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Definition of gamma-ray 
binaries 

¡  Show periodic emission 

¡  γ-ray emission above 10 MeV 
“dominates” the SED output.  

¡ Only 7 (+1?) show VHE 
emission  

¡  • Massive star + compact 
object (2 pulsars, 5 
unidentified)  
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Skilton et al, 2009

Mirabel 2006

Gamma-ray binaries: what are they?

�2

•  Show periodic emission 
•  Bulk of the non-thermal emission lies in the γ-ray domain (E>1MeV) 
•  Only 7 display VHE ( E> 100 GeV) emission  
•  Massive star + compact object (2 pulsars, 5 unidentified)

Pulsar wind

Microquasar

Dubus 2018



TeV 2032+4130 & PSR J2032 +4107

• TeV 2032+4130 : unidentified source 
discovered by HEGRA 
(HEGRA 2002, Aharonian et al. 2005) and confirmed 
by Whipple (Konopelko et al. 2008), MAGIC , 
(Albert et al. 2008) 

• Hard spectrum ( Γ ~2) high energy 
( HAWC, E > 56 TeV ) source (Abeysekara et al. 
2017) 

• Pulsar PSR J2032+4127 discovered in 
blind search by Fermi-LAT (Abdo et al. 2009).  

Young, high spin-down power 

Konopelko et al. 2008
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TeV J2032+4130 &  
PSR J2032+4127  

¡  First known VHE �-ray 
emitting unidentified source 
discovered by HEGRA (Aharonian 
et al. 2002)  

¡  Extension found to be 
asymmetric & located in a  
radio void (Aliu et al., 2014) 

¡  Hard spectrum (� ~ 2), high 
energy (HAWC > 56 TeV) 
source.  

¡  PSR J2032+4127, a Fermi-LAT 
pulsar in southeast corner - is 
it a PWN?  

EWASS 2019 D. Hadasch 
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γ-ray & radio pulsar discovered by Fermi in 2009  
Young (~180 kyr), close (~1.7 kpc, inside Cygnus OB2) 

�0 = 6.98 Hz, d�0/dt = -0.54 × 10-12 s-2, dE/dt ~ 1.7 × 1035 ergs/s  
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Abdo et al, 2013
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Fig. 3.—Differential energy spectrum from TeV J2032!4130 as measured
by the MAGIC telescope in black solid line. The gray shadow shows the 1 j
error in the fitted energy spectrum. The flux observed by Whipple in 2005
and in the MILAGRO scan are marked with colored squares (blue and pink,
respectively). The gray dotted line represents the Crab Nebula energy spectrum
measured by MAGIC. The blue line shows the HEGRA energy spectrum.
Theoretical one-zone model predictions are depicted with dashed lines.

The position found is compatible within errors with the one
determined by HEGRA, and barely compatible with the claims
by Whipple mentioned above (in Konopelko et al. 2007).

The TeV J2032!4130 energy spectrum was obtained using
the Tikhonov unfolding technique (Tikhonov & Arsenin 1979).
It can be fitted (x2/dof p 0.3) by a power-law function. The
differential flux (TeV cm s ) is"1 "2 "1

"2.0!0.3dN E"13p (4.5 ! 0.3) # 10 . (1)( )dE dA dt 1 TeV

The errors quoted are only statistical. The systematic error is
estimated to be 35 in the flux level and 0.2 in the photon%
index (see Albert et al. 2008). The differential energy spectrum
is shown in Figure 3. The HEGRA TeV J2032!4130 and
MAGIC Crab Nebula measured spectra (in Albert et al. 2008)
are shown with the blue solid line and black dotted line, re-
spectively. The MAGIC energy spectrum is compatible both
in flux level and photon index with the one measured by
HEGRA.

Crab Nebula data from the same periods and zenith angle
distributions were studied with the same analysis chain to check
for any systematic deviation due to the long observation period.
No indication of time variability was observed: the source in-
tegral flux is constant within errors, at 3 of the Crab Nebula%
flux. The relative systematic uncertainty in the ratio of both
fluxes was estimated to be less than 10 . This uncertainty%
comes mainly from the slightly different atmospheric trans-
mission conditions and differences in the detector parameters
during data taking of the source and the Crab Nebula.

