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regions. Cygnus X-1 is one of only a small num-
ber of high-mass BHXRB systems.

Most BHXRBs are, however, low-mass x-ray
binaries, which are almost certainly much older
than the high-mass systems and as a result have a
larger scale-height distribution in the galaxy and
are hard to associate with their birth sites. In these
systems, the companion donor star is of lowermass
(typically less than 1 M⊙) than the black hole.
We now know of a sufficiently high number of
accreting x-ray binaries to be able to study their
galactic population, which we will not cover here.
Most of these low-mass BHXRBs undergo tran-
sient outbursts, in that they typically
spend most of their time in faint qui-
escent states before going into bright
outbursts that approach theEddington
(6) limit and last from months to
years. It is the detailed study of these
outbursts, when the mass accretion
rate onto the central black hole can
change by orders ofmagnitude in just
days, that has allowed us to make
dramatic strides in our overall under-
standing of black hole accretion.

The outbursts of low-mass sys-
tems are likely to be triggered by a
hydrogen ionization instability in the
accretion disc while the mass trans-
fer rate from the donor star remains
steady. Initially, the mass transfer rate
is greater than the rate of accretion
onto the central black hole. The disc,
initiallyneutral, slowly rises in temper-
ature as the mass accumulates, until
at some point it reaches ~4000K and
the hydrogen starts to become ion-
ized. At this point, the viscosity in-
creases substantially, allowing much
more efficient outwards transfer of
angularmomentumand inwards trans-
fer of mass. The higher central mass
accretion rate results in a luminous
central x-ray source, and—because this accretion
rate now exceeds the binary mass transfer rate—
themass of the disc begins to drop.At some point,
the disc cools again, the viscosity drops, along with
the luminosity, and the process starts again. The
intervals between these cycles can last frommonths
to centuries, depending on the mass transfer rate
and binary parameters, implying that we have as
yet only seen the tip of the iceberg of the transient
XRB population.

Although the detailed patterns of individual
outbursts (including in some cases multiple out-
bursts from the same source) differ, one of the
major steps of the past decade was the realization
that the overall evolution of an outburst outlined
below is applicable to essentially all BHXRB
outbursts (Fig. 2). Much of this global understand-
ing arose from studies of one particularly bright
and variable BHXRB, GRS 1915+105 (7), and
our realization that what we had learned from it

could be applied to other systems (8, 9). In the
following sections, we describe the evolution of
the outburst through Fig. 2, top; a sketch of likely
geometries in the soft, intermediate/flaring, and
hard states is presented in Fig. 2, bottom. An ani-
mation of an outburst in the hardness-intensity
diagram (HID) is presented in the supplementary
materials (movie S1).

The rising phase of the outburst (A → B).
Sources in quiescence are rarely regularly moni-
tored, and so usually the first thing we know about
an outburst is an x-ray source rising rapidly in
luminosity, as detected by x-ray all-sky monitors.

It is by now well established that BHXRBs below
~1% of their Eddington luminosity are always in a
hard x-ray state, and so the first, rising phase of an
outburst takes place in this state. In the hard state,
the x-ray spectrum is characterized by a spectral
component that peaks in power at ~100 keV, prob-
ably as a result of inverse Compton scattering of
lower-energy seed photons in a hot corona close to
the black hole. The exact geometry of this corona
is not clear but may correspond to a vertically ex-
tended but optically thin flow. This state shows
strong and rapid variability in x-rays,with up to 50%
variability on time scales between 10ms and 100 s.

