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AVTITPOCOMEVTIKG GACUOTA TV TEcodpmv ToTwmv, la, Ib, Ic ko I, vaspkawvogavov actépav. ALile va onpewnbel 011
oV KoL 0 DAEPKAIVOQUVIS SN 1987A (mov givan Tomov Ie) eppaviler pua acbevi) ypappn aroppognong Si I, avtr eivan
TOAD AYOTEPO EPPUVIC OE GYECT] HE TIC YPUUPES ST TOL DIAPFOVY OTH PACUOTH TV VIEpKovopavay Tou Tomov la. H
Aopmpomnta onueidveton oe avbaipeteg povadeg pone. (T eacpate sivan Tpoceopd Tov Thomas Matheson amo to
National Optical Astronomy Observatory)
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ZxNua tagvopnong Yrepkawodavwy pe Baon to paopa otn Leylotn dwtevotnTa
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H talivounon tov vaepkavopavav pe Paon to
OUCUATAE TOVS TOL TUPATNPOVVTUL 6T UEYIOTI
EKTTOUTT) GOTOC KUl TNV TUPOLGIU 1) UmovGio
TAQTO OTIC KUUTOAES POTOS TOV LAEPKULVOPU-
vy tov Tomov I1.



» 0L unepkawvodaveic Turou | 6ev epdavifouv kapio ypauun udpoyovou ota
daoHaATA TOUC.

»OL urtepkavodaveic Tou TuTtou | prtopouv va urtodLalpeBouv MepaLTEPW
ou ucbwva LLE TQL cbaouata TOouC.

* |a: évtovn ypopun Silll ota 615 nm
* |b: évtovec ypaupéc He
* |c: dev €xouv EVTOVeC YpaULUEC He

» OLTUMOU la €£XOUV UE KATIOLO UNXOVIOUO ortoyuUvVwOEel teAeiwg armd to
nepiPAnua vdpoyovou

» 0L tUmou Ib kalt Ic mpokUTttouv pe SLadpoPETIKOUC UNXOVLIOLLOUC
» 0L la Bplokovtal og 6Aouc Touc TUTIOUC YoAaELWV
Ot Ib kot Ic povo oe yahaéiec pe mpoodatn aotplkn dnuiovpyia
(omelpoeldeic Kol akavovIoTou )
» AntoAuto peyebog la oto peyoto My = —18.4
b kat Ic 1.5-2mag apudpotepol (oto B)

»PuBuog peiwong dpwtevotntag PeTA To uevtoto ~0.065mag/d (ywa 20d). Meta
SdlapoporoLeital o puBuoc autoc pe TS la va pBivouv ypnyopotepa.




» 0L Tunouv Il mepLEYouv EVTOVEC YPOUMEC LOPOYOVOU
» Avo unokatnyopiec availoya pe to av epdaviletol plateau otnv
KOLUTTUAN pwTOC
. TL')T(QU lI-P(lateau) epdavitetal Plateau petaév 30d kot 80d peta
TO UEYLOTO
e TUmov ll-L (Linear)bev umaryel plateau
e OLTumovu II-P 10 ¢popec o ocuyvol arno tou Tumov I1-L

Yriapyouv napatnpnoeLg tou deixvouv otL ot turtou 1l kat Ib
ouvdeovtal (=2 1b)
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Growing Diversity in the Zoo of "Transients"
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Duoikec Olepyaoiec

»2T1c SN la 0 pnxaviopoc eivol BepeAlwdwc SLapopPETIKOC ATIO TLC
aAAec SN. ZupBaivel og SUTAQ cuoTNMATA LE TOUAOXLOTOV TO £val
QVTIKELMEVO va elvall AeuKkOC vavoc. Oa aoxoAnBoupe pe autn Tt
MOAU onpavtikn katnyopia oto Ked. Twv SUTAWV CUCTNUATWY

» Ol urtoAoLrol TUToL oXeTilovTal PE TNV KOTAPPEUON TOU OTPLKOU
niupnva Fe. Me autec TIc mepumtwoelc Ba aoyoAnBoupe edw.



EkKAuOpevn evépyela

»TO OUVOALKO TTIOOO TNC EKAUOUEVNC EVEPYELOC aTtO TUTILKO SN TUTmou
~1046_|
> ~1% QUTNC TNC EVEPYELAC =2 KLVNTLKN EVEPYELA TOU
EKTIVOLOOOLEVOU UALKOU
»<~ 0.01% tnC eveépyeLlac—~> dwtovia
»~99% TNnC eVEPYELAC =2 VETplva

(Mapopola mocoota epdavifovral Kol OTLG EKPNEELS TWV
uTtepKavopavwyv twv Tunwv lb kat lc.)