For illustrative purposes, the dotted lines in Figure 3 rep-
resent one-zone hadronic and leptonic models of the high-en-
ergy emission, both consistent with observations at lower en-
ergies in the region. Under the hadronic scenario, the are0p
obtained from a proton parent population described by a power
law (index ) with exponential cutoff at 100 TeV. TheG p "2
cutoff value was adopted to be consistent with the upper limit
at the highest energies coming from the HEGRA spectrum.
The inverse Compton spectrum is obtained from an electron
population with equal index and a 40 TeV exponential cutoff
scattering off the CMB photons. As in Aharonian et al. (2005),
we do not consider here the conditions under which particles
are accelerated or how they lose energy. Our leptonic fits (see
also the quoted paper for an SED representation) can only cope

with the data if we are actually looking at a Compton peak
around the energy range of detection, which is not fully dis-
carded within errors. Both models are compatible with the high-
energy emission. Confirming the reality of the diffuse emission
detected at lower energies is crucial to distinguish between
these and more complex models.

4. CONCLUDING REMARKS

MAGIC observations confirm the location of TeV
J2032!4130 found by HEGRA. The MAGIC observation
shows an extended source with a significance of 5.6 j. We find
a steady flux with no significant variability within the 3 year
span of the observations (with the flux being at a similar level
to the HEGRA data of the period 2002–2005). We also present
the source energy spectrum obtained with the lowest energy
threshold to date, which, within errors, is compatible with a
single power law.

We thank the IAC for the excellent working conditions at
the ORM. The support of the German BMBF and MPG, the
Italian INFN, the Spanish CICYT, the ETH Research Grant
TH 34/04 3, and the Polish MNiI Grant 1P03D01028 is grate-
fully acknowledged.

REFERENCES

Abdo, A. A., et al. 2007, ApJ, 658, L33
Aharonian, F. A., et al. 2002, A&A, 393, L37
———. 2005, A&A, 431, 197
———. 2006, A&A, 460, 743
Albert, J., et al. 2006a, Science, 312, 1771
———. 2006b, ApJ, 637, L41
———. 2006c, ApJ, 638, L101
———. 2006d, ApJ, 643, L53
———. 2007a, Astropart. Phys., submitted (astro-ph/0702475)
———. 2007b, Astropart. Phys., submitted (arXiv:0709.3719)
———. 2008, ApJ, in press (arXiv:0705.3244)
Amenomori, M., et al. 2006, Science, 314, 439
Anchordoqui, L. A., et al. 2007, Phys. Rev. D, 75, 063001
Bednarek, W. 2003, MNRAS, 345, 847
Bosch-Ramon, V., Aharonian, F., & Paredes, J. M. 2005, A&A, 432, 609
Bretz, T., & Wagner, W. 2003, in Proc. 28th Int. Cosmic Ray Conf. (Tsukuba),

2947
Butt, Y., et al. 2003, ApJ, 597, 494
———. 2006, ApJ, 643, 238

Cortina, J., et al. 2005, in Proc. 29th Int. Cosmic Ray Conf. (Pune), 5, 359
Domingo-Santamarı́a, E., & Torres, D. F. 2006, A&A, 448, 613
Domingo-Santamarı́a, E., et al. 2005, in Proc. 29th Int. Cosmic Ray Conf.

