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Abstract. We analyze archival U-band high speed photometry of the jet-ejecting symbiotic
binary MWC 560 obtained during 1990-1993. The analysis shows that variability on time
scales <20 min (flickering) is missing when the mass outflow is in a regime of discrete

ejections with ejection velocity V.; up to 7000 km sfl(February 1990 — March 1991), and

when the outflow has stable low velocity ~900 kms™" (October 1990 — March 1991). Short
term variability on time scales of 1015 minutes is present when the outflow has a stable

velocity ~2000 kms™? (December 1991 — January 1993). The flickering amplitude is also
influenced by the different states of the jet. A comparison with T CrB shows also that the
variability of MWC 560 on time scales < 5 — 10 min is considerably lower. Supposing that
the flickering originates in an accretion disk it means that the observed phenomenon is
similar to the disk-jet connection in CH Cyg (Sokoloski & Kenyon 2003a). The probable
interpretation is that the accretion disk (flow) in MWC 560 is able to switch between
different states like in the galactic microquasars.
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variables

Bpb3ka mexny dukepunra u 3arydbara Ha Maca
npu cumbroTndHaTa ABoiHa 3Be31a MWC 560

P.K.Bamanos, T. Tomos, M.®. Boxe, M. Mukonaitescku, K.A. Crosinos, B. Cranumes

B razu crarus uscieasame poromerputnuTe HAO0MeHUI B U-DUITHD HA CAMOMOTHYIHATA
3Be3za MWC 560 3a nepuona 1990-1993 r. AHaiu3br 1oKas3Ba, de HSMa [HEPUOJIUYHOCT 33
BpeMeBu ckaim < 20 muH ((DJIMKEPHHT), KOTaTO MATEPUATA CE U3XBBPJIA ChC CKOPOCTH Vej
1o 7000 km s_l(d)eprapI/I 1990 — mapr 1991) 1 KOTaTo MOTOKBLT OT U3XBBPJIEHA MATEPHS
MMa TIOCTOSIHHA, MaJKa, ckopoct ~ 900 km s~ (oxromepu 1990 — Mapr 1991). Habmonasa
ce KbCONEPUOINYHA IMPOMEHJUBOCT 3a BpeMeBa ckayia oT 10-15 MuH, KOraTo IOTOKa €
¢ mocrosmma ckopocT ~ 2000 kms™! (mexemspu 1991 — anyapu 1993). AMmmmrynara Ha
dumMKepuHra C'bIIO 3aBUCH U OT Pa3JIMYHUTE CbCTosiHUs Ha jpKera. Cpasuennero ¢ T CrB
nokassar, ye npomensmBocrTa Ha MWC 560 3a BpemeBu ckamm < 5 — 10 MUH € 3HAYUTEHO
no-masika. llpeamonaraiiku, 4e N3TOYHUKBT HA (DIUKEPUHT € aKPEIMOHHUSAT JUCK, MOXKEM
Jla 3aKJIIOYNAM, Y€ HabJII0JaBaHOTO sSIBJEHUE € IMOJ00HO Ha HabJI0aBaHaTa BPb3Ka JIUCK-
sexer upu CH Cyg (Sokoloski & Kenyon 2003a). BepositHOTO 3aK/It0u€eHN e €, Y€ AKPEIUOHHUS
nuck (norox) Ha MWC 560 Mozke 12 BKIIIOUBA PA3IHYHI ChCTOSHUS T0Z00HO Ha MUKPOKBa-
3apure.
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Introduction

The widely accepted model of MWC 560 (V694 Mon, LS 391) is that it is affyina
system consisting of a red giant and a white dwarf (most probably magriEtie)
binary period is about931 days (Gromadzki et al. 2007) and the orbit is highly
eccentric ¢ ~ 0.7, Zamanov et al. 2010). The system is visible almost face-on. The
most spectacular phenomenon associated with this object is the collimated outflow
(jet), whose axis coincides approximately with the line of sight. The velocityef th
outflow varies from a few hundred km5to 7000 kms! (i.e. Tomov et al, 1990;
Schmid et al. 2001). The object also shows short term variability (flicggrin

The flickering (stochastic brightness variations), occurring on time scdles
minutes with amplitudes ranging from a few millimagnitudes up to more than one
magnitude is a phenomenon typical for cataclysmic variables, and it is révely o
served in symbiotic stars. For example, to-date it is detected in only 9 (including
MWC 560) of the 220 known symbiotics (Dobrzycka et al. 1996; Behsky et al.
2000, Sokoloski, Bildsten & Ho 2001). The exact origin of the flickeringdsclear,
but it is considered to be a result of accretion onto the white dwarf (WDutir a
disk. The possible mechanisms include unstable mass transfer, magnetcgksch
turbulence and instability in the boundary layer (e.g. Warner 1995, Br96R).

