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This[depictiondfl@thagnetaraldpinning,Bighlythagnetized@eutron
star[IBhows[the[SuperstrongthagneticHeldines{(blue)E@nd
surroundingBot[das.[According@bldneltheory,fheselthagneticlield
lines[geriodically[get@wistedWhen fhelstar'sdrustishifts. [Bsthefeld
linesfdntwistl@ndfeconnectfheyBlastutldStormldfgarticlesihat
annihilateldnel@notherl@ndlproduceld@[Spliti3econdfash@fXMays@nd
gammaldays,WhichWe[Seelds[doft[dammaldepeaterfaresikefhat
observedDec.[27,[2004. (ImageldourtesyDr.[RobertiMallozzil4
University[dflfAlabamalih[Huntsville[/IMarshalllSpace(BlightTenter)

RHESSI satellite captures/giant/gammal/ray(flare
By Robert(Sanders, MediaRelations | 18/February 2005

BERKELEY = [Astronomers/around (the world Becorded Tatelast[yearthebrightest
explosionleverof high [énergy X tayslandgammalrays[+ [@alsplitlsecond flashfromthe
otherside(of 0ur(galaxy thatWwasistronglénoughtolaffectitheEarth'siatmosphere.

Theflash, Galled @soft‘[gammaTepeater flare, feached EarthonMec.27@nd Wasdetected by
atlleast(15/satellites andspacecraftbetween Earth(and[Saturn,[Swamping(most(ofitheir
detectors.Some(ofthe bestlobservationswererecorded by ‘the[ReuvenRamaty High
Energy(SolarSpectroscopicImager (RHESSI),.aINASA / University [6f California, Berkeley,
satelliteTaunched in2002 o studylgammalrayémissions(from(solar(flares.

"[twas(themother(of @llmagneticflares - [@frue monster,"said KevinHurley, @ Hesearch
physicistiatlCBerkeley's[SpaceSciencesILaboratory who(leadsdmajor(international feam
studyingthelévent.

Thoughttobedmightydataclysmindsuperidense, highly magnetizedstar/calledla
magnetar, it émitted[dasmuchlenergyin fwo enthsoflasecond@sthesunigives offlin
250,0001years. Itsintrinsiclpowerwas/d thousand [times(greater(thanthe powerof(all other
starslinthelgalaxyputtogether,@nd fenthousand fimesbrighterthan/thebrightest
supernova.

"Thisfis@keyeéventfortinderstandingmagnetars,"said [Robert[C. IDuncan(of the[University
ofTexaslatAustin, Wholalongwith[Christopher Thompson(ofthe CanadianInstitute(of
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Theoretical [Astrophysics, driginally [proposed [and [developed(the magnetar(theory.They
bothiworked Wwith[Hurley's team fotinderstand theimmensepoweroftheDec.27 flare,
whichlexceeded @llpreviousmagnetarioutburstslinlour(galaxy by morethan100. The
team'slobservations/@nd @nalysislare[Ssummarized(inapaper(thathasbeensubmitted for
publicationfinthejournal Nature.

"Soft'gamma [Mepeater" bursts[+ [pinpointflashesof highlyénergetic X [faysland lowénergy
(soft)[gamma [FayscomingTepeatedly from/onelplacelinthe sky[lwerefirstmoticed in 1979
andremained [almystery untilltheoristsproposedlin1992 thatthey originatefrom
magnetically[powered meutronstars,0rmagnetars. Formed By (theldollapsing(corelof(d Star
throwingofflits outerlayers(in/asupernovaéxplosion, meutronistarsdareléxtremely (dense,
withla mass[greaterthan/the Sun(packedlintolaballl@about10miles @cross. Many neutron
starsispin¥apidly[lSome Totating(athousand(fimeslasecond [+ @ndareldalled jpulsars
becauselthey(signaltheirjpresence by thelemission(of pulsed Badiowaves.

