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Introduction

Gamma-ray binaries à excellent laboratories to study particle acceleration,
radiation and absorption processes in periodic systems (Bosch-Ramon et al.
2012, 2015, Dubus 2013, 2015, Paredes & Bordas 2019, Bordas 2024, etc.).

Only 9 systems known.
O or Be star and a young non-accreting NS (at least in 3 cases).

Many open questions remain on gamma-ray binaries.
Examples: What is the real population? Do we see just the tip of the iceberg?
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Introduction

3 gamma-ray binaries are runaway binary systems, with
a significant peculiar velocity with respect to their environment:

Ø LS 5039 (Ribó et al. 2002, Moldón et al. 2012).
Ø PSR B1259-63 (Miller-Jones et al. 2018).
Ø 1FGL J1018.6-5856 (Marcote et al. 2018).

à Use runaway massive stars to discover potential gamma-ray binaries.

Ongoing PhD Thesis project of Mar Carretero-Castrillo (2021-2025).

Reported partial results in Innsbruck. Today two talks:

Ø M. Ribó: Galactic runaway O and Be stars found using Gaia DR3 and new
stellar bow shocks

Ø M. Carretero-Castrillo: O-type runaway binaries with compact objects
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Introduction

Scenarios for massive runaway stars:

Ø Dynamical ejection scenario or 
DES (Poveda et al. 1967).

Runaway velocity due to dynamical 
interactions in star clusters.

Ø Binary supernova scenario or BSS 
(Blaauw 1961).

Runaway velocity due to supernova 
explosion of the most evolved star 
in a binary system

Several studies favor DES over BSS
(e.g., Dorigo-Jones et al. 2020).
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Introduction

Many studies have been
conducted in the past
to search for massive
runaway stars.

Different methods (and data sets and locations) have been used:
- Proper motions.
- 2-D velocities.
- 3-D velocities.
- Typically using thresholds (25-30 km/s).

The determination of accurate mean radial velocities is not straightforward for 
massive stars (wind contamination, eventual variability, etc.).
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Runaways with Gaia DR3

Gaia DR3: accurate proper motion and distances !
à 2-D velocities.

Parallax correction from Maíz Apellániz (2022).

Galactic Rotation curve from model A5 of
Reid (2013).

From the Sun to LSR, RSR and rotation.

Runaway stars: deviate 3s from Galactic
Rotation curve. If E > 1 à runaway:

No threshold.
(Carretero-Castrillo et al. 2023). 7/19



GOSC.

Ø Galactic O-Star Catalog (Maíz Apellániz et al. 2004, 2013, 2018).
Ø Available at http://gosc.cab.inta-csic.es
Ø It contains 643 O and BA stars.
Ø These authors detected 76 runaway stars (some of them not in GOSC).

BeSS.

Ø Catalog of Be stars (Neiner et al. 2011).
Ø Available at http://basebe.obspm.fr/basebe/
Ø It contains 2330 Be stars.

Runaways with Gaia DR3
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Runaways with Gaia DR3

GOSC-Gaia DR3:
Ø 106 runaways, 42 new.
Ø 16-210 km/s (no threshold).
Ø Runaways fraction: 25.4%.

BeSS-Gaia DR3:
Ø 69 runaways, 47 new.
Ø 16-132 km/s (no threshold).
Ø Runaways fraction: 5.2%.

(Carretero-Castrillo et al. 2023).

Plots at different scale
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Runaways with Gaia DR3

The runaway percentage decreases as we move to later spectral types (noted
in previous studies, e.g., Dorigo-Jones et al. 2020).

We obtained a factor of 5 between O and Be runaway stars:
reinforces dominance of DES vs. BSS (Carretero-Castrillo et al. 2023).

10/19



New bow shocks

Accumulation of ISM matter as a runaway 
star with a powerful wind sweeps up and 
heats the surrounding gas and dust, which 
emits mostly in IR.

If the star’s velocity is supersonic, a strong 
bow shock takes place à promising places 
for the acceleration of relativistic particles.

Face on bow shocks may present a spherical 
or bubble shape.

Bow shocks studies are relevant to constrain 
ISM density, particle acceleration, and non-
thermal radio emission.

(Noriega-Crespo et al. 1997, Benaglia et al. 2010, Del Valle & Romero 2012, 
Peri et al. 2012, 2015, Del Palacio et al. 2018, Benaglia 2024). 11/19



New bow shocks

We searched the Wide-field Infrared Survey Explorer (WISE) around the
positions of the runaways in Carretero-Castrillo et al. (2023).

