionale di Astrofisica). sl. «Tra l'altro la collabora

con Inafé merito loro, perché &
ta proprio dalla richies
dei sel, che venne da
do di poters occupare di astrofisi
can.

e circa 500mila sorgenti
, clod potenzialmen
nti rilevate dalla mis-

spaziale europea, ne abt

la. Un centinaio emetteva
lampi (il cosiddetto “Rame), leal
tre seguendo un modello a eclissi.
E le abbiamo affidate ai ragazzis,
St u d e nts O e n a racconta Andrea De Luca

tore all'lstituto di astrofisica spa-

ziale e fisica cosmica di
s che lo scorso ann
per due settimane, S

A group of high schoolers and req che modo una sorg

ca emette X nel tempo serve a

sorgente, ad esempilo se & unastel
la di neutroni o un buco nero. «La
. . . ) ys. ( Vi-Newton, / e Ca | sorgente anomala, trovata da
no scoperte di livello internazionale. Eil caso SPACE van Florin Patrolea, Martino G|
pollonio, Cinzla An
, Elena Pecchioni e
Bottazzi Baldi, provie-
ne da un ammasso globulare, un
Insieme di centinala di mighiaia di
4 si trova nella nostra galas-
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S e ha segulto | ragazzl
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alternanza scuola-lavoro 2

“Sogno un futuro
tra le stelle”

Razvan Florin Patrolea, 19 anni,
(nella foto I quarto da sinistra)
appena uscito dallo scientifico,
studierd Fisica alla Statale: «<Sono
nato in Romania, ma vivo da anni a
Cadorago. In provincia di Como.
Sono appassionato di stelle da

wercorso| Didactic program developed within the EXTraS project and implemented qardone

sel delllfans. E d & rluscito. Razvan
hafatto parte del team
distudenti del Grassi che hanno
contribuito alla scoperta della
nuova sorgente di radlazion X
anomala. Se prima era un sogno.
ora che ho visto come lavorano i
ricercatorl, so che vorrel studiare le
stelle. C'é ancora cositantoda
scoprire. Ecco, laricercati
permette dinon smettere maidi
scoprire.

Loso, questo & vero per ogni
discipling main pio per l'astrofisica
sihala possibilts
di farlo guardando Il clelo.
lo pensavo si trattasse di un‘analisi
“fredda”, ma ho avito la
possibiktd d vedere chenonlo @
affatto: tifa capire moltissimo di
un fenomenos.

i progetto

L'abc delle radiazioni cosmiche
per svelare i misteri dell'universo

Tutti gli oggett
cosmii emettono
radazioni X, che @ luce
od alta energla. Alcuni
50N0 emettior pid
potenti (come le stelle
di neutroni e | buchi
nerf). La Terra
@ un emettitore molto
debole di ragg X

A oggi & stato rilevato
P di mezzo milione

ncompatibii con
quelie delle classi gib
note d oggett cosmic J'

r
L'astronomia X

Nasce con Riccardo
Glacconi (Nobel per
a fisica nel 2002),

7] che nel 1962 scopre

Scorpius-XI, prima
sorgente nota
extraterrestre
diraggl X

Perché venga emessa
radiazione X devono
essere present| comp:
elettromagnetici molto

Studiare le sorgenti
dl X serve a conoscere
aspetti delluniverso
mpossibil da rilevare

7 conlaluce visitile.

Prima dell astronomia X
avevamo unidea
parziok dei fenomen
e degli oggett e dela
storia delluniverso
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IASF Milano

A. De Luca

M. Marelli

S. Mereghetti

R. Mignani

R. Salvaterra

L. Sidoli

A. Belfiore (TD)

M. Kovacevic (AdR)

OA-Roma
G.L. Israel
A. Miraval Zanon (Adr)

IASF Palermo
F. Pintore
G. Rodriguez

]

Aperiodic
variability

A. De Luca
M. Marelli

S. Mereghetti
F. Pintore

R. Salvaterra
L. Sidoli

A. Belfiore
A. Tiengo

Search for
pulsations

G.L. Israel

G. Rodriguez

L. Sidoli

A. Belfiore

A. Miraval Zanon
P. Esposito

Unsupervised
Machine-
Learning

A. De Luca
M. Marelli

R. Salvaterra
M. Kovacevic
M. Pasquato

Supervised
Machine-
Learning

A. De Luca
M. Marelli

R. Mignani
R. Salvaterra
M. Kovacevic
A. Tiengo

M. Pasquato

|US_S Pavia NYU Abu Dhabi
A. Tiengo M. Pasquato
P. Esposito (RTDB)
FTE 2021 FTE 2022 FTE 2023
INAF Tl 2.05 Tl 2.05 Tl 2.05
TD 0.6 D 0.1 D 0.0
Associates | Tl 0.1 TI 0.1 Tl 0.1
TD 0.0 TD 0.0 TD 0.1