Pt

Magnetarslarelaspecial kindof T

neutronistar. They @reborn[rotating é,B _JP@ T
veryquickly,iwhich/causes their b O :
magnetic(fieldsto/get’@amplified. But
afterldfew thousand years, their

intensemagneticlfield slowstheirspin <
to@moremoderateperiod 6f one . i /5 -
rotationlévery fewseconds. The e agj’! ! i
magneticlfieldsbothlinsideland = \ [ $ i

outsidelthelstartwist, however,land

according(tolthetheory, theselintense \ f.-"
fields[dan(stress[and move/theldrust \ 4
muchllikelshearing/alongithe San =
Andreas(Fault. Thesemagneticlfields 1 o+ chmhowsHowEEeismicEhiftihEhe
arelalquadrillion la/millionbillion magnetar'sidrustdanfwistEheStrongthagneticeld

— [times stronger thanthelfield that lines@ndIgeneratel@durrents({ll)[@fldhargedParticles

deflects ‘dompass meedles/atthe that,fhroughMarious[grocesses,[roduceXMays@nd
gammaldaysl(squigglyldrangel@rrows). (Image

1
Earth's'surface. courtesy[RobertDuncan, Wniversitydfilexas,[Austin)

Thelshearmovesithelcrustiaroundlalongwithithemagnetic(fieldstied fo theldrust,
generating [twistsin/the magnetic(field thatldan[sometimesbreak and rfeconnectlin/alprocess
thatisendsfrappedpositronsiand(electronsflyingoutfrom/thestar, @nnihilatingleach other
infdlgiganticléxplosionof hardgammaldays.

TheflarelobservedDec.27[0riginated @bout(50,000ightyearsaway intheldonstellation
Sagittarius, Whicheansthatthemagnetarsits(directly oppositeEarthlin the disk(of the
Milky Way (Galaxy.

Aslthedadiation(stormed throughlour(solar(system,fitblitzed atleast15[spacecraft,
knockingtheirinstruments(off(scalefwhether(or ot they Were[pointingin thefnagnetar's
direction.[SuchlenergeticX[rays@ndgammalrayspassright throughisatellites,[Hurley(said,
though ithe Earth'slatmospherelabsorbs(them, bothprotectinguisland (preventing
observation(by Surfacelfelescopes.[OneRussiansatellite,[Coronas(F, detected [gamma Tays
thathadbounced(offlthemoon.

"Whilelall the Heal X T@nd[gamma [fay(detectorsin/spacewerelswamped, thelparticle
detectors(onMNASA's[Wind spacecraftigavetsdurbestreadingonltheldistribution(of
energies(of the[gamma TFays, dnd thelparticledetector(on[RHESSI fold us(theltotal €nergy
content(ofthe(flare," Said[StevenBoggs, @ssistant professorof(physicsiat lUC Berkeley,who
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isleadingthelanalysis/ofthe(Windland RHESSIdata.

"Thelinitial Spikekilled s+ [completely Saturated the[(RHESSI telescope* butlafter(ahalf
second, RHESSIHecovered [to observeltheX[rayfail infits/eéntirety," heladded."The RHESSI
particleldetector,however, Withlits inimal Sensitivity folgamma [tays, has[just become the
smallestigammaray [telescopeleverlinispace. Thelfact/thatlitislSolsmallis whylitlwas[ableto
operate[properly throughoutthelentire(initial spike."

TheflarelalsoTippedatoms(apart, fonizingthem, inmuch6ftheEarth'sfonosphereforfive
minutes, [folaldeeper(level thanleventhebiggestisolarflares(do, d@nleffectmoticed wialits
effectlonlong[WwavelengthHadioldommunications.

Hurleylandhisteam(dombined information frommanyspacecraft,includingmeutroniand
gammal(ray[detectorsiaboard (MarsDdysseyland many mearEarth(satellites, in/orderto
localizelthe(giant flarefoldspotwell (known[folastronomers:(anagnetar(knownlas SGR
180620.ThispositionWwasdccuratelyconfirmed by Fadioldstronomers/attheVery llarge
Array(inSocorro,IN.M.,Whostudied the fadingradio afterglowoftheléeventandobtained
importantinformationl@bouttheléxplosion.

