Search for gamma-ray emission from the binary
system HESS J0632+057

G. Andrea Caliandro
(ICE/CSIC, Barcelona)

on behalf of the Fermi-LAT collaboration

— SciNeGHE 2012, Lecce, Italy —

Andrea Caliandro



Discovery of HESS J0632+057

* The HESS Cherenkov Telescope’s collaboration announced on 2007 the
discovery of a new 7 -ray source, located close to the rim of the Monoceros SNR

e HESS J0632+057 is point-like > HMXB candidate

* possibly associated with
— the X-ray source 1RXS J063258.3+054857 (Rosat)

— the GeV 7 -ray source 3EGJ0634+0521 S
— the Be-star MWC148 806630.
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<ani  FOllow=up by XMM-Newton, Swift, and Chandra

Gamma-ray

Space Telescope
D 4

XMM-Newton revealed an X-ray source
coincident with the TeV emission and MWC 148

Significant X-ray variability present on multiple
time scales including days to months

No detection of pulsations with Chandra data

Spectral variability
— Absorbed power-law 5%48]
— Variation in spectral index, and absorption (N)

Declination

- 1RXS J063258.3+054857

Star: MWC 148
Circle: XMM-Newton source
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<o ermi X-ray period (Bongiorno et al. 2011)
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Orbital Phase
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< ermi Optical counterpart MWC 148
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* Be star

e Mass13.2-19.0 M,

* Distance 1.1 -1.7 kpc
Radius 6.0-9.6 R

Stellar effective temperature 27500 - 30000 K
Aragona et al. 2010
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* Period 321 days

037 * Eccentricity 0.83 + 0.08
* Longitude of the periastron 129°+17°
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s ermi Monitoring with Cherenkov telescopes

 VERITAS monitoring: 2006-2009 - upper limits

* In 2010 - 2011: MAGIC & VERITAS detected the
source simultaneously to the high X-ray peak
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<o ormi HESS J0632+057 observed by Fermi-LAT
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J0632+057 is dominated by the emission
of the pulsar PSR J0633+0632
(F,00=8.411.4 x 108 ph cm=2 s1)

* PSR J0633+0632 is a radio loud pulsar
included in the first pulsar catalog of
Fermi. It has a typical light curve
composed by two narrow peaks
separated by ~0.5 phase
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overmi The region out of the PSR peaks

e Joining the OFF-Pulse + Intra peaks phases of PSR J0633+0632 the region
around HESS J0632+057 appears like the TS maps plotted below

Diffuse subtracted TS Map @ E>300MeV
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e The crosses correspond to 2FGL sources
* The yellow circle is HESS J0632+057

e There are several points with TS>40 that are
not modeled by 2FGL sources

Andrea Caliandro

e Likelihood ratio test

- TS=2[log(L,) - log(L,)]
- Ly = likelihood value from the fit of

the model without the source (null
hypothesis)

- L, =likelihood value from the fit of
the model with the source (test
hypothesis)

TS map

— for each pixel of the map the TS is
calculated assuming for the test

hypothesis a point-like source at the
center of the bin

For the map showed in this slide
the model for the null hypothesis
includes only the diffuse Galactic
and extragalactic emission.

In this way all the sources should
be evident in the map




«-ami  Modeling the region around HESS J0632+057

Residual TS Map
 We worked to model the region as
well as possible

— re-localization and modeling the
2FGL sources with TS<100

— lteratively adding new sources in
coincidence of excesses in the
residual TS maps

— The iteration is stopped when there
are not excesses with TS>15 in the
residual TS map
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* In the residual TS map @ E>300MeV
there are 2 excess with TS~25

— We add two new sources on top of the The residual TS map is obtained
excesses including in the model of the

— The localization is refined with a null hypothesis all the sources
dedicated procedure already detected

— Their spectrum is modeled with a In this way only un-modeled
likelihood fit excesses appear in the map
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<ani  Final residual TSmap 10°x10°

Source name

2FGL J0631.5+1035

* No excesses with TS>15
* 8 new sources
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overmi Likelihood analysis of HESS J0632, and UL

* The GeV emission of HESS J0632+057 is E range TS 95% UL flux
still under the sensitivity of Fermi-LAT 01-1GeV 6.6 2.0 E-8 phlcm?s

* We infer upper limits in different energy

ranges 1-10 GeV 3.3 1.3 E-9 ph/cm?s

10-100GeV 0.1 0.8 E-10 ph/cm?3s

Radio counterpart

,,"' Skilton et al. 20 P Fermi 95% UL
5 107" g
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Figure adapted from
Hinton et al. 2009
of an illustrative
leptonic model
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S— Folded analysis

* The source is analyzed folding the photons with the orbital period of the
system (321 days), and dividing the orbit in 8 bins.

* For each bin a likelihood ratio test is performed

300

TS

I R Detection threshold

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Orbital phase

* All the bins are below the detection threshold (TS=25 2> 4.6 0)

* The highest bin has a TS value that depending on the setting of the
parameters of the nearby sources variesas TS=8-16
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o ermi Summary

* We are searching for evidence of GeV emission from HESS J0632 using 3.5
years of LAT-data

We modeled the region around HESS J0632+057 as well as possible,
working in the Off-pulse + Intra-peaks of PSR J0633+0632

HESS J0632+057 remains undetected in GeV energy range
— We inferred 95% upper limits in different energy ranges

We analyzed HESS J0632+057 folding the photons with its orbital period
— All the bins are below the detection threshold (TS=25)
— Even the highest bin has a TS value that corresponds to less than 3 sigma
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loerms Comparison with other gamma-ray HMXB systems

Gamma-ray
pace Telescope

L 4

« Gamma-ray HMXB systems are those systems whose emission is dominant in
GeV - TeV energy range

y-ray Star Eccentr. Distance v-ray flux
activity type [kpc] (>100MeV)

[E-8 ph/cm?s]

HEES J0632+057 VHE Be 321 0.83 1.5 <2.0
LS 1 +61 303 HE, VHE Be 26.50 0.54 1.9 95
PSR B1259-63 HE, VHE Be 1236.79 0.87 2.3 ~150
peak after the
periastron
passage
LS 5039 HE, VHE (0) 3.91 0.35 2.5 61
1FGL J1810.6-5856 | HE, VHE? o) 16.58 -- 5.4 2.9




