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Contamination of short GRBs by giant magnetar flares:
Significance of downward revision in distance to SGR
1806-20

Paul A. Crowther, Joanne L. Bibby, James P. Furnasd J. Simon Clark

*Dept of Physics & Astronomy, University of Sheffield, SHeff&3 7RH, UK
TDept of Physics & Astronomy, The Open University, Miltonriésy MK7 6AA, UK

Abstract. We highlight how the downward revision in the distance tosts cluster associated with SGR1806-20 by Bibby
et al. reconciles the apparent low contamination of BATS&tSBRBS by intense flares from extragalactic magnetarsowtth
recourse to modifying the frequency of one such flare per 20syper Milky Way galaxy. We also discuss the variety in
progenitor initial masses of magnetars based upon cluges, aanging from- 50M, for SGR 1806—20 and 1E 1647-455
in Westerlund 1 to~ 15M, for SGR 1900+14 and presumably 1E 1841-045 if it originatechfone of the massive RSG
clusters #2 or #3.

Keywords: Near infrared; Masses (stars); Distances (stars); Nestas; Open clusters in the Milky Way; Gamma-ray bursts
PACS: 95.85.Jq; 97.10.Nf; 97.10.Vm; 97.60.Jd; 98.20.Di; 98R20.

INTRODUCTION than currently adopted, unless the widely adopted dis-
tance to SGR 1806-20 is incorrect.
It is well known that the initial, intenseg-ray spike Fortunately, SGR 1806—20 lies towards a young star

from giant flares of extragalactic magnetars — locallycluster, whose near-IR appearance is shown in in[Fig. 1.
classified as either Soft Gamma Repeaters (SGRs) dPhotometric (colour-magnitude diagrams) and spectro-
Anomalous X-ray Pulsars (AXPs) at kpc distances —scopic (stellar subtypes) tools allow ages and main-
could be mistaken for cosmological short Gamma Raysequence turn-off masses can be derived, albeit some-
Bursts (GRBs). Typical peak outputs of magnetar flareavhat dependent upon isochrones from evolutionary mod-
lie in the range 18" erg/s (SGR 1806-20 in Jan 1979) els of massive stars. Walborn (2009) discusses the char-
to 10" erg/s (SGR 0525-66 in Mar 1979) would not be acteristics of the youngest star clusters, for which O stars
detected in galaxies lying at Mpc distances, but the peakepresent the visually brightest stars up to ages of a few
luminosity of the intense flare from SGR 1806-20 in DecMyr (e.g. NGC 3603) with AF supergiants dominating
2004 was X10*’d;5 erg/s where the usually adopted for ages closer to 4-10 Myr (e.g. Westerlund 1). There-
distance of SGR 1806-20 idi5 = 15 kpc. BATSE, after, the visual and near-IR appearance of star clusters
aboard the Compton Gamma-Ray Observatory, woulds distinguished by red supergiants (e.g. RSG cluster #1:
have detected the initiat0.1s spike from SGR 1806— Figer et al. 2006; RSG cluster #2: Davies et al. 2007).
20 had it originated from a galaxy 30-8¢; Mpc away.

For an adopted rate of one such intense flare, per 30 yr,
per Milky Way galaxy, a total of 200-308%(7/30yr) DISTANCE TO SGR 1806-20
flares would have been detected by BATSE over its 9.5
year lifetime, representing 40-608f.(7/30yr) L of all  The usual 15kpc distance towards SGR 1806-20 relies
short GRBs detected by BATSE (Hurley et al. 2005; upon kinematics (Corbel et al. 1997; Eikenberry et al.
Lazzati et al. 2005). Consequently, one would expect &2004; Figer et al. 2004), but if we assume that it is
strong correlation between the position of BATSE shortphysically associated with a visibly obscuretk(= 3
bursts and nearby star forming galaxies. However, Tanvimag), massive star cluster (Eikenberry et al. 2004; Figer
et al. (2005) found that only 10% of short GRBs orig- et al. 2005), we may combine their physical properties
inated from within 30 Mpc, while Lazzati et al. (2005) with evolutionary models to obtain the age and (spec-
concluded that the contribution of giant magnetar flaresroscopic parallax) distance to the cluster. The likeli-
to short GRB statistics was no greater tha#%. Afew  hood of chance alignment between the cluster and mag-
candidate extragalactic giant flares have been identifiedetar is low. Indeed, Muno et al. (2006) obtained a
(e.g. GRB051103 in M81, Ofek et al. 2006). Apparently, confidence 0f>99.97% for the association of magne-
the frequency of intense magnetar flares is much lowetar 1E 1647-455 (AXP) with the Westerlund 1 cluster
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FIGURE 1. Location of magnetars within visibly obscured young massiusters Westerlund 1 (NTT/SOFI, 20R00 arcsec,
equivalent to X5pc at 5kpc, left) and Cl 1806—20 (Gemini-N/NIRI, 3384 arcsec, equivalent to 1x3.5 pc at 8.7 kpc, right).