Theltremendouspowerofitheléventhassuggested ldmovelsolution folalongstanding
mystery [+ [thelorigins(of(alstrangephenomenon known(as"short duration(gammaltay
bursts."Hundredsofbrief, mysterious/flashes(of high[eénergy Fadiationfrom(deepestispace,
lastinglessthan/fwo Seconds, havebeenmeasuredland fecorded over decades, butmobody
knew what(theywere.

"ltmow Seemslikely thatlalsizeablefraction(of theselévents, at(least, [areMagnetar(flaresin
distantigalaxies,"Hurley[said.

Thelsimilarity betweenltheDec. 27burstland [theseshort[duration bursts(liesin/thebrief
spikeloflhard[gammarays/thatlarrives firstland carries@lmostiall the energy.Inltherecent
burst, forlexample, thelhardspike Jasted onlyfwo tenths0fdSecond. Thiswasfollowed by
al"tail"[of (X [rays(thatIasted Over6minutes.[Asthe(fail faded, [its[brightnessoscillatedon(a
7.56[secondcycle, theknown[Totationperiod (0f the magnetar.

AccordingtoDuncanland Thompson'sitheory,the0scillatingXray tail thatfollowed Wwas
dueltold Hesiduelof(electrons, [positronsland(gamma(rays/trappedinitheagnetar's
magnetic(field.[Suchlahottrapped fireball" shrinks@andévaporatesiover minutes, as
electronsand[positrons@nnihilate. The measurements(of Hurley'sfeam [Gorroboratethis
picture.[Thetail's(brightness@ppears(tooscillate(because the fireball is[stuckfothelsurface
ofitherotatingstar by lthethagnetic(field, solitrotates with(thelstarllikelalighthousebeacon.

Hurleyandhisteam @rguelthatithehardlinitialspikelof(these[giantflares/is[sobright(that/it
canlbeldetected from veryfarlaway, meaningthatthe(flares welseeldrefrom(other(galaxies,
though ithe softX[ray [tails/aretoolfaintfobelseen.

"If[amagnetarflarestplinla’distant(galaxy withinlahundred millionTightyears(of (Earth,
welshould belableltodetect(t, dssumingthat(it(is@s bright@stheDecember27évent,"
Hurleysaid."Sincethereldre¥ery many galaxies within this[distance¥ange,[welshouldisee
theseléventsifrequently."

Altest(ofthistheorylshould domelsoon, becausethefecently TaunchedSwiftsatellite/carries

sensitivel[gamma fay[detectorsidesigned,(injpart, fotinraveltheshortigammatay burst
mystery.LLaunched inINovember2004(@and (gathering datalonlysinceJanuary,litfis(designed
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toldutomatically furnfits(X ray telescopefoward aburstlinorderfoldccurately pindownlts
position.

Hurley'steam/estimates ‘that Swiftwill[spot/anabundancelof magnetarslurkinglin(other
galaxies.[Inl[Ssomelcases, Swift's X[ray telescopemay[evenGatchtheloscillating[tail @nd
measure(therotation period(ofithe faraway star.Inlany(case, Swiftwillprobably localize
some(shortburstsof[gammalraysfo galaxiesWithinlabout100millionTlightyears(of Earth,
betrayingtheir thagnetarorigins.

"Swiftwilllopentipamew field (6f@stronomy:thelstudy of extragalacticagnetars,"[Said
Duncan.

ColauthorswithHurley, Boggs, IDuncanland ThompsonwereID.M. Smith[of the WC[Santa

Cruzlphysicsidepartment, RHESSI@and (Wind [principal investigatorland[Space[Sciences
Laboratory IDirector[Robert(Lin, [dand feamsofU.S.,[Swiss, Russianland [(German/scientists.
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