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FIRST DETECTION OF AN HCO 6 cm MASER FLARE: A BURST IN IRAS 185660408
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ABSTRACT

We report the discovery of a short-duration (less than 3 months) outburst of,@@ Bl cm maser in IRAS
18566+0408 (G37.55-0.20). During the flare, the peak flux density of the maser increased by a factor of 4;
after less than a month, it decayed to the preflare value. This is the first detection of a short, burstlike variability
of an HCO 6 cm maser. The maser shows an asymmetric line profile that is consistent with the superposition
of two Gaussian components. We did not detect a change in the velocity or the line width of the Gaussian
components during the flare. If the two Gaussian components trace two separate maser regions, then very likely
an event outside the maser gas triggered simultaneous flares at two different locations.

Subject headings: H 11 regions — ISM: individual (IRAS 185660408) — ISM: molecules — masers —
radio lines: ISM — stars: formation

1. INTRODUCTION J2000). The observations were carried out on 2002 November

L 09 and 15; 2004 October 15 and 16; and 2005 July 17. The
IRAS 185660408 (G37.55-0.20; Mol 83; Molinari et al. 1996) GBT autocorrelator was used to observe thE@l 6 cmytran-

is a massive star-forming region located at a distance of 6.7 kpc_... 1 _ : :

(Araya et al. 2004). Active star formation in the region is evident ;gllgrr]iz(gt\i]gﬁg TN#]O aliyléllrllodv_vic?tﬁzc?f 61529;31 'Y\Iﬂmzz)u-l(gé\/\fgn"rs‘g? '

from_ detection of 22 GHz |0 and 6.7 GHz CLDH masers and and 4096 channels per polarization (0.19 krhahannel width).
multiple molecular ogtflows (Be_uther et al. 2002a, 2002b). CompactThe system temperatures were approximately 26, 24, and 28 K
(«6") and weak centimeter radio continuum detected '_[oward IRAS on 2002 November. 2004 October. and 2005 .July’ re’spectively
18566t 0408 (Carral et al. 1999; Araya et al. 2005) likely marks 1,5 o1carying mode was position switching. After inspection of
the position 9f ayoung massive stgllar object that has not yet de'the ON- and OFF-source spectra separately, the data were cal-
veloped a bright ultracompact idregion. IRAS 18566:0408 has i ate to antenna temperature units using AHRS The spectra
been classified as a massive disk candidate (Zhang 2005). Thig oo g hsequently exported to CLAS®r further calibration

. . : ) ensity units, we divided the spectra by the telescope gain values
continuum sources that often compromise the interpretation of1 83, 1.90, and 1.95 K Jy for the 2002 November, 2004 Oc-
single-dish observations at centimeter and millimeter wavelengths,[o'be'r alnd,2005 JiJIy observations, respectively Tr’1e gain values
‘ IRAS i\8566+q[40|8 gggbsorsgne Fif trt'ﬁ feV\t/;ﬁQ 6 crfn trr?asers were obtained from observations of NGC 7027, 3C 48, 3C 147,
nown ( raya €t al. ). Despite the ubiquity o ) CR and 3C 286 (the assumed flux densities for the four sources were
molecule in molecular clouds (e.g., Araya et al. 2002; Watson elg 37 547 7.94 and 7.52 Jy, respectivéhBased on the dis-
El' 2033,[; Sfe d"ft‘lso E&’?”S 1999)2q@tﬁ ccr;n Iemlssmn has only ﬁersion of the telescope gain values, the flux density calibration
:en € ?C Ie Zoo%ar |v§ reg|;|o?s n deO A axg,\?/sKTasetrhemlss;o better than 22%. Further details of the flux density calibration
(Araya et al. 2006a) and only toward Orion as thermal 54 telescope characterization are given in Sewito et al. (2004)
emission (see discussion in Araya et al. 2006b). Variability of nd E. Araya et al. (2007, in preparation). After checking the
H,CO masgrs has_ been reported toward wo sources (Sgr B2 an onsistency of both orthogonal polarization spectra, we averaged
NGC 7538; Mehringer et al. 1994 and Forster et al. 1985, re- the spectra and subtracted a linear baseline

spectively); however, only long-term (more than a year) variability
has been found. Here we report the first detection of the rapid
(less than 3 months) flarelike variability of an@0D 6 cm maser. 3. RESULTS AND DISCUSSION