MnNXaVLIOMOC KOTAPPEVONC TOU TTUPHVA OE QOTEPEC LEYAANC palac = core
collapse SNe

1. QwTto-dlacmaon Twv TUPAVWV :

Me tnv oAokAnpwon tnc kavoncg tou Si oe Fe otov mupnva, ol BepUOKPACLEC

elvall ToAU uPnAec =2 aktivecy 2 dwtodlaomnaon (photodisintegration)
Ol ontovdalotepec avidpaoelc pwtodlaomaonc ival ot:

ggFe +y - 13‘2}He + 4n Anoéléunon ™ne T[U?I‘]VOGU\{GEOI‘]C
TIOU €XEL eTITELYOEL oTN SLApKELA
‘ZLHe 4+ 14 _)Zp +2n NG {wNG Tou AcTpoU

Ol avtdpaoelc avteg eival evooBeppec, SnA. o MUPAVOC TOU AOTPOU YAVEL
evepyela (OnA. OLveL evepyela ylo va yivouv oL TTapartavw ovtlOpAoELS), OmoTe
N TILECN HLELWVETAL KOl OUVEXL(EL N KATAPPEUON.

Mo padeg mupnvwy amo 1.3 — 2.5 M, mou mpoEpxovTaL oo Aotpa UE apXIKEG pageg ano 10-50 M avtiotoya



Core-collapse SNe - mtou rpokUTTTouV aro TNV e€EALEN AOTEPWV HLEYAANG
Hadas-

2. Mopaywyn VETPLVWVY — ETLTAXUVON KATAPPELONC
» TUTILKEC CUVONKEC MOV ETILKPATOUV OTOV TTUpHva
T~8 x 10°K, p~103kgm™3
»Ta eAevBepa nAekTpovia rov BonBoloav oTNV UTTOOTAPLEN TOU ACTPOU UEOW TNC TILEONC
eKOUALOHOU, cUAAapPavovtol anmo Touc Papeilc MUPAVEC KAl ATIO TA MPWTIOVLA TTOU
TIOPAYOVTOL LECW TNC PwTodLAdoTIooNC
p+ e 2>n+yv,
» To TapoyoOleEvVa VETPLVO, OTTOUOKPUVOUV EVEPYELXL TIOAU OQTTOTEAECUATIKA QIO TOV
nupnva.

» O TTUPNAVOC, XAVEL KL AAAN EVEPYELA KOLL ETILTOXUVETAL KL AAAO N KOTAPPELON.



Core-collapse SNe - mtou rpokUTTTouV aro TNV e€EALEN AOTEPWV HLEYAANG
nalac- Tuylveto Le TNV Katdppeuon Tou rupnva Fe

3. YrepnxnTIKN KatTAppeLOon

» ApXLKA, N KATAPPEUOHN TOU Ttupnva €ival oploAoyn Kot n taxVuTNTa TNG KATAppeLOoNnG eival avaioyn UE TNV
QTIOCTOON ATTO TO KEVIPO TOU QLOTEPAQL.

» € UEYOAUTEPEC TTUKVOTNTEC, N KATAppevon e€akoAouBel va gival opdAoyn O0TO ECWTEPLKO TOU TTUPHVA.
Ouwc, otnv mepiBAnpo Tou tupnRva N ToxUTNTA VoL TTAEOV UTTEPNXNTLKN.

» 2TNV TR TNC aKTivog Tou TtuprRva oTnv omola n taxutnta unepPaivel TNV TomkA TaxUTNTA TOU NXOU, N
KATAPPELON TIAVEL TTAEOV VOl Elval OLLOAOYN KOl O ECWTEPLKOC TIUPNVOC SlaxwpLlleTal OrtO TOV UTIEPNYNTLKO
eEWTEPLKO TIUPNVO, TIOU eKTEAEL oXedOV eAeBepNn ITWON.

