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Calismanin onemi

Karadeliklerde, sert ve yumusak dénem gecisleri sirasinda
vapilan cok banth gozlemler bu kaynaklarin kitle aktarim
Ozellikleri konusunda yeni ve dnemli bilgiler elde etmemizi
saglar.

Bazi ilging 6zellikler (balistik radyo jetleri, bazi QPO cesitleri)
sadece donem gecisleri sirasinda gozlenir.

Erzurum’da yapimi devam eden kiziltesi teleskop DAG donem
gecislerindeki fotometrik (glinltk ve hizli) ve tayfsal
calismalarla jet olusumu ve yok olmasi ve jet/riizgar iliskisi
Uzerine onemli katkilarda bulunabilir.
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“Donem gecisi” nedir?

Bir kaynagin “gbzlemsel 6zelliklerinden” bir ya da birkag¢ tanesindeki
“ani ve buyuk” degisim:
— “gozlemsel ozellik”:
* Her hangi bir g6zlem bandindaki (optik, radyo vs) aki ya da tayfin bigimi

* saniye alti zamansal 6zellikler (gl tayfinin etkin degeri, bicimi, QPO’larin
ortaya ¢ikmasi)

— “ani ve bluyuk”: donem gecisi onceki evrimin genel degisimine kiyasla
cok daha hizli ve cok daha buyuk bir degisim.

Boylesine ayrintili bir mikro analiz madde aktarimi fizigini cok iyi
anlamamizi saglayabilir ama gereksinimleri de buyuktir:

— 1. Zamansal ¢ozunurlGgu iyi bir X 1sin1 uydusu ile ginlik gozlemler
(RXTE mukemmel bir uyduydu, Swift ise yarayabilir, LOFT kabul
edilseydi mikemmel olurdu)

— 2. Radyo, kizilotesi ve optik teleskoplarla her giin yapilan gézlemler.



Neden ¢ok bantli gozlemler gereklidir?

GRO J1655-40, Migliari et al. 2007
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Karadeliklerden gelen x isinlari ve
tayfsal donemler

Tag/korona (~100 keV)

Yansima

model:

disk-karacisim (diskbb) +
Ters kompton sert X-isinlari (glic kanunu)+
+yansima

+demir ¢izgisi
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SERT DONEM: Ters kompton isimasi baskin
YUMUSAK DONEM: Disk karacisim isimasi
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Karadelik parlamasi donemlerinin genel

ozellikleri |

disk gorus
acisi da onemlidir
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Parlamanin cikisi sirasinda donem gecislerin sirasi:
X-ray tayfinda yumusama ve ayni anda KO diisiis — jet séniyor.

Gug tayfinda gozlenen bir gecis
Akabinde konusmanin konusu olmayan ara gecisler.
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Karadelik donem gecisleri, sonum donemi
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2. Enerji tayfi giic indisi, tayfsal sertlesme
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3. Siki jet gecisi, O/KO parlama
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sicak kutle aktarim
modeli.



Histeresis, parlamanin cikis ve sonus
donemindeki farklar

YONTEM:

e Guc kanunu indisi (') koronanin sicakligini ve
buyuklugunt betimler, dustk indisler daha
sicak ve daha buyuk korona demektir.

« KO ve radyo akisi jetten gelen isinimi betimler.

e Radyo tayfinin indisi jetin ne kadar siki
oldugunu (jetin cikis acisini) betimler, diz ya
da frekansa gore artan aki daha siki jet
demektir.
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Cikis ve sonus,
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Siki jetler ve donem gegisleri

sOonim doneminde jet olusumu cikis doneminde jetin yok olmasi
4 : 4

Jet 1IsSimasi

Jet 1Isimasi
\ ] am:n(g“n‘ ] \ ] >
y z un) y
5-1(5 gin 5_16 gin zaman(gin)

Manyetik aki yenilenmedigi icin hemen
disar1 dogru difiizyonla azalr.

-

Manyetik akinin birikmesinden
sonra jet olusur




Donem gecis modelleri

* biraz da kuramlara bakalim....



