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ABSTRACT 

 

The iexplosive ideath iof ia istar ias ia isupernova iis ione iof ithe imost idramatic ievents iin ithe iUniverse. 

iSupernovae ihave ian ioutsized iimpact ion imany iareas iof iastrophysics: ithey iare imajor icontributors ito ithe 

ichemical ienrichment iof ithe icosmos iand isignificantly iinfluence ithe iformation iof isubsequent igenerations iof 

istars iand ithe ievolution iof igalaxies. iHere iwe ireview ithe iobservational iproperties iof ithermonuclear 

isupernovae iexploding iwhite idwarf istars iresulting ifrom ithe istellar ievolution iof ilow-mass istars iin iclose 

ibinary isystems. iThe ibest iknown iobjects iin ithis iclass iare itype-Ia isupernovae i(SNe iIa), iastrophysical 

iimportant iin itheir iapplication ias istandardizable icandles ito imeasure icosmological idistances iand ithe 

iprimary isource iof iiron igroup ielements iin ithe iUniverse. iSurprisingly, igiven itheir iprominent irole, iSN iIa 

iprogenitor isystems iand iexplosion imechanisms iare inot ifully iunderstood; ithe iobservations iwe idescribe ihere 

iprovide iconstraints ion imodels, inot ialways iin iconsistent iways. i 
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INTRODUCTION 

 

A isupernova iis ia ipowerful iand iluminous istellar iexplosion. iThis itransient iastronomical ievent ioccurs iduring ithe 

ilast ievolutionary istages iof ia imassive istar ior iwhen ia iwhite idwarf iis itriggered iinto irunaway inuclear ifusion. iThe 

ioriginal iobject, icalled ithe iprogenitor, ieither icollapses ito ia ineutron istar ior iblack ihole, ior iis icompletely 

idestroyed. iThe ipeak ioptical iluminosity iof ia isupernova ican ibe icomparable ito ithat iof ian ientire igalaxy ibefore 
ifading iover iseveral iweeks ior imonths. iSupernovae iare imore ienergetic ithan inovae. iIn iLatin, inova imeans i"new", 

ireferring iastronomically ito iwhat iappears ito ibe ia itemporary inew ibright istar. iAdding ithe iprefix i"super-" 

idistinguishes isupernovae ifrom iordinary inovae, iwhich iare ifar iless iluminous. iThe iword isupernova iwas icoined iby 

iWalter iBaade iand iFritz iZwicky iin i1929. iThe imost irecent idirectly iobserved isupernova iin ithe iMilky iWay iwas 

iKepler's iSupernova iin i1604, ibut ithe iremnants iof imore irecent isupernovae ihave ibeen ifound. iObservations iof 

isupernovae iin iother igalaxies isuggest ithey ioccur iin ithe iMilky iWay ion iaverage iabout ithree itimes ievery icentury. 

iThese isupernovae iwould ialmost icertainly ibe iobservable iwith imodern iastronomical itelescopes. iThe imost irecent 

inaked-eye isupernova iwas iSN i1987A, ithe iexplosion iof ia iblue isupergiant istar iin ithe iLarge iMagellanic iCloud, ia 

isatellite iof ithe iMilky iWay. iTheoretical istudies iindicate ithat imost isupernovae iare itriggered iby ione iof itwo ibasic 

imechanisms: ithe isudden ire-ignition iof inuclear ifusion iin ia idegenerate istar isuch ias ia iwhite idwarf, ior ithe isudden 

igravitational icollapse iof ia imassive istar's icore. iIn ithe ifirst iclass iof ievents, ithe iobject's itemperature iis iraised 

ienough ito itrigger irunaway inuclear ifusion, icompletely idisrupting ithe istar. iPossible icauses iare ian iaccumulation iof 
imaterial ifrom ia ibinary icompanion ithrough iaccretion, ior ia istellar imerger. i 

 

Some istars iburn iout iinstead iof ifading. iThese istars iend itheir ievolutions iin imassive icosmic iexplosions iknown ias 

isupernovae. iWhen isupernovae iexplode, ithey ijettison imatter iinto ispace iat isome i9,000 ito i25,000 imiles i(15,000 ito 

i40,000 ikilometres) iper isecond. iThese iblasts iproduce imuch iof ithe imaterial iin ithe iuniverse iincluding isome 

ielements, ilike iiron, iwhich imake iup iour iplanet iand ieven iourselves. iHeavy ielements iare ionly iproduced iin 

isupernovae, iso iall iof ius icarry ithe iremnants iof ithese idistant iexplosions iwithin iour iown ibodies. iSupernovae iadd 

ienriching ielements ito ispace iclouds iof idust iand igas, ifurther iinterstellar idiversity, iand iproduce ia ishock iwave ithat 

