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XTE J1748—288 is a black hole X-ray transient which went into outburst in 1998 June. The
X-ray lightcurves showed fairly canonical morphologies with minor variations on the “Fast Rise
Exponential Decay” profile. The radio source, however, reached an unusually high flux density
of over 600 mJy. This high radio flux was accompanied by high (> 20%) fractional linear polar-
isation, the variability of which was anti-correlated with the flux density. We use this variability
to discuss possible depolarisation mechanisms, to predict the underlying behaviour of the core/jet
components and to study polarisation properties within the context of internal shock models for
jets.
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1. Introduction

The X-ray outburst of XTE J1748—288 began on 1998 June 3—-4 when it was detected by the
All Sky Monitor (ASM) and Burst and Transient Source Explorer (BATSE) instruments on-board
RXTE and CGRO respectively. The source was initially hard but beginning to soften at BATSE
energies (see Brocksopp et al. 2006 and references therein). A later, more detailed analysis of
the X-ray data suggested that the outburst started in the very high state (VHS) with an unusually
dominant power-law component (Revnivtsev et al. 2000). As the X-ray source decayed following
the outburst, it passed through the high/soft state (HSS) to the low/hard state (LHS), in a manner
which is now considered “canonical” behaviour (e.g. Fender et al. 2004).

An optically-thin, variable radio source was detected 1998 June 7 and was later resolved on
June 14-15 (Hjellming et al. 1998a, b). XTE J1748—288 became the third known Galactic radio
source to display apparent superluminal motion and the first to show strong deceleration of the jet
in the interstellar medium.

2. Observations

XTE J1748—288 was observed at two or four radio frequencies on seven occasions by the
Australia Telescope Compact Array (ATCA). It was detected, although unresolved, at each epoch
and was found to have unusually high radio flux densities, peaking at > 600 mJy. There was also
an unusually high level of linear polarisation (LP) with a maximum value of LP/(Stokes 1)~ 23%.

For comparison with the ATCA data, we have also obtained archival radio data from the Very
Large Array (VLA) and Green Bank Interferometer (GBI). We note that there appears to be a
discrepancy in flux calibration between the GBI and ATCA/VLA. We therefore ignore the absolute
flux densities of the GBI data but tentatively trust the variability. We also use public X-ray data
from the RXTE/ASM and CGRO/BATSE archives.

For full details of the observations and data reduction we refer the reader to Brocksopp et al.
(2006).

3. X-ray and Radio Lightcurves

The X-ray and radio lightcurves are plotted in Fig. 1. Vertical dotted lines indicate the ranges
of dates between which the state transitions are thought to have occurred (using Revnivtsev et al.
2000).

The top panel shows the few available datapoints obtained by BATSE in the 20-100 keV range.
There appears to be some temporary increase superimposed on the decay which may be related to
variability in the GBI lightcurve which we discuss later. This feature does not appear to have a
significant counterpart in the second panel, the ASM lightcurve (with energy range 2-12 keV).
This ASM plot shows a fairly canonical morphology with only a pair of peaks to distinguish it
from a simple “Fast Rise Exponential Decay” profile. Of these two peaks, the second appears to
coincide with the transition from VHS to HSS. The first peak appears to take place well within the
VHS and is thus dominated by the power-law emission as discussed by Revnivtsev et al. (2000).
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Figure 1. X-ray and radio lightcurves of the 1998 outburst of XTE J1748—288. Top: CGRO/BATSE (20—
100 keV). Second: RXTE/ASM (1.5-12 keV). Third: RXTE/ASM hardness ratio (3—12 keV)/(1.5-3 keV).
Bottom: radio lightcurve from ATCA (with error bars smaller than the symbols). The two pairs of vertical
dotted lines indicate the time-ranges during which the transitions from the very high (VHS) to high/soft
(HSS) and high/soft to low/hard (LHS) X-ray spectral states are thought to have occurred (using Revnivtsev
et al. 2000). The start date of the outburst, June 3 (MJD 30967), is indicated.
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The third panel shows the ASM hardness ratio in the 3-12 keV / 1.5-3 keV range — the X-ray
emission is relatively hard, particularly during the VHS, and softens during the decay.

Finally the ATCA data are shown in the bottom panel. The radio outburst appeared to start
coincidentally with, or slightly after, the first X-ray peak and just prior to the transition to the HSS.
The radio peak and subsequent decay continued during the HSS and into the LHS, although were
uncorrelated with the X-ray data. The peak of the outburst reached an extremely high level of 613
mJy at 1.4 GHz and, even once the LHS was reached, remained unusually bright.

4. Radio Polarisation

The ATCA radio data are plotted again in the top panel of Fig. 2 on an expanded time axis. The
fourth panel shows the spectral index, calculated for all four frequencies where available and also
for the 4.8-8.7 GHz data at all epochs. The radio emission remains optically thin throughout our
observations, suggesting that even during the LHS, when we would expect to observe a partially
self-absorbed jet, the radio flux remains dominated by “contaminating” optically thin emission.
The second panel shows the LP lightcurve and the third panel the fractional LP (FP) lightcurve.
It is instantly noticeable that the LP flux is correlated, and the FP anti-correlated, with the Stokes
| data. The FP is also extremely high (~ 23%) compared with that of other Galactic black hole
systems, most of which have been detected at just a few percent, if at all.