(taxuTnTa Tou e€wTeEpLKOL Tupnva ~70,000km/s)

1
QuunBeite: 000 peyaAWVEL N TTUKVOTNTA TOOO UELWVETOL O XOPAKTNPLOTIKOG Xpovog free fall (tqf o< p 2)



»H «unyxavikn mAnpodopio» ota pevotd petadidstal pe tn taxluTNTA TOU
nxou. O TTUPNVOC KOTOPPEEL UTIEPNXNTLKA, OTIOTE TAL AVWTEPO. OTPWHOTO TOU
AoTPOU «apyoUlV va To KataAdBouv» Kal Elvol ooV Vo alwpouVTaL TTAVW OTto
TOV TTUPNVO TIOU KATAPPEEL.

»H opoAoyn KATAPPELON TOU E0WTEPLKOU TUPHAVA CUVEXL(ETAL £WC OTOU N
NMUKVOTNTA va UTtepPBel TNV Tun twv 8 x 10 kg/m3 , mou eivan mepimou
TPELC GOPEC PEYAAUTEPN ATIO TNV TTUKVOTNTA TOU TIUPHVO TWV OTOLWV.

»TOTE, TO TWUPNVLIKO UALKO QO TO OTOLO OTTOTEAE(TOL TWPOA O ECWTEPLKOC
MUPNVAC TOU aoTEPA yivetal o SUOKOUITTO €€0LTiOC TNC LOYUPNC TTIUPNVLKAG
duvapung, ou, EVvw ivol ouvNBwe eAKTIKN, EadViKa YIVETOL ATTWOTIKA AOYw
TNC ATIAYOPEVUTLKNC apxN¢ Tou Pauli yia ta vetpovia.

»To amoTEAeopa lval OTL 0 ECWTEPLKOC Tupnvoc “avanndd” otéAvovtac £tol
kopata mieonc pe katevBuvon mpoc Ta £€w, TaL omolar Ba cuvavtOOUV TNV
UAN Tou e€wTePLKOU Ttupnva Tou MEPTEL TIPOC TO KEVTPO. Otav n tayxvutnta
QUTWV TWV KUPATWV Tiieon¢ @Oaocsl tnv toyuTtnTto. TOU NYOU, TOTE
QVOTITUOCETOL £V KPOUGTLKO KULOL TO OTTIOLO EEKLVAL VAl KLVELTOL TIPOC TA £EW.



» Kabwc auTto To KPOUOTLKO KU OUVAVTA TOV EEWTEPLKO MU pHva armo oldnpo
OV TIEPTEL TTPOC TO KEVTPO, oL UPNAEC Bepuokpaoleg Tou avamntuooovTal
TtpOKa)\ouv T[EpOLLTEpw cbwro&aortaor], adoLPWVTAC ETOL TO LEYAAUTEPO
LLEPOC TNC EVEPYELAC TOU KPOUOTLKOU KUUOTOC.

»AnA. TO KPOUOTLKO KU 0XEOOV OLKLVNTOTIOLELTOL, UE TO UALKO TtOU TEDTEL
Ao £€w va cUOOWPEVETAL TTAVW TOU =2 KPOUOTLKO KUMLO Ttpocalénanc.

» Katw (miow) armo to KpoUOoTIKO KU OVATITUCOETAL pLoL VETpLVOOhaLpa
LECW TWV UNXOVIOMWV TNC dwTtodlaomaonc Ko Tnc cUAANYPNC NAEKTPOVIWV.
EneuSr'] TO UTIEPKELEVO UALKO €lval TTOAU TTUKVO, LEPOC TNC evépvaaq TWV
VETPLVWV ( ~ 5%) Ba amoteBel otnVv UAN MOV BpLOKETOLL akpLBwg miow armo To

KPOUOTLKO KUMAL. e ono 9?%@

» AuTn N eTUTAEOV eVEpyELA BepUOVEL TNV UAN KOL ETILTPETIEL OTO KPOUOTLKO
KOO VoL EEKLVNOEL KoL TLAAL TNV TTOPELA TOU TIPOC TNV ETILHAVELD TOU QLOTEPQL
= €KpNé&N e ektivaén tou e€wtepLkol EPLBANMATOC

»Av to datvopevo avto dev cupBeL APKETA YpYopa, TO UALKO TTOU apXLKAL
KWELToL tpocg Ta €€w Ba Eavarmeoel oTov MUPNVa, YEYOVOC TTOU ONHOLVEL OTL
dev Ba cupPel n €kpnén. =2 MPOOCOUOLWOELG
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2D and 3D Morphology

(Images from Markus Rampp, RZG)



3D core collapse SNe

Xwpic meplotpodn. Me nieplotpodn. H €kpnén yivetal oto
LONUEPLVO eTtimedo Kal OXL 0TOUC TTOAOUC

https://www.youtube.com/watch?app=desktop&v=ySxJaOYLJOc



Aotpka YroAsippata twv CCSN

»Av M s < 25 Msolar to untoAelppa Tou eowtepikov rupnva Ba otabepomnonBei kot Ba
LLETOTPATIEL OE €vOV QOTEPO VETPOViWV, O omoilo¢ umootnplletal amo tnv Tieon mou
TIPOKAAOUV Ta EKGUALOHLEVA VETPOVLAL.