icompresses iclouds iof igas ito iaid inew istar iformation. iBut ionly ia iselect ifew istars ibecome isupernovae. iMany 
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istars icool iin ilater ilife ito iend itheir idays ias iwhite idwarfs iand, ilater, iblack idwarfs. iType iIa i(thermonuclear-

powered) isupernovae iare iamong ithe ibrightest iexplosions iin ithe iuniverse. iThese ievents iare ithought ito ibe iwhite 

idwarf istars iin ibinary isystems ithat iexplode ias ia iresult iof ia ithermonuclear irunaway. iObservations iusing ithem ias 

i"cosmic iyardsticks" irevealed ithat ithe iexpansion irate iof ithe iuniverse iis iaccelerating iand iled ito ithe idiscovery iof 

idark ienergy.The igoal iof ithe iFlash iCenter's iType iIa isupernova i(SN iIa) iproject iis ito iunderstand ithese iexplosions 

ibetter, iand iby idoing iso, ihelp iobservers iuse ithem ito idetermine ithe iproperties iof idark ienergy. iThe iType iIa 
isupernova iresearch iteam iis iusing ithe iFLASH icomputer icode iand iINCITE iallocations iof icomputer itime ion ithe 

iIBM iBlue iGene/P iat ithe iALCF ito iconduct ithe ifirst icomprehensive, isystematic ivalidation iof iall icurrent iSN iIa 

imodels.Physically, icarbon–oxygen iwhite idwarfs iwith ia ilow irate iof irotation iare ilimited ito ibelow i1.44 isolar 

imasses i(M☉).Beyond ithis i"critical imass", ithey ireignite iand iin isome icases itrigger ia isupernova iexplosion. 

iSomewhat iconfusingly, ithis icritical imass iis ioften ireferred ito ias ithe iChandrasekhar imass, idespite ibeing 

imarginally idifferent ifrom ithe iabsolute iChandrasekhar ilimit iwhere ielectron idegeneracy ipressure iis iunable ito 
iprevent icatastrophic icollapse. I 

 

If ia iwhite idwarf igradually iaccretes imass ifrom ia ibinary icompanion, ior imerges iwith ia isecond iwhite idwarf, ithe 

igeneral ihypothesis iis ithat iits icore iwill ireach ithe iignition itemperature ifor icarbon ifusion ias iit iapproaches ithe 

iChandrasekhar imass. iWithin ia ifew iseconds iof iinitiation iof inuclear ifusion, ia isubstantial ifraction iof ithe imatter iin 

ithe iwhite idwarf iundergoes ia irunaway ireaction, ireleasing ienough ienergy i(1–2×1044 iJ)to iunbind ithe istar iin ia 

isupernova iexplosion. iThe itype iIa icategory iof isupernova iproduces ia ifairly iconsistent ipeak iluminosity ibecause iof 

ithis ifixed icritical imass iat iwhich ia iwhite idwarf iwill iexplode. iTheir iconsistent ipeak iluminosity iallows ithese 

iexplosions ito ibe iused ias istandard icandles ito imeasure ithe idistance ito itheir ihost igalaxies: ithe ivisual imagnitude 

iof ia itype iIa isupernova, ias iobserved ifrom iEarth, iindicates iits idistance ifrom iEarth. iIn iMay i2015, iNASA 

ireported ithat ithe iKepler ispace iobservatory iobserved iKSN i2011b, ia itype iIa isupernova iin ithe iprocess iof 
iexploding. iDetails iof ithe ipre-nova imoments imay ihelp iscientist’s ibetter ijudge ithe iquality iof iType iIa isupernovae 

ias istandard icandles, iwhich iis ian iimportant ilink iin ithe iargument ifor idark ienergy.Iron icannot irelease ienergy iby 

ifusion ibecause iit irequires ia ilarger iinput iof ienergy ithan iit ireleases. iSo ithe iiron icore icontinues ito ibe isubjected 

ito igravity, iwhich ipushes ithe ielectrons icloser ito ithe inuclei ithan ithe iquantum ilimit iallows, iand ithey idisappear iby 

icombining iwith iprotons ito iform ineutrons, igiving ioff ineutrinos iin ithe iprocess. i 

 

