Supernova ejecta with a powerful central enaine
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B Abstract
5|/F PSJHJO PG MVNJOPVT TVQFSOPWBF 4/F TVDI BT 4/F BTTPDJBUFE XJUIl HBNNB SBZ ¢VSTU

UlrPSrudJbB™M BOE PCTFSWBUJPOBM TUVEJFT *U JT DMBJNFE UIBU TVDI MVNJOPVT 4/F IBSCPS QP
SPUBUJOH NBHOFUJ[FE QSPUP OFVUSPO TUBS B CMBDL BDDSFUJPO EJTL PS XIBUFWFS JT MFGY JO U
FNJTTJPO
5l1F FOFSHZ JOKFDUJPO BU UIF DFOUFS PG 4/ FKFDUB DSFBUF B IPU CVCCMF PS B OFCVNB TJ
OPO OFHMJHJCMF XIFO DPOTJEFSJOH TV$DJFOUMZ QPXFSGVM FOHJOF SFBMJ[JOH TVQFSMVNJOPYT 4/F
S8F BSF JOWFTUJHBUJOH UIF F$2FDU PG TVDI QPXFSGVM DFOUSBM FOFSHZ TPVSDF PO UIF|EZOB
TINVMBUJPOT JO % BOE % *O UIJT QSFTFOUBUJPO XF SFQPSU UIF SFTVMUT PG PVS QBTU BJOE PC
DFOUSBM FOFSHZ TPVSDF

1. Motivation 3. Results

IFSF JT HSPXJOH FWJEFODF UIBU TFW PPEN DMBMBQITPGgvp VIIWVEwXF TIPXUIE SETVMUT PG & NPEFM “U UIF CEHJC

TVOFSOPWBF $$4/F IBSCPS B OPXFSGVM IFOHJOEz BU UIF Y BiJp BRIy oM SFHIPO XJUIL IJHI QSFTTVSE 1PU CVI(
“*D 4/F 4/F *D #- BSF DIBSBDUFSJ[FE CZ CSPBE BCTPSQUJ PEOVERT FoVfiFfsDUB EVE UP UIF FOFSHZ JOKFDUJPO
TOQFDUSB JOEJDBUJOH MBSHF FYQMPTJPO FOFSHJET *U JT XJEFMZRL 8PXOTYBUPP NEF 4V CVECCME QSPQRBHBUFT JO UIF T

*D #- BSF BTTPDJBUFE XJUHBREE EB3BUISIWT BOE UIVT SFRvJsERYBSE TIPDL GSPOU JT TUJMM JO UlF JOOFS QBSU PG UIF T
VMUSB SFMBUJWJTUJD KFU QFOFUSBUJOH UIF TUBS 8PPTMFz ®MPPNOH PRBEURPLE\APRPL HBT JT TV$DJFOUMZ MBSHF UP DP(

$BOP FU BM *O BEEJUJPO POF PG UIF NPTU QMBVTJCMF TDEOESYPT M st eREsUlfoN BV CCME OFBSMZ TQIFSJDBM )F
DMBTT PG IZESPHFO QPPS TVQFSMVNJOPVT 4/F BMTP LorPxo BT 82BfY% 8 6EsmV ARVt U FpJOUFSGBDFE TEFQBSBUJOH UIF JOOFS
4-4/F * 2VINCZ FU BM #BSCBSZ FU BM 1BTUPSFMMP PEMNBMSFTTVRA,FEHE gqYUFSs FRKEDUB DBO OP MPOHES DPOUE

$IPNJVL FU BM JT UIF TP DBMMFE DFOUSBM FOHJOF TDFE®BBEHABY BPRAHBTI[E B OSeMF GPSXBSE TIPDL 00 UIF DPVST
DPNQBDU PCKFDU B IJHIMZ SPUBUJOH NBHOFUJ[FE OFvuspd!'TUPB8EMFEREB4MERPYEBCIMIUZ EFWEMPQT BSPVOE UlE DPOL
8PPTMFZ PS B CMBDL IPMF BDDSFUJPO EJTL %FYUFs ,BTFoP! XJEEYAFIWREePIYsSemFPUB SIF GPSXBSE TIPDL NPEJpF

FOFSHZ JOUP 4/ FKFDUB UP HJWF SJTF UP CSJHIU UIFsNEWENTPPFMES @ TEBYHMEY 4 FRyPROUMZ FYQBOET JO UIF
JOWETUJHBUIPOT PO UIE FSZEDI'™ mr tiir ~iriimisame FKFDUB SFTVMUJOH JO UIF WIJPMFOU CSFBLPVU PG UIF TIPDL JOLU

DEOUSBM FOHJOE MEGU JO 4/ - [:A | | | | SLsna 0O UIF PUIFS IBOE GPS NPEFM & UIF ITPU CVCCMF JT TUVD

—22r ® SLSN-II ]
TUJMM NBOZ QSPCMFENT SFENBJ . CSFBLPVU EPFT OPU IBQQFO
TVD!I BT IPX JU JT QSPEVDFE 5/JT TVHHFTUT UIBU UIF UPUBM