(see FigllL). Both clusters host rare Luminous Blue Vari-liable stellar classification even for present 8-10m tele-
ables and Wolf-Rayet stars in addition to OB stars, al-scopes.
though Westerlund 1 is an order of magnitude more mas- Alternatively, the simultaneous presence of WN and
sive (5-10<10*M,, Clark et al. 2005; Mengel & Tacconi- WC-type Wolf-Rayet stars in SGR 1806—20 suggest an
Garman 2007; Brandner et al. 2008), so hosts many morage of 4-1 Myr, from which an independent distance
evolved massive stars — 24 WR stars (Crowther et almeasurement was obtained using isochrones for OB stars
2006b) versus 4 WR stars in Cl 1806—20 (Eikenberry efLejeune & Schaerer 2001) based on the evolutionary
al. 2004; Figer et al. 2005). models of Meynet et al. (1994) and the B supergianttem-
Bibby et al. (2008) presented Gemini-S/GNIRS near-perature calibration of Crowther et al. (2006a). For ages
IR spectroscopy of OB supergiants and non-dusty Wolf-of 2.8, 4 and 5 Myr, both cluster distances and magnetar
Rayet stars in SGR 1806-20 from which a cluster dis-masses were obtained, as presented ifiJFig 2, also favour-
tance of 8.7 kpc was obtained using a calibration of specing a low distance. Indeed, B supergiant photospheric
tral type versus absolute magnitude. Reliable OB spectrdines measured in our GNIRS spectroscopy also favour
types were obtained in two cases from comparison witha low distance (7—9 kpc). Our cluster distance is com-
the near-IR atlas of Hanson et al. (2005). Dust producpared to previous work in Fif] 3, and is consistent with
ing WR stars are highly unreliable as absolute magnitudéoth the Cameron et al. (2005) magnetar distance and
calibrators since their near-IR appearance is dictated biicClure-Griffiths & Gaensler (2005) reanalysis thereof.
the properties of their dust rather than underlying stel-
lar continua (Crowther et al. 2006b). Main sequence OB
stars would provide superior absolute magnitude calibra-
tors with respect to Wolf-Rayet stars and OB supergiants,
but these would require long near-IR integrations for re-
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FIGURE 2. Meynet et al. (1994) isochrone fits (shown in black) to prtiperof B supergiants in SGR 1806-20 (shown in red
from Bibby et al. 2008) for ages of 2.8 Myr (top), 4 Myr (midylend 5 Myr (bottom), from which distances of 15, 8.7 and 6.8 kp
are obtained.
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FIGURE 3. Comparison between Bibby et al. (2008, ‘this work’) and pwas results for the distance to 1806—20, with previous
estimates adapted to a Galactic Centre distance of 8 kpd (FR&i3).

CONTRIBUTION OF EXTRAGALACTIC stars. Identical conclusions were reached by Muno et
GIANT FLARES TO BATSE SHORT al. (2006) for the AXP 1E 1647-455 in the star cluster
BURSTS Westerlund 1 (Clark et al. 2005) whose age and stellar

content is remarkably similar to Cl 1806-20.
However, lower progenitor mass magnetars are also

Overall, we find a reduced cluster distance da§ = .
0.58+ 0.1, and since the contribution of giant flares to known. SGR 1900+14 possesses a pair of M5 super-

BATSE short GRB statistics scales witf, we find that giants (Vrba et al. 1996, 2000) from which contempo-

. . rary temperature calibrations and bolometric corrections
giant flares cgntrlbuteﬁ% of a_II BATSE short bursts, (Levesque et al. 2005), plus standard (Meynet et al. 1994)
for the canonicalrate of one giant flare per 30 yr per

. ; . isochrone comparisons require ages of 10-16 Myr (9-12
Milky Way galaxy. This Iarge_ly resolves the previous Myr) for a distance of 12 kpc (15 kpc). These infer mag-
(l;)w) rate problem, narrr:ely ('%4:% from the scar(|:|ty netar progenitor masses of 13-48, (17-20M.), and
of BATSE sources with spectral properties similar to - o 0 o .
giant flares (Lazzati et al. 2005): (iy10% from giant are presented in Fifgl 4. Similar results would be obtained

L . forthe AXP 1E 1841-045 (within Kes 73) if it originated
flares within 30 Mpc (Tanvir et al. 2005); (i 15% from either RSG cluster #(2 (Davies et a)l 2008§Jor RSG
from the lack of local host galaxies for several well- y