In the brightest hard states, a more blackbody-
like spectral component can also be seen in very
soft (<1keV) x-rays and—sometimes—the ultravi-
olet, probably corresponding to a geometrically
thin, optically thick accretion disc (the converse of
the hot coronal component, and a good candidate
to be the origin of the soft photons that are inverse

Compton scattered by the corona). X-ray spec-
troscopy also often reveals strong iron emission
lines (which can be fluorescence lines from neutral
or ionized iron) in this phase. This iron line can
often be fit by a relativistically broadened model,
implying an origin very close to the black hole, and
can in turn be used to estimate the spin of the black
hole. This is because of the innermost stable cir-
cular orbit (ISCO): Within this radius, matter can
no longer follow a circular orbit andwill cross the
black hole event horizon on very short time scales
(milliseconds for a black hole of a few solarmasses).
The size of the ISCO depends on the spin of the

black hole, ranging from 6 RG (10)
for a nonrotating (Schwarzschild)
black hole to 1 RG for a maximally
rotating (maximal Kerr) black hole.
Accurate measurements of the de-
gree of gravitational redshift affect-
ing the line can be used to infer how
close the line is to the black hole, and
from this the spin of the black hole
itself, although both observation and
modeling are complex. During the
hard state, characteristic time scales of
variability, calledquasi-periodic oscilla-
tions (QPOs), are also seen to decrease,
which may correspond to changing
viscosity or decreasing characteristic
radii in an evolving accretion disc.

In this state, sources are always ob-
served to also show relatively steady
radio emission at gigahertz radio fre-
quencies (11). This radio emission
(LR) correlates in strength with the
x-ray emission (LX) in a nonlinear
way: LXº LR

b, where 0.6 < b < 0.7.
In recent years, it has become appar-
ent that a less radio-loud branch also
exists in thehard state,whichmayhave
a steeper correlation (12), and yet
which to date has revealed no other
difference with the more radio-loud

majority. The flat-spectrum synchrotron emission
from the jet also appears to extend to the near-
infrared (~2 mm) band.

The hard-to-soft spectral transition (B →
C → D). At luminosities in the range of 10 to
50% of the Eddington luminosity, the x-ray spec-
tra of BHXRBs in outburst begin to change (13).
The hard x-ray component steepens and drops in
luminosity as the blackbody-like component at-
tributed to the accretion disc brightens and comes
to dominate, resulting in a softening of the x-ray
spectrum. Even more striking than the spectral evo-
lution is the change in the x-ray variability prop-
erties of the BHXRB. The characteristic frequencies
of variability continue to rise during the initial
phases of the state transition, but at a certain point,
much of the broadband noise drops away to be
replaced by a single QPO, indicating strong oscil-
lations in a relatively narrow range of frequencies
(a few hertz).
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Fig. 1. An artist’s impression of a low-mass BHXRB. The major components
of the binary, accretion flow, and outflows are indicated. The inclination and
relative masses of the binary components are based on estimates for the
system GX 339-4, a key source in our understanding of black hole accretion
and the source of the data presented in Fig. 2. [Image produced with BinSim
by Rob Hynes]
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W H Y  S T U D Y I N G  
X - R AY  B I N A R I E S

• Nearby laboratories of 
extreme physics - dense 
matter, strong gravity, super-
energetic particle acceleration 

• Accretion and ejection follow 
the same principles at all 
masses - binaries are small-
scale AGN 

• Binaries evolve very fast - real 
time astrophysics



THE PROJECT - MULTIBLACKNEUTRONS

A multi-wavelength and multi-tecnique approach to the study of black 
hole and non-pulsating neutron star X-ray binaries


Long-standing collaboration, systematic from ~2015, involving 20 researchers

 and 7 institutes (5 INAF, 2 Universities).


MULTIBLACKNEUTRONS is “scheda madre” to P-REX (PI: Capitanio)

Main aim: 

understand the accretion-ejection coupling in compact accretors


Objective 

Determine connection of 
disc properties and the 
generation of outflows

Objective 

Probe the energy 
balance in XRBs, 

constrain feedback

Objective 

Establish contribution of 
jets in the high energy 

emission of XRBs
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THE TEAM
Sara E. Motta, 
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E Y E S  O N  T H E  
X - R AY  S K Y

• Accretion - spectroscopy 
and fast time-variability 

• Outflows - fine 
spectroscopy and time-
resolved spectroscopy

Chandra

XMM-Newton 

NICER

HMXT
AstroSAT

NuStar

INTEGRAL

RXTE

SwiftIXPE

MAXI



THE IMAGING X-RAY POLARIMETRY EXPLORER
SCHEDA FIGLIA P-REX, P.I. Fiamma Capitanio

• ASI/NASA mission  
(launched in December 2021)  

• X-ray polarimetry at 2-8 keV  

• Provides a combination of imaging, 
spectral and temporal capabilities 

• 3 X-ray telescopes with identical 
mirrors and polarization-sensitive  
imaging detectors at their focus. 