(Pune), 5, 363
Fegan, D. J. 1997, J. Phys. G, 23, 1013
Hillas, A. M. 1985, in Proc. 19th Int. Cosmic Ray Conf. (La Jolla), 3, 445
Horns, D., et al. 2007, A&A, 469, L17
Konopelko, A., et al. 2007, ApJ, 658, 1062
Lang, M. J., et al. 2004, A&A, 423, 415
Martı́, J., et al. 2006, A&A, 451, 1037
———. 2007, A&A, 472, 557
Mukherjee, R., et al. 2003, ApJ, 589, 487
Paredes, J. M., et al. 2007, ApJ, 654, L135
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The nature of their emission

• TeV 2032+4130 possibly a wind 
nebula driven by the pulsar PSR 
J2032+4127 (Bednarek 2003, Aliu et al. 2014) 

• Extension found to be 
asymmetric 

• Located in a Radio void 

• Binary nature: PSR 2032+4127  
associated to Be star MT91 213 (Lyne et 
al. 2015)  

• Orbital Period ~50 years (Ho et al. 2017) 
• Periastron November 2017 (MJD 

58070) 

Konopelko et al. 2008
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Albert et al, 2008
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Identification of PSR 
J2032+4127 as binary system 

¡  Identified as being in a binary in 2015 
Orbiting a massive (15 M�) Be star 
MT91 213 (Lyne et al. 2015) 

¡  ~50 year period orbit Eccentricity ~ 
0.95 Periastron 13 November 2017  

¡  X-ray flux showing dramatic flux 
increase by September 2016 (Wynn et al. 2017) 

¡ What is happening at very high 
energies?  

EWASS 2019 D. Hadasch 
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Observations Campaign

• Available archival data from MAGIC 
& VERITAS 

• Preparation for periastron passage: 
extensive observation campaign. 
• Swift XRT: 134.6 hour (186 

observations) 
• VERITAS: 181.3 hours 
• MAGIC: 87.9 hours  

• Long and coordinated campaign 
allows for detailed study of passages 
through periastron 

�5Oscar Blanch ( IFAE ) - PSRJ 2032 +4127 - HEPRO VII 
5 

Observations 

¡  Extensive observations by 
VERITAS, MAGIC and Swift. 
¡  Swift XRT: 134.6 hour (186 

observations)  
¡  VERITAS: 181.3 hours  

¡  MAGIC: 87.9 hours  

¡  Long period allows for detailed 
study of passage through 
periastron.  

EWASS 2019 D. Hadasch 
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(a) VERITAS 2017 fall sky map
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(b) MAGIC 2017 fall sky map

Figure 2. Significance sky maps of the region around PSRJ2032+4127 / MT91 213 showing both the VERITAS (left) and
MAGIC (right) results for observations during 2017 fall. The position of PSRJ2032+4127 / MT91 213 is shown as a black “+”,
the centroid of the gamma-ray emission as a black “�”, the position and extension for the respective telescope’s measurements
of TeVJ2032+4130 are shown as a black “⇥” and a dashed line, and the position of Cygnus X-3 is shown with a white diamond.
The white circle in the lower left hand corner is of radius 0.�1, the approximate point spread function for these measurements
at 1 TeV. The wobble positions are shown as white “⇥”.

VHE detections during periastron

• Both experiments see significant (> 20σ), variable, point- like emission above the PWN 
“baseline”  

• Sept 2017: γ-ray flux increased a factor 2 wrt June-August 2017 average  

• Nov 2017 (periastron passage): Flux increased almost a factor 10 wrt the average flux 
in June- August in only 1.9 h
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detected PSR J2032+4127/MT91 213 with a significance of
21.5 standard deviations (σ) and MAGIC with a significance
of 19.5s.

Figure 2 shows sky maps for the complete fall 2017 VHE
data sets, revealing overlapping emission from TeV J2032
+4130 and PSR J2032+4127/MT91 213. For both the

VERITAS and MAGIC data we fit the gamma-ray excess
maps with a two-component model, consisting of a bivariate
Gaussian function to represent the extended source and a
symmetrical Gaussian function to model the unresolved
emission at the location of the binary. The parameters of the
extended source model, indicated by the dashed ellipses in

