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Asiri Parlak X-isin Kaynaklari (AXK),
Ultraluminous X-ray sources (ULXs) :

> X-1s1n 1s1ima giicleri, 10Mo kara delik (KD) kiitlesi icin L > 103°erg/s
(0.3-10 keV) ile Eddington limitini ([ 1.3 X 1038(%) erg/s] asan nokta

kaynaklar (point-like)
» AXK’lar galaksilerin merkez bélgelerinin disinda bulunur

AXK:

Dogasi ve iIsima
mekanizmasi henliz
tam olarak
bilenemeyen gizemli
gok cisimleri !!!

» Samanyolunda AXK
gozlenmedi!
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AXK’lar yuksek i1sima guclerinden dolayl, ‘normal’ X-1sin
ciftleri ile Aktif Galaktik Cekirdekler (AGN) arasinda yeni bir
sinif

L=4nd?>f > 103 erg/s, f: Ak
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» AXK’lar ilk kez 1980’lerde Einstein Gozlemevi tarafindan kesfedildi
(Long & van Speybroeck, 1983; Fabbiano & Trinchieri 1987)

X8 Galaktik, yildiz-kutleli KD’lerden farkl

» AXK gozlemleri, ROSAT ve ASCA uydulari ile devam etti
(Colbert & Mushotzky , 1999)

» XMM-Newton ve Chandra uydular ( daha iyi tayfsal ve acisal ¢oézunirlik) ile

AXK’larin arastirmalarinda 6nemli gelismeler saglandi
(Walton et al. 2011, Swartz et al. (2011) and Liu (2011)).

» Chandra, XMM-Newton, Suzaku , Swift ve NuStar ile AXK’larin tayfsal ve
zamansal ozelliklerinin modellenmesi ve farkl teleskoplardan saglanan coklu
dalga boyu gozlemlerinin katkisi ile bu kaynaklarin gizemi henliz ¢ozulmeyen
problemlerden biridir!

 Chandra




AXK'larin_yuksek L, aciklamak icin onerilen modeller :

1.3x10% (M : | ,

L = ; f:i_r(_”l) ergs -, m= 1 (
1.3 x 10° 3.0\ M) \ L

L= - (1 + - 111:.'?.'] —lergs ", 1< m <100
b _ 5 T\ Mz, T

b, beaming (huzmelenme) faktor, b<1

m.: accretion (yigilma) orani

» Bazi AXK'lar orta-kutleli KD (intermediate-mass BH, IMBH) iceren X-isin ciftleri
(XRB),

Yildiz kutleli KD <[102-104] M< Super kutleli KD
(Colbert & Mushotzky 1999)

> Bazi AXK'lar izotropik olmayan 1sima, bize dogru yonlenmis ‘jetler’ formunda
IsSima yapan XRBs (King et al. 2001)

» Bazi AXLlar super-Eddington yigilma oranina sahip XRBs (Begelman 2002)



Karadelik iceren X-isin ciftleri: M degeri > 10Mo

NuStar uydusu ile : M82 galaksisinde AXK ‘nin
ilk kez Asiri Parlak Pulsar oldugu kesfedildi !!!

(Bachetti et al., 2014, Nature)

Pulsation period : 1.37 saniye

M82 X2, M ~(50-100 ) M
L~ 1040 erg/s




> AXK’lar nerede bulunur : Ev-sahibi galaksiler (host galaxies) ?

» AXK’ lar her tip galakside (eliptik, spiral ve duzensiz) bulunur

> Ozellikle yildiz-olusum orani yiiksek galaksilerde ( starburst galaxy)

daha parlak AXK

» Eliptik galaksilerde (toplam AXK 2/3)
L, < 2x103° erg/s
~20M ¢, Kara-delik , LMXB’in Ust limiti
10
» Spiral galaksilerde ( 1/3, AXK)
L, > (4-5)x103° erg/s

N(>Lx)

%10 Lx > 10%° erg/s 20

10

» Erken ve gec tip spiral galaksiler
ayni olasilikta AXK icerir

(Swartz et al.2004, Walton et al.2011)

100 F

T

Spiral Galaxies

Elliptical Galaxies

10

Lx (10" ergs s™)