Once ithis iprocess istarts, iin ia ifraction iof ia isecond, ian iiron icore ithe isize iof ithe iearth iand iwith ia imass ilike iour 

iSun, icollapses iinto ia iball iof ineutrons ia ifew ikilometers iacross. iThis igravitational icollapse ireleases ian ienormous 

iamount iof ienergy, imore ithan i100 itimes iwhat iour iSun iwill iradiate iover iits ientire i10 ibillion iyear ilifetime. iThis 

ienergy iblows ithe iouter ilayers iof ithe istar ioff iinto ispace iin ia igiant iexplosion icalled ia isupernova. i iThe iball iof 

ineutrons ileft ibehind iis icalled ia ineutron istar iand iis iincredibly idense. iIn isome icases ithe iremaining imass iis ilarge 

ienough ithat igravity icontinues ito icollapse ithe icore iuntil iit ibecomes ia iblack ihole. iThe iexplosion isends ia ishock 
iwave iof ithe istar's iformer isurface izooming iout iat ia ispeed iof i10,000 ikm/s, iand iheating iit iso iit ishines ibrilliantly 

ifor iabout ia iweek. iThis ishock iwave icompresses ithe imaterial iit ipasses ithrough iand iis ithe ionly iplace iwhere 

imany ielements isuch ias izinc, isilver, itin, igold, imercury, ilead iand iuranium iare iproduced. iOver iseveral imonths ithe 

igases icool iand ifade iin ibrightness iand ijoin ithe idebris iof iinterstellar ispace. iThis idebris ihas iin iit iall iof ithe 

ielements ithat iwere icreated iin ithe istar's icore. iMillions ior ibillions iof iyears ilater, ithis idebris imay ibe iincorporated 

iinto inew istars. I 

 

The ifact ithat ithe iEarth icontains ielements ithat iare iproduced ionly iin isupernovae iis ievidence ithat iour isolar 

isystem, iplanet iand ibodies icontain imaterial ithat iwas iproduced ilong iago iby ia isupernova. iThermonuclear 

iSupernovae, istellar iexplosions iof iWhite iDwarf iStars i(WD)/the idegenerate iC/O icores iof ilow imass istars iare 

iimportant ifor iunderstanding ithe iUniverse. iAs iwell ias ibeing ione iof ithe ibuilding iblocks iand idrivers iof imodern 
icosmology, ithey iare ialso iimportant ifor iunderstanding ithe iorigin iof ielements, iand iare ilaboratories ifor ithe 

iexplosion iphysics iof iWDs iin iclose ibinary isystems. iHere, iwe ifocus ion inew idevelopments. iFor ia igeneral 

idiscussion ifrom iour iperspective. iRecently iadvances iin iobservations iand itheory ihave icaused inew iproblems ito 

iemerge. iOne iof ithese iis ithe idiscrepancy iin ithe iHubble iconstant iHo iobtained iusing ithe iMicrowave ibackground 

i(66.93 i± i0.62km/s/M ipc,and ithat iobtained iusing ithe iempirical iSNe iIa-based imethods i(73.24 i±1.74, i. iThis 

idiscrepancy imay ihave idirect iconsequences ifor: ithe iinterpretation iof ithe iBig ibang inucleosynthesis i(Li-problem), 

ihigh iprecision icosmology, iearly iBlack iHole iformation, iand inew iphysics ibeyond ithe ihigh-energy istandard imodel. 

iThe imajority iof iType iIa isupernovae iappear ito ibe irather ihomogeneous iwith ia iwell-defined iluminosity idecline 

irelation iof ilight icurves i∆m15 iand isimilar ispectra. iHowever, ithere iis iin ifact isome idiversity iin itheir iobservations 

iwhich ihas ibeen ihypothesized ito ibe idue ito ivarious iprogenitor ichannels iand iexplosion iscenarios. iPotential 

iprogenitor isystems imay ieither iconsist iof itwo iWDs, icalled ia idouble idegenerate i(DD) isystem, ior ia isingle iWD 

iwith ia idonor iwhich imay ibe imain isequence, ired igiant, ior iHelium i(He) istar, icalled ia isingle idegenerate i(SD) 

https://en.wikipedia.org/wiki/Solar_mass
https://en.wikipedia.org/wiki/Critical_mass
https://en.wikipedia.org/wiki/Chandrasekhar_limit
https://en.wikipedia.org/wiki/Electron_degeneracy_pressure
https://en.wikipedia.org/wiki/Carbon_burning_process
https://en.wikipedia.org/wiki/Thermal_runaway
https://en.wikipedia.org/wiki/Joule
https://en.wikipedia.org/wiki/Standard_candle
https://en.wikipedia.org/wiki/Visual_magnitude
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isystem. iThe ivarious iexplosion iscenarios ican ibe idistinguished iby ithree ipossible itriggering imechanisms: ia) 

iCompressional iheat iin ia islow iaccretion itriggers ithe iexplosion iwhen ithe iWD iapproaches i(!) ithe iChandrasekhar 

imass iMCh iin ieither iSD ior iDD isystems. I 

 