• Constrain the geometry of 
Comptonization regions and 
jets in accreting LMXBs 

• Constrain the spin of BHs and 
NSs  

• 1 .5 Ms o f obse rva t ions 
supported by large multi-band 
observing programs
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E Y E S  O N  T H E  
R A D I O  S K Y

The physics of  
relativistic jets

AMI-LA VLA

EVN

VLBA

LBA

ATCA

MeerKAT

e-MERLIN



LEADERSHIP
Observing time - Three days of multi-band observations of Sco X-1

MEDIA INAF

https://www.media.inaf.it/2019/02/21/i-tre-giorni-dello-scorpione/
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Table 1:

Observatory Approved Time Proposal code P.I. Aim Notes

1-3 VLBA, EVN and LBA 72-hr over three
days

GM074 S.E. Motta High angular resolution and sen-
sitivity continuous monitoring at
8.4 GHz.

Core Observation

4 Chandra 120ks over three
day

20400701 S.E. Motta X-ray timing and fine spec-
troscopy.

Core Observation

5 Nicer As much as possible
over 3 days

Legacy program S.E. Motta and J.
Homan

Very high resolution X-ray tim-
ing.

Core Observation

6 INTEGRAL 80 ks 1620027 S.E. Motta Hard X-rays uninterrupted mon-
itoring.

Support Observation.

7 VLA 8-hr VLA/19A-302 S.E. Motta High time-resolution radio obser-
vation at 5 and 8.4 GHz.

Support Observation.

8 OVRO Best e↵ort basis NA S.E. Motta High-frequency radio monitor-
ing.

Support Observation.

9 MeerKAT 1 hr NA R. Fender High-sensitivity radio bserva-
tions at 1.3 GHz

Support Observation.

10 ESO VLT 6-hr over 3 nights 0102.D-0418 F. Vincentelli High time-resolution OIR pho-
tometry with Hawk-I.

Support Observation.

11 NOT 3 half-nights J.J.E. Kajava High-precision photomety in V-
band with ALFOSC.

Support Observation.

12 SALT Best e↵ort basis D. Buckely Spectroscopy Support Observation.
13 Liverpool Telescope 7.5-hr over 3 nights PL19A15 S.E. Motta Fast optical photometry in I+z

band.
Support Observation.

14 XMM-Newton 90ks DDT request S.E. Motta Fast X-ray and fast optical pho-
tometry with UVM2 filter

Support Observation.

15 TNG 3 hr A38DDT4 S.E. Motta High-resolution spectroscopy
with HARPS-N

Support Observation.

12
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LEADERSHIP
Observing time - The Accretion-Ejection physics in X-ray binaries

Observations obtained in 
2021-2022


• ~1600ks in X-rays 
(XMM, Swift, NICER, 
INTEGRAL, NuSTAR)


• 356 hours in radio 
(MeerKAT, eMERLIN, EVN, 
ATCA)Fr
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LEADERSHIP
Observing time - More multi-band observations (since 2018)
• Swift: follow up of BH and NS observed with MeerKAT via SwiftKAT program, ~700ks (since 2019) - PI: Motta 

• XMM-Newton, approved ToO observations of NGC 3621, 120ks (2020) - PI: Motta 

• NuSTAR, GRS 1915+105, 45ks (2019) - PI: Motta

• MeerKAT, GRS 1915+105, 12 hr (45 pointings, via ThunderKAT 2020) - PI: Motta

• VLBA, GRS 1915+105, 8hr (2019) - PI: Motta 

• EVN, GRS 1915+105, 8hr (2020) - PI: Motta


• ATCA, black hole transient, 3 hrs; IGR J17091-3624, 11 hrs; 4u 1543-47, 5 hrs; Swift J1818.0−1607, 12 hr, 
(between 2018 and 2022) - PI. Russell