EFOPTJUT BO BEEJUJPOBM JOKFDUFE FOFSHZ JT WFSZ
TVSSPVOEJOH 4/ FKEDUB BC JNQPSUBOU GPS UIF EZOBNJDBM
DPOEJUJPOT TIPVME CEF FWPMVUJPO PG DFOUSBM FOHJOF

QSPHFOJUPS TZTUFNT ESJWFO 4/ FKFDUB
*O UIJT TUVEZ XF JOWFTUJHI
UIF DFOUSBM FOFSHZ JOKF
FYQBOEJOH 4/ FKFDUB CZ ( -
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2. Numerical setups

VNFSJDBM TINVMBUJPOT BSF DBSSJFE PVU CZ VTJOU
I ZESPEZOBNJDT PRPEFQQFE"X3JUBEBQUJWF NFTI SFPOFNFC
EFUBJMT PO UIF OVNFSJDBM USFBUNFOU PG IZESPEZO| 10% T N S ,,..,,,17PVOE JO
4V[VLJ .BFEB SF DBMDVMBUF UIF JOKFDUJP( ° radius[c%r?] 1OGSFFI\/IZ

FYQBOEJOH 4/ FKFDUB XIJDI JT TDIFNBUJDBMMZ TIPXO CFMPX
>S5IF FKFDUB IBWF UIF UPUBMBNETUIPGQJOFUJD FOHRHSHIZ PG EFOT

EJTUSJCVUJPO PG UIF 4/ FKFDUB JT EFTDSJCFE CZ UIF XJEFMZ

XJul UIF JOOFS BOE PVUFS BWHEQWT PG <eW
8F DPOTJEFS UXP NPEFMT XJUI EJ$ZFSFOU UPUBM

JOKFDUFE FOFSHKFSH> BOE<FSH> NPEFRFM

FMBUJWJTUJD

4. Discussion

uildJT TUVEZ UIF JOKFDUFE FOFSHZ JOgQBUFT UIF 4/ F|
FOFSHZ USBOTQPSU GSPN UIF DFOUBM SFHJPO UF

& BOE & SF JOKEDU BO BEEJUJPOBM EOESHZ JOUP FKFDUB JT WFSZ F$¢DJFOU BDDFMFSBUJOH UIF PVUFS
UIF DFOUSBM SFHJPO PG UIF TVQFSOPWB FKFDUB S5IF SFMBUJWJTUJD TQFFET 5IF SBEJBM EFOTJUZ QSPpMF JT DIBSBI
FOFSHZ JOKFDUJPO SBUF JT pYFE UP CF E& EU XJul B TIBMMPX TMPQF EMO EMOS olJT gBU EFOTJUZ QSPpl
<ESH T> 5IESFGPSF TEDUBDETITED GPS CSJHIU SBEJP TPVSDF UISPVHI UIF JOUFSBDUJPO XJUI UIF B
NPEEFEMT & BOE & 51FE JOKEDUEE HBT IBT UIE *O GBDU GPS TPNF SBEJP CSJHIU 4/F MJLF 4/ CC BC
FOESHZ UP SETU NBTT SBUJP PG J F UIE HBT JT QSPpMFT TIJNJMBS UP XIBU XF GPVOE JO UIJT TUVEZ IBWF CFFO T°

"MTP UIF SBEJBM EFOTJUZ TUSVDUVSF JT PG GVOEBNFOUBM JN
B TIBMMPX SBEJBM EFOTJUZ QSPpMF B TQFDJpD SBOHF PG EF
BOE WFMPDJUZ SBOHFT UIBO GPS B TUFFQ SBEJBM EFOTJUZ (
CSPBE 5IFSFGPSF 4/ FKFEDUB XJUI UIF IPU CVCCMF CSFBLPVL
GFBUVSF XIJDI JT JO MJOF XJUIlI CSPBE MJOF *D 4/F BOE TPNF 4-4

I JHIMZ SFMBUJWJTUJD 5IF FOFSHZ JOKFDUJPO JT TVEEFOMZ
UFSNJOBUFE XIFO UIF UPUBM BNPVOU PG UIF FOFSHZ

IBT CFFO JOKFDUFE 5IF FOFSHZ JT JOKFDUFE JOUP B
TQIFSIJDBM SFHJPO BOE B TQIFSJDBM CMBTU XBWF
JNNFEJBUFMZ GPSNT #VU UIF TIPDL GSPOU TVS$ZFST
GSPN UIF 3BZMFJHI 5BZMPS JOTUBCJIJMJUZ TPPO BGUFS UIF

QSPQBHBUJPO XIJDI SBQJEMZ EFTUSVDU UIF TQIFSJDBM

t <ty Relativistic wind tr <t < the the < t
TZNNFUSZ

Reverse shock
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