We detected HCO maser emission and absorption in all our
2. OBSERVATIONS AND DATA REDUCTION GBT observing runs. In the top portion of Table 1, we list the

We report observations conducted with the NRAO Green maser line parameters of our GBT observations, and we also
Bank TelescopgGBT) toward the massive star-forming region include the line parameters of all other observations of the

IRAS 18566+0408 (R.A. = 18'59"09.9, decl. = 04°12'15’, H,CO maser in IRAS 185660408 reported in the literature.
The line profiles of the two 2002 November observations were

New Mexico Institute of Mining and Technology, Physics Department, consistent with the superposition of two Gaussian profiles (see

Socorro, NM. the top portion of Table 1 for line parameters). A discussion
2 National Radio Astronomy Observatory, Socorro, NM. of the double-line profile is given in § 3.1.

jDepartment of Astronomy, University of Wisconsin, Madison, WI. In both of our 2002 November observations obtained within

Max-Planck-Institut fu Astronomie, Heidelberg, Germany. 6 days (See the top portion of Table 1)’ the peak flux density

® Centro de Radioastronéay Astrofsica, UNAM, Morelia, Michoata, Mexico.

® Istituto di Radioastronomia, INAF, Sezione di Firenze, Florence, Italy.

7 University of Puerto Rico at Rio Piedras, Physics Department, San Juan, PR. ° CLASS is part of the GILDAS software package developed by the Institut

8 Manchester College, North Manchester, IN. de Radioastronomie Millifteique (IRAM).

9The 100 m Green Bank Telescope is operated by the National Radio ! 3C 48 was also used as flux density calibrator of the observations reported
Astronomy Observatory (NRAO), a facility of the National Science Foundation by Araya et al. (2005) that are listed in the top portion Table 1. The 3C 48 flux
operated under cooperative agreement by Associated Universities, Inc. density assumed in this work is the same as the one used in Araya et al. (2005).
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TABLE 1
MULTIEPOCH OBSERVATIONS OF THE MASER IN IRAS 18566+0408
rms S Visr Width
Date (mJy)  (mJy) (km s (km s™) Telescope Reference

Individual Observations

2002 Jul 27 ...l 1.3 285 79.70 (0.05) 1.52 (0.09) Arecibo Araya e2@04

2002 Sep 18.......c.e.nn 35 38.3 79.43 (0.05) 1.6 (0.1) VLA-CnB Araya et al. 2005
2002 Nov 09 ............. 10.0 72.0 79.33(0.11) 1.2(0.2) GBT This work
10.0 89.1 80.04 (0.03) 0.66 (0.05) GBT This work

2002 Nov 15° ............. 8.2 775 79.27 (0.05) 1.34 (0.09) GBT This work
8.2 123.4 80.05(0.01) 0.58 (0.03) GBT This work

2002 Dec 16............... 1.2 28.3 79.75(0.04) 1.8(0.1) Arecibo Araya ep@04
2003 Sep 0% .....ovttnn. 4.3 38.4 79.50 (0.07) 1.6 (0.2) VLA-A Araya et al. 2005
2003 Oct 12 .............. 2.2 22.1 79.72 (0.06) 1.4 (0.1) Arecibo Araya e@D4
2004 Oct 15, 18 .......... 3.6 239 79.8(0.1) 1.0 (0.2) GBT This work
2005 Jul 17 ...oveieinnnn 7.7 369 79.1(0.1) 1.2 (0.3) GBT This work

Combined GBT 2002 Observations and Arecibo Observations

GBT 20029 ................ 6.5 75.2 79.31(0.06) 1.28 (0.09) GBT This work
6.5 106.2 80.05(0.01) 0.63 (0.04) GBT This work

Arecibo 2002, 2003 ...... 1.7 21.1 79.3(0.1) 1.2 (0.2) Arecibo Araya et2004

1.7 24.3 80.12 (0.03) 0.61 (0.08) Arecibo Araya et al. 2004

2 Line parameters obtained with a Gaussian fit. The uncertainties argtdtistical errors from the fit.

® The line parameters and errors are as in note a, except for the flux density, which corresponds to the brightest
channel in the spectrum.

°The line profile is consistent with two superposed Gaussian lines. We report the line parameters of both
Gaussian components. The uncertainties asesfatistical errors from the fit.

