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Ultraluminous X-ray Sources (ULX)
(Asir1 Parlak X-1s1n Kaynaklari)

L, > 10 erg s

N

Orta Kiitleli Karadelikler (102 —10* M,) Yildiz Kiitleli Karadelik
Eddington alt1 yigilma (Sub-Eddington) Stiper-Eddington (stiper-kritik) yigilma
(Miller ve Colbert 2004, IJMPD, 13 ,1) (Shakura ve Sunyaev 1973, A&A, 27, 337)
(Poutanen et al. 2007, MNRAS, 377, 1187)
M82 X-2

Notron Yildizi iceren ULX

(Bachetti et al. 2014, Nature, 514, 202)



Calismada Amaclanan

(TUBITAK 1001 - 113F039)

Yakin galaksilerde se¢ilen ULX’lerin

- X-1s1n tayfsal ve zamansal ozelliklerinin (QPO gibi)

Ve

. Optik bolgedeki karsiliklarinin arastirilmasi



Calismada Amaclanan

NGC 4258 ULX X-6

Arsiv XMM-Newton, Chandra ve Swift X-1sin uydularinin verileri kullanilarak;

. ULX’in sertlik oranina (hardness ratio, HR) ve tayfsal parametrelerine
bakilarak, bilinen Galaktik karadelik ¢iftlerinde goriilen tayfsal gegislere
ve durumlara sahip olup olmadigini incelemek

. Periyodiklik (QPO gibi) analizleri

- Kompakt cismin kiitles1?

@ble (HST) ile ULX’in Optik bolgedeki karsiliginin aras@

Senay AVDAN’1n konusmasi — 9 Eyliill Cuma — 16:10




NGC 4258 (M106) Wilson et al. 2001, ApJ, 560, 689

s < ’
Chandra X-1s1n Optik Ha

d=7.7 Mpc (Swartz et al. 2011, ApJ, 741, 49)



NGC 4258 (M106)

Chandra XMM-Newton

ULX X-6, literatiirde ULX olarak smiflandirilmis bir kaynak (Swartz et
al. 2011, ApJ, 741, 49).



ULX X-6’nin
arsiv X-1s1n
gozlemleri

~ Son 17 ks’lik
kismi art alan
parlamasina
maruz kalmistir.

Belirtec Gozlem No.  Gozlem Tarihi Poz Siiresi

(ks)

XMM-Newton XM1 0110920101 2000.12.08 16
XM2 0059140101 2001.05.06 9

XM3 0059140201 2001.06.17 10

XM4 0059140401 2001.12.17 12

XMS5 0059140901 2002.05.22 14

XMeo6 0203270202 2004.06.01 47

v < XMT 0400560301  2006.11.17 5 =

C,"JM Cl1 1618 2001.05.28 21
/S{‘Eﬂﬁ‘ XRT S1 00037259001 2008.03.01 10
S2 00037317001 2008.05.06 3
S3 00037317002 2009.03.09 4
S4 00037317003 2009.05.09 2
S5 00037259002 2014.05.21 2
S6 00037259005 2014.05.24 1
S7 00037259006 2014.05.25 2
S8 00080599001 2014.05.25 2
S9 00037259007 2014.05.30 2
S10 00037259009 2014.06.08 2

S11 00037259011 2014.06.18 0.03
S12 00037259012 2014.06.22 2




Uzun donemli 151k egrisi (XMM-Newton ve Chandra)
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Uzun donemli 151k egrisi (Swift XRT)
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Verilerin toplanmasi ile hesaplanan foton sayim oranlari



Uzun donemli HR graﬁgl HR = H-S/ H+S
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En 1yl uyum veren model parametreleri

No. N” I’ Tin }{g.l'r.dﬂf NF"LEL N{ii';'.l-;h L}Cc {lngj le]{i {1l}mj
(1022 cm—2) (keV) (10—3) (10—3) (erg s— ) (erg s—1)
thabs*powerlaw
XM1 U.m;ﬁ;ﬁé 1.??}% i:é - 40.11/33 zagﬁig - 1.21i§-_}1;§ -
XM2 U'QIIH:H 3 2.1313 19 - 16.76 /17 3..5513-%% - 1.3?’;8-_ 1 -

C1 D.QQIH;H_:I 1.+;|1J_r3-_%;J - 10.39/15 3.?418-&% - 1*57’13'.}:1 -
XM3 D‘S"IJ;H:HE 2475512 - 15.67/22  5.497q 7% - 1.80%g1, -
XM4 0.21%508 T - 35.13/28  5.05%0% - 2.0610 31 -