» Av 0w n apxlki pala Tou aotEPA eival TTOAU MEeyaAUTEPN, aKOpO KoL n Tiieon Tmou
aoKoUV Tta eKPUALOHEVA VETPOVLIOL OEV UTTOPEL VO UTIOOTNPLEEL TO UTTOAELUUO EVAVTLOL OTNV
eAEN tnNC Baputntag, omote n TEAWKN Katdppeuon mou Ba emeABel Ba odnynoesL otov
OXNUOTLOMO MLOG MEAAVAG OTTAG

» Kal otic 600 MEPUTTWOELC TIAPAYETAL TEPACTIA PO VETPIVWYV, N TIAELOVOTNTO TWV OTOLWV
Stadevyel oto OSldotnua moaipvovtag Holl TOUGC ML CUVOALKN) €EVEPYELDL TIOU Elval,
OUYKPLOLLLN LE TNV EVEPYELX CUVOEONC TOU 0.0TEPA VETPOVIoU (~3x10%6))



O KapmuAec Qwtog kat n Padlevepyoc Alaomacn tne
Exktivaocoopevnc'YANC

> To TIAOTW OTLG KOUTTUAEG HWTOG TOUG OpELNETOAL, KUPLWGE, OTNV EVEPYELD, TTOU amoTiBeTalL
14 I I I’ I 14
OLTTO TO KPOUOTLKO KUMO 0TO ITAOUGLO o€ uOpOyovo TEPLBANO TOU QOTEPAQL.

»>To QEPLO, TIOU EXEL LOVIOTEL ATTO TO KPOUOTLKO KU LA, ELCEPXETAL OE L0 TIAPOTETAEVN
nepilodo emavaouvdeong, aneAevOepwvovtag £T0L EVEPYEL OE pLa oxedov otabepn
Oepuokpaotia repinov ton pe 5000 K.

» To MAQTw UIopEL va «uTtooTtnplleTaly EMUTAEOV OO TNV EVEPYELA QU anotibetal oto
MEPLPANUA HECW TOU HNXAVIOMOU TNG padlevepyou dlaomaong tou 3gNi mou mapnxon
QO TO LETWTTO TOU KPOUOTIKOU KUUOTOG KATA Tn SLEAEVON TOU PECA ATTO TOV QOTEPAQL.

»To Ni dlaondatat pe diaonaon B oe Co (t,,,=6.1d)

gSNi — §§Co+e+ + v, +y
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FIGURE 15.12 The bolometric light curve of SN 1987A through the first 1444 days after the
explosion. The dashed lines show the contributions expected from the radioactive isotopes produced
by the shock wave. The initial masses are estimated to be 35Ni (and later 33Co), 0.075 M; 3/Co,
0.009 M, (five times the solar abundance); $3Ti, 1 x 10~* Mg and #Na, 2 x 10=% M,,. (Figure
adapted from Suntzeff et al., Ap. J. Lett., 384, L33, 1992.)
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»H evépyela ou arneAevBepwvetol anod autn tn ditdomoon amnotiBetal oto
OTTTLKA TTUKVO OLAoTEANOUEVO KEAUDOC KOl 0T OUVEXELO AKTLVOPOAELTOlL
dbevyovtac oo Tn dwtocdoLlpa TOU UTIOAELMUOATOC TOU UTIEPKOLVOPavOoUC
aoTEPAQL.

» Me Tov TpOMOo AUTO CUVTNPELTAL N KAUTTUAN GWTOC YL KATIOLO XPOVLIKO
SlaoTNUA EMEKTELVOVTAC £TOL TO TIAPATNPOUMEVO TIAATW.

» TeAlka, To dlooteANOpEevVo VEPocC aspiou Ba yivel omtikd Stadaveg,
adrvovtoc eKTEOELUEVO TO KEVTPLKO OVTIKELMEVO (AOTEPA VETPOVIWV N
ueAavn onn)
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