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V4641 Sgr

✦ V4641 is peculiar black hole LMXB with orbital period of 
2.81728 days (Orosz et al. 2001; MacDonald et al. 2014).

✦ MBH ≈ 7 M⨀ , M2 ≈ 3 M⨀   (B-type subgiant).
✦ Superluminal radio jets and bow-tie shaped radio bubbles (fig. 

2); Extended X-ray emission (PeVatron) spatially correlated 
with radio bubbles; Ultra-high-energy gamma-ray bubble up to 
800 TeV (Fig. 1 and 2).

✦ Powerful outburst in 1999 and thereafter faint elusive 
“mini-outbursts” every 1-2 years.

✦ Example of variable 2024 “mini-outburst” data from different 
X-ray instruments in Fig. 3.

✦ We study “mini-outbursts” using 18.5-year observing campaign 
with Las Cumbres Observatory optical telescopes along with 
Swift/XRT X-ray data.

✦ To determine nature and source(s) of emission of understudied 
mini-outbursts and compare with normal outbursts.
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Optical X-ray

Long-term observing campaign from Aug 2007 to May 
2026.

Swift/XRT (0.3-10 keV) data over similar time frame.

Las Cumbres Observatory optical telescopes, 1-m & 2-m. Only detectable during outburst.

Predominantly V, R, i’ filters; 
also B, g’, PanSTARRS zs, Y filters.

Increased observing cadence during outburst.

Observations during quiescence and outburst.

✦ Measure temperature of disc during mini-outbursts.
✦ Add infrared data (mid-IR – VLT & WISE) to analysis.
✦ Construct SEDs using infrared and optical data.
✦ Investigate if there is an IR excess above the disc.
✦ High time-resolution observations during mini-outbursts 

to probe flickering and short term variability.
✦ Investigate source of large scatter.
✦ Compare with normal outbursts.

Observations

� Determine power law relation with index 0.26 
for optical/X-ray correlation which is 
consistent with thermal emission from the 
disc.

� Large scatter in optical/X-ray correlation and 
colour-mag diagram.
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Fig. 1. Schematic illustration of V4641 Sgr by Alfaro et al. (2024) showing gamma-ray 
bubble.

Fig. 2. Schematic illustration of V4641 Sgr by Grollimund 
et al. (2026) showing radio bubble and gamma-ray 
bubble.

Fig. 3. from Parra et al. (2026) showing long-term monitoring of V4641 
Sgr with different X-Ray  instruments during the 2024 outburst.

✦ Swift/XRT (X-ray) and LCO (optical) light curves in 
Fig. 6 (top and middle) with a strong contribution 
from bright companion star in the optical data.

✦ Applying a Lomb Scargle periodogram (Fig. 4) on 
the quiescent portion of the LCO data rendered a 
period of 2.81724(6) days which is an improved 
measurement, more precise period than previously 
reported. This is consistent with the literature orbital 
period. 

✦ Data, including and excluding outbursts, were folded 
over Porb producing ellipsoidal modulation due to 
orbit of tidally distorted companion star as seen from 
observer.

✦ Phase-folded light curve of all data (top of Fig. 5) 
was subtracted from a 3rd order harmonic fit (red 
line) of data excluding outbursts (quiescent data).

✦ The residuals at the bottom of Fig. 5 constitute the 
contribution without the bright companion star 
allowing us to study mini-outbursts (Fig. 6 - bottom).

✦ Analysis of  LCO optical data (18.5 years) 
and SWIFT/XRT X-ray data.

✦ Refined photometric orbital period of 
2.81724(6) days based on very long-term 
data.

✦ Produced stellar-subtracted light curves to 
study “mini-outbursts”.      

Fig. 4. Lomb scargle periodogram from long term term LCO data of 
V4641 Sgr showing the orbital frequency (Ω), the first harmonic (2Ω) 
and third harmonic (4Ω) frequencies. 

Fig. 5. LCO data folded over orbital period of 2.81724 days with 3rd 
order harmonic fit of quiescent LCO data (top) of V4641 Sgr. 
Residuals from subtracting the phased-folded light curve of all LCO 
data from the fit of quiescent LCO data (bottom). The residuals are 
considered as the stellar-subtracted data. V band data is shown to 
left and i’ band data is shown to the right.

Fig. 6. X-ray light curves from Swift/XRT (top), i’-band optical light 
curves from LCO (middle) and stellar-subtracted LCO light curve 
(bottom) of V4641 Sgr. 

Fig. 7. Zoom in on selected individual mini-outbursts of V4641 Sgr (2014, 2015, 2020, 2024) using X-ray (top), and LCO 
stellar-subtracted (bottom) light curves.

Fig. 8. Optical/X-ray correlation of V4641 Sgr showing X-ray count 
rate vs  flux in V band. Outliers are circled in red. We fit a power law 
relation with index 0.26 to the data excluding the outliers. Large 
scatter but  slope consistent with thermal emission from disc.

Fig. 9. Colour-magnitude diagram (V-i’ vs V) of V4641 Sgr 
using data from mini-outbursts. Large scatter. 
Bluer with increasing brightness also consistent with thermal 
disc emission. 
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