We used W4 images at 22 µm.

We corrected the Gaia DR3 proper motions for the ISM motion caused by
Galactic rotation (Comerón & Pasquali 2007).

Criteria for bow shock or bubble candidate classification:

1. The presence of a bow shock-like or bubble-like structure around the
runaway star

2. Arc-shaped structure/or the rim of the bubble in the direction of the
runaway star’s corrected proper motion
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New bow shocks

Results:

New bow shocks or bubbles:
9 new bow shock candidates
3 new bubble candidates
1 mixed structured candidate

17 known bow shock or bubble candidates (but discarded one):
(Peri et al. 2012, 2015, Kobulnicky et al. 2016 ,
Maíz Apellániz et al. 2018, Bodensteiner et al. 2018)

Miscellaneous
62 miscellaneous structures with IR emission around the runaway star
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New bow shocks

RGB images using W4, W3 and W2 from WISE:

Band Wavelength Resolution

W1 3.4 μm 6.1"

W2 4.6 μm 6.4"

W3 12 μm 6.5"

W4 22 μm 12"

Corrected Gaia DR3 proper motion (2’ size).

Gaia DR3 proper motion (2’ size).

14/19



New bow shocks

Geometrical characterization of W4 images and ISM density.

Median values of the projected distances:

(Wilkin 1996, Martins et al. 2005,
Vink & Sander (2021)

ISM densities at the bow shock position:
0.3 to 198.6 cm-3, with a median of ∼5 cm-3.

Useful for other studies at those positions
(stellar formation studies, radiation processes
in these regions, ...).

Stand-off distance R Width ! Length ℓ
21’’ 0.32 pc 74’’ 0.76 pc 175’’ 1.96 pc

ℓ

!R
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New bow shocks

Radio surveys: NVSS, VLASS, and RACS (mid and low)
Two bow shocks present radio emission but not as clear counterparts.
Color: WISE 4 (22µm). Contours: RACS low (887.5 MHz).

Two others show hints of radio emission.
We study the radio detectability of the sources under thermal and non-thermal
scenarios: 2 sources could be compatible with the non-thermal one.
(Carretero-Castrillo et al. 2025).

1’ 1’
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GR38 GR72

GR75 GR78

GR80 BR21

BR45 BR65

New bow shocks

VLA observations of 8 of the runaways 
at 2–4 GHz in C configuration to 
discover:

Ø radio emitting bow shocks

Ø radio emission from the massive stars

We only detected a known HII region 
(S206) around one of the sources.

More sensitive radio observations of 
these sources could eventually unveil 
new radio counterparts.

(Carretero-Castrillo 2025, PhD 
Thesis, to be submitted).
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Search for binaries

Multiwavelength data + radial velocities
(radio, X-rays, HE and VHE gamma rays)

à High-energy binary systems
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Ø Runaways with Gaia DR3: there are many (and new) O and Be runaways
and walkaways; some of them could be potential gamma-ray binaries.

Galactic runaway O and Be stars found using Gaia DR3
Carretero-Castrillo, Ribó & Paredes 2023, A&A, 679, A109

Ø New bow shocks: a few additional bow shock candidates have been found,
some of them with hints of radio emission, but no clear counterpart.

New stellar bow shocks and bubbles found around runaway stars
Carretero-Castrillo, Benaglia, Paredes & Ribó 2025, A&A, 694, A250

Ø Search for binaries (plus more on the scenarios): next talk…

An observational study of rotation and binarity of Galactic O
runaway stars, Carretero-Castrillo, Ribó, Paredes, Holgado,
Martínez-Sebastián & Simón-Díaz, to be submitted to A&A

Conclusions
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System HE VHE Star CO Porbit
LS 5039 Y Y ON6.5 V ? 3.9 d
LMC P3 Y Y O5 III ? 10.3 d
4FGL J1405.1-6119 Y - O6.5 III ? 13.7 d
1FGL J1018.6-5856 Y Y O6 V ? 16.5 d
HESS J1832-093 Y Y O6 V ? 86.3 d
LS I +61 303 Y Y B0 Ve PSR (269 ms) 26.5 d
HESS J0632+057 Y Y B0 Vpe ? 317 d
PSR B1259-63 Y Y O9.5 Ve PSR (47.7 ms) ~3.4 yr
PSR J2032+4127 ~Y Y B0 Vpe PSR (143 ms) ~50 yr

Basically: O6 III-V stars and B0 Ve stars.
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