Figure 1. Upper panels (left axes) show the 0.3–10.0keV background-subtracted Swift-XRT energy-flux light curve (red circles) of PSR J2032+4127/MT91 213.
For clarity, observations with exposures less than 1.4 ks are excluded from the plot. Lower panels show the 200 GeV> photon-flux light curves from VERITAS (green
triangles) and MAGIC (blue squares). The left plot shows the full light curve, while the right plot shows only the months around periastron. The horizontal solid lines
indicate the average flux prior to 2017 for the respective experiments. The solid gray lines (right axes) are the energy-flux light curve predictions from Li et al. (2018)
for X-rays and updated predictions from Takata et al. (2017) using the parameters from Li et al. (2018; J. Takata 2018, private communication) for VHE gamma-rays.
Both models assume an inclination angle of 60°. The vertical gray dashed line indicates periastron.

Figure 2. Significance sky maps of the region around PSR J2032+4127/MT91 213 showing both the VERITAS (left panel) and MAGIC (right panel) results for
observations during 2017 fall. The position of PSR J2032+4127/MT91 213 is shown as a black “+,” the centroid of the gamma-ray emission as a black “◦,” the
position and extension for the respective telescope’s measurements of TeV J2032+4130 are shown as a black “×” and a dashed line, and the position of Cygnus X-3
is shown with a white diamond. The white circle in the lower left-hand corner is of radius 0°. 1, the approximate point-spread function for these measurements at1 TeV.
The wobble positions are shown as white “×.”
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(a) Full Dataset
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(b) Periastron

Figure 1. Upper panels (left axes) show the 0.3–10.0 keV background-subtracted Swift-XRT energy-flux light curve (red circles)
of PSRJ2032+4127 / MT91 213. For clarity, observations with exposures less than 1.4 ks are excluded from the plot. Lower
panels show the > 200 GeV photon-flux light curves from VERITAS (green triangles) and MAGIC (blue squares). The left plot
shows the full light curve, while the right plot shows only the months around periastron. The horizontal solid lines indicate
the average flux prior to 2017 for the respective experiments. The solid gray lines (right axes) are the energy-flux light curve
predictions from Li et al. (2018) for X-rays and updated predictions from Takata et al. (2017) using the parameters from Li et
al. (2018) (Takata, private communication) for VHE gamma rays. Both models assume an inclination angle of 60�. The vertical
gray dashed line indicates periastron.

an additional component for the binary emission. Two
models were tested for the binary emission: a pure power
law and a power law with an exponential cuto↵. The
VERITAS data favor the cuto↵ model over the power
law for the binary emission, with an F-test probability of
0.997 and a cuto↵ energy of 0.57±0.20 TeV. MAGIC ob-
servations also favor an exponential cuto↵, with a prob-
ability of 0.993 and a cuto↵ energy of 1.40 ± 0.97 TeV.
Full details of the fit parameters are given in Table 1.
We note that the only other gamma-ray binary to dis-
play a spectral cuto↵ in the VHE regime is LS 5039, with
a cuto↵ at 8.7±2.0 TeV in the VHE high state, close to
inferior conjunction (Aharonian et al. 2006).

The fit process was then repeated with the 2017 data
broken up into two periods, to search for spectral vari-
ation with orbital phase and/or flux state of the binary
system. We define a high state (MJD 58057–58074 and
58080–58110), which covers the periods around perias-
tron where the flux above 0.2 TeV was greater than
1.0⇥10�11 cm�2 s�1 (approximately five times greater
than the baseline flux from TeV J2032+4130), and a
low state, covering the 2017 observations prior to pe-

riastron (MJD 57928–58056). We performed a global
fit to the datasets, with the high and low states fit
with the baseline power law plus either a pure power
law or a power-law with an exponential cuto↵. The
VERITAS data favor a cuto↵ model in the low state,
with an F-test probability of 0.999 and a cuto↵ value
of 0.33 ± 0.13 TeV. MAGIC observations also favor a
low-state cuto↵ model, with a probability of 0.980 and
a cuto↵ value of 0.58 ± 0.33 TeV. For both observato-
ries, the high-state data are well-fit by a pure power law
and including a cuto↵ does not significantly change the
quality of the fit.