Any model invoked to describe the radio emission during transient events needs to be able
to explain this anti-correlation with the FP. We first consider possible mechanisms which could
produce the observed variability in FP. According to e.g. Longair (1994), the maximum possible
FP of an optically thin synchrotron source is ~ 70% and of an optically thick synchrotron source
is ~ 10 — 15%. Reductions in these percentages can come about via wavelength-dependent or
wavelength-independent mechanisms. The bottom panel of Fig. 2 shows the observed position
angle (PA) of the polarised emission. For the four epochs for which we have data at four frequen-
cies, we use the values of PA, according to PA = PAg+RMA? (where PAg is the intrinsic position
angle of the polarised emission and RM is the rotation measure), in order to determine the rotation
measure for any Faraday rotation taking place along the line of sight towards XTE J1748—288.
We find that RM is consistent with zero, thus suggesting that Faraday rotation is unlikely to make
a significant contribution to the observed variability in FP.

Instead we consider wavelength-independent mechanisms for the observed depolarisation.
Two possibilities are (i) competing contributions from a polarised jet and depolarised core, as
observed in e.g. GRS 1915+105 (Fender et al. 1999) and (ii) multiple “packets”, each with a
different PA contributing to an observed depolarised “average”, e.g. knots within the precessing
jets of SS433 (Stirling et al. 2004). With no evidence for a precessing jet, we consider the former
option in the next section.

5. Discussion and Comparison with VLA and GBI data

In order to test the suggestion that the variability in FP was due to the changing relative contri-
butions of a depolarised core and polarised jet we have obtained quasi-simultaneous VLA archival
data, in which the radio source could be resolved into two components aligned east-west. Fig. 3



A Highly Polarised Jet in XTE J1748-288 Catherine Brocksopp

FVHS 2 HSS L2 LHS T
= I 11.4 GHz + ]
S O ey 204 GHz ]
£ L% 4.8 GHz % |
- IR 8.7 GHz .+ ]
2400l a ‘ ‘ -
[ L f

r LA * ]
3 2000 oo A ]
. i Lo ]

b * S
80 & @980 990 1000 11010 7

C Le 3 3 ]
T ]
é\ [ Jr [ ] )

r Lk 1
—oM0p g% X ]
- L a N ]

201 A t 7
Of 1 1 1 S |

E 11980 990 1000 1010 1
—~ 25F 1 1 =
® g ! *
o, 20p o E
S I5F L ¥ =
c r % * ]
(] r | q
= L : + + A
5 10F ‘z' 1
° : ¥ ]
L 5; ]

of i | | o ]

980 990 1000 11010 1
T S % B ™ 5
[ = . Xstoes 1 (14-86GHz) ¥ o
© - . Qi (1.4-8.66Hz) * 4
= —04F . m ‘ ‘ 7
o maE ]
o —06p "
) LooX X ]

-0.8 b B

oo n 1

1.0 et | | |

i 980 990 1000 1010 1
o s0f ]
< r + 1
o r + 4 1
ie) [ |
SIS X *
o i 1
%))

2 i 1
© —50r ]
970 980 990 1000 1010 1020
MJD—50000

Figure 2: Five plots showing the radio data on an expanded time axis. Top: Stokes I lightcurve. Second:
Linear Polarisation lightcurve (1/Q2+U?2). Third: Fractional polarisation (100 x 1/Q2+U?2/I) lightcurve.
Fourth: Spectral Index (obtained using both two and four frequencies and using both Stokes | and LP data-
points). Bottom: Observed polarisation position angle. NB error bars are typically smaller than the symbols.
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Figure 3: Top: Radio lightcurves from the VLA, using data from epochs most contemporaneous with the
ATCA data. We plot separately the contributions from the east (filled symbols) and west (open symbols)
components resolved in the images. Middle: Ratio plot of the east:west contributions. Bottom: The FP
lightcurve, copied from Fig. 2 for comparison. The eastern component dominates the emission but its relative
contribution decreases during the epochs when the ATCA data shows the highest fractional polarisation.
This is consistent with our suggestion that the eastern component is the depolarised core and the western
component the linearly polarised jet.
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Figure 4: GBI lightcurves showing the peculiar variability of the final low/hard state. We do not label the
flux density axis due to the discrepancy in calibration bewteen the GBI and the ATCA/VLA.
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shows that the relative contribution of the eastern component reduced dramatically as the total ra-
dio emission decayed and the FP increased, suggesting that the eastern component could represent
the core and the western component the jet. This scenario is complicated, however, by the high FP
prior to the radio peak — the FP and Stokes | flux density (e.g. Fender et al. 2004) are too high
to be residual LHS emission so was there an additional, earlier optically-thin ejection, and hence
polarised jet component?

Alternatively if we consider the internal shock model of e.g. Fender et al. (2004), the peak of
the emission should correspond to the collision between the fast jet and the earlier, slower jet of the
LHS. This collision then coincides with the dip in FP, perhaps suggesting that the collision causes
a temporary disruption in magnetic field before it is re-ordered by the shock.

Finally we need to address the high flux density and FP once the X-ray source has returned
to the LHS. The observed flux density rises to 50-100 mJy at this time, unprecedented behaviour
for a “normal” LHS jet. In Fig. 4 we plot archival GBI lightcurves for comparison with the ATCA
data. As stated earlier, we do not trust the absolute fluxes but tentatively consider the striking
and extremely unusual variability. During the X-ray LHS, the radio flux rises to a bright plateau,
superimposed by multiple peaks. It is not clear whether this is the result of a collision with the ISM,
the collision of additional internal shocks or additional jet ejections at the HSS—-LHS transition (in
contravention of Fender et al. 2004).

For a more complete analysis and discussion, please see Brocksopp et al. (2006) as well as
future work in which we will perform a more complete analysis of the VLA data.
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