(Feng&Soria,2011)




> Kucuk- kutleli sarmal ve duzensiz galaksilerde AXK olusumu daha etkin

» Lokal evrende, star-forming galaksiler de olusum orani :

1 AXK per ~ 101°M

> Galaksi kiitlesi arttikca bu oran azalmakta ( M~ ¢ skalasinda)
(Swartz et al., 2008, Walton et al., 2011)

> Eliptik galaksilerde bu oran | 1 AXK per ~ 10 M,

> Bu farklihgi aciklamak icin oneriler:

v' Kiclk kitleli galaksilerde birim kiitle basina SFR ( star formation rate)
daha yuksek bu yuzden buralarda AXK olusumu daha etkin

v Kiiclk kutleli galaksiler daha yiiksek metal bolluguna sahip bu durum
daha buyuk kutleli KD lerin olusumuna yol acabilir ( Kutleli O yildizlarinin
cokmesiyle )

( Mapelli et al. 2009, Zampieri&Roberts 2009)



» Oysa, Preswich et al (2010), carpisan galaksileri NGC 922 ve Cartwheel
(ESO 350-40) inceleyen calismasinda metal bollugunun AXK olusumunu
onemli olclide etkilemedigini ileri sirmektedir .

Cartwheel galaxy :SFR: 18 M, yr~1, Metallicity : 0.3 Z
8 Mg yr~! 0.75 Zg NGC 922

NGC 2207/1C2163

» Carpisan yada guclu etkilesen galaksilerde cok sayida AXK goézlenmekte

Antenna (Zezas et al. 2002 NGC 7714/15 Smith et al. 2005,
NGC 2207/1C2163 (Mineo et al. 2014)

X/

+ Bu tip galaksilerin SFR oranlari yuksek !



Kara Deliklerin bilinen spektral ozellikleri :

s KD’leri iceren XRB'lerinin enerji tayfi isisal (thermal) ve isisal-olmayan

(nonthermal) bilesenler icerir

Bu ciftlerin X-1sin 1Isima gucleri bu bilesenlerin birinin baskin oldugu gecisler
(transitions) sergiler ( McClintock & Remillard, 2005)

*» Isisal bilesen (soft-state)
yigilma diskinin ic bolgesi
Model : karacisim spektrumu
~ 1 keV karakteristik sicaklik

¢ Isisal omayan bilesen (hard-state) ,
power-law (PL) (N(E) x E~I,['=1.5-2)
ISima ‘korona’ dan kaynaklanir
mekanizma; Compton yada sinkrotron

Cyg X-1

E F; (erg cm*2 s')
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AXK X-1sin spektral Ozellikleri

v’ Tipik bir AXK eneriji spektrumu SoftExcess Hard Curvature.
powerlaw + diskbb
v (0.3-10) keV en. araliginda |

o Pnn‘erla‘ﬂ' i —compTT

v Soft excess < 2 keV 0 P“m\\\

v ‘hard’ bilesenin uzantisi PL modeli +
diskbb (dusuk sicaklikta termal
bilesen) ile modellenebilir

cool diskbb

hot diskbb ' hot diskbb

v Hard excess >2 keV L AR Y
0.5 1 : 5 10

E {:ke";j
v diskbb ( T(r) P (p- free parametre)
Veya CompTT ( sicak plazmada dusuk
enerjili fotonlarin etkilesimi) Feng&Soria, 2011

v ki diskbb model kTin =1.0 ve
2.5 keV

v Enerji spektrumuna iyi uyum
vermiyor



AXK Enerji Tayflar Ho IX X-1

10‘|—"; | X=1 o,
. . NGC 5204 X~1
Chandra ve XMM-Newton verileri ile bazi parlak
AXK’larin tayflarinin modellenmesi ile

—— cooler accretion disks (~ 0.1-0.2) keV , i =
L e . g

Disk Ly

Oysa ,stellar-mass black holes

— the hot accretion disks (~ 1-2) keV: o
Miller et al. 2004, 201.3).

1037:— ‘
= standard accretion disk o

(geometrically thin, optically thick, 0 RN
radiatively-efficient disk) e
(Shakura & Sunyaev 1973).

