Stellar Mass Compact Objects
Sandro Mereghetti |
IASF-Milano |
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“laboratories” tfor extreme physical conditions
® ond points of stellar evolution
® sources of gravitational waves

® production and acceleration of cosmic-rays
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A few of the main open questions

Accretion/ejection in compact objects: What is the geometry ? super-Eddington ?
How is accretion coupled to outflows, such as winds and jets, at different accretion rates?
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A few of the main open questions

Accretion/ejection in compact objects: What is the geometry ? super-Eddington ?
How is accretion coupled to outflows, such as winds and jets, at different accretion rates?

Do we really understand accretion and its interplay with rotating magnetospheres?
What causes the different variability patterns in accreting HMXB and LMXB?
Magnetic gating? Companion’s wind?
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A few of the main open questions

Accretion/ejection in compact objects: What is the geometry ? super-Eddington ?
How is accretion coupled to outflows, such as winds and jets, at different accretion rates?

Do we really understand accretion and its interplay with rotating magnetospheres?
What causes the different variability patterns in accreting HMXB and LMXB?

Magnetic gating? Companion’s wind?

Can we constrain the equation of state of (fast rotating) weakly-magnetised NS with the

combined use of X-ray timing and polarimetry?
Fundamental physics with timing of radio PSRs - Quest for exotic binaries
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A few of the main open questions

Accretion/ejection in compact objects: What is the geometry ? super-Eddington ?
How is accretion coupled to outflows, such as winds and jets, at different accretion rates?

Do we really understand accretion and its interplay with rotating magnetospheres?
What causes the different variability patterns in accreting HMXB and LMXB?
Magnetic gating? Companion’s wind?

Can we constrain the equation of state of (fast rotating) weakly-magnetised NS with the
combined use of X-ray timing and polarimetry?
Fundamental physics with timing of radio PSRs - Quest for exotic binaries

. Census of different classes of isolated NS and role of B field - How common are magnetars ?
- How are magnetars connected to cosmological Fast Radio Bursts ?

Do magnetars accreting at super-Eddington rates power pulsating ULX sources?
- What are the long period radio transients?
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X-ray polarimetry of low magnetic field NS binaries

N

Tarana, Capitanio+ 2026
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Geometry of accretion flow changes with source spectral state

Most of the results that have advanced the understanding of X-ray
binaries through polarimetry come from an extensive campaign of
simultaneous observations with IXPE and other facilities.
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' Discovery of polarised X-ray emission from an accreting ms-PSR

Norm. Flux

PD (%)
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" ] M Geometry derived from polarisation
.. Ba . B _{,,l properties of the X-ray emission of
" accreting ms pulsars helps to derive the

NS equation of state from pulse profile
modelling IXPE ( + eXTP in the future)

Papitto, Di Marco + 2025, A&A |
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Isolated Pulsars —@—

@ SAX J1808.4-3658 Transitional MSP —&— |
Accreting MSE —@— - PSR J1023+0038 (ms optical pulsar)

T PSR J1023+0038 Redback MSP +—@&—

Archibald ¢t al. {2015) Aqueyet (Jan. 2021)
Jaodand et al. (2016) Aqueye+ (Jan. 2022)
Ambrosino et al. (2017) Aqueye+ (Jan. 2023)

PSH J2339'0533 Crab PSR Papitto et al. (2019) Agueye4 (Die. 2023)

. Burtovoi et al. (2020) Iqueve (Feb. 2025)

TT PSR J0337+1715 PSR J0540-6919

Monitoring the time of

passage at the ascending
node of the binary through
long-term optical timing of

® PSR J0659+1414 the pulsar

4 Geminga PSR
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First deep ALMA+VLA survey of HMXB (persistent SgXB & SFXT)
van den Eijnden, Sidoli + 2025, MNRAS

Supergiant X-ray Binaries Supergiant Fast X-ray Transients / Intermediates
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Systematic investigation of the millimeter and radio emission from twelve HMXBs (both Supergiant X-ray
Binaries and Supergiant Fast X-ray Transients). Low-frequency emission is dominated by thermal free—

free emission from the stellar winds, with SFXTs being systematically fainter at 100 GHz compared to

prototypical SgXBs, potentially due to difterences in wind density and velocity.
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A new diagnostic technique fo studying accreting pulsars

D'Ai+ 2025, A&A
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Modelling the broadband pulsed fraction spectra i :"w* &%Wf++"+w N
(PFS), provides a new method to investigate the Y
local spectral features (e.g. cyclotron line shapes, i
iron lines) in X-ray pulsars Cyclotron line wings in VO332+53 ¢
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NGC 1313 X-1 RGS
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Pinto+ 2016, Nature

Deep exploration of the parameter space ot an absorption photoionization model shows multip
significance (>50) outflow components with v/c >0.15 in NGC 55 ULX-1. Unprecedented detai
radiative winds in the super-Eddington accretion regime. Great prospects for XRISM, eXTP, newAthena.
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Log & (erg/s cm)

High resolution X-ray spectroscopy revealed fast (~0.2c) outflows in ULXs
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- First velocity measure of a jet launched by a NS after a thermonuclear burst |
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Speed of compact jet

(0.4c)

measured from

X/radio time delays is

signifi
than t
black

cantly slower
nose from jets of
noles at similar

luminosities.
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Pioneering studies of y-ray emission from Cyg X-3 with AGILE

LHAASQO recently ' 
confirmed that pQSOs oot

are PeVatrons R T S R T W RV E

‘ |
Cygnus region optimal oot e S "”*mm -

target for upcoming § o
ASTRI mini-array
observations
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Orbital decay in the ULX M82 X-2
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Bachetti,..,Israel+ 2022, ApJ

