| Extragalactic population
i of NS:

the ULX paradigm revolution

Main questions:

Why PULXs are so

Luminous ?

g

: ; How many NSs amon
L 5 UiXs 7 2 2
GianlLuea Israel - Outline:
(AO Roma)

..... and any many other colleagues - ULX/PULX class
- (EXTAS and UNSEEN collaboration)
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- UNSEEN preliminary results




ULX class

Ultraluminous X-ray sources are
off- -nuc[ear oint-like X-ra sources
N nearlog <100Vlpc) galaxies
exceeding the LSOtr‘OpLC?
Eddington leLt

for a stellar-mass

Black Hole (StBH)

of 10Vl

Lux > 3x10%° erg/s
up to ~10%2 erg/s

About 300 objects
(Earnshaw+ 18)

First detected by
EINSTEIN (Fabbtano 88) A




Observed Mass Ranges of Compact Objects
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[IVMIBHs needed to form SIVIBHs in quasars at z>6-7

(Pacucci+ 17)

.. for 25years everybody was convinced of the BH nature

of ULXs...




In 2014

M in a galaxy far,

far away....



ULXs and V182 X-2

Pulsations at 1.37s discovered from
NuSTAR obs of Vig2 X-2
Sinusoidal pulse shape; PF~20%
Lx~2e40erg/s (@3.2Mpc)- 100 L_,,

Pdot (secular) -2e-10 s/s
P/Pdot = 300yr

Porb = 2.5days

Mc > 5.2 M@
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ULXs are not BHs only !! I
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BHs and Ledd

62,000 quasars (BHs) at
different z.

Even assuming the
uncertainties in the
distances and in the virial
mass determination
NONE of them is above
the Ledd by a factor of
10 or 100.
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More PULXs dtscovered

Pdot/P— —9 OOOOOOOOOe OB MFR

_ + 2 transient pulsars in
NGCs007 ULX-1 (P 1s) | NGC1313 (766s) and
A - NGC2403 (18s) with
S s L -2x10*'erg/s-1000L_, | & L -few 10* erg/s
O i (Trudolyubov 2008,2010)
) . (GLI+17b, Fiirst+ 16)
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NGC7793 P13 (P-0.42s)
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PULXs overall properties

| M82X-2 _____|NGC 7793 P13 | NGC 5907 ULX1 [NGC300 ULX1

Pulse Period 1.37s 0.42s 1.1s 40-20s
Spin-up (P) 2x10°10 g/s 3.5x10°11 g/s 8x10-10 s/s 6x107
Orbital Period 2.5d 64d 5.3d Long or face-on
Superorb. P. 63.8 d ? 78 d ?
Max. Luminosity 2x10%0 erg/s 6x103° erg/s >10%! erg/s 5x10°*° erg/s
Min. Luminosity @ <2.5x1038 erg/s ~4x1037 erg/s <4x1038 erg/s transient
Optical Comp. M>5 M, SG B9I M < 30M, M<20Mo
References Ba;hetti et al. 2014; Flrst et al. 2016; Is"rael et al. 2017b; Carpano+ 18
Brightman et al. 2017; Israel et al. 2017a Furst et al. 2017;
Dall'Osso et al. 2015 Walton et al. 2015

Not easy to identify convincing similarities....

_x > 10%® erg/s and likely massive companions (HIVIXB or

IMXB)
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Lumtnostties

NGC5907 X-1 isotropic peak Lx,bol is 1000 times L_,,
NGC7793 P13 isotropic peak Lx,bol is 500 times L_,,
Vig2 X-2  isotropic peak Lxbol is 100 times L_,,
NGC300 X-1isotropic peak Lxbol is 50 times L_,,

In principle, if B is high enough the electron scattering cross

section s reduced (in the extraordinary mode for E<E_ ).
B

4/3
LEdd’B(r)zzLEdd(lolzG) For B = few x10™ G up to 10 erg/s
can be released on the NS surface ...

