
OVERVIEW A multi-degree-long outflow can be observed in the vicinity of the Scutum Supershell, which is clearly defined in H-alpha. Despite this extreme feature, its association is still unclear. Therefore, we investigate multiple
sources and scenarios that could produce this outflow, such as young stellar objects, pulsars or long gamma-ray bursts. Our investigation suggests that the X-ray binary system LS 5039 is the source of this outflow. This would
imply an outflow length of 5 degrees, which corresponds to a physical length of at least 170 kpc. Moreover, these results would also constrain the age of LS 5039 to ~0.1 Myr and its association with the OB cluster Sct OB3.

Outflow parameters for 2°-long jet
Hα Luminosity 1036 erg/s

Bow shock velocity  26 km/s
Upper Limit of Age 4.5 Myr

Lower Limit of length 70 pc

Investigation of The Multi-Degree-Long Outflow Towards The Scutum Supershell

Conclusion
§ Outflow most likely related to energetic supernova
§ LS 5039 is best candidate to be related to supernova
§ LS 5039’s compact object suggested to be magnetar (Yoneda et al. 2020) 

Based on our investigation, we speculate that the outflow was 
produced by a long gamma-ray burst related to the compact object in 
the binary system LS 5039.

Figure: Hα image (Finkbeiner 2003) towards the observed outflow in the Scutum supershell.
We indicate the TeV gamma-ray contours (red) and the gamma-ray sources HESS
J1825−137 (▲), HESS J1826−130 (▼) (H.E.S.S. Collaboration 2018). The OB associations
(yellow) (Mel’Nik&Efremov 1995) do not overlap the bow shock. Pulsars (Manchester et al. 2015) with
distances < 5kpc and age < 10Myr are noted in orange (x). The Wolf-Rayet star (van der

Hucht 2001) WR 115 (■) is evidence of the presence of massive stars in their final stages in
the OB association SCT 3.
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POTENTIAL ORIGINS
Young Stellar Objects (YSOs)
§ Produce small outflows extending to about 1pc
§ Implies a very nearby YSO (~30pc)
§ No nearby YSOs in this region

Pulsars
§ Pulsar’s proper motion faster than speed of sound in ISM produce

small outflow of about 1pc
§ Pulsar’s rotation produce small outflows
§ Implies a very nearby pulsar
§ No nearby pulsars in this region

Stellar Winds of OB Stars
§ Generate bow shocks when interacting with ISM
§ No OB stars or OB associations near the bow shock

Supernovae
§ Produce outflows of large extents
§ Search for compact objects left behind
§ No irregular pulsars with distance < 5kpc and age < 10Myr
§ Extreme outflow by regular pulsar unlikely

Long Gamma-Ray Burst related to LS 5039
§ One of LS 5039’s possible birth locations (Moldon et al. 2012) aligns with jet

(related to OB association SCT 3 and an age of ~0.1Myr)
§ LS 5039 is most energetic point source in this region
§ Presence of massive stars in final stage supported by Wolf-Rayet star

WR 115 in OB association SCT 3
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Outflow Characteristics

§ Luminosity calculated from Hα composite (SHASSA, WHAM, VTSS)
§ WHAM velocity spectra show features at 2-3 kpc
§ Bow shock velocity estimated using Mach angle of 20-30 deg and ISM 

sound speed of 11 km/s
§ Jet clearly visible for 2 deg, corresponding to a length of at least 70pc
§ Relation between outflow and LS 5039 would suggest jet length of 5 deg, 

corresponding to 170pc
§ Total energy estimated using age of 0.1Myr (from SCT 3 suggested as 

birth location of LS 5039) and Hα luminosity of 1036 erg/s

Outflow parameters for LS 5039

Length of outflow 5°
Distance of LS 5039 2 kpc

Physical length of outflow 170 pc
Total Hα energy 1049 erg