4. DISCUSSION

PSR J2032+4127 / MT91 213 is the second TeV
gamma-ray binary system to be detected in which the
nature of the compact object is clearly established.
Non-thermal emission from these systems likely results
from the interaction of the pulsar wind with the wind
and/or disk of the Be star (Tavani & Arons 1997; Kirk et
al. 1999; Dubus 2013). Particles are accelerated at the
shock which forms between the pulsar and Be star winds.
These subsequently produce synchrotron emission from

Light Curve at VHE and X-Rays

•   VHE (E > 200 GeV) peaks at periastron while for X-Ray peaks ~30 days before 
•   X-Ray deep at periastron and recovery shortly after  
•   Deep 1 week after periastron at VHE, may be γ-γ absorption 

�7Oscar Blanch ( IFAE ) - PSRJ 2032 +4127 - HEPRO VII 
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(a) Full Dataset (b) Periastron

Figure 1. Upper panels (left axes) show the 0.3–10.0 keV background-subtracted Swift-XRT energy-flux light curve (red circles)
of PSRJ2032+4127 / MT91 213. For clarity, observations with exposures less than 1.4 ks are excluded from the plot. Lower
panels show the > 200 GeV photon-flux light curves from VERITAS (green triangles) and MAGIC (blue squares). The left plot
shows the full light curve, while the right plot shows only the months around periastron. The horizontal solid lines indicate
the average flux prior to 2017 for the respective experiments. The solid gray lines (right axes) are the energy-flux light curve
predictions from Li et al. (2018) for X-rays and updated predictions from Takata et al. (2017) using the parameters from Li et
al. (2018) (Takata, private communication) for VHE gamma rays. Both models assume an inclination angle of 60�. The vertical
gray dashed line indicates periastron.

an additional component for the binary emission. Two
models were tested for the binary emission: a pure power
law and a power law with an exponential cuto↵. The
VERITAS data favor the cuto↵ model over the power
law for the binary emission, with an F-test probability of
0.997 and a cuto↵ energy of 0.57±0.20 TeV. MAGIC ob-
servations also favor an exponential cuto↵, with a prob-
ability of 0.993 and a cuto↵ energy of 1.40 ± 0.97 TeV.
Full details of the fit parameters are given in Table 1.
We note that the only other gamma-ray binary to dis-
play a spectral cuto↵ in the VHE regime is LS 5039, with
a cuto↵ at 8.7±2.0 TeV in the VHE high state, close to
inferior conjunction (Aharonian et al. 2006).

The fit process was then repeated with the 2017 data
broken up into two periods, to search for spectral vari-
ation with orbital phase and/or flux state of the binary
system. We define a high state (MJD 58057–58074 and
58080–58110), which covers the periods around perias-
tron where the flux above 0.2 TeV was greater than
1.0⇥10�11 cm�2 s�1 (approximately five times greater
than the baseline flux from TeV J2032+4130), and a
low state, covering the 2017 observations prior to pe-

riastron (MJD 57928–58056). We performed a global
fit to the datasets, with the high and low states fit
with the baseline power law plus either a pure power
law or a power-law with an exponential cuto↵. The
VERITAS data favor a cuto↵ model in the low state,
with an F-test probability of 0.999 and a cuto↵ value
of 0.33 ± 0.13 TeV. MAGIC observations also favor a
low-state cuto↵ model, with a probability of 0.980 and
a cuto↵ value of 0.58 ± 0.33 TeV. For both observato-
ries, the high-state data are well-fit by a pure power law
and including a cuto↵ does not significantly change the
quality of the fit.