Stellar-mass BH
Etkin disk sicakhgi : Laisk oc T#
M« T2LY2  cool disk yiiksek Lx IMBH  (Reynolds&Miller, 2013)
Gladstone et al. 2009; Weng & Zhang 2011 gozlenen disk sicakligi KD kutlesi
icin iyi bir gosterge degil !)
‘ soft excess’ disk yuzeyinden gelebilir fakat en icteki kararl yorungeden cok
daha uzaktan, burada disk maskelenir ve coronadaki saciimalar sonucu daha
dusuk en. fotonlar olusabilir.




s Klasik KD low-state (LS) (2-20)keV
hard-bilesen baskin low-hard
state ve

v = 0.01 Hz karakteristik frekans

sahip

¢ High state , soft bilesen baskin
high -soft state

¢ Kara Deliklerin X-1sin 1IsSima giicleri
bu bilesenlerin birinin baskin
oldugu gecisler (transitions)
sergiler

(McClintock & Remillard, 2005)

INTENSITY

SOFTANTERMEDIATE STATE

{ HARD-INTERMEDIATE

STATE

.

HARDNESS ~



» AXK'larda bu gecisleri gozlemek
zor fakat ornekler vardir !

High-low transition
Ornek 1.

> (IC342; AXK 1 ve 2 g

(Kubota et al. 2001) &
=

= Gegislerin belirlenmesi AXK'larin '

kitle -yigilan KD ol N

(mass -accreting BH) modelini : H6” RA(2000F.

destekliyor

Ornek 2:

» Holmberg Il galaksi, AXK X1
(Dewangan et al. 2004)

Energv (keV)




AXK’larin X-1isin zamanlama (timing) ozellikleri

» Zamanlama arastirmalari, tikiz (compact) cismin kitlesi ve sistemin disk
yapisi hakkinda bilgi verir (spektral dzellikleri ile birlikte)

> X-ray calismalarinin biiyiik cogunlugu yakin galaksilerde (< 10 Mpc) parlak
AXK ‘lara F,~10712? erg/cm?s~! odaklanmistir. Bu durum yiiksek S/N
oraninda ‘zamansal ve tayfsal’ analizler olanakli

> Galaktik KD’lerde yiiksek zamansal degiskenlik karal bir jet ile termal-
olmayan isima, diisiik zamansal degiskenlik ise termal 1sima ile jet oimayan
bu durumla eslesme gosterir ( Belloni, 2010)



AXK’larin X-1sih zamansal (kisa ve uzun

donem degiskenligi

+54°30"
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TapLe 1
List or ULXs

IA\
Calaxy ULX LA, Dec. L, /f;pﬂ F'requenr:k Period el
(1077 erg .‘1}/ (mHz) \ (hour)
W&z TX0 109555021 604047 00:55:50  168:40:47 0-50 1
CXO J095551.14694045  00:55:51  +69:40:45 10-25 2
M74 (NGC 628)  CXOU 1013651.14154547  01:36:51  +15:45:47 0.5-1.3 3
Holmberg IX X-1 09:37:34  +69:03:46 B3-B4 4
NGC 5408 X1 14:03:20  -41:22:60 8.7 5
NGC 6948 X-1 20:35:01  +80:11:31 B.4-12 i
Ms1 (NGC 5184) X7 13:30:01  $47:13:44 0.1-2 T
NGC 33to Source 6 10:47:50  +12:534:57 3. B
NGC 1313 X-2 03:18:20  -66:29:10 30 9
NGC 4490 CXOU 1123030.3+413853  12:30:30  +41:38:53 0.2-1.1 10

Note—(1) Strohmayer & Mushotzky 2003; Fiorito & Titarchuk 2004; Dewangan et al. 2008; Kaaret et al. 2008; Mucciarelli et al. 2008;
Kaaret et al. 2008; Feng & Kaaret 2007, {2) Feng et al. 2010, (3) Liu et al. 2005, {4) Dewangan et al. 2006, (5) Strohmayer t al. 2007;
Strohmayer 2008; Dheeraj & Strohmayer 2012, (8) Rao et al. 2010. {7) Liu et al. 2002; Dewangan et al. 2005 (&) David et al. 2005. (9]
Liu et al. 2009. {10) Esposite et al. 2013

Simdiye kadar az sayida AXK dan QPO belirlendi !