. ) cluster #3 (Clark et al. 2009). These are located at a sim-
localized short GRBs (Nakar et al. 2006); (iv) a few . : _ oy :
percent contamination from the absence of giant flareIlar distance to 1E 1841-045, within a few degrees of its

na : Right-line.
from galaxies in the Virgo cluster (Popov & Stern 2006). gTabIe[:l provides a summary of magnetar progenitor

masses inferred from potentially associated star clusters
In the Milky Way, it is apparent that magnetars can be
MAGNETAR MASSES FROM produced by both- 15M., and~ 50M., stars. The for-
ASSOCIATED CLUSTERS mer presumably originated in Type II-P SN following the
red supergiant (RSG) phase, while the latter are likely
A discussed above, associated clusters allow progenitap have originated in a Type Ibc SN following the WR
masses of magnetars to be estimated, since magnetars jigase. From comparison with Heger et al. (2003), cer-
believed to be young objects. For SGR 1806-20, Bibbtainly SGR 1900+14 and possibly SGR 1806—20 would
et al. (2008) infer a progenitor mass of 48M.,, adding  pe expected to produce neutron star remnants at Solar
to evidence linking some magnetars to very massivenetallicity. For metal poor populations the latter chan-



TABLE 1. Progenitor masses of magnetars based on associated starslu
SGR/AXP Cluster D (kpc) Age (Myr) Mass My) Reference
180620 Cl 1806-20 8.7 4 4820 Bibby et al. (2008)
1E 1647-455 Westerlund 1 5 ~4.5 ~55 Clark et al. (2008)
1900+14 Cl 1900+14 12 10-16 13-18 Clark et al. (2008)
1E 1841-045 RSGC2/RSGC3 6 46 ~15 Clark et al. (2009)
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FIGURE 4. Lejeune & Schaerer (2001) isochrone fits to M5 supergian&3R 1900+14 (Vrba et al. 1996, 2000) for distances
of 12 kpc (upper) and 15 kpc (lower). See discussion in Clagt.€2008).

nel is unlikely to be available since reduced mass-losg. Corbel S. et al. 1997ApJ 478, 624
rates during the main sequence and post-main sequen8e Crowther P.A. et al. 2006A&A, 446, 279
phases would likely lead to the formation of a black hole?: Crowther P.A. et al. 2006BINRAS 372, 1407

for such high initial mass stars. it is curious that no direct11
evidence for supernova remnants is known in Cl 1806— 5
20, Westerlund 1 or Cl 1900+14 in view of the youth of 13
their magnetar. 14.
Finally, it should be bourne in mind that cluster ages15.
and magnetar progenitor masses rely upon the reliability-6-
of evolutionary models. Values quoted herein are baseq
upon a set of assumptions which have subsequentlyq’
been improved upon through mass-loss rate prescripyq.
tions and allowance for rotational mixing (Meynet & 21.
Maeder 2000). Close binary evolution also further com-
plicates inferred main-sequence turn-off masses. There2.
fore, one should not necessarily treat specific progenito
masses or cluster ages as robust, although the clear difx:
ferences between the stellar content of clusters 1806—2§%
and 1900+14 undoubtedly demonstrate distinct channelgy.

leading to the production of magnetars. 28.
29

30

REFERENCES >

Bibby, J.L. et al. 2008VINRAS 386, L23
Brandner, W. et al. 200&&A, 478, 137
Cameron P.B. et al. 200Bat434, 1112
Clark J.S. et al. 200R&A, 434, 949
Clark J.S. et al. 200R&A, 477, 147
Clark J.S. et al. 200%&A 498, 109

ouk,wnE

10. Davies B. et al. 200ApJ 671, 781

Eikenberry S.S. et al. 2004pJ 616, 506
Figer D.F. et al. 2004pJ, 610, L109
Figer D.F. et al. 200%\pJ 622, L49
Figer D.F. et al. 200\pJ, 643, 1166
Hanson, M.M. et al. 2008pJS 161, 154
Heger A. et al. 2003pJ, 591, 288

7. Hurley, K. et al. 2009\at 434, 1098

Lazzati D. et al. 2003VINRAS 362, L8

. Lejeune, T., Schaerer D. 2008&A, 366, 538

Levesque E.M. et al. 200BpJ, 628, 973
McClure-Griffiths, N.M., Gaensler, B.M. 2008pJ 630,

L161

Mengel S., Tacconi-Garman, L.E. 20@&A 466, 151

3. Meynet G. et al. 1994A&AS, 103, 97

Meynet G., Maeder A., 2000&A 361, 101
Muno M.P. et al. 2006ApJ, 636, L41

Nakar E. et al. 200&3pJ, 640, 849

Ofek E.O. et al. 2006\pJ, 652, 507

Popov S.B., Stern, B.E., 2008NRAS 365, 885

. Reid, M.J., 1993ARA&A 31, 345

. Tanvir N. et al. 2005\ at, 438, 991

. Vrba F.J. etal. 199&pJ 648, 225

. Vrba F.J. etal. 200&\pJ 533, L17

. Walborn, N.R., 2009, in Protiot and Cool: Bridging
Gaps in Massive Star EvolutipdSP Conf. Ser (eds. C.
Leitherer et al.), in press



	INTRODUCTION
	DISTANCE TO SGR 1806--20
	CONTRIBUTION OF EXTRAGALACTIC GIANT FLARES TO BATSE SHORT BURSTS
	MAGNETAR MASSES FROM ASSOCIATED CLUSTERS