A disk-jets connection has been discovered and analyzed in galactic micro-
guasars and X-ray binaries, i.e. Cygnus X-1 (Brocksopp et al.)199% 339-4
(Corbel et al. 2000), GRS 1915+105 (Belloni et al. 2000), Cygnu3 (Choud-
hury et al. 2002). Similar mechanisms probably operate at accretion oppersu
massive black holes in active galactic nuclkeigt Mirabel & Rodriguez 1998). A
disk-jet connection was postulated for the 1997 jet launch from the WD iiC¢d
by Sokoloski & Kenyon (2003a,b), who have interpreted the promineninmoim
in the light curve as the inner disc disruption, associated with the mass ejection
event. It is important to note that such behaviour is closely analogous t@tthat
the black hole accretors as galactic microquasar GRS 1915+105 and A®is
Pringle & King 2003). The knowledge of a disk-jet connection in différeccret-
ing sources will help us to understand a Mario Livio’s idea: is there a common
accretion-powered mechanism for formation of all jetgj(Livio 1997, 1998)?

Here we analyze the high-speed flickering observations of MWC 560 wéth th
aim of seing if there is a difference between the flickering properties wiestar
is in different regimes of mass outflow, supposing that the flickering origgia an
accretion disk around the white dwarf.

1 Data

The data used here are described and analyzed for the presensasepgriodic
oscillations in Tomov et al. (1996). The advantage of this data set is that &her
spectra obtained in the same seasons from January 1990 untill Mar8l{Ti88ov

& Kolev 1997). The star is observable from October till April and the $peas
well as the photometry are obtained in the same annual intervals. This pernuts us
investigate the connection between the different mass ejection regimest{ddsc
above) and the flickering properties of the system, in other words thgetiskn-
nection. From the high-speed photometry of Tomov et al. (1996) we sédlentg

the U band observations because (1) they are majority; (2) the flickeriptitade

is usually biggest in U band; (3) the red giant contribution in U is small. A jdwha
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the observations, together with measured parameters (see Sect.3)nigdgiable
1.

2 Mass outflow regimes

The mass outflow of MWC 560 has the form of collimated jets (Tomov et al. 1992,
Shore, Aufdenberg & Michalitsianos, 1994). There are differeriestaf the mass
outflow which are reflected in the shape of the absorption componentlofeBa
lines. For example, lijima (2002) has classified them into four types, depéion
steepness or slope shape on both sides of the absorption and the ex{stemat)

of a flat continuum between emission and absorption components.

Taking into account the shape of the absorption components, valuesiof the
velocities and time-scale of their evolution observed during the time of our high
speed photometry we can distinguish three periods characterized bylifieeent
regimes of mass outflow (Tomov & Kolev 1997):

() January 1990 - April 1990 discrete ejectiong/ith extremally high velocities
V.; up to 7000 kms?, which appear and disappear on a time scale of 1-2 days.
There are also observations when the high velocity absorption comparentst
visible.

(i) December 1990 - March 1993stationary outflowvith velocity~900 kms!,
measured at the blue edge of the absorption lines.

(i) September 1991 - March 1993tationary outflowvith V.; ~2000 kms*.

During the time intervals January 1990 - April 1990 and September 1991 -
March 1993 the absorption component is separated from the emissiondn a s
tion of flat continuum (C and D type in ljima’s classification). The profilesraoe
similar to the classical P Cygni type. During December 1990 - March 19%irthe
files look like classical P Cygni profiles (A-type in ljima’s classification)newer
this can be a result of the lower velocity of mass ejection.

An inspection by eye of our data has shown that the flickering propeigscd
the described periods with different regimes of the mass outflow are afscedif
(dates in format [yymmdd]):

(i) 900224 — 900402 - smooth light curves with typical time scale abdut
hour.

(i) 901028 — 910323 - smooth light curves, similar to those observed during the
previous periodi), sometimes with almost no variability. The typical time scale is
difficult to be defined.

