Sky and Telescope - Cosmic Explosion Mystery Deepens Page 1 of 2

SKY o
@

& TELESCOPE

SkyandTelescope.com

CosmictExplosiontMysteryDeepens

ByRobert:Naeye

Marchm21,22006 [Iastwhen [abtronomersfhoughtiheyhlad [sblved
oneldflabtronomy'sldeepestmhysteries= fhelariginlaf shortlghmma ]
rayblursts(GRBs) = Mother[Naturelhlas fhrownfhemfbrlalldop.The
soldalled C$hort[GRBs" iy pically rtlease the lehergy af [albillion [Suns
duringlah [htensepulselafhigh [energyrhdiation fhatIdsts[atmhost
twolskconds.Mhanksid NASA's Swiftlahd HETE [3[shtellites,
astronomershavemhadelgreat(stridesihthelpastkarih
understandingftheselehigmaticlekplosions.Butihemhoreldata
scientistslebllect, thellgsstheylstem b Kinow.

Alféwmhonthslapo,aktronomers, [pressréleases, [and mhedialalutlets
(including Sky [&[Telescope)mereproclaiming fhatshort[@RBshlad
beenlekplained.Based oh the [precise ldcalizationslof[skveral [short

ArtisttDanamBerrydepictstheshortm@ammanoraycburst(GRB)

thatoccursswhenmmeutronsstardfallsdntomamblackchole. GRBs[ftom Swiftlahd[HETE[Z, [ahd from Fdllow mp lobservations Uily
Astronomersa@rertbeginningttorrealizecthatrothercviolent anlarraylafffélescopeslihspacelahdlon fhelground,mostaktronomers
Zéi'}t;?:,i;c;ﬁi”seghorm RBs. CourtesyNASAS werelcbnvinced fhatlshort[GRBs[ake ignited By fhe [chtastrophic

mergerlalffvomleutron[stars, lor lalnleutron(star ahd [alblack Mole. [This
origin[differsftom [GRBsfhatlastldngerihan Blskcondsdong
GRBs), Whichlakelaksociated tth fhelekplosionslofmhassivestars.

Recentlabservations, lhowever, [are[showing that[short[@RBs [aremhuch mhorelcbmplicated ahd[diversefhan
astronomers(hlad inagined, [ahd fhatalvhriety lofFiolent processes mhight bk résponsible forfhem. [As [TbshuaBloom
(UniversitylafQalifornia, Berkeley) lekplains, [ fhink fthe ierdict G [still ery mhuch [olut. Nature id mlot [étting s [off
easy."

According[tbmhergermhodels, When fvomleutron [stars(spiralihtolehchlather, the résultingobject ksuallycbllapses
instantaneouslyimto[alblack(hlole.[Alsmall@aimountlof rémaining(ghs [skttles htolalsmall [disk [akound [the blackMole.
Asldiskmhateriallspiralsimto[the blackhole, mhagneticfleldsichannel [sbmelolf fiihto [vin féts[shooting [away fh
oppositeldirections(at mearMightlspeed.Murbulentlshock Wavesithin[aljétproducefhe[@RB.[Mhisstenariolstemed
toldo[albeautiful fbb[aflekplaining [short[@RBs, ihcluding their birief[durations, theirlehergies, [ahd their [dcations far
from [star fbrmingrégions.

Butlshort[@RBslakemotlcboperatingtith theorists'[ekpectations. [Horlekample, [Swiftlobserved [alshort[@GRB o [Tuly[g,
2005,lahdlahotherlah Tuly[2lyth. Bach ofthese blursts Wasfbllowed By powerful X thy flares mhinutes [after fhe mhain
burst.[Theltbtal lehergylaftheselaterflaresmasmlearly fhelshmelakfhatlcbntained i [the mhain [Burstsiself. [The
mergermhodel failed b ahticipatefheseflaresbecauseflpredictsthatalmostall ofthe Téftoverghsmtill Fall hto the
black[hloleWithinohe ol fvo séconds.Mhelckntral lehginelguicklyshutsoffldue b fhe Tack of el b [Nower
subsequentflares.

Another[short[@RB, WhichMaslobservedan [December[2h, 2005, [stunned [abtronomers [hecause s Ebtal lehergy tas
aboutthelshmelakaliypical [dng[GRB. Mhistasih stark cbntrast ko previouslystudied short[@GRBs, which [phcked [at
mostiblpercentlthelehergylofldngbursts.[Radiolobservationslalsoihdicated fhatihelckntral lehginelafffhe December
21stleVentlcbntinued Eb fhjectlehergyihtofhe [shirrounding[ghs fbriséveral hoursafterfhe fhitial lekplosion. [MThat id
hard o fitmith fhemhergermhodel, larlahymhodel," shys[Alicia[Soderberg[(Caltech),Wholléd altéam that[studied this
GRBlatrhdio, [dptical,lahd X [thyavelengths.

Theseldliscoveries[arelchallenging thelcteativity loftheorists by Fbrcing fhem fd [devise mewlekplanations.[Some
researcherslalelabandoning[themhergermhodel, hereaslothers[arelattempting b fveak fhe mhodel kb lakcountEbr the
X[thy[flares.(Theoristshavelsharpenedtheirpencilslahdréalized thatthere lake otherMays rbu lchn mhake [alshort
burst," shys[Swiftléad [stientist[Neil[@ehrelsINASA/Goddard [SpaceHlightenter).
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Inlalpaperlshbmittedfbithe Astrophysicalllournal,[AndrewMacFadyen[(Institute fdr[Advanced[Study)ahd fvo
colleagues/proposelthatlsbmelshort[@RBprogenitorslcbuld beblinarylsystemslebnsistinglaflalnleutron[starlahd(al
normal[star.[Material [streaming[ftom [the mlormallstarbiuilds [lp ol fhe Meutron [star, bintil fhelstarchn o Idnger
supportthelsheereightlaflakbcumulated mhass. Tt [cbllapses gravitationallyihtoalblack Hole, ftiggeringalshort[GRB.
Thekdolentlekplosionhurlslejectalolitward [atmearlythelsheed lofTght. Somelofthismhaterial slamsfhtofthe
companion star,[gkneratinglah X [thy flare.