4. DISCUSSION

PSR J2032+4127 / MT91 213 is the second TeV
gamma-ray binary system to be detected in which the
nature of the compact object is clearly established.
Non-thermal emission from these systems likely results
from the interaction of the pulsar wind with the wind
and/or disk of the Be star (Tavani & Arons 1997; Kirk et
al. 1999; Dubus 2013). Particles are accelerated at the
shock which forms between the pulsar and Be star winds.
These subsequently produce synchrotron emission from

Light Curve at VHE and X-Rays - Models
• Increasing X-ray flux due to radial 
dependence of the pulsar wind 
magnetisation (Takata et al 2017 & Lie et al 2018) 

• VHE flux level at periastron absorption of 
primary gamma-rays + Inverse Compton 
(Bednarek et al 2018) 

• X-ray brightening at superior conjunction: 
interaction with circumstellar disk Be or  
geometrical effect orientation stellar disk 
(Petropoulou, 2018) 

•VHE deep at superior conjunction: similar to 
PSRB1259–63/LS2883 attributed to γ-γ 
absorption (Sushch & van Soelen, 2017) 

•

�8Oscar Blanch ( IFAE ) - PSRJ 2032 +4127 - HEPRO VII 
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VHE spectra at periastron passage

•  Spectra reconstructed considering baseline emission 

•  Use full dataset (baseline & autumn 2017) and conduct simultaneous fits to different 
components. 

•  Statistically significant cut-off detected by both experiments. 
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Figure 3. Spectral energy distributions for PSRJ2032+4127 / MT91 213 and TeVJ2032+4130 from VERITAS (left) and
MAGIC (right). The blue butterflies are the spectral fits to TeVJ2032+4130. The red butterflies in the upper plots are fits to
the 2017 fall data: the sum of a power-law fit to TeVJ2032+4130 and a cuto↵ power-law fit to PSRJ2032+4127 / MT91 213. In
the bottom plots, orange is the fit to the low-state data (PSRJ2032+4127 / MT91 213 is fit with a cuto↵) while green represents
the high-state data (PSRJ2032+4127 / MT91 213 is fit with a power law). The fit parameters are given in Table 1 and the time
periods are defined in the text.

radio to X-ray bands and inverse Compton emission
at TeV energies. Numerous competing factors play a
role in creating and modulating the observed emission.
These include the e�ciency of inverse Compton pro-
duction and the degree of photon-photon absorption,
which both depend upon the geometrical properties of
the system with respect to the line of sight and the
intensity, wavelength and spatial distribution of target
photon fields (Böttcher & Dermer 2005). Additional
factors include: the position of the pulsar in relation to
structures in the stellar wind (Petropoulou et al. 2018);
the bulk motion and cooling of the post-shocked mate-
rial (Dubus 2006); the structure of the magnetic field
around the star (Sierpowska & Bednarek 2005); and
the degree of magnetization of the pulsar wind, and its
evolution with radial distance from the pulsar (Takata
& Taam 2009). Isotropized pair cascades, triggered by

misaligned VHE photons which would not otherwise be
observed, can also contribute to the emission (Bednarek
1997; Sushch & Böttcher 2014). Finally, interactions
with the material and radiation of a circumstellar disk,
the defining feature of the Be stellar class, may also
modulate the X-ray and gamma-ray fluxes (Sierpowska-
Bartosik & Bednarek 2008).

Modeling the time-dependent broadband emission is
therefore complex, and challenging. Takata et al. (2017)
have presented a model which explains the increasing
X-ray flux prior to periastron as the result of the radial
dependence of the pulsar wind magnetization, and the
X-ray suppression at periastron due to Doppler boost-
ing e↵ects caused by bulk motion of the post-shocked
flow, naturally leading to an emission light curve which
is asymmetric with respect to periastron. A recently re-
vised version of their model predictions is given in Li et
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Figure 1. Upper panels (left axes) show the 0.3–10.0 keV background-subtracted Swift-XRT energy-flux light curve (red circles)
of PSRJ2032+4127 / MT91 213. For clarity, observations with exposures less than 1.4 ks are excluded from the plot. Lower
panels show the > 200 GeV photon-flux light curves from VERITAS (green triangles) and MAGIC (blue squares). The left plot
shows the full light curve, while the right plot shows only the months around periastron. The horizontal solid lines indicate
the average flux prior to 2017 for the respective experiments. The solid gray lines (right axes) are the energy-flux light curve
predictions from Li et al. (2018) for X-rays and updated predictions from Takata et al. (2017) using the parameters from Li et
al. (2018) (Takata, private communication) for VHE gamma rays. Both models assume an inclination angle of 60�. The vertical
gray dashed line indicates periastron.