(i) 911213 — 930123 - larger amplitude variations on timescales from 10 min to
~1 hour. Identical variability is also visible in the data of Michalitsianos et al.8199
obtained on 26/02/1992, 03/03/1992 and 10/10/1992.

In the next section we try to find some objective, mathematical parameters and
representations which can confirm this.

3 Flickering quantities

The measured parameters are summarized in Table 1 (in a manner similar to Za-
manov et al. 2004). The standard deviation, and autocorrelation furiaienbeen
definedboth, before and aftera tension spline subtraction. The tension spline in-
terpolation fit is done through the mean points in non-overlapping bins ofHeng



Zamanov et al.

9.4
9.0 |-
900224 901229
9.6 B
92 -
-~ {1 o8 B
— x — 2o 3
Bl # Va'ai's T g W e Pode i o
f y o g x
o {5100 B
96 -
10.2 B
9.8 -
10.4 B
10.0 1 s 1 s 1 1 1 s 1
8.0 9.0 10.0 10.0 11.0 12.0
UT [hours] UT [hours]
10.0
9.8 —
920223 921201
102 1
10.0 yﬁx —
10.4 [ B ; ﬁf w 1
) X 3 % "o X * %
o % s 0.2 ¥ B
£ ¥ £ .
5106 - g . gﬁ F; 5 ¥ i N
By Wy e
108 |- 1
10.6 —
11.0 1
! ‘ ! ‘ ! 10.8 ! ! !
8.0 9.0 10.0 12.0 13.0 14.0
UT [hours] UT [hours]

Fig. 1.

Examples of the flickering behaviour of MWC 560. Date is in the format YWIDD.
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~20 minutes in a way that is identical to that applied to TT Ari by Kraicheva et al.
(1999) and T CrB (Zamanov et al. 2004). In this way we remove the \ilityatin

~1 hour time scales and are able to define some of the properties on longer time
scales (before the spline) and on shorter time scales (after the splinelatienp).

3.1 The standard deviation

To demonstrate that the visual impression is a real fact, we calculated tidaustan
deviation for the original light curvess() and after the subtraction of a spline fit
(o1). The valuesr; versussg are plotted on Fig.2. The standard deviation (for all 33
runs) takes valuesy = 0.02 — 0.21, with 3y = 0.08 4+ 0.04 ando; = 0.01 — 0.06,

o1 = 0.03 + 0.01, where all values are in magnitudes.

As is visible in Fig.2 the open symbols covering periods (i) and (ii) occupy the
left low corner and filled symbols (period iii) are located above them. This éelsc
the presence of larger variability on shorter time scales during 91121812393
For the period 900224 — 910323 (18 runs) we calcutate= 0.02 — 0.11, 59 =
0.05+0.03 andoy = 0.009 — 0.035, 1 = 0.020 £ 0.008. For the period 911213 —
940114 (14 runsyy = 0.055 — 0.212, 59 = 0.11 + 0.04 ando;, = 0.031 — 0.054,

o1 = 0.043 £ 0.008.

Similar analysis of the flickering in the well known recurrent nova T CrB was
done by Zamanov & Bruch (1998) and Zamanov et al. (2004). The atdrak-
viation takes valuesy = 0.04 — 0.12, 59 = 0.08 &= 0.02 andoy = 0.04 — 0.09,

o = 0.06£0.02. A comparison with T CrB shows that the variability of MWC 560
on longer time scales{1 hour) can be lower, similar or greater than T CrB (sge
However, on shorter time scales15 min), the variability of MWC 560 is (almost)
always lower than that of T CrB (see the values of.

3.2 Power spectra

For each run we also calculated the power spectrum. The power spEMM G
560 light curves follow approximately a power lai(f) « f7, whereP is the
power andf is the frequency. The power-law indexwas determined in the fre-
quency interval from 3 to 160 cycles/hour. In practice, we fitted the pepectra
over this interval in log-log scale with a linear least-squareddig(P) = A +
~vlog(f). v and A are given in Table 1. The typical errors ad\= +0.8 and
Ay = +0.25.

The power-law index takes values in the range -1.74 — -0.5877 = —0.96 +
0.23. This makes the power spectra law different from that observed in T9C+B
—1.46 +£0.17. A Kolmogorov-Smirnov test that both distributions-pére from the
same parent population gives probabilityl0—°. Our experiments have shown that
this difference is mainly due to the lack of large amplitude variations on time scales
of < 5 min in MWC 560 and their presence in T CrB, which is also visible in the
calculated standard deviation and auto-correlation function.