The iflame ipropagates ias ia idetonation i(Det.), ia ideflagration i(Defl.) ior, imore ilikely, istarts ias ideflagration iand 

itransitions ito ia idetonation iwith ior iwithout ia ipulsation iphase i(DDT,PDDT); ib) iHeat ireleased ion idynamical itime 
iscales itriggers ia idetonation iof ia iDD-system i(dynamical imergers); ic) iin iHelium idetonations i(HeDs,) ia isurface 

iHe-detonation itriggers ia idetonation iin ia iC/O icore iof ia isub-MCh iWD iwith ia iHe-star icompanion. iCore-

degenerates i(CD) iare iexplosions iwithin ia iRed-Supergiant iby ia) ior ib). iFrom itheory, ithe iempirical iSNe iIa 

irelations idm15 iand iCMAGIC ifor icosmology iare istable ibecause ibasic inuclear iphysics idetermines: ithe istructure 

iof ithe iprogenitor iWD, ithe iexplosion iphysics, iand ithe iaverage iexpansion ivelocities. iThis i’Stellar iamnesia‘leads 

ito isimilar ilight icurve ishapes iand ispectral ievolution. iAll iscenarios imay icontribute ito ithe iSNe iIa ipopulation ibut 

ithere iis iobservationalevidence ithat ione iscenario idominates. iHowever iwhich ione idominates iis iheavily idiscussed 

iin ithe icommunity. iDynamical imergers iare inot ilikely ias ithey ipredict ihigh icontinuum ipolarization iand iaspherical 

iexplosions, ithis iis inot iseen iin ithe idata. iThe iDDT i(MCh) iseems ito iexplain imost iof ithe iobserved iproperties iof 

iSNe iIa i, iand iDDT imodel-based, iδ i− iCeph.- iindependent idistances igive ian iHo i= i68 i± i4km/M ipc/s i[8, i9]. 

iHowever, iHeDs ihave irecently ibecome ia iserious icontender ibecause itheir imain-flaw, ithe ineed ifor ia ilarge iHe-

layers ion ithe isurface iof ithe iWD, ican ibe imigrated iby ia imixing iof ithe iHe iand iC, ias ilong ias ithe iMWD i> 
i1.1M. iIn ithis iscenario ithe ioptical ispectra iand iLCs ibecome isimilar ito iDDTs. iHowever, ithese iHeDs iresult iin 

isystematically ilarger iHo iwhen ianalyzing iobservations. 

 

But imassive istars, imany itimes ilarger ithan iour iown isun, imay icreate ia isupernova iwhen itheir icore's ifusion 

iprocess iruns iout iof ifuel. iStar ifusion iprovides ia iconstant ioutward ipressure, iwhich iexists iin ibalance iwith ithe 

istar's iown imass-driven, iinward igravitational ipull. iWhen ifusion islows, ioutbound ipressure idrops iand ithe istar's 

icore ibegins ito icondense iunder igravity—becoming iever idenser iand ihotter. iTo ioutward iappearances, isuch istars 

ibegin igrowing, iswelling iinto ibodies iknown ias ired isupergiants. iBut iat itheir icores, ishrinking icontinues, imaking 

ia isupernova iimminent. iWhen ia istar's icore icontracts ito ia icritical ipoint, ia iseries iof inuclear ireactions iis 

iunleashed. iThis ifusion istaves ioff icore icollapse ifor ia itime ibut ionly iuntil ithe icore iis icomposed ilargely iof 

iiron, iwhich ican ino ilonger isustain istar ifusion. iIn ia imicrosecond, ithe icore imay ireach itemperatures iof ibillions 
iof idegrees iCelsius. iIron iatoms ibecome icrushed iso iclosely itogether ithat ithe irepulsive iforces iof itheir inuclei 

icreate ia irecoil iof ithe isqueezed icore ia ibounce ithat icauses ithe istar ito iexplode ias ia isupernova iand igive ibirth 

ito ian ienormous, isuperheated, ishock iwave.Gravitational iwaves iprovide ian iideal iprobe iof ithe iwhite idwarf 

isystems ithe iare ibelieved ito ibe iprogenitors iof ithermonuclear isupernovae iand ithe igravitational-wave isignal iof 

ithese isystems ilies iright iin ithe ifrequency iband iof ispace-based igravitational-wave imissions isuch ias iLISA. iThe 

igravitational iwave ichirp imass icoupled iwith ielectromagnetic iobservations iof iwhite idwarfs iwill iallow iastronomers 

ito iprobe ithe ieffects iof itides ion ithe iorbital ievolution, ione iof ithe ikey iuncertainties iin itheoretical imodels iof iSN 

iIa iprogenitors. iIn iaddition, iwith iaccurate ichirp imasses, igravitational iwave iobservations iare iideally isuited ito 

iobserving ithe imass idistribution iof iwhite idwarf ibinaries, idetermining ithe ifraction iof isystems iwhose icombined 

imass iexceeds ithe iChandrasekhar ilimit. iFinally, iif ia iGalactic isupernova ioccurs, igravitational iwaves iwill 

idefinitively idistinguish ibetween idouble iwhite idwarf iand iaccreting iwhite idwarf iprogenitors. i 