Ik fikir: Donemleri yigilma hizi dM/dt belirler

e Teori: Termal etkiler diistik madde yigilma
hizlarinda i¢ diskin buharlagsmasina sebep
olur. Ince diskin i¢ kismi korona haline gelir.
Maddenin az 1Isima yaparak dogrudan
karadelige aktigi modellere ADAF denir.
Sert x 1sinlarinda 1sima ters Compton
sacilmasi ile meydana gelir.
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Yuan & Narayan 2014 Review:“buharlasma” modeli (Meyer & Meyer-
Hosmeister 1994; Liu et al. 1999, 2011; Meyer et al. 2000, 2007;

Ro'Z an'ska & Czerny 2000; Spruit & Deufel 2002; Mayer & Pringle
2007; Taam et al. 2012); “turbilent difiizyon” modeli (Honma 1996,
Manmoto & Kato 2000, Manmoto et al. 2000); “buyuk vizkozite”

modeli (Gu & Lu 2000, Lu et al. 2004). Yeni ¢alisma: Wu et al. 2016
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Manyetik alan yaratimi ve aktarimina
dayanan modeller

MRI organize toroidal alan yaratir.

rapid accretion throwgh
w0 temperature Zone

MRI aktif alt bolge termal isinim yapar
MRI aktif tst bolge termal +
termal olmayan Komptonize isinim,
rizgar ve jetleri olusturur
Ust ve alt bdlgeden gelen isinimin kuvveti
donemi belirler:
Alt bolge hakim: yumusak donem
Ust bdlge hakim: sert dénem
ikisi de etkili: ara dénemler

MRl active two
temparaturne Zone

* Begelman, Armitage, Reynolds 2015, Salvesen et al. 2016



Poloid manyetik alanin kaynagi?
ikincil yildiz?
Adveksiyon/stokastik birikme?

X-ray jet

luminosity / L, line * m ﬂ fransition to thin disk
| atL~Lg,
\ neti
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Karadeliklere uygun parametrelerle bu

model jetleri firlatacak yeterli manyetik

alanin olusma zaman skalasi 10-20 giin,
Begelman & Armitage 2014 gozlemlerle uyumlu!



Poloid manyetik alanin kaynagi?
Poynting-Robertson mekanizmasi?

Pm=04 S ——

o

0 05 | 15

Contoupolos&Kazanas

Kylafis & Belloni 2014

ADAF+jet models: Cao et al 2015,
Ye et al. 2015

Poloid B falani ISCO etrafindaki hizli
elektronlarin radyasyonla etkilesimden olusur
Contoupoulos 2015
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Disk kirilmasi....

& X

\

\

N

HIMAEIMS

HIMS

alig

PCLUEZ Intensity (counts g7')

1

'Ell".:i'

'I..?
{8 A

HU

1 1
01  Hardness Ratg 1

DoOnen
karadeliklerde disk
ve spin ekseninin
farki sonucu ortaya
cikan disk kirilmasi
donem gecislerinin
bazi 6zelliklerini

|aciklayabilir.

. ENc'jtron vildizlarinda
|calismaz. Ozellikle
. |bazi kaynaklarda ara

gecislerde etkili
olabilir (Kalemci

} 12016)

Nixon & Salvesen 2013



Sorular

Sertlik/parlaklik diyagraminin st dalinda donem gecis parlakligini ne
belirler?

S6num donemindeki déenm gecis parlakligi tim kaynaklar icin sabit
midir? Oyleyse neden?

Cikis donemindeki balistik jet tam olarak ne zaman olusur? Bu jetin X
1sinl zamansal ve tayfsal bagimlhligi nedir?

Donem gecislerinde manyetik alanin roli nedir? Poloidal manyetik
alanin kaynagi nedir?

lleriye bakis
* Veriler teoriden cok ileride.
* Modelleme bize cok sey sdyleyecek.

e SKA + LOFT? + LSST + KO (DAG!) guinliik g6zlemler yeni ufuklar acacak.



Karadelikler ve DAG

* YUkl cekenler:
— 1.3m SMARTS — avantaj: Sili'de

— Faulkes 2m - avantaj: 2 yarimkdre, 2 teleskop.
dezavantaj: kizilétesi yok.

