NEWS & VIEWS

nature physics | VOL 2| FEBRUARY 2006| www.nature.com/naturephysics 79

ASTROPHYSICS

Blasts from the past

The coalescence of neutron stars in compact binaries could produce the intense, short fl ashes of high-energy radiation observed in gamma-ray bursts. Models suggest that dynamical evolution in old dense stellar clusters, rather than galaxies, may form many of these rare systems.

STEINN SIGURDSSON

is in the Department of Astronomy and Astrophysics, Pennsylvania State University, University Park, Pennsylvania 16802, USA. e-mail: steinn@astro.psu.edu

W^{e have known about gamma-ray bursts}

(GRBs) — brief but extremely intense fl ashes of high-energy radiation — for several decades^1. GRBs are divided into two distinct phenomenological types: the ‘short-hard’ and ‘long-soft ’ types, with the former characterized by emission lasting less than 2 s and a hard, or energetic, photon spectrum. On page 116 of this issue^2, Grindlay and co-workers propose a possible source for these short GRBs.

In the last decade, observations by space missions such as BeppoSAX and Swift have revealed their source to be the relativistic collimated fi reballs that are emitted as rapidly rotating black holes form^{3–5}. A common theme in gamma-ray bursts is the interaction of strongly relativistic collimated outfl ows with surrounding matter. To produce such highly energetic events requires the conversion to electromagnetic radiation of an amount of matter comparable to a signifi cant fraction of a solar mass — on a timescale short enough to require the engine to be confi ned to a region smaller than a solar radius. Th is naturally leads to the speculation that a common ‘central engine’ for the process is the formation of a low-mass black hole — possibly a very rapidly rotating black hole.

Th ere were multiple hypotheses for the origin of long GRBs before the discovery of the fi rst optical counterpart to a long GRB in 1997 (previous viewings had been at X-ray and gamma-ray energies) revealed their association with extreme supernovae in star-forming galaxies at cosmological distances. Until 2005, however, no counterpart to short GRBs had been localized, and their source engine was open to speculation. Subsequently, observations by Swift and another space mission, HETE have localized several short GRBs within old quiescent galaxies in the local universe, strongly supporting the model for their origin in the coalescence of a neutron star with either another neutron star or a low-mass black hole, bound to it in a compact binary^{6,7}. Forming such compact binaries through stellar evolution is diffi cult, and Grindlay and collaborators conjecture that a substantial fraction of the observed short GRBs come from double-neutron-star (DNS) binaries that are dynamically modifi ed in the crowded stellar environment of globular clusters^7.

Several DNS binaries are known in the Milky Way galaxy, one of which is in the globular cluster M15 (Fig. 1). Globular clusters are old (11–13 billion years), dense stellar systems of typically several hundred thousand stars. Th ere are a couple of hundred globular clusters, containing about 0.1% of all the stars in the Milky Way, and the abundance of DNS binaries — and other similar unusual compact stellar systems — is a hundred times larger than in the ‘fi eld’ of the

Figure 1 Ancient neighbour. About 40,000 light-years from Earth lies M15, also known as NGC 7078 in the Pegasus constellation, one of the brightest globular clusters in the Milky Way. Among the fi rst objects in our galaxy to form, some 12 billion years ago, the crowded conditions within M15 could be just right for the merging of double-neutron-star binaries.

NASA AND THE HUBBLE HERITAGE TEAM (STCI/AURA) nphys_nv0206-print.indd 79 24/1/06 10:13:27 am24/1/06 10:13:27 am

NaturePublishing Group ©2006

NEWS&VIEWS

80 nature physics | VOL 2| FEBRUARY 2006| www.nature.com/naturephysics

galaxy. Th e overabundance of rare stellar binaries in globular clusters has long been known to be due to the dynamical evolution of stellar systems in these densely packed systems. Encounters between stars and binaries lead to changes in membership and orbital parameters, with a tendency to form compact, tightly bound systems with degenerate stellar remnant members. Globular clusters can then produce exotic stellar systems, such as tight DNS binaries, with an abundance two orders of magnitude higher than that found in dynamically isolated stellar systems. Once a DNS forms with — or is dynamically moved to — a short-enough orbital-period system, gravitational radiation emission drives the binary to coalescence on a timescale of few hundred million to few billion years^{8,9}.

Grindlay et al. show through numerical models that the expected rate of production of DNS binaries in the globular clusters in the local universe is consistent with them producing 10–30% of the observed short GRBs^2. This scenario predicts an observable difference in the distribution of short GRBs between different galaxy types in the local universe, and a distinct difference in the ‘lag time’ between the formation of the stars and their final coalescence. With a large number of well-localized short GRBs and associated counterparts expected from Swift over the next few years, this model will be stiffly tested. The model also predicts a distinct difference in the beaming angle, and hence detectability and energetics, of the GRBs from dynamically modified DNS binaries, compared with those formed in isolation. As coalescing compact binaries are also a prime source for the LIGO gravitational radiation observatories (located at Livingston, LA, and Hanford, WA, USA) , future observations of gravitational radiation bursts in the local universe may provide an additional test of these theories.

REFERENCES

1. Kouveliotou, C.et al. Astrophys. J. 413, L101–L104 (1993). 2. Grindlay, J., Portegies Zwart, S. & McMillan, S.Nature Phys.2, 116–119 (2006). 3. Costa, E.et al. Nature 387, 783–785 (1997). 4. van Paradijs, J.et al. Nature 386, 686–689 (1997). 5. Meszaros, P. & Rees, M. J.Astrophys. J.476, 232–237 (1997). 6. Fox, D. B.et al. Nature 437, 845–850 (2005). 7. Bloom, J. S.et al. Astrophys. J. (In the press). Preprint at <http://arxiv.org/abs/ astro-ph/0505480> (2005).

8. Hulse, R. A. & Taylor, J. H.Astrophys. J. 195, L51–L53 (1975). 9. Phinney, E. S.Astrophys. J.380, L17–L21 (1991).

News and Views contributions

The News and Views section is where new advances in physics, reported in published papers or at meetings, are communicated to a broad audience. Many News and Views pieces are linked to Articles and Letters that appear inNature Physics, but can focus on important papers that are published elsewhere. Unsolicited contributions will not normally be considered, although we welcome advance warning about forthcoming papers of exceptional signifi cance. As a general guideline, News and Views pieces are about 800–900 words, with one or two display items (fi gures, boxes or tables). They should make clear the advance (the ‘news’) and communicate a sense of excitement, yet provide a critical evaluation of the work in the context of the rest of the fi eld. We encourage personal views, criticisms and predictions, but authors should not refer to their own work, except in passing.

Detailed guidelines are available on request from naturephysics@nature.com.

nphys_nv0206-print.indd 80 24/1/06 10:13:29 am24/1/06 10:13:29 am

NaturePublishing Group ©2006