Power

AXK’larin X-1sin zamanlama (timing) ozellikleri:

> Ik kez M82 : AXK (X-1) (X41.4+60)
( Strohmayer& Mushotzky , 2003)

T I
MOS only

PN only

i

PN + MOS

X

] |
.--IL"’ “

" PL+Lorentzia iy

||u||| IW lll

II |” ‘

> 30 ks XMM-Newton data

» power-density spectrum (PDS)
belirgin QPO peak
54 mHz rms 8.5% (2-10) keV

» RXTE gozlemleri ( 2-20 keV):

107 mHz QPO ( ayni AXK)

0.10
Frequency {Hz)

0.01

1.00

> KD kiitlesi X-1 igin

<1.87 x 10* Mo
Schwarzschild geometrisine
dayanarak, (en yuksek QPO frekansi
alinarak) Benzer sonuclar: Mucciarelli
et al. 2006 ; Feng & Kaaret 2007



AXK X-2 (X42.3+59) M82 (ikinci kaynak)

» QPOs at (3—4) mHz from this transient
source (Fengetal., 2010)

» 3 Chandra ve 2 XMM-Newton gozlemi

» KD kitlesi
(1.2 —4.3) x 10* Mo

d
| Chandr

Chandra

Power

10 b | Chandra

| XMM-
1 Newton

ﬂ- IIIIIIII 1 IIIIIIII

0.001 0.010 0.100
Frequency (Hz)

X-1sin power spectra X42.3+59 (1-8 keV).

The dotted line Gaussian + constant model fit the spectrum.
Powers hormalized to Leahy et al. (1983).




Optik Eslenik ve Yildiz Cevresi

0 AXK’larda optik yayinim donor yildizdan veya yigilma diskinin dis kismindan veya
her ikisinden gelebilir !

Optik yayinim calisiimasi :

v' Cift yildizin evrimi,

v donor yildizin dogasi

v Disk geometrisi

v" KD kiitle aralig) belirlenmesi
v Kaynagin cevresi

0 Chandra ve HST ‘nin cok iyi acisal ¢cozuniirliikleri ile (0.6arcsec dan (0.2-0.4)arcsec
bir duzineden fazla AXK’'nin optik bileseni belirlendi

Ornek:  M81 X-6 (Liu et al. 2002), NGC 1313 X-2 (Zampieri et al. 2004),
Holmberg Il (Kaaret et al. 2004), NGC 5204 X-1 (Liu et al. 2004).



> Eger AXK Kkiitle-yigilimi yapan tikiz cisim ise kiitle aktaran bir yildiz
bileseni olmali

» Bu kadar yuksek 1simayi1 vermesi icin kiitleli olmall

» Renk ve kadir degerleri genc-kitleli yildizlar, O ve B tipi bunlar genc¢
yildizlar olabilir

> Fakat kiiresel kiimelerle eslesen LMXB AXK var (NGC 4472;
Maccarone et al. 2003).

(M82 X-1 kumenin yakininda ya da icinde ( super star-cluster MCG-
11) Yas 7-12 Myr (McCrady et al. 2003

NGC 1313 X-2 yildiz kimesinin yakinida yas 20 Myr (Liu et al. 2007;
Grise et al. 2008))



F555W (VEGA)

Band 2003 Nov 17 2004 Feb 22 2004 Jul 17 2004 Oct 30
ST Magnitudes in H5T Bands

F330W 2226 £0.03 e

F435W 23.00 £ 0.03 . 2311 £ 0.4

F5335W 23.65 £ 0.04 23.68 £ 0.04 2390+ 0.05 oy

FaleW e e e 2408 £ 0.04

FRl4W 2492 4+ 0.06 24.86 + 0.06 2492 +0.07

NGC 1313 X-1 Optik karsilig
HST

.,
® =

’

.:l},’. *  Yildiz kiimesi ~200 pc uzaklkta
* . ' Kime yildizlarinin yasi > 107> Myr

F435W - F555W (VEGA)

Nog(fx/fv) = log fx + my /2.5 + 5.37,
log( fx/fv) = 3.1-3.7.°

AGN (-1 -1.7) (Maccacaro et al 1988)
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Fig. 4.—: Identification of HoIX X-1 ULX on an HST/ACS image in the F435W filter
(left) and in the F330W filter (right). The counterpart is designated by a blue cross (left).