• VLA, 4U 1820-30, 6hrs (2018) - PI: Russell


• Swift/XRT: faint X-ray transients in the Galactic Center, 80 ks + 54ks (2019 and 2020) - PI: Marino


• Astrosat: Swift J1658.2-4242 e GRS 1915+105: 47ks (2018, 2019) - PI: Belloni

• INTEGRAL: MAXI J1348-630, MAXI J1820+070: 780 ks (2018, 2019) - PI: Belloni


• XMM-Newton: black hole transient ToO, 220ks + 220ks (2018, 2021) - PI: Casella 

• HAWK-I: black hole transient ToO, 20hr (2019) - PI: Casella

• REM: Observations of LMXBs, tens of hr since 2008, 76 hr/yr since 2017 - PI: Casella

• > 2000ks of X-rays observations (Swift, XMM, NuSTAR, Astrosat, INTEGRAL)

• 70hr of observations in radio (MeerKAT, VLBA, EVN, ATCA, VLA)

• Hundreds or hours in IR (REM and HAWK-I)



LEADERSHIP

• ThunderKAT           - Motta, Russell  
• SKA/MeerKAT+      - Motta, Casella, Russell 
• EVN                        - Motta 
• ngEHT                    - Motta 

• SOXS                     - Motta, Casella 

• eXTP                      - Belloni, Del Santo, Motta, Stella, Casella, 
                                 Pinto, Marino, D’Aì, Sanna, Di Salvo, 
                                 Burderi, Iaria 

• IXPE                       - Capitanio, Cocchi 
• Athena                   - Pinto, D’Aì, Del Santo, Motta, Marino,  

                                 Di Salvo, Burderi, Iaria 
• Theseus                  - Casella, Del Santo, Motta, Marino, Pinto, 

                                 Pintore, D’Aì, Ambrosi, Di Salvo, Burderi, Iaria 
• Strobe-X                 - Motta, Pintore 
• Swift/XRT team      - D'Aì, Ambrosi 

• AGILE                     - Piano 
• ASTRI                     - Pintore, D’Aì, Del Santo, Piano, Segreto 
• CTA                        - D'Aì, Del Santo, Piano, Pintore, Segreto
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International collaborations 



Team network and collaborations

LEADERSHIP

Since 2015


147 refereed papers


(35 in 2021-2022)


980 citations


h-index 26


A few highlights coming…

+1



V 4 0 4  C Y G :  C L U M P Y  O U T F L O W  
F R O M  E D D I N G T O N  A C C R E T I O N

X-ray time-resolved  spectroscopy 
revealed a radiation pressure-
sustained inhomogeneous 
outflow from the inner accretion 
disc
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Miller-Jones at al. 
 2019 (Nat)

VLBI data



W H E N  T H E  G R S  1 9 1 5 + 1 0 5  E N T E R E D  
T H E  O B S C U R E D  P H A S E

After 26yr of 
extreme activity 

• First transitioned to 
a ~canonical hard 
state 

• Then entered a 
prolonged obscured 
phase
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Motta et al. 2021a

The variable radio jets are fed by variable accretion happening 
behind a complex layer of absorbing material.
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QPOs are the only proxy of 
launch of the invisible URFs

Motivated the richiesta finanziamento EJECTA



RELATIVISTIC PRECESSION
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Constraining black hole (and 
neutron star) masses and spins 
via X-ray QPOs


A spin distribution consistent 
with that from GWs is emerging

Bhargava et al. 2021
MAXI J1820+070



MULTI-WAVELENGTH JET VARIABILITY
MAXI J1820+070

ALMAVLA HAWK-I@VLT ULTRACAM@NTT

MAXI J1820+070 Jet variability 3867

Figure 2. Time-averaged broad-band spectrum of our radio–X-ray data of
MAXI J1820+070 (see Table 1 and Sections 2.3–2.5). The colours of the
data points correspond to the same colours of the electromagnetic frequency
bands in Fig. 1. The radio through sub-mm data appear to lie on the slightly
inverted optically thick portion of the jet spectrum (spectral index αthick ∼
0.25), while the infrared and optical data appear to lie on the steep optically
thin portion of the jet spectrum (spectral index αthin ∼ −0.5).