 

 
 

Fig. i1: iThermonuclear iSupernovae 
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PRINCIPAL iOBSERVED iCHARACTERISTICS 

 

A itype iIa isupernova ireaches iits ipeak ibrightness iabout i20 idays iafter ithe iexplosion, iwith ian iabsolute ivisual 

imagnitude iof iabout, ior ialmost i10 ibillion itime ithe iluminosity iof ithe iSun. i iAfter ipeaking, ithe isupernova 

ideclines iin ibrightness iby i3 imagnitudes iover ia imonth iand ithen iby i1 imagnitude ievery isubsequent imonth iuntil iit 

ifades ifrom isight. iThe ifeatures ithat imark ia isupernova ias itype iIa iare ithe iabsence iof ihydrogen ilines iand ithe 
ipresence iof isilicon ilines iin ithe ispectrum. i iThe ispectrum ialso ishows ithe ilines iof iintermediate imass ielements 

isuch ias ioxygen, icalcium, imagnesium, iand isulfur. i iTwo iweeks iafter ithe isupernova ireaches iits ipeak imagnitude, 

iits ispectrum ishows ithe ilines iof iiron iand iother ielements iof isimilar imass isuch ias icobalt. i iThe idebris iemitting 

ithis ilight imoves iat ia ivery ihigh ivelocity iaway ifrom ithe iexplosion isite. i  

 

iThe ihighest ivelocities iare iabout i10% iof ithe ispeed iof ilight.The itype iIa isupernovae ibehave ias ithough ia isingle 

ivariable idetermines iall iof itheir icharacteristics; ithe ishape iof ithe ispectrum, ithe ichange iin iluminosity iwith itime, 

iand ithe ivelocity iof ithe idebris iare iall iset iby ithe itotal iamount iof ienergy ireleased iin ithe iexplosion. i iMost 

isupernovae idiffer ifrom ithe iaverage ipeak ivisual iabsolute imagnitude iby iless ithan i0.3 imagnitudes. i iLow-

luminosity isupernovae iare iredder iand ishorter-lived, iwith idebris imoving iat ia ilower ivelocity, ithan ihigh-luminosity 

isupernovae. i iA iconsequence iof ithis ibehavior iis ithat iif ione iknows ithe ispectrum iof ia itype iIa isupernova iat ithe 

ipeak iapparent imagnitude, ione ican iinfer ithe ipeak iabsolute imagnitude. i iThis iproperty ipermits iastronomers ito iuse 
ithe itype iIa isupernovae ias ia istandard icandle ifor ideriving ithe idistances ito ithe ifarthest igalaxies iand ifor istudying 

ithe iexpansion iof ithe iuniverse. 

 

Strictly ispeaking, inot iall itype iIa isupernovae ibehave iin ithe isame iway. i iAbout i85% iof ithese isupernovae ibehave 

iaccording ito ithe isingle-variable ipattern ijust idescribed. i iThe iremaining inonconforming itype iIa isupernovae ican 

idiffer iin ia ivariety iof iways, iincluding ibeing iseveral imagnitudes iless iluminous ithan ithe iconforming i85%. i iThey 

iare ibelieved ito ihave ia idifferent iorigin ithan ithe iconforming i85%. i iThey imay ibe iproduced iby ithe ithermonuclear 

iexplosion iof iwhite idwarfs iunder idifferent iconditions ithan ithe iconforming isupernovae, ior ithey imay ibe ifrom 

imassive istars iundergoing icore icollapse. 