an additional component for the binary emission. Two
models were tested for the binary emission: a pure power
law and a power law with an exponential cuto↵. The
VERITAS data favor the cuto↵ model over the power
law for the binary emission, with an F-test probability of
0.997 and a cuto↵ energy of 0.57±0.20 TeV. MAGIC ob-
servations also favor an exponential cuto↵, with a prob-
ability of 0.993 and a cuto↵ energy of 1.40 ± 0.97 TeV.
Full details of the fit parameters are given in Table 1.
We note that the only other gamma-ray binary to dis-
play a spectral cuto↵ in the VHE regime is LS 5039, with
a cuto↵ at 8.7±2.0 TeV in the VHE high state, close to
inferior conjunction (Aharonian et al. 2006).

The fit process was then repeated with the 2017 data
broken up into two periods, to search for spectral vari-
ation with orbital phase and/or flux state of the binary
system. We define a high state (MJD 58057–58074 and
58080–58110), which covers the periods around perias-
tron where the flux above 0.2 TeV was greater than
1.0⇥10�11 cm�2 s�1 (approximately five times greater
than the baseline flux from TeV J2032+4130), and a
low state, covering the 2017 observations prior to pe-

riastron (MJD 57928–58056). We performed a global
fit to the datasets, with the high and low states fit
with the baseline power law plus either a pure power
law or a power-law with an exponential cuto↵. The
VERITAS data favor a cuto↵ model in the low state,
with an F-test probability of 0.999 and a cuto↵ value
of 0.33 ± 0.13 TeV. MAGIC observations also favor a
low-state cuto↵ model, with a probability of 0.980 and
a cuto↵ value of 0.58 ± 0.33 TeV. For both observato-
ries, the high-state data are well-fit by a pure power law
and including a cuto↵ does not significantly change the
quality of the fit.

4. DISCUSSION

PSR J2032+4127 / MT91 213 is the second TeV
gamma-ray binary system to be detected in which the
nature of the compact object is clearly established.
Non-thermal emission from these systems likely results
from the interaction of the pulsar wind with the wind
and/or disk of the Be star (Tavani & Arons 1997; Kirk et
al. 1999; Dubus 2013). Particles are accelerated at the
shock which forms between the pulsar and Be star winds.
These subsequently produce synchrotron emission from

Light Curve at VHE and X-Rays

•   VHE (E > 200 GeV) peaks at periastron while for X-Ray peaks ~30 days before 
•   X-Ray deep at periastron and recovery shortly after  
•   Deep 1 week after periastron at VHE, may be γ-γ absorption 
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Abeysekara et al, 2018 Takata et al, 2017, Lie et 2018
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Low and High state spectra

•  Divide dataset into two periods. 

•  Low State: MJD 57928-58056 (flux < 1×10-11 cm-2 s-1) 

•  High State: MJD 58057-58074 and 58080-58110 (flux > 1×10-11 cm-2 s-1)  
•  Joint fit conducted to all 3 datasets (baseline, low & high state). 
•  Cut-off in low state for both experiments. No evidence for cut-off in high state. 
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Abeysekara et al, 2018

TeV Gamma-Rays from the PSR J2032+4127 Binary. 9

(a) VERITAS 2017 fall average (b) MAGIC 2017 fall average
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Figure 3. Spectral energy distributions for PSRJ2032+4127 / MT91 213 and TeVJ2032+4130 from VERITAS (left) and
MAGIC (right). The blue butterflies are the spectral fits to TeVJ2032+4130. The red butterflies in the upper plots are fits to
the 2017 fall data: the sum of a power-law fit to TeVJ2032+4130 and a cuto↵ power-law fit to PSRJ2032+4127 / MT91 213. In
the bottom plots, orange is the fit to the low-state data (PSRJ2032+4127 / MT91 213 is fit with a cuto↵) while green represents
the high-state data (PSRJ2032+4127 / MT91 213 is fit with a power law). The fit parameters are given in Table 1 and the time
periods are defined in the text.