Interpretation of results

All team members are contributing
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EXTraS funded by EC (FP7-SPACE GA 607452, 2014-2016)
o EC contribution to the consortium 2.479 M€
o INAF share: 507 k€

Additional fundings within ASI-INAF AAE (2017-2019)
o 1° call 80 k€ - ULTraS project (Pl A. De Luca)
o 2°call 122 k€ - PulsULTraS project (Pl G.L. Israel)

We have no fundings dedicated to the project

We are seeking for opportunities in the future
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* INAF — IASF Milano in particular — had a key role in all phases of the
XMM-Newton mission

* Such expertise was crucial for the success of the EXTraS project, led
by INAF

« QOur team has a lead position in (archival) time domain investigations
(best software tools and expertise, huge set of results and products)

« Lead position in science

« We firmly intend to continue this success story by extending our
activities



Exploring the X-ray Transient

and variable Sky
e e st Machine .I(.aarr)ing approach Scientific
of XMM & CXO sources with . CIaSS|f|gat|on of spurces exploitation
more recent data and algorithms »  Outlier detection of results
+ Automatic screening
Aperiodic Pulsations in Unsupervised Supervised
variability of XMM & CXO classification of classification of
XMM sources sources XMM sources XMM sources
Didactic
.. program
UB EPX LCs Pipeline for Implementation Generation of
— generation and accelerated of a tool based training sample
characterisation search and on SOM
for orbital Extension of
parm. search
uB EP?( CDF Tool optimisation, set of features
— generation and - study of
characterisation Systematic dimensionality; Implementation
data analysis of tool based
BB EPX LC on PRF
- , Screenin Assessment of
generation and 9 erformances
haracterisation of results P N
characterisatio for sources & Tool optimisation,
Implementation for artifacts (| q study Of' ;
Updated Archive plemen dimensionality;
— —  of pipelines
and Gateway within StingRay
Assessment of
Implementation ?srﬁsgumrigge;
| of pipelines Applicaton to other archives / instruments for artifacts
within ESA/RISA (X-ray; optical & NIR) = 1=
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No dedicated fundings

Lack of manpower limits planned developments

Expertise in machine learning approaches contributed by a
young scientist (AdR) and by a collaborator (INAF associated).

—> Our team needs to be strengthened

Computing time and storage. Availability of computing resources
within the CHIPP initiative has been crucial. We were also
awarded computing time at CINECA.



Exploring the X-ray Transient
and variable Sky
Characterisation
of XMM & CXO sources with *

more recent data and algorithms

Aperiodic
variability of
XMM sources
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Machine learning approach
Classification of sources
* Qutlier detection

+ Automatic screening

Supervised
classification of
XMM sources

L e(\ crisation

|| Updated Archive

and Gateway

Pulsations in Unsupervised
XMM & CXO classification of
sources XMM sources
Pipeline for _ | Imple \,36. 1
accele ,\36 C Q\eased
sea @@ GO((\D‘OM
o((\ roital L
.im. search —
e Tool opti “\g
S M e
Sy 0\0 diioSNFonality:
i 0‘\g ysis

Implementation
of pipelines
within ESA/RISA

Applicaton to other archives / instruments

(X-ray; optical & NIR)
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e 0\‘\..on
LO(\.esuIts

limited by
manpower

S

Generation of

training sample

Did g0
L o(\go.am |

Extension of

set of features

Implementation
of tool based

on PRF

Tool optimisation,

— study of

dimensionality;

Assessment of
performances

for sources &
for artifacts
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An invitation to the INAF community [C/R2

login | contacts | privacy
Exploring the X-ray Transient
: = -
45 and variable Sky ey

Results and products on >400,000 sources
are available online

New results and products on additional
200,000 sources (sample is growing)

News:
The EXTraS Project Paper is in Press! .

Set of tools also available

Data access from www.extras-fp7.eu

}@g = EXTraS: Exploring the X-ray Transient and Variable Sky
=

Welcome to the EXTraS Data Archive

Please contact us!

Aperiodic Variability (WP2)
© Basic Search | Advanced Search | Help

Download: & VOT | FITS (Full) | FITS (Light)

We would be glad to collaborate, to maximize =
. . . . earch for Periodicity (WP3]
SCI e n Ce eXtraCtI O n fro m th IS gOId m I n e © Basic Search | Advanced Search | Help

Download: & VOT | FITS

Transients & Highly Variable Sources (WP4)
© Basic Search | Advanced Search | Help
Download: & VOT | FITS

Long-Term Variability (WPS5)
© Basic Search | Advanced Search | Help
Download: & VOT | FITS