(∼100 mJy), when compared to the lower frequency radio bands
(∼5–20 mJy). Further, the sub-mm band shows a higher average flux
level when compared to the radio bands (∼125 mJy in the sub-mm
versus ∼46–60 mJy in the radio bands; see Table 1), indicating an
inverted optically thick radio through sub-mm spectrum. The infrared
and optical bands appear to not lie on the extension of the radio–sub-
mm spectrum, but rather on the steep optically thin portion of the
jet spectrum, indicating the jet spectral break lies between the sub-
mm and infrared bands (see Fig. 2). This result is consistent with
previous reports of bright mid-IR emission in excess of the optical
emission during the hard state of the outburst (Russell et al. 2018).
All of these emission patterns are consistent with the radio, sub-mm,
infrared, and optical emission originating in a compact jet, where the
higher electromagnetic frequency emission is emitted from a region
closer to the black hole (with a smaller cross-section), while the
lower electromagnetic frequency emission is emitted from regions
further downstream in the jet flow (with larger cross-sections).

3.2 Fourier power spectra

To characterize the variability we observe in the light curves of MAXI
J1820+070, we opted to perform a Fourier analysis on the data.
We use the STINGRAY software package10 for this Fourier analysis
(Huppenkothen et al. 2016, 2019), and Figs 3 and 4 display the
resulting power spectral densities (PSDs).

As our light curves contain gaps, to build the PSDs over a wide
range of Fourier frequencies we stitch together PSD segments created
from light curves imaged/extracted with different time-bin sizes. In
particular, by building light curves on time-scales larger than the
gaps, we can manufacture a continuous time-series with which we
are able to probe a lower Fourier frequency range. For the radio
frequency VLA data, we use three PSD segments, built from light
curves with 5 s (final PSD segment is an average over 100 s chunks),
60 s (final PSD segment is an average over 15 min chunks), and

10https://stingray.readthedocs.io/en/latest/

Figure 3. Fourier power spectra (PSDs) of optical (0.7711 µm; ULTRA-
CAM), infrared (2.2 µm; HAWK-I), sub-mm (343.5 GHz; ALMA) and radio
(5.25–25.9 GHz; VLA) emission from MAXI J1820+070. Note that PSDs
of the X-ray bands are shown separately in Fig. 4 for clarity. The PSDs
shown here were built by stitching together PSD segments created from data
imaged/extracted with different time-bin sizes (with the shortest time-scales
sampled being 0.01/0.065/2/5 s for the optical/infrared/sub-mm/radio bands;
see Section 3.2 for details), in order to circumvent the gaps in the light curves
and sample the lower Fourier frequencies. In these PSDs, we observe a clear
trend in the shape of the PSDs with electromagnetic frequency band, where
the break in the PSDs moves to lower Fourier frequencies as we shift to lower
electromagnetic frequency bands. Note that all PSDs shown here have been
white-noise subtracted, and the pre-white noise subtracted PSDs are shown
in Appendix B.

Figure 4. Fourier power spectra (PSDs) of the NICER and XMM–Newton
X-ray emission from MAXI J1820+070. Note that the X-ray PSDs shown
here have been white-noise subtracted, and the pre-white noise subtracted
PSDs are shown in Appendix B.