radio to X-ray bands and inverse Compton emission
at TeV energies. Numerous competing factors play a
role in creating and modulating the observed emission.
These include the e�ciency of inverse Compton pro-
duction and the degree of photon-photon absorption,
which both depend upon the geometrical properties of
the system with respect to the line of sight and the
intensity, wavelength and spatial distribution of target
photon fields (Böttcher & Dermer 2005). Additional
factors include: the position of the pulsar in relation to
structures in the stellar wind (Petropoulou et al. 2018);
the bulk motion and cooling of the post-shocked mate-
rial (Dubus 2006); the structure of the magnetic field
around the star (Sierpowska & Bednarek 2005); and
the degree of magnetization of the pulsar wind, and its
evolution with radial distance from the pulsar (Takata
& Taam 2009). Isotropized pair cascades, triggered by

misaligned VHE photons which would not otherwise be
observed, can also contribute to the emission (Bednarek
1997; Sushch & Böttcher 2014). Finally, interactions
with the material and radiation of a circumstellar disk,
the defining feature of the Be stellar class, may also
modulate the X-ray and gamma-ray fluxes (Sierpowska-
Bartosik & Bednarek 2008).

Modeling the time-dependent broadband emission is
therefore complex, and challenging. Takata et al. (2017)
have presented a model which explains the increasing
X-ray flux prior to periastron as the result of the radial
dependence of the pulsar wind magnetization, and the
X-ray suppression at periastron due to Doppler boost-
ing e↵ects caused by bulk motion of the post-shocked
flow, naturally leading to an emission light curve which
is asymmetric with respect to periastron. A recently re-
vised version of their model predictions is given in Li et
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Summary
• TeV emission from PSR J2032+4127/MT92 213 during periastron 

passage detected by VERITAS & MAGIC. 
• 7th gamma ray binary detected 
• 2nd where we know the nature of the compact object 

• TeV J2032+4130 might be pulsar wind nebula of PSR J2032+4127 
• PSR J2032+412 is a plausible candidate to be the power 

source  
• Is an extended TeV nebula also present around other TeV 

binaries? 
• Both X-ray and VHE γ- ray show flux increase around periastron, 

though not at the same time 
• Break in VHE spectrum for low state during periastron passage, 

but not at high state or baseline 
• Models did not predict  X-ray brightening after periastron and VHE 

gamma-rays emission.
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Oscar Blanch Bigas (IFAE)         
J. Herrera, A. López-Oramas  (for the MAGIC collaboration),  

R. Bird and T. J. Williamson (for the VERITAS Collaboration) 

TeV and X-ray emission from the 50-year period 
binary PSR J2032+4127/MT91 213 during 

periastron passage
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Back-up
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The MAGIC telescopes

�15

La Palma

AlekiĆ et al. 2016

• Two telescopes, 17 m diameter 

• Energy threshold (trigger) ~50 GeV 

• Integral sensitivity E >290 GeV:   
(0.67 ± 0.04 )%  of Crab Nebula 
flux in 50 hours (AlekiĆ et al. 2016)  

• Energy resolution: 15-23 % 

• Angular resolution: ∼0.1º



Gamma-ray binaries: state-of-the-art

System Star spectral 
type

Compact 
object

Porb  
[days]

HE 
emission VHE emission

PSR B1259-53 Be 48ms pulsar 1236.72 yes yes

LS 5039 O - 3.91 yes yes

LS I +61 303 Be - 26.49 yes yes

HESS J0632+057 Be - 315.50 yes yes

FGL J1018.6-5856 O - 16.58 yes yes

LMC P-3 O - 10.2 yes yes

PSR J2032+4127 Be 143 ms pulsar 50 years yes yes

extragalactic

new binary
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