Orbital period decreases on
~100 kyr timescale

This implies mass transfer
rate on the pulsar at ~150 x
Eddington

— No beaming required to

explain the high observea
luminosity
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Discovery of diffuse X-ray emission around a Pulsed ULX source

3 arcsec

The presence of a nebula
around NGC 5907 X-1

implies that ULX phase lasts
more than 100 kyrs

i

Belfiore, Esposito, Pintore+ 2019, Nature Astron.
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Adapted from
Mereghetti et al.
ApJ 898,1.29 (2020)

SGR 1935+2154
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Time (s) from 2020-04-28 14:34:24 UTC

28 April 2020 burst
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Phase of 2.1s spin period

3 “

' Israel+ 2020
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INTEGRAL discovery of MGF 231115A in starburst galaxy M82

\

INTEGRAL IBIS TNG TELESCOPE
30 - 200 keV . P -
The small error region (R~2 arcmin) @
automatically distributed after XMM-Newion EPIC ‘ i
only 13 s thanks to the INTEGRAL NGC 2085 position

Burst Alert System allowed a firm
classitication of 231115A as Giant
Flare from a magnetar in the
nearby starburst galaxy M82.

NGC 2976
o

& 6000
o

‘ ]
] 1
) 1
1
= v 1 1 iy . 1 j‘
0.60 0.65 070 0.75 0.80 0.85 0.90
Time since Ty [s]
"

Mereghetti, Rigoselli, Salvaterra+ 202, Nature
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Bow shock in diskless magnetised (~40 MG) accreting WD

28°39'15"

High luminosity (~1033 erg/s) cannot
be explained by donor’s wind or past
thermonuclear explosions.

OON

38'45"

Dec (ICRS)

A difterent energy source (magnetic
activity ?) active for last 1000 yrs
required to explain the tail.

30" ¥

15" =

5h28M345 33° 32° 31° 30°
RA (ICRS)

lkiewicz, Scaringi, De Martino + 2026, Nature Astron.
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Important activities based on large datasets of archival data

KNOW SOURCES

e g : IBIS/INTEGRAL+BAT/SWIFT MAP

® Joint INTEGRAL/IBIS + Switt/
BAT survey

® INTEGRAL SGR bursts Catalog

NEW SOURCES

® EXTRAs project for variability
with XMM-Newton/EPIC

® LQSOs in AGILE GRID data

Collaboration: OAS Bologna, IAPS Roma, IASF Milano,
etc University of Southampton

Courtesy M.Fiocchi
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Rapporto Personale in Ragg Pri=4 sul Totale
per Afferenza Organizzativa

IASF Palermo 52.2% (12/23)
O.A. Brera 35.2% (19/54)
IASE Milano 34.4% (11?32)

O.A. Cagliari 25.5% (12/47)

o soma I OA ROIAE T 2259 50 509%

IRA Bologna 15.7% (8/51)

Q.A. Palermo 14.3% (4/28) 2 5 %

O.A. Capodimonte 10.3% (6/58)

Q.A. Padecva 9.5% (7/74)

O.A. Arcetri- 7.6% (5/66)
OA. Torino- 4.2% (2/48)
OA. Catania- 3.8% (2/53)

OA Trieste. 2.0% (1/49)

O.A. Abruzzo{ 0.0% (0/26)

0.0 . 0.3 0.54
Rapporto Ragg Pri=4 / Totale
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~ Large network of excellent scientists and groups across ~all INAF

structures, with strong cohesion deriving from long-established
successful collaborations

Worlad-wide recognised expertise - many collaborations with major
international groups

Strict collaboration with Italian University groups

Deep involvement in space and ground facilities developed with
significant INAF contributions
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NHO II contributo dei precari € essenziale per queste attivita

Distribuzione Rapporto di Lavoro (T.l.)
(Valori Assoluti e Percentuali)

Al r 210 ricerc. /tecnol.
t o Alf iﬂ RSN4

81

T I (38.6%)
- <60% T
b 81 (39%) SRR

(61.4%) Indeterminato

129 (61%)

- P i e —— B ety . T T T ———
T e TS T T AR Y ’—-"~—~ SR -
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Magnetars (Mereghetti) 126
Pulsar/black-hole systems and other jewels in globular clusters (Possenti) 200

FANS- Uncovering the optical beat of the fastest magnetised neutron stars (Papitto) | 150}
GO + LGO + Theory + Mini ~ 136
Gravitational Wave Detection using Pulsar Timing Arrays (Perrodin) 199
2023 - BLOSSOM - Black holes Swift f{OrMation (Pinto) 200
GO + LGO + Theory + Mini ~185
COMEFAR - COordinated Multiwavelength Exploration of fast radio bursts (Pilia) 200
2024 ¢ TULIP - Timing the Ultra-Luminous X-ray Pulsars (Israel) 166
GO + LGO + Theory + Mini ~320

~ 600 k€ / anno da bando INAF Astrofisica Fondamentale
SMereghetti - Giornate RSN4 - Auditorium Nazionale INAF, Napoli 28-30/1/2026
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CONCLUSIONS

® The study of stellar mass compact objects is one of the fields of scientific
excellence in INAF
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CONCLUSIONS

® The study of stellar mass compact objects is one of the fields of scientific
excellence in INAF

® |t holds strategic importance for the scientific exploitation of several
future facilities, where INAF plays a major role
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CONCLUSIONS

® The study of stellar mass compact objects is one of the fields of scientific
excellence in INAF

® |t holds strategic importance for the scientific exploitation of several
future facilities, where INAF plays a major role

® Adequate and stable funding is required to maintain and strengthen the
existing excellence network of INAF scientists in this field, with
particular attention to the youngest researchers
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Il problema principale
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