MNRAS 504, 3862–3883 (2021)
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Evolving variability along the jet 

3868 A. J. Tetarenko et al.

240 s (final PSD segment is an average over 90, 108, 132 min chunks
for 20.9/5.9, 8.5/11, 5.25/7.45 GHz bands, respectively) time-bins.
For the sub-mm frequency ALMA data, we use two PSD segments,
built from light curves with 2 s (final PSD segment is an average
over 180 s chunks) and 90 s (final PSD segment is an average over
50 min chunks) time-bins. For the infrared/optical frequency data,
we use two PSD segments, built from light curves with 0.0625/0.01 s
(final PSD segment is an average over 15/0.75 s chunks) and 10/0.5 s
(final PSD segment is an average over 200 s chunks for both) time-
bins. For the NICER/XMM–Newton X-ray frequency data, we use
only one PSD segment, built from light curves with 0.01/0.004 s
time-bins (final PSD segment is an average over 50/30 s chunks).
The number of segments/chunk sizes were chosen based on the gap
time-scales, and to reduce the noise in the PSDs. Further, a geometric
re-binning in frequency was applied (factor of f = 0.2 for radio–sub-
mm, f = 0.05 for infrared/optical, and f = 0.15 for X-ray, where each
bin-size is 1 + f times larger than the previous bin size) to reduce the
scatter at higher Fourier frequencies in all the PSDs. The PSDs are
normalized using the fractional rms-squared formalism (Belloni &
Hasinger 1990), and white noise has been subtracted.11 White noise
levels were estimated by fitting a constant to the highest Fourier
frequencies (see Appendix B).

The PSDs all appear to display a broken power-law type form,
where the highest power occurs at the lowest Fourier frequencies
(corresponding to the longest time-scales sampled). However, there
are clear differences between the PSD shape for the different bands,
where the break in the PSDs moves to lower Fourier frequencies as we
shift to lower electromagnetic frequency bands. The same effect can
be seen when examining the smallest time-scales (or highest Fourier
frequencies) at which significant power is observed in each band
(i.e. 10 s at 343.5 GHz, 100 s at 20.9/25.9 GHz, and 500 s at 5.25–
11 GHz). This is the first time an evolving PSD with electromagnetic
frequency has been observed from a BHXB.

To quantitatively characterize the evolving PSDs with electromag-
netic frequency band that we observe in our data, we consider two
different metrics: (1) integrated fractional rms amplitude (computed
in the Fourier frequency range 10−4–50 Hz) and (2) location of
the PSD break. Fig. 5 displays each of these metrics as a function
of electromagnetic frequency band (and also shows the slope after
the PSD break as a function of electromagnetic frequency band).
To estimate the break frequencies (and slopes after the break) in
the PSDs, we have used a Markov Chain Monte Carlo algorithm
(MCMC; implemented in the EMCEE python package; Foreman-
Mackey et al. 2013) to fit each PSD with a phenomenological model.

It is commonplace in the BHXB literature to fit X-ray PSDs with
Lorentzian components (Belloni et al. 2002). However, we found
that for the radio, sub-mm, infrared, and optical PSDs a Lorentzian
component could not fit the highest Fourier frequencies well, as
we observe a much steeper damping of the power at these Fourier
frequencies when compared to the X-ray PSDs (although see a
discussion in Appendix B of how windowing and oversubtraction
of white noise can impact the PSDs at higher Fourier frequencies).
Therefore, to better model the more severe damping in the power that
we see in the radio-optical PSDs, we choose to use a broken power-
law component rather than a Lorentzian. Specifically, to fit the radio
and sub-mm PSDs, we use only a broken power-law component, to
fit the infrared/optical PSDs we use a broken power-law component

11For the X-ray/optical/IR data, the white noise should be dominated by
Poisson/counting noise, while in the radio/sub-mm the white noise is likely
due to a combination of atmospheric/instrumental effects.