 

BASIC iBOMB iTHEORY 

 

Theorists iuniformly ibelieve ithat ithe iconforming i85% iof itype iIa isupernovae iare iwhite-dwarf ithermonuclear 

iexplosions. i iMost iof ithe itheoretical ieffort ihas ibeen idirected iat ithe iexplosion iof icarbon-oxygen iwhite idwarfs, 

ialthough isome itheorists ibelieve ithat ithe idetonation iof ioxygen-neon-magnesium iwhite idwarfs imay ibe iresponsible 

ifor isome iother isupernova isubclass. i iThe ibasic itheory iis ithat ia iwhite idwarf icomposed iof icarbon iand ioxygen 

ireleases imost iof iits ithermonuclear ienergy iin ia isudden iburst. i iThermonuclear iburning iin ithe iouter iparts iof ithe 

istar iconvert ithe icarbon iand ioxygen iinto iintermediate-mass ielements, isuch ias isulfur. i iThe iburning iin ithe iwhite-

dwarf iinterior iconverts ithe icarbon iand ioxygen iinto inickel, iwhich iis ithe ilowest-energy iatomic inucleus ithat ican 

ibe irapidly icreated ithrough ifusion. i iThis isudden irelease iof ienergy iheats ithe iinterior ito ienergies ifar iabove ithe 

iwhite idwarf's igravitational ibinding ienergy, iso ithe istar iexpands ioutward iat ia ivery ihigh ivelocity, ileaving inothing 

ibehind. i iAs ithe istellar idebris iexpands iand idissipates, iit iis iheated iby ithe iradioactive idecay iof inickel iinto icobalt 

iand ithen iiron. i i 
 

The iexpanding iphotosphere idrifts ito ideeper, ihotter iregions iwithin ithe idebris. i iThis icombination iof iincreasing 

isurface iarea iand iincreasing itemperature iof ithe iphotosphere icauses ithe idebris ito iemit imore ipower iover itime, 

icausing ithe ibrightening ithat iwe isee iin ia isupernova. i iThe ilines iwe isee iin ithe ispectrum iof ia itype iIa isupernova 

iis ithe iprogression iof ithermonuclear iproducts icreated iin ithe isupernova, istarting iwith ithe iintermediate ielements 

icreated iin ithe iouter ilayers iof ithe iexpanding idebris, iand iending iwith icobalt iand iiron. i iWhen ithe idebris ihas 

iexpanded ienough ifor ilight ito iescape ifrom ithe icenter iof ithe iexplosion, iit icools, iand ithe isupernova ifades ifrom 

isight.All iof ithese iproperties ifit iin inicely iwith ithe iview ithat ithe itype iIa isupernova iis ithe iexplosion iof ia 

idegenerate idwarf istar. i i iComputer isimulations ishow ithat ithe idetonation iof ia iwhite idwarf ifits ithe irise iand ifall 

iof ithe isupernova's iluminosity ivery inicely, iand ithe ielements igenerated iin ithe idetonation iof ia iwhite idwarf 

imatches ithe ielements iportrayed iby ithe isupernova's ispectrum. i i iFor ithese ireasons, iastrophysicists iworking ion 
ithis iproblem iaccept ithe itheory ithat ia idegenerate idwarf icreates ithe isupernova. i i iThe ionly ireal idisagreement iis 

iover ithe idetonator ifor ithe iexplosion. 

 

Astronomers isee inumerous isupernovae ievery iyear, ibut ithese iare iusually iin ivery idistant igalaxies. i iSupernovae 

iare irare, ioccurring iin iany ione igalaxy ionce ievery ififty iyears ior iso. i iThis imeans ithat ito isee ilarge inumbers iof 

isupernovae, ione imust isearch inumerous igalaxies ievery iday, iwhich imeans ilooking ifar iout iinto ispace. i iOn 
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ioccasion, ihowever, ia isupernova ioccurs iin ia inearby igalaxy, iproviding iastronomers iwith ia iclose-up iview iof ian 

iexploding istar.The imost iimportant iof ithe inearby isupernovae iis ia isupernova iseen iin iFebruary iof i1987, inamed 

iSN i1987A. iIt ioccurred iin ithe iLarge iMagellanic iCloud, iwhich iis i50 ikpc iaway ifrom iEarth, iso iit ioccurred ionly 

i(!) i163,000 iyears iago. i iNo iother isupernova iobserved isince ithe istart iof ithe ispace iage ihas ioccurred icloser ito 

iEarth. i iSN i1987A iwas iobserved iwith iground-based iand ispace-based iinstruments, ias iwell ias iwith ineutrino 

idetectors iburied ideep iunder ithe iEarth. i iIt ioccurred iin ia ihighly-visible iregion iof ithe iSouthern iHemisphere isky, 
iunobscured iby idust. i iIt's isource iwas ia istar ithat ihad ibeen istudied ibefore ithe isupernova ioccurred, iwith ithe ifinal 

iobservation iof ithe istar ioccurring ijust ihours ibefore ithe iexplosion. i iThis isupernova iproved ithe itheory ithat ithe 

icore-collapse iof ia imassive istar iproduces ia isupernova, ibut iit ialso ishowed ithat, icontrary iexpectation, inot iall istars 

ithat iexplode iin ia isupernova iare ired isupergiants isometimes iblue isupergiants ialso iexplode. 

