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Abstract. Massive protostars have associated bipolar outflows which can produce strong shocks
when interact with the surrounding medium. Some theoretical models predict that particle
acceleration at relativistic velocities can occur leading to gamma ray emission. In order to identify
young stellar objects (YSO) that might emit gamma rays, we have crossed the Fermi First Year
Catalog with catalogs of known YSOs, obtaining a set of candidates by spatial correlation. We
have conducted Montecarlo simulations to find the probability of chance coincidence. Our results
indicate that ~70% of the candidates should be gamma-ray sources with a confidence of ~50.

Keywords. stars: early-type, gamma rays: observations, ISM: jets and outflows

1. Introduction

Massive YSOs show collimated outflows and thermal radiation has been detected up to
distances of 10'® —10'®cm from the central star. These are strongly supersonic jets and in
some cases, non-thermal radio lobes have been detected at distances of Z; ~ 1pc (Garay
et al. 2003). These radio lobes are probably generated by strong terminal shocks of the
jets, which also ionize the shocked material. The possibility of YSOs to be y-ray emitters
has already been discussed in Araudo et al. (2007) and Bosch-Ramon et al. (2010). The
action of the jet head on the external medium leads two shocks, the bow shock and
the reverse shock. The observed non-thermal radio emission would be generated at the
shocks where the particles are accelerated.

2. Numerical simulations

With the aim of finding the positional coincidences between Fermi sources and Young
Stellar Objects we have crossed the First Fermi-LAT Catalog (1IFGL) (Abdo et al. 2010)
and a catalog of MYSOs from the RMS Survey (Urquhart et al. 2009) by using a computer
code that determines the angular distance between two points in the sky, taking into
account the positional uncertainties in each of them. We ran the code with the 1392
sources of the 1FGL that have not been firmly identified, and the 556 sources identified
as YSOs in the RMS survey. In order to estimate the statistical significance of these
coincidences, we have simulated a large number of sets of Fermi sources. Specifically, we
have simulated 1500 populations of 1392 Fermi sources, through rotations on the celestial
sphere, displacing a source with original galactic coordinates (,b) to a new position (Iy,b)
as done in Romero et al. (1999). The separation between the Fermi source and the YSO
is calculated in each case using the statistical parameter R (Allington-Smith et al. 1982)
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where o,,, 05, is the uncertainty in the position of the source, and ¢ and j are Fermi and

RMS sources, respectively.
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3. Results

We have found 13 Fermi sources being positionally coincident with 24 YSOs (see
Table 1), and 8 of these Fermi sources have not any proposed counterpart (like SNR,
PWN, pulsar, etc.) to the gamma emission. In Table 2 we present the statistical results
obtained from simulations with a random distribution in galactic longitude. As can be
seen, the estimated probability of a pure chance association is as low as 2.0 x 10~® for
the 2°-binning simulations (2.2 x 10~ for the 1°-binning), and there is a correlation at
~ 50. When we considered the restrictions in both I and b (see Table 3), the chance
probability raised, but still shows a quite negligible values (~ 107%).

Ferml Name U5% Semi  Spectral Index [ Energy Flux MSX Name Freq. IntFTux Angular dist. R
Major Axis FeE T erg em 2?5t GHz  mly ¢

IFGL J0541.14+3542 01367 2.41+0.13 1.61x107H£4,9x107H 5 <07 0.12 0.846
5 <07 0.13 0.903
5 < 0.8 0.05 0.364
5 <08 0.05 0.386
1FGL J0647.3+0031 0.2150 2414011 1.89%10 M 454%10712 G212.0641-00.7395 5 <09 0.10 0467
1FGL J1256.9-6337 0.1955 2.2640.12 4.97x107M L1110 G303.5990-00.6524 4.8 < 0.6 0.12 0.589
1FGL J1315.0-6235  0.1860  2.3140.12 86,8610 1 £0,0 G305.48404+00,2248 86 <21 018 0,958
G305.5610+00.0124 8.6 7.2 0.16 0.869
1FGL J1651.5-4602  0.2258  2.2140.07 1.39x107 1434107 (339.8838-01.2588 8.6 26 0.14 0.638
1FGL 11702.4-4147 0.0800 2.3940.07 87x10714£2.0x1071  (G344.4257+00.0451B 8.6 <13.7 0.05 0.631
+00.0451C 8.6 <137 0.05 0.638
1FGL J1846.8-0233 01262 2.2140.06 931074231071 G030.1981-00.1691 5 <0.8 0.08 0.646
1FGL J1848.1-0145 0.0859 2.2340.04 955107 £3.2x107 1 G030.9726—00.1410 5 <07 0.07 0.763
G030.9959—00.0771 5 < 1.2 0.00 0.036
1FGL J1853.1+0032 05207  2.1840.07 5.7x107 M1 Tx107" G032.8205-00.3300 5 <07 0.34 0.658
G033.3801+00,1980 5 <10 0.40 0.768
3.3933+00.0100 5 <11 0.26 0.496
5 <07 0.43 0.830
5 <08 0.47 0.908
1FGL J1925.0+1720  0.1443  2.2840.12 2.37x107M£1.02:107" G052.2078400.6800 5 <07 0.08 0533
G052.20254-00.721TA 5 < 0.8 0.07 0.453
1FGL J1943.4+2340 01118 2234011 2.62x107"£6.8x1077  G059.7831+00.0648 8.6 1.0 0.08 0.743
1FGL J2032.8+3928 0.2507 2.594+0.07 511071 4£1.4%107 GO78.4705-00.1830 5 <1.2 0.23 0.908
1FGL J2040.0+4157 0.1970 2.66+0.06 7.9x10" M 41.2x10° 1 GO81.5168+00.1926 5 <11 0.04 0.195

Table 1. Positional coincidence between Fermi sources and MYSOs.

Actual  Simulated Probability Simulated Probability Actual  Simulated Probability Simulated Probability
coincidence 1°-bin 1° 2°-bin 2° coincidence  20°-bin 20° 40°-bin 40°
13 3.9 1.9 22x10°%  33%17 2.0 x10°8 13 517+ 2.07  1.5x10 % 3.8& 1.9 1.6x10°°
Table 2. Statistical results obtained from simulations with a Table 3. Statistical results obtained from simulations
random distribution in galactic longitude. constrained both in galactic latitude and galactic longitude.
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