A moderate beaming factor b<1 (b*Liso=Lacc) is also likely
present (at least because we see pulsations),
1/10<b<1/100 (King+ 2001)

Voreover, with that B value and 1.13s spin period the NS in
NGCs59207 ULX should be deeply in the propeller phase

(rm >> rc)!
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Possible scenarto

Expected dipolar B component (close to the
Magnetospheric boundary) of the order of

Rccretion stream
ls cha.nneled. by
NGCs907 ULX: (0.7 - 3.0)e12 G @ b-1/10-1/7 | e dipolar field

on large scale

Quadrupolar B component (close to the but feels the

surface/bottom of the accretion column) ?gfnoggﬁgﬁron
Il scal
NGCse07 ULX: (3-30)e13 G a;:')?ar ’izz o

Fiore+19 show that the scenario is possible (numerical calculation)

p-CRSFs detected in magnetars » B~1-10x10" G close to the
surface, 10 timeslarger then their dipolar component (Tiengo+13).

Super-Eddington outburst of SIVIC X-3 (Tsygankov+17):
Dipolar (1-5x102 G) + Multipolar (2-3x10' G) components
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New directions

How many PULXs?
4 out of 300, ~1% ?

We detected PULXs in \\\

observations with at least | » \\
10,000 counts (XTVIV1)

Counts

How many ULXs with
such statistics?

-
Pulsed Fraction(%)

14 ULXs (<5% of all known ULXs) —» 20% are PULXs

How many ULXs with a statistics such that pulsations with
20% pulsed fractions might be detected?

18 ULXs —» 21% are PULXs

Not all pulsars are expected to be beamed towards ys. . . .



Teking the beat of the UNSEEN  unscen:

Ultraluminous
Recently accepted as LP in AO1T: NS Extragalactic

Extreme populatLoN

8 pointings + 3 DDTs
086.000 seconds

274 hours

~15 ULXs (>10.000 cts)
~30 additional S-Edd
sources

1-3 new PULXs
expected to be detected!

Counts

Just completed

The UNSEEN Collaboration:
G.L. Israel, G. Rodriguez,
FBernardmL H. Earnshaw, T. Roberts,
A. Tiengo, A. Belfiore, R. Turolla, M. Nlapellt L. Zamptert F. Pintore,
M. Viiddelton, PEsposito, F Fuerst, D. Walton, PCasella, S. Dall'Osso,
D. Dagostino, G. NovaraR. Slavaterra F|—|arrtson . Brt htman,

C. Pmto FHaberl, M. Marelli, A. Wdter, L. Stella, A. Papttto
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XIVIV1 LP

V151 observed in Vlay 2018 for about 75ks

+ 3 DTT (96+63+64ks) requested on in June 2018
ULXT: a variable

source: L, peaks

at almost
10% erg/s

HTTP://CHANDRA.SI.EDU
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Ms51 ULXT

One of the best example of Poissonian process
and white noise !
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Rccelerated search
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Some implications/Conclusions

+ Even extreme ULXs (>1e41 erg/s), like NGC5907 ULX-1, can hosts
accreting NSs

+ Sﬁectral classification/Lx is not an unambiguous way to classify
ULXs: NGC 5907 ULX, NGC7793 P13 and M51 ULXT have spectra/lLx
not dissimilar from other ULXs (but harder). Alternatively, many

ULXs are NSs

+ The large “local” Pdot, the orbital effects, the pulse intermittance
and small PF make difficult the detection of these pulsars with
standard tools and current instruments.

Rthena is expected to make a significant contribution fr PULXs.

+ PULXs challange the current models of accretion, even assuming
a moderate beaming.
A multipolar B component close to the surface might account for
The DUEXS properties (other scenarios are still viable)

+ Developed pipelines can be applied straightforwardly to NuSTAR,
NICER and Chandra data and, in the future, to eXTP and RAthena
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Pdot/F= 2.248473111e—07, MFR
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SEEN.

INTEGRAL, Geneéve 2/19




INTEGRAL, Geneéve 2/19



	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19