Slits from the SUBARU (position angle of 180°) and GEMINI observations (position angle

of 90°) are overlaid on the right image. The Chandra (green circle) and XMM-Newton (red
circle) positions are also overlaid with error circles of 0767 and 0780 radius, respectively (90%
confidence, including the error on the calibration of the optical image). We also note the

association of stars to the east of the ULX.




lable 21 Ubserved and Dereddened Magnmtudes and Colors of the ULA Coun-

terpart, from the HST/ACS Observations

Filter/Magnitude Observed Magnitude/Color Dereddened Magnitude/Color
B 22.604 + 0.015 21.536 = 0.015
Vv 22.609 + 0.024 21.780 + 0.024
T 22.328 + 0.034 21.844 + 0.034
B-V -0.005 + 0.028 -0.247 £ 0.049
V-I 0.281 + 0.042 -0.064 £+ 0.058

Note. Values are expressed

18777

’ J
10 Myr |

0 MyT

% ULX [0 Candidate cluster stars

& Stars near ULX 4 Other UV stars

. 20 Mye]

e . -
& 7 200 Myr |
i &

4 500 Myr
A A“ 4

2, &
5 R
t% 1

in the Johnson-Cousins ( UBVRI) system.

20 T T T T T T

Flux (Arbitrary nnits)

ol v v v v v
4600 4vao 4800 4900 5000 5100

Wavelength (1)

He Il 4686
Recombination line
izotropik en
>3103%rg/s
Beaming olamaz!

Fig. 7. 46005100 A part of the GEMINI/GMOS-N one-dimensional spectrum of HoIX X-

1 optical counterpart, confirming the presence of the He II line at 4686 A . The other

annotated line in emission is from the nebula in which the counterpart is located and which

raeult nwahahly from anr vanech enbtraction considering the highly variable profile of the

10 Myr ]
20 Myr | -8
50 Myr |

B zml\m—_
smwr: =

<> Probable cluster members

Yas < 20 Myr

M >25 Msun



CALISMALARIMIZ:

Akyuz et al., 2013

(a)

15:00.0

14:00.0
(b)
12:00.0 . Pl R

10:00.0

10000 . S f N

08:00.0 ‘ / . 2q \

Declination (J2000)

05:00.0

06:00.0

Declination (J2000)

04:00.0 \

02:00.0 N ol

41:00:00.0

41:00:00.0

30.0 51:00.0 30.0 12:50:00.0
Right Ascension (J2000) 30.0 20.0 10.012:51:00.050.0 400 30.0 50:20.0

Right Ascension (J2000)

NGC 4736, XMM-Newton ve Chandra



Table 12

Spectral Parameters Obtained with One-component Model Fits for Point Sources in NGC 4736

Source Model Ny r kT x2/dof F(1013) L(10°%)
(102 cm™2) (keV) fergem2 s ') (ergs™')
XMM-2 PL 0.00* W 2150 768.60/519 1.20 2.77
DISKBB  <0.008 08700 695.47/519 6.72 15.52
BREMSS 0.03+0.004 3.07490T 534.87/519 8.53 19.70
XMM-12 PL 0.04400 14773 16.17/19 0.54 1.24
DISKBB 0.01+906 1444038 17.09/19 0.23 0.73
BREMSS 0.0370%, 12.95*1.5 15.69/19 0.42 0.97
XMM-18 PL 0.09+006  1.39+0.26 17.42/20 0.31 0.71
DISKBB 0.0205 1970 19.80,/20 0.24 0.50
BREMSS 0.07+0.05 25.54*2%60  17.58/20 0.29 0.66

Notes. Sources in this galaxy cannot be modeled by a BEODY model. The best-fitting model is highlighted in bold.