 

The iblue isupergiant istar iSk i-69 i202, iwhich iis ia itype iB3 iI istar, icreated iSN i1987A. i iLike iall iblue isupergiants, 

iit iwas iextremely iluminous, iwith ian iabsolute ivisual imagnitude iof i-6.3, ibut iit iwas itoo ifaint ito isee iwith ithe 

iunaided ieye, ihaving iat i50 ikpc idistance ian iapparent ivisual imagnitude iof i12.2, iwhich iis iat ithe ilimit iof ithe 

ilargest iportable itelescopes. i iBecause iof iits ihigh iluminosity, iit iwas iregularly iobserved, iwith ithe ilast iobservation 

ioccurring iabout i5 ihours ibefore ia ineutrino iburst ireleased iby ithe isupernova iarrived iat iEarth. i iThree imore 

iobservations iwere imade iin ithe ifollowing i6 ihours. i iSubsequent iobservations, imade iless ithan i24 ihours iafter ithe 

ineutrino iburst, ifinally ialerted ithe iastronomical icommunity ithat ia isupernova ihad ioccurred. i iThe iblue isupergiant 

ibrightening ifrom i12th imagnitude ito i6th imagnitude, ia ifactor iof i250 iincrease iin ipower iradiated ias ivisible ilight, 

iin ithe ifirst-three ihours iafter ithe ineutrino iburst. i iThis ibrightening iaccounts ifor imost iof ithe ibrightening iof ithe 

isupernova. i iOnce ithe isupernova ifaded, iand ithe isupernova ishell iexpanded isufficiently ito ibecome itransparent, 

iastronomers ifound ithat iSk i-69 i202 ino ilonger iexists. 

 

SN i1987A iis iclassified ias ian iunusual itype iII isupernova. i iIt iis itype iII ibecause iit ihas ihydrogen ilines iin iits 

ispectrum. i iIt iis iunusual ibecause ithe idoppler ishift iof ithose ilines isuggests ian iexpansion iof iaround ione-tenth ithe 

ispeed iof ilight i(twice ithe iexpansion ispeed iof ia itypical itype iII isupernova) iand ibecause iit iis imuch iless iluminous 

ithan ia itypical itype iII isupernova, ialthough ithe itotal iamount iof ienergy ireleased iin ithe iexplosion iis isimilar ito 

ithat ireleased iin ia itypical itype iII isupernova. i iSN i1987A iis ialso iunusual iin ibrightening iin ionly i3 ihours, irather 

ithan iover ithe iseveral idays ithat iis imore itypical iof itype iII isupernovae. i iThese iunusual ifeatures iare idirectly itied 

ito ithe ismall iradius iof ithe iexploding istar. i i 

 

The irapid ibrightening iof ithe istar idirectly ireflects ithis ismall iradius; imore itime iis irequired ifor ithe ienergy 

ireleased iby ithe icollapse iof ia istar's icore ito itravel ito ithe iphotosphere iof ia ired isupergiant ithan ito ithat iof ia iblue 

isupergiant, ibecause ithe ired isupergiant iis iphysically imuch ilarger ithan ithe iblue isupergiant. i iThe iremaining-two 

icharacteristicsthe ihigh ivelocity iand ithe ilow iluminosityare iset iby ithe istar's iradius ithrough ithe ithermodynamics iof 

ia isupernova.Like ian iinternal icombustion iengine, ia isupernova iexplosion iis ia iheat iengine ithat iconverts iheat iinto 

ikinetic ienergy. i iJust ias ithe imotion iof ian iengine's ipistons iconvert ithe iheat ireleased iwhen ifuel iis iburned iinto 

ithe ikinetic ienergy ithat ipropels ia icar, ithe iexpansion iof ia istar iduring ia isupernova iexplosion iconverts ithe iheat 

ireleased iby ithe icollapse iof ithe istar's icore iinto ikinetic imotion iof ithe iouter iregions iof ithe istar, iand ias iwith ian 

iinternal icombustion iengine, ithe iefficiency iof ithis iconversion idepends ion ithe icompression iratio iof ithe isystem. i i 

 