X M35 0.1975 03 - 30.49/28  3.3210-70 - 111310 -

XM6 U.Qﬁtﬁ;ﬁg e - 101.26/79 5.34j§€,_§ - 2 Qﬂjﬁ-ég -

XM7 0207555 1907, 0a - 160.34/150 3.877 14 - 16570 0% -
tbabs*diskbb

XM1 <0.82 - 1257015 51.67/33 - 2.211018  0.80F0-0%  0.8475 00

X M2 0.0275 03 - L0170 1s 19.07/17 - 4967558 074T 0 0T8T

C1 0.067 50 - 1175017 8.18/15 - 3487090 0.9670 04 1.01+70:05
XM3  0.09+0.05 - 0.9370142 90 9699 : 7507000 goF0lr o grr08
XM4 001700 - 1.23*017 35 97 /98 i 3744039 q3#0 01 g gyi0
XM5 <0.82 - 0.83+0-10 35 18/28 - 7.33+066  (x3+0.05 ) xg+0.01
XM6 0.077503 - 1067500 101.28/79 - 6.87F0-30  1.2470-06  q.30+0-08
AL V2 _p.o - —0.06 (dolfla - < _p.1o 2 _p.os 19 _0.06

ULX, genel olarak sert bir tayfa sahip (I' ~ 1.8 — 2.1)
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No. Nu I Tin }{g.l'r.dﬂf NpL® N{iiﬁl-;h Lix* {10._!".}) le]{i {1l}mj

(1022 cm—2) (keV) P (10—3) (10—3) (erg s—1) (erg s—1)
t}zébs*pml. law

r +U.03 -+ 11 9 00w R +U.Us
XM1 0105005 L7TIg 00 - 40.11/33 970 18 - 121707, -
XM2 0.21+H)-04  2.13+p-19 16.76/17 \3.661 32 - 1377013 -

1 16 i e a: .14

I::]_ 10.39;13 1'5Ti{]_lé -
XM3
XM4 o 35.13/28  5)570
XM5  0.19F0935 9 4pFD- 30.49/28 382105 - L11%0 15 -
XM6 U.zﬁtﬁ;ﬁg Q.lljﬁ-_éé - 101.26/79 5. 4t§§§ - Q.Qﬂiﬁ;{}]g -
e +0.02 +0. ; = 9 Jr+0.1¢ +0.07
XM7 0.200005  L907o e - 160.34/150  3.4710 10 - 1657 s -

tbabs*diskbb

XM1 <0.82 - L25+p-15 51.67/33 - 2214018 080105 0.84F0 03
XM2 0.0275 03 - Lo1Tdie  19.07/17 - 4961555 01400 078008
C1 0.06% 63 i LITH sa8/15 - 348ty 096Tpn  L0IT,
M3 U-DQ_D:{]-} - 0.937 10 20.26,/22 - ?":'D_[}-_gjrﬁ. 0.827 07 0.877p ng
X M4 0.0175 07 - 1.237)W7  35.97/28 - 3.7470 5 1.23jg;1‘§ 1.3175 13
XM5 <0.82 - 0.83F0 A5  35.18/28 - 7.3330-88  0.53F00F  0.58F0 05
XM6 n.u*rfﬁ;ﬁ% - 1.n5j§-_§h 101.28,/79 - ﬁ.svtﬁ-_;l;% 1.24i§-_§§ 1.32t§;§§
XM7 0.047501 - 137006\ 174.51/150 - 212755,  1.09TgGs L1574




No. Nu I Tin }{g.l'r.dﬂf :Lt"II:"Li:L N{iiﬁl-;h Lix* {10._!".}) le]{i {1l}mj
(1022 cm—2) (keV) (10—=) (10—3) (erg s— ) (erg s—1)
thabs*powerlaw
XM U.m;ﬁ;ﬁé 1.??%-_% - 40.11/33 zagﬁig - 1.21%;}1@ -
XM2 U'mlﬂ:ﬁi 2.1313;%3 - 16.76,/17 3.551‘%{1%% - 1‘3?18{% -
C1 0.22%570, 191505 - 10.39/15  3.747,353 - L5701 -
XM3 e i - -
r +0.06 +0.22 Qe g w+0.53 +0.21
}:_‘ﬂ% ml;ﬂ-ﬁ& 1.9513_%3 - _3:..13;23 {5._0:.13%5 - 2 DGIH_% -
XM5 0.19%5 07 240707 - 30.49/28 332775, - L1151 -
XM6 D.Q.’;’;ﬁ:ﬁg -2.11;@-_{% - 101.26,/79 5.34;%1% - 2 Qﬂ%;{}lé -
XM?7 0207555 1907, 0a - 160.34/150 3.877 14 - 16570 0% -
thahs*diskbb
XM1 <0.82 - 1254012 51.67/33 - 2.21+0-18  p80+0-EE 0.84F5D3
X M2 0.0275 03 - L0170 1s 19.07/17 - 4967558 074T 0 0T8T
1 0 l]iii"'H:Ei ~ 1 |-;,-+EII.'H 8 18/1% g 4q+0.30 rﬂﬁﬂfﬂ’-" 1 l]l"'“:':!ﬁ
= T —ul. - - — ot =T e L :
X M3 0.0975 03 - 0.9370- 15 20.26/22 - 750708 0827007 08T 00
X M4 0.017 g0 . T23 01, 3507728 - a.njﬁ-_jg 23701 1.317 13
XM5 <0.82 - 0.83*0-10  35.18/28 - 7.33+p-8¢  0.53+D-0% 0.58+p-01
XM6 0.0775 03 - 1065000 101.28/79 - 6.87F03  1.2470-0¢ 1.327507
BV s (.01 0.07% - v a+0.10 0.06 (.06
XM7 0.0470 51 - 1377006 174.51/150 - 212710 10970 1157008