InltheHebruary@lth Science,ZigaoDailNanjing[Iniversity,[(hina)lahdfhreelcblleagues reportlalnhodel thatlchn
salvagelthemherger(stenariomhilelalsolekplainingthe X rhy flares. [Th Ehis[plicture, Bvo rklatively Hightweight meutron
starsmhergelahd [producelalshort[@RB.[Rutlhelcbmbined mhasslolfthefvo lobjects [chn[stillrémain below(the
maximum mhass[oflalneutron[star,[sbthe mhergerproduces alhleavy meutron [star [af mlearly (3lisblar mhasses. [The mlewly
formedmleutronstarrbtateshundredslaffimes[perlskcond. [Tust[ak the [Sunrbtatesfsterlat [slefuator fhan [ak fis
poles,[differentialrbtation" Windslp mhagneticfeld lines fhsidefhe meutron(star. Magneticlstress builds iip For
dozenslaflstcondshntil thisplent Gip [ehergyidréleased i [alplowerful [ekplosion. [This[ekplosionhlurls lofflchunks laf
ejectalimalblazingfreball.[Asfastthovinglchunkslslam fhto slower[thovinglchunks, theyproduce X [thy [flares with
properties[similaribihoselabserved by [Swift. [This[process lchnrépeat fselflskveral fimes, [sb[Dai'smhodellchnekplain
whylthe [ThlyBl4th GRBproduced five X [rhy flares.

Both[Bloom [ahd MacFadyen [akelguickfd [drawlahalogiesibslipernovae,sbmelofwhich[arelekploding mhassivelstars,
and [others(arelekplodingwhitedwarfs. It's[alfluke lof mature fhatlelen fhough the fvo mhajor[shipernovamhechanisms
arelqiteldifferent, fheyproducelekplosionsmtith [similarIévelsloflehergy. [T Ehink fherelcbuld b alvhultiplicitylof
sources[forlshort[@RBs, akidthelchsefbrshipernovae,"[shys[MacFadyen.

Astronomerslalreadykhowlthatperhapsibpercentlofishort[@RBshavemothing b [do Mithmhergers.[Mheselelents
originate i MearbylghlaxiesWhen hlighlymhagnetized meutron stars,kKnown [akmhagnetars, inleash powerful flares
thatproduce altbrrent lof[ghmma rhys for st lone [al fvo [seconds. Such [alflare asabserved ftom [alMilky Way
magnetarloh December[2l7,[2l004.[Six[spacecraftprobablylobservedlahlektragalacticmhagnetarflare lastlNovember
3rdlcbming [ftom [fheM81[Grouplofighlaxies.[From[ahlobservational [perspective, [this eVent Idoked erymhuch [ike [al
standard short[@RB.Butffislolrigin mhightbklehtirely(differentfhan mhostishort[GRBs.

Theoristshiaveiiagined latherrhre blut Molent[processesfhatlcbuld iinleash fleeting Burstsloflghmma rhysftith
staggeringlévelsloflehergy.[Onelpossibilitylislah event chlled [alsupranova.Ththislchse, thelebllapsingcbre [of [al
massivelstarproduceslah ektremelyhleavymeutron(starfhatattuallylekceedsfhemhaximum mhassoflalnleutron(star
(whichfallslsbmewherelbetween [2lahd [3lsblar mhasses). [fthe meutron [starlspinslektremely [fast, lckntrifugal fbrces
canfémporarily [preventfftom [cbllapsing ihto [alblack (hiole. Butlebentuallythe [spin [slows[down, [skalingfhe Meutron
star'sffatelahd ftiggeringlaldelayed[short[GRBihfheprocess.

Furtherlobservations bly[Swift, [HETE[4, [ahd[dtherlabservatoriesmay réveal mew fypes[aflshort [GRBs, lalr (hlelp
astronomersiinravel lthe mhystery. Tflalshort[GRB Were fb hiappen i [alnlearby [ghlaxy, [gravitational ave
observatories[siich @k LIGO mhight [plick ip ripples i fhe fabricloflspace fimelgenerated by the olentlebent. This
simultaneouslabservationmhightprovide the [keyfhatiinlocksthemhystery.

Inlthemheantime, abtronomers[akrelsiruggling b [deciphertheldetailslaf long [GRBs.Mherelidlaverwhelminglelidence
thatfheselekplosionsrépresentthelgravitationallcbllapseloflalnhassivelstarfhatrbtates fstlahd [hlasalldw
concentration [dffhleavyelements. This(cbllapse piroduceslalshipernovalak mtell. [Astronomers ae oping thatal
relatively nearbylong[GRBlobservedloh [HebruaryiBth Mtll [provide mew[details[about fhe link between [GRBslahd

supernovae.

Asfforfthelshortbursts, MacFadyenlshys,[Themhostimportant fhing i3 kb keep ah open mhind. ['s Mot [alslam [dunk
thatfif'smeutron [starmhergers."
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