The power-law spectrum of the type observed in T CrB is expected in thelmod
of flickering proposed by Yonehara, Mineshige & Welsh (1997). Tiveyposed as
the origin of flickering a self-organised critical state of the disk in whichmsegly
chaotic fluctuations can be produced. Such a model implies —(1 — 2). Our
observations of MWC 560 do not contradict this model.
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Table 1. Journal of flickering observations of MWC 560 in the Johnson U barade s given in
the format YYMMDD, N is the number of the points in the run, D is the duratiérthe run in
minutes. U,az, Umin, and U, are the maximum brightness during the night, the minimum, and
the average of this quantity, respectively. The standard deviation ia fivehe original run &),

and after subtraction of a spline fit{(). U, is calculated averaging the corresponding fluxes. The
power spectra in each night are fitted with a linear fit (A gnare the parameters of the fit).is the
power spectrum slope in the interval 3-160 cycles/hour. The e-foldirgydinthe ACF is given for the
original run o), and after subtraction of a spline fit;{.

Date N D Unaz Un A To T1
[min] [mag] [mag] [magl [maQ] [maQ] [sec] [sec]
900224 455 104 9.312 9.493 9.395 0.037 0.034 -0.712 -1.317 £28 25120
900225 863 222 9.440 9.867 9.613 0.108 0.019 -1.523 -0.828 3349 110t12
900226 864 222 9.429 9.823 9.645 0.096 0.027 -1.204 -0.96% £35 143t25
900305 350 85 9.415 9.596 9.499 0.048 0.026 -1.034 -0.925 +B63 203+13
900306 408 83 9.351 9.549 9.441 0.043 0.021 -1.105 -0.891 +94@8 77430
900306 424 102 9.333 9.498 9.413 0.039 0.014 -0.877 -1.018+26 8356
900314 282 59 9.530 9.651 9.590 0.026 0.018 -0.618 -1.066 +246 20H-24
900401 224 45 9.065 9.229 9.151 0.032 0.029 -0.597 -1.077 186 123+20
900402 286 65 8.960 9.204 9.084 0.064 0.014 -0.709 -1.083 +BR 123+-24
901026 148 33 9.922 10.007 9.960 0.019 0.009 -0.629 -0.8184+2¥Y  38+0
901221 498 105 9.880 10.326 10.149 0.102 0.021 -0.946 -012BB+22 230t36
901224 552 115 9.778 10.143 9.940 0.093 0.018 -1.499 -0.762 436 125+37
901229 849 186 9.807 9.939 9.883 0.024 0.012 -1.627 -0.81P+34 25+17
901230 496 104 9.761 10.099 9.962 0.068 0.035 -1.422 -0.74Z2+£92 99+25
901230 482 99 9.867 9.969 9.915 0.019 0.013 -1.215 -0.853 +B&8 62+-7
910104 865 261 9.668 9.881 9.782 0.045 0.017 -1.164 -1.006 +t@8 20716
910121 794 221 9.606 9.876 9.710 0.068 0.013 -1.201 -0.95 268 93+37
910323 320 104 9.798 9.944 9.875 0.031 0.014 0.326 -1.745+402 76+28
911213 858 174 10.122 10.514 10.305 0.086 0.037 -1.476201%11+44 190Gt11
911215372 90 10.346 10.652 10.533 0.084 0.039 -0.658 -0.838+32 172+9
911216 864 170 9.997 10.528 10.225 0.106 0.054 -1.444 -0.8@®+66 218t13
920223 447 88  10.399 10.761 10.579 0.088 0.042 -1.201 -0.86@9+30 183t11
921124 848 200 10.060 10.551 10.307 0.100 0.051 -1.19740.929+61 29726
921201 883 169 9.942 10.417 10.200 0.120 0.031 -2.101 -0X2+57 1959
921202 557 105 9.682 10.328 9.938 0.212 0.032 -1.852 -0.@6B4#490 230Gt17
921203 567 105 10.196 10.529 10.348 0.084 0.032 -1.9210015883+33 225+13
921205 314 60 9.818 10.361 10.085 0.170 0.054 -0.604 -1.086+31 29A-23

921229 1191 276
930118 280 220
930119 440 268
930121 220 133
930123 476 307

10.501 10.958 10.714 0.095 0.048 -2.0883(2660+-123 22G:15
10.519 10.813 10.672 0.055 0.050 -0.97770.983+53 15916
10.567 11.085 10.822 0.109 0.045 -0.95221580+471 162t12
10.624 11.128 10.857 0.122 0.048 -0.68731.438+98 16H-35
10.584 11.217 10.887 0.136 0.036 -0.707911335+307 5920
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Fig. 2. The standard deviatios, (after subtraction of a spline fit) versus (for the original run). The
symbols refer as follows:

from 900225 to 900402 — open triangles

from 901026 to 910323 — open squares,

from 911213 to 920223 — solid triangles,

from 921124 to 930123 — solid squares.