— Digerleri: Cok kiicuk (50-60 cm) ya da fazla zaman
aylramayacak kadar buyuk!

 Riya 1:4m cap + MKID + donem gecisi boyunca

ner giin gozlem

e Rlya 2:4m + saniye alti hizli KO zamansal
Olcimler (MKID ya da baska ozel alet)




DAG + MKID odak duzlemi algilayicisi
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SED modellemesi, GX 339-4. Homan 2002
Optik kizil6tesi: SMARTS

SED kirilma noktasi nerede = jetin toplam glci
Jetin karadelige yakin kisminda sinkrotron isimasi var mi? = jetin yapisi, fizigi



Cok hizli IR fotometri

Casella 2010

Kalamkar 2016

VLT lzerinde ISAAC
KO 2 makale, optik 2 makale!
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* DAG’1I heyecanla bekliyorum ....



EXTRA SLIDES



Models

e CENBOL? — TCAF is the name of actual model
* just check NS/ WD connection

e can fit data in all states, but require that the
optically thick disk be away.



MACRO-STUDIES

* Including many neutron star and BH sources
macro studies of state transitions have been
conducted (important to set general accretion

trends) using all sky monitors.



Hard to soft state transitions of NSs and BHs, a correlation with no turn over. (Tan, Yu& Yan 2010)

Hard to soft transition depends on how fast the soft luminosity rises. (Yu & Yan, ApJ 2009)

Peak X-ray luminosity increases with increasing orbital period.
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complications

geometry, iron line — gapped disk model...
origin of QPOs, broad band timing

effect of winds

warped disks?



DISCUSSION and INTERPRETATION |

Observing compact jet requires:

1. Transport of ordered magnetic field (Beckwith 2009, McKinney 2012),
2. Effective collimation,

3. Radiative processes (shocks, etc, Fragile et al. 2012)

Optically thin radio emission: Outflows, in terms of wind/or not so collimated
structures may occur as soon as we see the changes in X-ray spectral and
temporal parameters, basically the corona cannot collimate outflows.

bi-polar outflow,
optically thin, not collimated,

A Chandra proposal
has been written to
test this hypothesis....



—> —>

Disk flux gopqd §ewW S S1ON e HETERPRETAFRON |jeffective transport of B field +

effective collimation, all ingredients necessary for compact jet formation. BUT...




1.5-12 keV ASM rate
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Explains hysteresis and jet behavior, ties

states to putfed up disk, standard ADAF

In hard states the inner part of the accretion disk is
ADAF-like, the Cosmic Battery (Contopoulos &
Kazanas 1998) works efficiently, and a compact jet is
always present (Kylafis et al. 2012).

Then, the jet line is approached.

The Cosmic Battery does not work efficiently in the
thin disk. Also, the thin disk cannot sustain the high
magnetic field that was created in the thick disk.

The magnetic field recombines and produces huge
eruptions (eruptive jet), as it is observed.



What is the source of ordered B field?

e QOuter disk’ Companion * Thick dISk/thln disk

star? boundary:
' — Begelman & Armitage
— high B companion 2014
(Shuang-Lian and Yan — RP cosmic battery

(Contopoulos & Kazanas

2015) 08)



Hysteresis and state transitions

* Begelman & * Cao 2015, magnetic

Armitage 2014

e Kylafis had similar ideas

outflows increasing
radial velocity, helping
ADAF survive.



Interpretation in terms of B field
accumulation-transport models

The magnetic field normally diffuses out in the soft state when
the optically thick disk moves all the way to ISCO.

During the hard state, magnetic field in the inner region is
continuously replenished (perhaps by the mechanism
described in Begelman & Armitage 2014 or PRCB).

As the inner disk forms, the easy transport is hampered, and B
field decreases, reducing collimation and decreasing
radio/infrared flux, which is consistent with what we observe
during the rise. This would happen as soon as disk starts to
move in because the field is already present in the inner

regions. While during the rise we need to wait until enough B
field is accumulated.

