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Qutline

® Why the Cartwheel?

® [he Chandra observations of N0




The Cartwheel galaxy
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D = 122 Mpc (quite far!)

The Cartwheel owes its odd shape a major collision (with the galaxy G3) happened
~100 Myr ago (Higdon et al., 1986, Mapelli et al., 2008): strong burst of star formation
(SFR=15-25 Mo /yr: Wolter & Trinchieri, 2004)

Bright X-ray emission from the diffuse gas (6 x 10%° erg/s, Wolter & Tricheri, 2004)
Extremely metal poor environment (Fosbury & Hawarden, 1977)

10-15 ULXs in the ring: Lx~103°-10%' erg/s, many of them variable



X-ray Compact Sources in the Cartwheel Galaxy
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X-ray Compact Sources in the Cartwheel Galaxy
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Chandra observation log of N0

: Exposure Count rate
Obs id. Date after cleaning (ks) (103 cts/s) Counts
2019 26/05/2001 76.1 5.3 400
9531 21/01/2008 48.0 3.6 173
9807 09/09/2008 49.5 1.2 59
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Chandra observation log of N0

: Exposure Count rate
Obs id. Date after cleaning (ks) (103 cts/s) Counts
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Spectral modelling with Chandra

® The good news: little gas/instrumental bkg
contamination (tiny PSF)
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NIO as a‘Accretlng
Black Hole

® Standard multicolour d‘isc (MCD) around a
Schwarzschild BH

® Kerr disc (around a fast-spinning BH)

e Slim disc (super-Eddington, radiatively inefficient)



MCD discs

® | ocally radiate as black bodies

® Appropriate for accretion regimes below
Eddington

® Temperature profile T(R)~R-3/*
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Estimating the BH mass
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® Hypothesis: the disc extends all the way
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MCD results/| (of 2)

® Simple models (MCD only) yield relatively
high temperatures (1.33, 1.21 and 0.89
keV)
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MCD results/2 (of 2)

® Adding a hard spectral component (e.g.a
Compton corona) lowers the best-fitting

temperatures (0.53,0.36 and 0.09 keV), and

R

> g . A " B 3 . " i ol y ; <, » - 3 - ) . " S . { S s .
L INNY S EA et b= TPt o 9 P 1 T B EVAR N X (P YTE N 5 - p P e N A . &k Xe, R4 BT v . 3 SO o S S AT LM BN SUE 2 Ll Rl e /
- 2 e AR R A L o ST AT W £ L%y (g P S s d e P4 SRR S G A ¥ . g o e S o A B e et LA 0~ Lol Bt Tpd A 8 4 A Y S A S L T St s o Dy L ae W .
' i A% 1 “ ".‘ b gt (‘_r s “‘v_v P T 1‘: ‘.-c s digs B 4 ha) .:' I e s@ i g da 3:!}‘; A w"" "_'("-‘ﬁ({ g ‘-‘-f 4 Iy ,’. “ PR TN ___,;,*:,\_"“_" A , ‘;’_ x i sl g .f' LC \’_ St ’_:, ,‘:‘ -.5.-' i VIR "‘s'.-":' ‘ b "‘L".
v R RS gl 2 e ! o753 s R A Rl AP ] (e ik s e Ap Y g g Y- gy B X 4, e A S Gt arn Rl R BT Py e e b e e SR ICE ks T 4
AR a ALl SV TR SRS v 8 Al 3 >‘~ oo ALK _,?‘,:. R _."‘ s "~ Wk B g o LY. P FIRNEY b e A A o ,\f. U5 A »4(-\. W R R SdgonT St o ""g. et oA e O AL, o, Lt Lol S B0 Yot
3 . 'y . o, "o i (3 - ¢ e d . \ ’ K .




Slim discs

® Refinement of MCDs, appropriate for high (super-
Eddington) mass accretion rates
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Slim disc models: results

® BH mass consistent with anything above 80 Mo

® Accretion rates 5 to 40 times the Eddington rate
(=Leqd/c?)




The (extreme)
Kerr disc

® Same conclusions as before, MBH is consistently
around 90 M. with no extra hard component

® (Caveat: the hole’s mass is inferred from the
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Summary of the
accretion model(s)

® Slim discs models not fully supported (1-R)

® Self-consistent accretion models return a
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Comments

® A |00 Mo BH is a borderline case of the end product of the
evolution of a massive star (HMXB)

® [he mass accretion rate is consistent with a disc accretion
from a massive donor on a thermal time scale

In 2 metal-poor environment (Cartwheel), massive stars are
more Ilkely to form (Yungelson et aI 2008, Ohkubo et aI
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N 10 as a Supernova
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Po#ed by the interaction btw the ejecta
and the circumstellar meédium
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X-rays from
a SN Reverse Shock?

® Well modelled with a thermal model (APEC/NEI)
with C/ndf=95.9/100

® T=5.1.16"3' keV, and metallicity <0.2 solar; OK
with the Iow metaII|C|ty measured by Fosbury &
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X-rays from
a SN Reverse Shock?

® Well modelled with a thermal model (APEC/NEI)
with C/ndf=95.9/100

o T=5.1.6"! keV, and metallicity <0.2 solar; OK
with the low metallicity measured by Fosbury &
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Summary

® NIO is the brightest ULX in the Cartwheel
Lx~10%-10*" erg/s

® Accretion models: N10 is a BH of ~100 Mo accreting
close to the Eddington limit ~2x10¢ Mo /yr

ngher masses (~1000 Mo ) are still possible, if the disc
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