The solid triangles and the solid squares occupy the same place on akfiguagreement with the
fact that the mass outflow visible in the spectra is identical during these tsoisg.

3.3 Autocorrelation function (ACF)

Another objective way to investigate flickering behaviour (see also B2OE) is
the autocorrelation function (ACF). The ACFs is calculated according étsBd &
Krolik (1988) for unevenly spaced data.

The e-folding time of the ACF (which is a representation of the typical time
scale of the variability) is defined as the time shift at which the ACF first smch
the valuel /e. Thus determined correlation times are influenced by the presence of
periodic brightness variations, trends in the data, the presence of weakéjated
noise, and the process of trend removal [see also Robinson & Na®iet)(and
Panek (1980)].



10 Zamanov et al.

The e-folding time is given in Table 2. The errors are determined from theser
of the autocorrelation coefficients. We calculated e-folding times in two difiter
ways: (i) the e-folding time of the ACF of the original data in each rw) (and (ii)
after subtraction of a spline fit- ), as described in Sect.1. Operation (ii) has been
done in order to obtain the e-folding time on shorter time scales.

In Fig.3 are shownrr; versusry for MWC 560 (left panel) and T CrB (right
panel). It is apparent that the scatter of the points for MWC 560 is carditje
bigger than for T CrB. It indicates that the variability of MWC 560 has comsidly
longer typical time scale than of T CrB.
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Fig. 3. e-folding time of the ACF for MWC 560 (left panel) and T CrB (right pane}axis (ro) is
before subtraction of a spline, Y-axis, | is after subtraction of a spline. It is obvious that the scatter
of the points for MWC 560 is considerably bigger than that of T CrB. Thatsyls on the left panel
are the same as in Fig.2. On the right panel the data points are plotted withrtesponding errors.

3.4 The full flickering amplitude

Before defining the average flux of the hot component we need to subiteared
giant contribution. For MWC 560 the minimum brightness in Johnson V band ob-
served untill now is V=10.2 (Tomov et al. 1996) and the red giant is cladsifie
as M5.5 Il (Schmid et al. 2001). Using (U-¥p5.5777=2.80 - 2.95 (Lee, 1980;
Schmidt-Kaler 1982; Fluks 1994), and the reddeniiig-y ~ 0.3 we adopt the
contribution of the red giant equivalent todJ13.3.

Thus the full flickering amplitudeA 7" and average flux of the hot component
F,, were derived from corresponding valu€g,.x, Umin and Uy, (Table 1) and
using the valuet.194 x 10~'* Wm—2nm~! as the zero U magnitude flux (Bessel
1979).
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The flickering amplitudeA F' versus the average flux of the hot compong&nt
is plotted in Fig.4. BothAF andF,, have a range of about one order of magnitude,
very similar to T CrB, whereas the same ranges for CH Cyg are about tleosoof
maghnitude (see Fig. 6 in Zamanov et al. 2004). Nevertheless, only T @rizssine
population of points on thé\F' — F,,, diagram, when both CH Cyg and MWC 560
probably display two populations of points with flickering proportional toraged
flux, along two shifted lines (see also Mikolajewski et al. 1990).

In Fig.4 the correlations betweehF' and F,, for different regimes of the out-
flow are visible. The scatter of the points is bigger during the period of thiesfitd
second observational season (900224 — 910323), however ths froim the sec-
ond season (open squares in Fig.4) seem to connect points of botlatmysiat
roughly constant average flux. During 911213 — 930123 it seems tavfalltight
relation. This indicates that total amplitude of the variability (in 1-2 hours runs)
is also connected with the mass outflow. The relationshigBfwith the average
and/or the minimum flux can be connected with the magnetic field of the WD (Za-
manov et al. 2004) or with the size of the boundary layer between the WEhand
accretion disk (Bruch & Duschl 1993). How this correlation works in theecwhen
the inner disk is disrupted by the outflow is unclear.