9The flux density and velocity of the brightest channel in the spectrum are 118.2 mJy and 79.95, km s
respectively. The full width at half-maximum of the combined Gaussian profile is 1.4 (0.1ykm s

°The flux density and velocity of the brightest channel in the spectrum are 146.2 mJy and 79.94, km s
respectively. The full width at half-maximum of the combined Gaussian profile is 1.4 (0.1ykm s

f This data point is not shown in Fig. 1.

9 Average of the 2002 November 9 and 15 data.

" Average of all observations obtained with Arecibo by Araya et al. (2004).

of the maser was-4 times greater than the peak flux density sorption feature is greater in the GBT spectrum than in the Are-
of the maser measured at all other epochs. The increase in theibo spectrum, while the absorption was heavily resolved/filtered
flux density of the maser detected in 2002 November is due out by the Very Large Array (VLA; see Westpfahl 1999 for a
to real variability of the maser and not a calibration error, brief introduction about interferometers as spatial filters).
because the flux density value of #iwsor ption feature redward In Figure 2 we show the complete light curve of theCi®
from the maser line was consistent in all our GBT observations. maser in IRAS 18566 0408. The flux density values used for the
The variability of the maser detected with the GBT is ex- 2002 November observations are those given in the notes d and
emplified in Figure 1, where we show the combined spectrum e to Table 1. The peak flux densities of the two 2002 November
of the 2002 November observations and four oth@®lispectra  observations (see notes d and e to Table 1) agree with each other
of the region obtained at different epochs. The figure shows thatwithin 4 ¢ (and within 3¢ in the other line parameters); however,
all three telescopes measured approximately the same peak fluat an~3 o level, the maser flux density might have been increasing
density of the maser in its quiescent state. It also shows that thebetween 2002 November 9 and 15. All other epochs agree with
H,CO 6 cm absorption is extended, since the peak of the ab-no variability within conservative limits of 6 error bars (Fig. 2).
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Fic. 1.—H,CO 6 cm maser flare in IRAS 1856®408. The flare was Observation Date

detected with the GBT in 2002 November (the 2002 November spectrum is

the average of both 2002 November observations reported in Table 1). The Fic. 2.—Light curve of the HCO 6 cm maser in IRAS 1856680408. The maser
flare is a real variability and not a calibration artifact because tj@Hab- flare is clearly seen in the figure. The@O maser decayed to the preflare flux
sorption is consistent in all our GBT observations (compare the 2002 November density in less than a month. The length of the error bars is 6 times the rms noise
and 2005 July spectra). of the respective spectrum as reported in the top portion of Table 1.
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The differences between the flux density measurements during the 150 p————T—T——T——T—TT—T—T—7—
quiescent state of the maser probably result from small differences 3 GBT Flare 3
in the flux density calibration (e.g., a systematic flux density cal- 100 S0 Phase
ibration error between the Arecibo and VLA data may explain —~ B50F 3
why the flux densities measured with the VLA are greater than g\ ok E
the flux densities measured with Arecibo; see Fig. 2). However, E 3 E
we cannot rule out lower amplitude variation of the maser during ~ 1+
the quiescent phase. o  Arecibo Quiescent 1
20 r 2002, 2003 Phase -

3.1. HCO 6 cmMaser Line Profile 0 .

The line profiles of the KCO spectra during the maser flare are T
clearly asymmetric and are consistent with the superposition of two -8 80 82
Gaussian profiles. In the upper panel of Figure 3 we show the -1
combined spectrum of the 2002 November observations, and the VLSR(kI'n S )
two Gaussian profiles used to fit theGO maser line. The line Fio. 3.H.CO 6 cm maser brofile during the flareober nanel) and the
paramc_eters of the fit are given 'n the bottom pomon of Table,l' To quiescent przlaselcﬁmer panel). IFE)ach spectrﬂm is a cgtr)nbiﬁatior)w of several
check if the double-peaked profile detected during the flare is alsopbservations made during each phase. Both line profiles are well fit by two
present during the quiescent state of the maser, we combined alsaussian components; the fitted line parameters are given in the bottom portion
three (2002 July, 2002 December, and 2003 October) Arecibo ob-0f Table 1. The red falloff is due to J£O absorption (see Fig. 1).
servations reported by Araya et al. (2004) without applying any
smoothing to the spectra (channel width 0.19 km s%). The  observations show that the, &0 6 cm maser is coincident with
combined Arecibo spectrum (see Figl@yer panel) is also con-  the putative disk (Q. Zhang 2006, private communication). Al-
sistent with the superposition of two Gaussian components (linethough further higher angular resolution (VLBI) observations are
parameters given in the bottom portion of Table 1). Excluding the required, it is possible that the two maser components shown in

obvious difference in peak flux densities, the other line parametersrigure 3 are tracing gas associated with a circumstellar disk in
of the two Gaussian profiles during the flare and the quiescent phaseRAS 18566+-0408.

are consistent within 3 errors from the fit.