Figure 5. Variability characteristics of the emission from MAXI J1820+070,
derived from the PSDs shown in Figs 3 and 4. From top to bottom: The
panels show the Fourier frequency of the PSD break, integrated fractional
RMS, and the slope above the PSD break (as we only fit the X-ray PSDs
with Lorentzian components, no PSD slope is shown for these bands). The
colours of the data points in all panels correspond to the same colours of the
electromagnetic frequency bands in Figs 3 and 4. We observe a clear trend
with electromagnetic frequency in all of these quantities, except for the slope
above the PSD breaks, which remains relatively constant (within error) across
the radio-optical bands.

for the highest Fourier frequencies+Lorentzian component(s) for
the lower Fourier frequencies, and to fit the X-ray PSDs we use
only Lorentzian components. Additionally, we tested how the PSD
break varies with the chosen model, finding that different models
do not lead to significant differences in the inferred PSD break (see
Appendix C). In our fitting process, we use wide uniform priors for
all parameters. The best-fitting result is taken as the median of the
resulting posterior distributions, and the uncertainties are reported as
the range between the median and the 15th percentile (−), and the
85th percentile and the median (+), corresponding approximately to
1σ errors. The best-fitting model parameters can be found in Table 2,
while the fits are displayed with residuals in Appendix C.

Fig. 5 clearly shows that the PSD break frequency and inte-
grated fractional rms amplitude both change with electromagnetic
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MODELLING THE JET EMISSION
OF BLACK HOLE AND NEUTRON STAR XRBS

Marino et al. 20204U 0614+091GRS 1716-249 Bassi et al. 2020

• ISHEM (Malzac 2013) cannot reproduce the soft 
𝛾-ray tail from GRS 1716-249 unless p < 2  

• Challenges the shock acceleration theory 

• Non-thermal Comptonisation origin most likely

The “standard scenario” of conical geometry 

and X-rays PDS does not work for 4U 0614.  

➡ Either parabolic jet + X-rays PDS input 

➡ Or conical jet + flicker-noise PDS input



CRITICALITIES
Lack of funding and man-power

• Currently no dedicated funding: 

Past funding via project Sco X0 (PI Belloni, audition 2021), now expired (ASI/INAF 2017 - 101 k€, ASI/

INAF 2019 - 159 k€, INAF-Mainstream  - 40 k€) 

• Very limited man-power, especially radio astronomers: 

Lack of  man-power to handle regular stream of data, especially radio 

No funding to form next generation of scientists to prepare for SKA, EHT, Athena, eXTP, etc.  

• Post-doc:  

Russell   - formerly ASI INAF, now Finanziamento Regione Sicilia (until November 2022)


Ambrosi  - Swift fondi missione (until April 2023)


Marino    - associato, currently abroad



Funding requests
A way out

EJECTA  
ACA-BANANA 

3D-FAST 

  

INAF 
Astrophysics Fellowship 

EJECTA: Extreme JEts from CompacT Accretors Mini grant PI: Motta

ACE-BANANA: ACcretion-Ejection physics in Black hole And 
Neutron star  X-rAy biNAries

GO/GTO grant PI: Del Santo

3D-FAST: A 3D approach to fast variability in black-hole binaries                     scheda GHATS, … Large grant PI: Belloni

XB jet variable polarised emission                                                                      scheda Jet-var, … Theory grant PI: Casella

Development of an automated pipeline for REM data reduction                      scheda REM Mini grant PI: Testa, Co-I Casella

BLOSSOM: BLack hOleS Swift fOrMation                                                          scheda SEAWIND Large grant PI: Pinto

P-rex: Polarized X-rays from LMXB                                                                      scheda P-rex Large GO grant PI: CapitanioRi
ch
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Directly and uniquely related to MULTIBLACKNEUTRONS 
Travel funding and post-doc (radio astronomer)
Funding for post-doc (multi-wavelength)

Post-docs candidates could be joining the team



SUMMARY AND CONCLUSIONS

Important role in the national and international panorama


• Large amount of multi-band data and high publication rate


• Broad involvement in international collaborations


• Vast expertise in relevant areas


We lack man-power and funding to support the team


• We often surrender leadership to other institutes


• We require especially radio-astronomers experienced in galactic 
transients
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Sco X-1: multi-wavelength coverage
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Global VLBI  and NICER observations

6 hr

Some preliminary results

NICER X-ray data
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• 2 URFs detected already, in the 
predicted X-ray state  

• Core jet switching off 

• Orientation changing jets
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