15+ _
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E .
s TR I A
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1.0 - o _
= fu, =
o a A
5| - : -
% [m]
0.5 - = -
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| | |
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log F,, [1071®* W m=2 nm-~!]

Fig. 4. The flickering amplitude versus the flux of the hot component in the U fanMWC 560.

The axes are in units d0~'° Watt m~2nm~!. The contribution of the red giant has been removed.
The symbols on the left panel are the same as in Fig.2.
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4 Discussion

4.1 Velocity of the outflow

Let us suppose that the outflow velocity \Mcorresponds to the escape velocity at
the place where the outflow originates. ‘f’his is a general picture for alrfigstsa
(Livio 1997, 1998). Using

‘/ej ~ Vese = \/ 2Gde/Reja (l)

wheredG is the gravitational constant/,, is the WD massk,; is the distance from
the accreting object where the outflow originates. The observed ejedioacities
of about 6000-7000 knTs correspond to an escape velocity close to the surface
of the WD. If this is the escape velocity on the surface of the WD following the
mass-radius relation for magnetic or non-magnetic WDs (e.g. Suh & Mathef@s 2
Madej, Naleyty & Althaus 2004) this will infer a rather small and massive object:
Ruwd ~ 4 x 108 cm and M,q ~1.2 Mo,

If this is strictly correct the origin of the outflow is at
(i) Rej &~ 1 Ryq = 0.006 R, for V.; ~ 6000 kms!,
(i) Rej ~50 Ryq = 0.25 R, for V; ~ 900 kms!, and
(i) Rej ~10 Ryq = 0.06 R, for V; ~ 2000 kms'!,
for three regimes defined in Sect.2, respectively.

4.2 Flickering time scales

A useful tool for defining the time scales of the flickering is the ACF. Therglas
shown by Robinson and Nather (1979) and Bruch (2000) demonstett¢htn e-
folding time is a good representation of the typical time scale of the variability. In
Fig.5 are displayed the values of time scalgandr; against td/,, magnitude. For
four shortest e-folding times) ~ 71 (see Table 1) i.e. the ACF does not detect the
long time scale variability. Most of other values f form the pronounced, sharp
peak between 400 and 800 sec with the mean value 697 + 38 sec for 16 runs
To = 678 & 34 sec for 15 runs. We will define this timescale as e + 0.6 min
variability. About a dozen values of, for other runs form a broad long tail with
timescales between 17 and 50 minutes. Both, points belonging to 11.5 min peak
?nd to)broad tail ofy have no correlation with luminosity or mass outflow regime
Fig. 5).

Another situation concerns the shortgrtimescales which form two popula-
tions of points similar to that observed for the flickering amplitude (Fig. 4). Both
populations seem to slightly lengthen the timesealavith luminosity showing a
sharp jump of this timescale from about 30-120 seclfgr < 10.0 mag to about
200-300 sec fot/,, > 10.0 mag. The same discontinuity aroubf, ~ 10.0 is
also visible in Fig. 6 for values of standard deviatiansand most significantly
for o;. Variations ofoq in upper panel of Fig. 6 are practically the same as the
flickering amplitude in Fig. 4 assumindF ~ F(Ug, — 300) — F(Uqay + 300).

The change of standard deviatiop around 10th magnitude can reach even one
order of magnitude. Standard deviatién ~ 0.04 + 0.01 seems to be almost con-

stant forU,, 2 10.0 mag. Also forU,, < 10.0, there seems to be almost constant
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Fig. 5. Relation between the e-folding time of the ACF for lower frequency variahiitftop) and for
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o1 ~ 0.04+0.01; however some points during the second observational season (De-
cember 1990 — March 1991) are close to the detection level of about-0.016
magnitude.

4.3 Inner disk radius

The source of flickering in symbiotic binaries can be associated with the whae d
surface, its magnetosphere or the inner parts of an accretion disc.

Sokoloski & Kenyon (2003a) argued that the time scale of the smooth vausatio
can represent the dynamical (Keplerian) time at the inner edge of a teahdsk
(or a disk in which emission is truncated).

In this case we can estimate the inner disk radius:

Rip ~ (21) " 23GY3 (L) > M P )

The typical time scale of the smooth variations in MWC 566-is hour, as is
visible on Fig.3. The shorter time variations observed in MWC 560 have typical
time scales of 10-15 minutes. For a 1.2,MVD this will correspond to an inner
disk radiusR;,, ~ 1.3R, for ¢4,, ~1 hour, andR;,, ~ 0.4R for ¢4, ~10 min.