No. jN” I T -
(lﬂ'_.i C]Tj_'-'} in }{",.-'rdﬂf Npy 8
keV L Naia? L (10%9 a1
XM 0.10% 5705 1.7y To-10 tbabs™powerlaw gs”)
XM2 0217001 9q3F018 - 10.11/33 2597, - 121700
1 +0.04 —0.19 - 16.76/17  3.66+0-32 S —0.09 -
0227008 01010 / 6674 35 - {37401
XM3 qq+0.05 815 - 10.30/15  3.74+0-33 =011 -
0.347 5 02 o g7+0-15 / T4 3y - 1.5y +0.14
XM4 0017008 | ggF0:23 ] 15.67/22 5.9 01 -
XM5 ek SR - 95.13/08  5.05F0.53 ) 1.807¢ 15 ;
— 0.197 oo 9 4 +0-20 / 5.057 05 _ 5
—_XM6 0.25+2:d§ 9 “IHT}T — 20 40/98 3 q0+0.28 ] o -
XM7 0 =rxiy 0.11 - 101.26/79 5.84+0:32 L1l o -
207 503 1.0p+o.00 ! B4 55 - 2 90+0.12
T —0.086 B 16[]34;“15[] 3I87+'.J..1.:: — I -
—0.19 - / 1657 o5 -
O — thabs*diskbb /
AM2 U‘DQ_FH'M ] 125;5:113 51.67/33 16 g+0.05
_ 9 - A2 . A5
o1 ﬂ.ucﬁg?? 1.1]113_113 10.07/17 1 'SUIH'HE 0.8470:05
AR 0.0¢ -_F[}:Dlg - 1. 1?_{]'_11 R18/15% ; 0. ?4_{]'_[}? UL?B_H}'DS
’ J—U 04 - 0.4 +0.12 ! 0 gE_HJ'ﬂS —0.086
XM4 0.01-+9-05 ‘ 313_1;_} 20.26 /22 000 1.01+508
XM5s <082 e 7 B 082700 08T o
XM6  0.077002 ] 083 gpg  35.18/28 é'gﬁlﬁiﬁé L3170 13
XM7  0.04F001 © 100ggr LS/ ohe 0.58 Z0 09
-0l 1.37 g ne 174.51/150 '24—8-[}6 1~32f3'ﬂ$
109708 1.15+0:06
e Y —0.06




DISKPBB model
(p-free model)

Ince disk; p = 0.75
Kalin disk; p = 0.50

T (R) o RP

L\
/ p \ X2 /dof

No. N Tin Naier” Lix b ':1[}39:’

(1022 em=2)  (keV) (10—%) (erg s—1)

| tbabs*diskbbb

NM1 ﬂ.ﬂstﬁ;}ér; 1.70 [ D.{;D:;i_ﬁ%‘ | 44.17/33 3.49%#% D.ﬂﬁjé'_*&fé
XM2  0.167 03 L70 [ 052Fgps | 17.04/17  1.93F00 L1ty
C1 0057008 L1670 17| 0767000 | 818/14  37.39700% 0957008
XM3  027rgq 1523550 D.m:;?;-_ﬁg 16.30/21  2.8870:3  1.32707
XM4 0.0 0% 1.7 0.59700; | 35.34/28 5207020 1487015
XM5 016703 1.70 0487005 | 30.86/28 0931008 0.9477 0
XM6  0.18%005  L54F595 | 0355005 [ 99.06/78 5961555 1667000
XM7 0165005 2587030 \osstool [ 156.23/149 0661005 1451007

N\

Stiper-Eddington (siiperkritik) y1g1lma diski;

R<<Ry, » HR~1—>T(R) x R/?



Kompakt Cismin Kiitles1?

XM3 verisi i¢in hesaplanan

DISKBB ve DISKPBB
> ~
normalizasyon parametreleri I\/lBH 10 MO

kullanilarak...

Eddington . MBH ~15 MO

kullanilarak....

Yildiz kiitleli bir karadelik...




Ozet

ULX’in XMM-Newton ve Chandra X-isin tayflarinda belirgin tayfsal
gecisler goriilemese de, tayfsal degisim goriilmektedir.

Gozlemler boyunca sertlik oranindaki degisim de bu sonucu
desteklemektedir.

Sistemdeki kompakt cisim yildiz kiitleli bir karadelik olabilir.



Calismamiz

X-ray Spectral ve Optical Properties of a ULX in NGC 4258 (M106)

baslig1 ile The Astrophysical Journal’da kabul edilmistir.

(arxiv:1607.02881)
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