Figure 3 demonstrates that the double-peak line profile of the :
H,CO 6 cm maser in IRAS 185680408 was maintained during 3.2.On the Possible Nature of the H,CO Flare
the maser burst and that both components showed approximately In this section we qualitatively explore possible causes of
the same relative increase in flux density during the flare, i.e., athe H,CO 6 cm flare in IRAS 185660408. One possibility is
flux density increase by a factor of approximately 3.6 and 4.4 for that the flare and quiescent maser originate from different gas.
the weak and strong components, respectively. The relative inten-An unrelated molecular clump might undergo population in-
sity and LSR velocity of the components are inconsistent with the version and/or have its maser emission momentarily beamed
superposition of the hyperfine structure of thgCB line (e.g., in our direction. Alternatively, a molecular clump passing in
Tucker et al. 1970); thus, the line profile most likely is a conse- front of the maser region might further amplify the radiation.
quence of the superposition of (at least) two differe@@& maser Although possible scenarios, all of these mechanisms would
regions separated by less thdi® @i.e., the highest angular res- probably produce some change in the line profile. Because no
olution of the observations reported by Araya et al. 2005). The such change was seen, we consider these possibilities to be
difference in velocity and the quasi-simultaneous variability of the unlikely. Variability due to a scintillation event is another pos-
two Gaussian components suggest that the trigger mechanism fosibility; however, we also find it unlikely because of the large
the burst must be external to the two maser clumps and that theamplitude variation (see, e.g., Dennison et al. 1987 and Qian
distance between the trigger source and each maser region mustt al. 1995) and the isolated character of the variation (e.g.,
be the same within a few light-weeks. see discussion in Macquart & Bower 2006). It seems more

Asymmetric and double line profiles have been detected beforelikely that the flare could have been a consequence of (1) a
toward other HCO maser regions (e.g., NGC 7538 IRS1, Downes change in the maser gainor (2) a change in the background
& Wilson 1974; G29.96-0.02, Pratap et al. 1994). In the case of 6 cm continuum radiation. Below we discuss both possibilities
NGC 7538 IRS1, the O spectrum shows two maser peaks for the cases of saturated and unsaturated maser emission.
with a velocity separation of2 km s*. MERLIN observations Saturated H,CO maser emission.—In a saturated maser, the
by Hoffman et al. (2003) show that the two maser components output radiation in the line is dominated by the characteristics
are separated by approximately 80 mas, with a relative orientationof the maser gas and not by the number of background seed
of approximately northeast-southwest (PsAL7°). VLBA +VLA photons. Thus, if the }£O maser is saturated, then the flare
observations of NGC 7538 IRS1 also by Hoffman et al. (2003) must have been a consequence of a change in the maser gain
showed that one of the maser components has a northeast-soutland not of a change in the background 6 cm continuum flux.
west (P.A.= 30°) velocity gradient that is consistent with maser If H,CO 6 cm masers are collisionally pumped, as suggested
emission from a rotating disk. This northeast-southwest velocity by Hoffman et al. (2003), then the change in the maser gain
and spatial distribution of the JBO masers in NGC 7538 IRS1 must have been caused by a local disturbance of the gas (e.g.,
are particularly interesting because De Buizer & Minier (2005) by a shock wave). However, a disturbance in the physical con-
report a possible circumstellar disk oriented in a northeast-south-ditions of the gas due to a shock wave is expected to modify
west direction; i.e., the }J£O 6 cm masers in the region may be the maser’s line velocity and width, which was not observed
tracing the kinematics of a circumstellar disk in NGC 7538 IRS1. (see also the timescales for a crossing sound or shock wave
As mentioned in 8 1, IRAS 185660408 is thought to harbor a  mentioned below). On the other hand, the maser could be sat-
massive circumstellar disk (Zhang 2005), and recent MEA urated and still show a flare if the inversion is due to a radiative
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mechanism, as in the case of OH masers toward OH/IR starsan electron density, = 10° cm, because the recombination and
(e.g., Elitzur 1992; ter Haar & Pelling 1974 and references radiative cooling timescales would k&2 months for an electron
therein). Thus, if the ECO maser in IRAS 185660408 is temperaturdl, ~ 10* K gas (Spitzer 1978).
saturated, then we find it most likely that the maser is radiatively
pumped. For example, if J£LO masers are pumped by IR ra-
diation (as mentioned by Araya et al. 2006a) and the maser
gas in IRAS 185660408 is coplanar with a clumpy circum-
stellar disk, then a change in the pumping photon flux, perhaps
caused when an inner clump partially uncovered the central
region, could have triggered the maser flare.