Spectral Parameters Obtained with Two-component Model Fits for Point Sources in NGC 4736

Source Model Ny r kT ¥ 2 /dof F(10-1% L{10%%)
(1072 em—2) (keV) fergem—>s5 1) fergs )
XMM-2  PL+BBODY  0.03*0% 1924007 044*00  576.06/517 8.97 20.72
PL+DISKBB  o.02740 17270 07570, 530.81/517 8.44 19.49
PL+MEKAL  0.06*0%8 205000 255+04  718.94/517 9.92 2451
XMM-12  PL+BBODY 00500 181738  098*%  1548/17 0.54 1.23
PL+DISKBB  0.09°%12 157404 004707 1552/17 0.67 1.40
PL+MEKAL 00507 5.64°%% 10,70 15.77/17 1.14 263
XMM-18  PL+BBODY  044%0%  158%0% 000700 14.62/18 1.24 2.59
PL+DISKBB  0.54*0%  1.66*0%,  0.10%016  14.78/18 3.29 6.87
PL+MEKAL 031795 1453 021924, 13.60/18 5.30 11.07

Note. The best-fitting model is highlighted in bold.

En iyi
uyum
veren

Tek
bilesenli

Iki
bilesenli

modeller
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Power

Power

50

40

30

QPO peak ~ 0.5 mHz ]
with rms 5% + 1%

10°

Frequency (Hz)

QPO bulmak icin
averaged power spectrum

| the XMM-Newton pnh observation
| Isik egrisi 0.1s binlendi

1 Miyamota normalization in units

W

M| L L M
0.01 0.1 1

(rms/mean)2/Hz (Miyamoto et al. 1991).

The best fitting composite model
> (Lorentzian+ constant)

60

40

20

- Bintime: 01000_s centroid frequency

| > QPO =0.53%092 mHz

> OFWHM = 0.10 mHz.
' Quality factor:

' » Q=QPO/OCrwhm=5.3
| (signals with Q > 2 are called QPOs)

Avdan ve ark. 2014

L L L L L L |
5x10+* 10°3
Frequency (Hz)



Power
1000

QPO peak ~ 0.7
mHz
with rms 16% + 3%

1500

500
———

W

| L L I A | L L TR R |
104 102 0.01 0.1
Frequency (Hz)

Bintime: 1.000 s

1000

Power
800

600

400

2x10* 5x10* 102
Frequency (Hz)

| Benzer analiz Chandra (Ob-
1 sID 808) data.

| fitted the PDS
(Lorentzian + constant) model

| QPO

centroid frequency

» QP0=0.73%31¢ mHz

- » Oy =0.10 mHz (Q = 7.3) and

Avdan et al. 2014
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Ayrica, olasi_periodic oscillation veya diger bir QPO

~5.2%x107°Hz(~5.4hrs) > 3¢

PDS : single Fast Fourier Transform (FFT).

» En iyi uyum veren fitin merkezi frekansi
(5.2+2.0) X 10"° Hz, Oy =0.42 x 10+ Hz

» constant noise level of ~2.22
in the XMM-Newton data such low frequencies were not revealed.



KD kiutlesi ve QPO frekansi arasindaki ters —oranti kullanilarak:

v (X)
Mgy (ULX)~[—22"] x Mgy (X) X_:reference source (Dewangan et al. 2006a)
vopo(ULX)
ULX Luminosity QPO Frequency WM ass
{ 1038 BrE S Ly (10— Ha
NGO 828 (Liu et al. 2005)
MG 4738 (Avdan =t al. 2014

» Kaynagin Eddington limitinde 1sima yaptigi varsayilirsa (Ledd
~1.3 x 1038(M/M o)erg/s)

MsH~10 Mo (using Lx ~1.7 x 103° erg/s).




» Diskten katkisi :
» Disk Black Body model parametreleri,

S /(—=—)]2xcosf

KD=[( km™ 10 kpc

the inner disk radius, R;;,~96(cos0)05

MBHN (Rm/8.86a )X Mo

(oo =1 Schwarzshild BH 6= 89° upper limit)

Mgy < 80 Mo (Makishima et al. 2000).

Considering this mass range of | 10 Mo < Mgy < 80 Mo

» X-2 ‘deki olasi tikiz cisim yildiz kutleli KD (M < 20Mo) or biiytik-kitleli KD
(20Mo = M = 100Mo)(Feng & Soria 2011).



C 5474 AXK'nin optik esleniginin arastiriimasi
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