The ihigher ithe icompression iratio iin ian iinternal icombustion iengine, imeaning ithe ihigher ithe iratio iof ithe ifinal 

ivolume iin ia ipiston icylinder ito ithe iinitial ivolume iin ithe icylinder, ithe imore iefficient ithe iconversion iof iheat iinto 

ikinetic ienergy. i iFor ian iexploding istar, ia ihigh icompression iratio iis iachieved iby imaking ithe iradius iof ithe istar 

ithat iexplodes ias ismall ias ipossible, ibecause ithe ipoint iat iwhich ithe isupernova ishell ibecomes itransparent iand 
ireleases iits iremaining iheat iis iindependent iof ithe iinitial iradius iof ithe istar. i iThis imeans ithat ithe isupernova iof ia 

iblue isupergiant iconverts imuch imore iof ithe isupernova ienergy iinto ikinetic ienergy ithan idoes ithe isupernova iof ia 

ired isupergiant iof iequivalent imass; ithe iformer iis ia imore iefficient iheat iengine ithan ithe ilatter, ibecause ia iblue 

isupergiant ihas ia imuch ismaller iradius ithan idoes ia ired isupergiant. i iThe iconsequence iof ithis iefficiency iis ithat 

ithe ivelocity iof ithe isupernova ishell iis ihigher, iand ithe itemperature iof ithe ishell iis ilower, iin ia iblue isupergiant 

isupernova ithan iin ia ired isupergiant isupernova. 
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Fig. i2: iSupernova iExplosion 

 

 

Explosion imodels 

 
3D ivs i1D iNumerical icalculations iof ithermonuclear isupernova iexplosions iin ione idimension ihave ibecome ia 

icommonplace ibenchmark ifor ithe ianalysis iof iType iIa iSNe, ibut itheir ivalidity iis iquestionable ibecause ithe 

isubsonic icombustion ifronts i(deflagrations) ithat iplay ia ifundamental irole iin iall iof ithem iare isubject ito iinstabilities, 

iand itherefore icannot ibe isimulated iwith i1D icodes iin ia iself-consistent iway. iIn irecent itimes, ithe ifirst ithree 

idimensional i(3D) icalculations iof iType iIa iexplosions ihave ibegun ito iappear iin ithe iliterature i iand ithe ipaper iby 

iBravo i& iGarc´ia-Senz iin ithese iproceedings. iA icommon ifeature iof iall ithese icalculations, iand ithe imost 

iremarkable idifference ibetween i1D iand i3D imodels, iis ithe iuniform imixing iof iunburnt iC iand iO imaterial iwith 

i56Ni iand iother ielements ithroughout ithe ieject. iThis imixing ishould ihave ian iimpact ion ithe ioptical ispectra iof ithe 

isupernovae iand ion ithe ithermal iX-ray ispectra ifrom ithe ishocked ieject iin ithe iSNRs, ibut ineither iof ithese 

isignatures ihas ibeen iconfirmed iso ifar ipointed iout ithat ino ievidence ifor ilow-velocity iC iand iO iwas ifound iin 

ioptical ispectra iof iType iIa iSNe, ibut ithis iassertion iis ibeing irevised. iSpatially iresolved ispectroscopy iof iType iIa 

iSNRs ialso iprovides iindirect ievidence ifor isome ikind iof icomposition istratification iin ithe ishocked ieject. iThe 
iabsorbed iUV ispectrum iof ithe iSchweizer-Middleditch istar, iwhich iis iplaced ibehind ithe iremnant iof iSN1006, iposes 

ian ialternative iobservational iconstraint ifor ithe ipresence iof imixing iin iType iIa iSN ieject. iNo ievidence ihas ibeen 

ifound ifor iC ior iO iabsorption ilines iin iHST iobservations iof ithis istar, iimplying ithat ithese ielements, iif ipresent, 

iwould ihave ito ibe iin iionization istates ivery idifferent ifrom ithose iof ithe iobserved iSi iand iFe. 

 

CONCLUSION 

 

In ithe imassive istar icase, ithe icore iof ia imassive istar imay iundergo isudden icollapse, ireleasing igravitational 

ipotential ienergy ias ia isupernova. iWhile isome iobserved isupernovae iare imore icomplex ithan ithese itwo isimplified 

itheories, ithe iastrophysical imechanics ihave ibeen iestablished iand iaccepted iby imost iastronomers ifor isome itime. 

iSupernovae ican iexpel iseveral isolar imasses iof imaterial iat ispeeds iup ito iseveral ipercent iof ithe ispeed iof ilight. 
iThis idrives ian iexpanding ishock iwave iinto ithe isurrounding iinterstellar imedium, isweeping iup ian iexpanding ishell 

iof igas iand idust iobserved ias ia isupernova iremnant. iSupernovae iare ia imajor isource iof ielements iin ithe iinterstellar 

imedium ifrom ioxygen ito irubidium. iThe iexpanding ishock iwaves iof isupernovae ican itrigger ithe iformation iof inew 

istars. iSupernova iremnants imight ibe ia imajor isource iof icosmic irays. iSupernovae imight iproduce igravitational 

iwaves, ithough ithus ifar, igravitational iwaves ihave ibeen idetected ionly ifrom ithe imergers iof iblack iholes iand 

ineutron istars. 
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