The prediction is then the softening should also lead to radio
spectrum becoming optically thin....



Transient ejections

¢ Major flares or ejections

% Always intermediate

% Only in hard to soft

% Precisely at HIMS-SIMS transition?

¢ Noise disappears - jet appears

& Not causal




Neutron star binaries

& Hard-state correlation: similar

3 X Migliari & Fender
to black holes, but radio-quiet 5

(factor 30) -
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White dwarfs!

Kording et al. (2008)
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| ' V;/I_Bandl'
| - Isua

& Dwarf nova | B VLA 8.6 GHz -
Y MERLIN14GHz

& Radio flare

o
-

& At transition!

| >
=)
E=
=
E
(T
| C
ES
| D
£
%
=
8

‘*i il “?*Q:i i:

54190 54200 54210 54220 54230 54240 54250 54260
M.ID




e H1743 quenching
* Miller jones 2011.



X-ray Emission from

Nonmagnetic CVs

Boundary Layer (BL)

Lg =Ly =CM,(M___ 2R,
:LaCCIZ matter decelerates
from Keplerian velocities to the

slowly rotating WD L =L,

(Patterson & Raymond 1985;
Narayan & Popham 1993, Popham
&Narayan 1995, Godon et al. 1995,
Hertfelder et al. 2013)
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Freq x Power ( (rms/mean)? )
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Conclusions

There is large scale truncation in the Disks of Dwarf Novae
(DN) in at least 9 systems with radii in arange R, = 3-10x10°
cm. The Magnetic CVs (MCVs) show rather smaller truncation
radii ~0.9-1.9x10° cm (Revnivtsev et al. 2011).

Suggest that most of these systems (DN) have truncated disks
with hot coronal flows dominating in the inner disks (e.g. ADAF-
[k eed@ags nottiray disk tberondey) of 96-181 sec in 5 objects
are found (Balman & Revnivtsev 2012) . These are consistent with
matter propogation timescales onto the WD in truncated
nonmagnetic CV disks. This value is about 6-8 sec for the
magnetic CV, Intermediate Polar EX Hya.

Suggest that the [1 parameter in DNe is ~ 0.1-0.3 compared
with delay times in MCVs

There is evidence that the disk truncation varies with accretion
rate changes in quiescence and outburst.



White dwarfs

SS Cyeni; RXTE/PCA
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Is SS Cyg the prototype?
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X-ray emission from black holes

Reflected

Phenomenological model:

disk-blackbody (diskbb) +
Comptonized hard X-rays (power-law)+
+reflection

+iron line and edges

Corona (~100 keV)

BH

K Disk (disk blackbody)
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Photon index (I")
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For the jets already formed...
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N | MAXIJ1836-194 — it is a failed outburst....
- #ENY The compact jet was always there.
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Power-law ELF

Evolution of power-law vs disk luminosity

Power — law luminosity
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Power law flux increases rapidly with the
timing transition, but often the compact
jets are observed DAYS after the power
law ELF peaks...
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Notron yildizlari ve hatta beyaz ciicelerde bazi
durumlarda (diisiik manyetik alan) benzer

X-ray counts
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evrim gozlenir.

Karadelik Notron yildizi Beyaz clice
Black Hole Neutron Star White Dwarf
GX 339-4 { SS Cyg |
B T - A 2 - A
: \ “ = ""'. T ‘o |
® ..." 5= - i 1
N w i
[ ] L J
$
& f
5 3 ]
o’
] 1 ® ve 1 ] 1 ] 1 ] ]
0 03 06 03 06 09 O 030609
X-ray hardness  X-ray hardness  Lp /(Lp*Lp)

The jet line in the Hardness-Intensity Diagram (Kording et al. 2008)

Optical flux in Jy

o
—_



Notron yildizlari karadelik
karsilastirmasi Ponti 2014
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Beyaz Cliceler biraz daha muglak

853 Cygni, March—June, ED'EIEII
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GRO J1655-40 state transitions....
Wind and (opt. thin) jet at the same time!
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Manyetik alani hapseden diskler
ve manyetik alan flip
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See also Li & Yan 2015
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