Unsaturated H,CO maser emisson.—In the case of an unsatu-
rated maser, the flare could have been caused by (1) a change in
the maser gain or (2) a change in the 6 cm continuum flux density:

Summarizing this section, if the flare was caused by a change
in maser gain, then radiative pumping seems to be a more likely
inversion mechanism for the,H0 6 cm maser in IRAS 18566
0408. This conclusion is independent of the saturation state of the
maser. On the other hand, if the maser is unsaturated, the flare
could have been caused by a change in the background 6 cm flux
density, independent of the pumping mechanism of the maser.

4. SUMMARY

Using the Green Bank Telescope we have detectegCOH
6 cm maser flare toward IRAS 18566408, a massive star-

1. In an unsaturated maser, a linear change in the gain produceforming region with a possible massive circumstellar disk (Zhang
an exponential variation in amplification. In order to explain the 2005). The HCO flare lasted for less than 3 months and fully
flux density variation of the maser, the gain must have changeddecayed to the preflare flux density level in less than 1 month.
by a factor betweer12% and~24% (assuming that6 > 7> The line profile during the burst was asymmetric and consistent
—12 as in the case of the 80O 6 cm masers in NGC 7538 and  with the superposition of two Gaussian components, strongly sug-
G29.96-0.02; Hoffman et al. 2003); i.e., a change as small as gesting the existence of two differeny&0O 6 cm maser clumps.
12% in the relative population inversion might explain the flare.  The line profiles during the flare and the quiescent phases are

If the maser in IRAS 185660408 is unsaturated and if the remarkably similar: the line ratio between the two components
flare is caused by a change in the maser gain, then we find itremained relatively constant, and the line velocities and widths
unlikely that the pumping mechanism is due to a collisional pro- did not change within the 3 uncertainty errors. Based on our
cess. We disregard this possibility because a change in the gaimbservations, and assuming that the two Gaussian components
would have been caused by a modification of the physical con-trace two different maser regions, we conclude that the burst was
ditions of the maser region via some kind of disturbance. But, caused by some mechanism outside the two maser regions that
assuming that the projected size of thegCB® maser in IRAS  triggered a quasi-simultaneous flare in both maser components.
18566+0408 is similar to those measured toward G29.9®2
and NGC 7538 (i.e.z30 AU; Hoffman et al. 2003), then both Support for this work was provided by the NSF through
a sound wave disturbancel km s* sound speed) and a shock award GSSP 05-0006 from the NRAO. E. A. acknowledges
front (=100 km s* propagation velocity; e.g., Goddi et al. 2005) Frank Ghigo, Ron Maddalena, and Dana Balser for help during
would have timescales for a change of physical conditions in thethe observations and Carl Bignell for scheduling the 2004 Oc-
maser gas (i.ez140 and=1.4 yr, respectively) considerably tober observations as a backup project. We also thank W. M.
greater than the observed timescale of the maser flare. Goss and an anonymous referee for comments that significantly

2. A variation of the background 6 cm continuum would have improved the manuscript. We acknowledge Q. Zhang for check-
linearly changed the flux density of the unsaturated maser. A var-ing the positional coincidence between the tentative disk and
iation in the 6 cm continuum could have been caused by an outflowthe H,CO maser in IRAS 185660408. E. A. is supported by
or accretion event, and assuming that a background 6 cm continthe NRAO predoctoral researcher program. P. H. acknowledges
uum flare was located approximately symmetric (within a distance support from NSF grant AST-0454665. H. L. was supported
difference of a few light-weeks) with respect to the two maser by a postdoctoral stipend from the German Max Planck Society.
regions and our line of sight, then this possibility would explain E. C., M. S., and C. W. were supported in part by NSF grant
the characteristics of the flare. A change in the 6 cm continuum AST-0303689. L. O. was supported in part by the Puerto Rico
flux density could be possible if the background ionized gas hasSpace Grant Consortium.
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