BecauseR;,, >> R.; perhaps there is a non-emitting part in the disk in between
R.; and R,, or exactly this part supplies the material for the outflow.

4.4 Disk-jet connection

From the above considerations (supposing that the accretion is indesa &@xre-
tion disk) the following picture emerges:

(1) the innermost disk is disrupted (or non-emitting) during the whole pefiod o
the observations, because we do not see large flickering variability on tiahess
shorter than 10-15 min, like those in T CrB on time scai@&smin (see Sect.3).

(2) During the period of discrete jet ejections with variable velocities (Jgnua
1990 - April 1990), there are smooth variations on time scaleslohour, which
indicate an inner disk radius;R~ 1.3R,.

(3) During December 1990 - March 1991 the outflow is stable with A900

km s, the amplitude of the variability is sometimes very low, and no characteristic
time can be defined. This probably indicates that R 1.5R.

(4) During September 1991 - March 1993 stable outflow with #2000 km s
is accompanied by variations on time scales from 10 min to 1 hour, which indicate
Rin ~ 0.4R.

The presence of only smooth variations on time scaleslohour is similar to
the observed behaviour of CH Cyg in April and June 1997 (SokolosKie&yon
2003a) when the star produced a radio jet (Karovska et al. 1998)ligiht curves
of MWC 560 from September 1991 - March 1993 are somewhat similar to those
observed in CH Cyg in August 1997 (Sokoloski & Kenyon 2003b).

MWC 560 never (at least in the present data set) has displayed large ampli-
tude flickering on time scales’5 min like that observed usually in CH Cyg and
cataclysmic variables (i.e. light curves of CH Cyg in July and August 199 f
Sokoloski & Kenyon 2003b). This indicates that during 1990-1993 theripart
the disk of MWC 560 had never been built up entirely or it is always non-emittin
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It seems that the central region of the accretion disk is able to switch between
different states. In the Galactic microquasar GRS 1915+105 Belloni €137,
2000) interpret the transition between different states as being cayske isap-
pearance and reappearance of the inner accretion disk. It seen8ta660 and
CH Cyg also display a more or less similar behaviour.

Possible physical mechanisms can be (i) a magnetic switch which results in
variation of the jet speeds as discussed by Meier et al. (1997), (ii) arditkbil-
ity _mg;:hanism of the kind thought to occur in dwarf novae and other cataidys
variables.

5 Conclusions

We have analyzed archival data of the flickering in U band of the jet-egesyim-
biotic star MWC 560 obtained during the time interval 1990-1993. We hawersho
that there is a connection in MWC 560 between the mass outflow state (jets)eand th
properties of the flickering.

(1) The short term variability (on time scale20 min) is missing during the
period February 1990 — March 1991, when the mass outflow is in a regime of
discrete ejections with M/ up to 7000 kms!, and when the outflow has a stable
V¢ ~900 kmst.

(2) A short term variability on time scales of 10-15 minutes is apparent during
December 1991 — January 1993, when the outflow has a more or lessvetialolity
~2000 kms!.

(3) The flickering amplitude is influenced by the different states of the jet (th
lowest values of the amplitude correspond to the state with\000 km s™!). This
is p_ro_giably the reason why no correlation like those observed in T CriEah@yg
is visible.

(4) The power spectra of MWC 560 follow roughly a power law with=
—0.95 £ 0.22. The e-folding time of the ACF exhibits bigger scatter, if we compare
it with the "stable disk” of T CrB. A comparison with T CrB shows also that the
variability of MWC 560 on time scales 5 — 10 min is considerably lower.

The most probable interpretation of these results is that the inner partafthe
cretion disk switches between different states. The observed dis&ratction in
this binary system seems to be similar to that observed in CH Cyg and some mi-
croquasars. The observational evidence for a disk-jet connectid@ 560 and
CH Cyg in addition to the other similarities (see also Zamanov & Marziani 2002)
supports the idea that these objects represent very good non-rétativialogs of
black hole accretors.

More observations in different states are necessary to define betterojer-
ties of the accretion process and how it is connected with the mass outflimaeseg
Especially useful will be if the spectra and the photometry runs are obtaimed-
taneously or in the same night.
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