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● stronz 5110ck k.lvr as it c1 imbs CIIILof Lhf impludin~ m~l Lrr.

The qurst ion of “cl iml)-rmt” is a suht]c one. ;.s \’an ltil~rr hns

shown tlw shock is swn] lowcl hy Lhc implodin~ ‘.lnttrr field i f y ~

1.27. This rrsu]t w~s drmonst ratrtl rnrlicr in the initial calcu-

lations of CK Idwrr lhr Lhr origin:ll suprr:lovJ rxplJna Lion of

Rurhi dgr, Ilurbi .!w, Fowlrr, and IInylr ( ]957J of i ron Lhrrmdl dt?CcJlII-

posit ion imp 1us i rm and core bounce war Lrs Lml numerically with nn

●rtificial hnrcl corr (y = 2). The shock harrl y climbrd OU1 in

the soft (Y ~ 1.3) imploding m.lttrr fi~ld and an inadequate mass

t“jection = .01 HO rrsultml (Fig. 2). Wilson’s (1971) calculations

(Fig. 3) and Van Riper’s more recrntly (1!)77) parmctcriz?tion of

bounce and Arnrtt. find \’an Riprr’s ralcul.l Lion:z with ncuttiinos all

drmonslratr th:lt S3i mass rjorlioll is i:]drrd pos%ible duc to core

bounrr, but that its rxiz~cncr is rxtrrmc]y srnsitiw to drtails

of ~hc rqu:ition of sla Lr and ncutrino trnnsport. Finally gcncr.11
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rig. 1. Van Rlr@r’s calculations
Uw strong rcflvc:~a LfIcck. ,

v~i~” 1.33 Reflcclcd ~hOCh

for Ymin ● 1.33 md Tra E ■ 1.38. note

1
Monlle

IL10’ -—
I

“3

I
I

. . .

Fig. 1. Van Riper’s c~lculatir)ns for ymin = 1.33 and y =
m~x

1.38. Noto thr strong rcflcctcd shork. hut thr curva-

turr of the v = v ; l.agran~r
C?scapc

coordinate is in-

dctcrminatr on this Limu scale.

relativity is no lonjyr ignorablc in such a drlicatc]y balanced

prormsm This is an uns~tisfac~ory state of nffairs for such

important, dramatic, and ubiquitous phenomena as supernovae.

Possiblr Currs——— —— .

The ori~in.11 srcnario of CW wns that a collapse to a cold

neutron *tar took IIIacc immrdintcly. The initial specific binding
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.

Fig. 2. Colgate and White calculations of a bounce

●nd rcflcc~cd shock from a fictious y = 2

hal d core. Since the effective y of the im-

ploding matter was ~ 4/3, ymin = 1.39, the

shock barely climbs out r,f the imploding mat-

ter field and does nP! PJcct significant ma’.ter.

●crgy of the small mass core was also small and as additional

matter imploded onto this core the increasing binding energy of

the added mass was rrlcascd as heat in a (nearly) standing accre-

tion shock on the neutron star surface. The radiation proper-

ties of this shock were peculiar - black body neiit.rino radia~ion

where the lower energy neutrinos had a larger mean free path (dif-

ferent from the usual ciIsc with photons), and the shock-heated

❑atter radiated most of its energy Lhrough the accrcting matter

depositing a small fraction in the m-.ntle sufficient to heat it. .
to the point of explosion and mass ejection. (The ncutrino momen-

tum stress was not invoked bccausc of the obvious limitation of

the Eddington limit.) k’hcn neutrinos arc trapped, such a

heat transport cannot take place. The consqurnce is that if

there is no ncutrino transport, only sound waves - or shocl:

waves - can redistribute the binding cncrg}”.



.

.

9

‘w-z?---.:<--:---- ------.--:--”--!

Fig. 3. !Jilsun’s calculation of core collapse a~d

mass ejection by bath bounce and Lhe neutrlnG

f 1 Ux . NoLe the sccci,d nounce transition to a

collapsed CGlr - partially neuLronized and Llie

one reimplcsiGn c:ajccLory. The cross-

hatched region is rred.nmin~nLl}- Si; the ri~l.c-

slashed region is cargon, left-slashed rc~ion

is Fe; and the plain arra is dccom~oscd Fe.

I.e., lie, n, andr.

~crc are scvcrsl possible ways to :ecGvcr the orlgilial sat-

isfacto~y conrqL of thermal transport of the neutron sLar bind-

ing energy to lover gra-~iLational bound m3nLlC matter.

1. Invoke diff=rcnL neutrino prqtcrties such as he]iciLy rhang-

ing or mixin~ lnteracLl@ns dw to finite m~ss interaction

with mngnctic or gr;vltaLiGn31 fields. Presumably if such
.

could happen, a nrutrino could srcnd G fracLion of :Ls life-

time in a Ilorir.tcr2cting stntc and tlvn return tn a an inLcr-

•ctin~ one. LifrLlmcs would llJvc to be of Lhe order of r/c

s 10-3 to 10-5scc to prcvrnt trappin~.
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A = A. rxp[(h)%t ], (1)
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(2?

●ner~y di f

vrlocit It”:;

b]m ●nd -

lcafling to





‘r–——----—---”””--- /1

lamm ●-m●l ‘M*
● .

Fig. 4. i-he pararnrt c~rizcd rrirnplosiun t r:~-~i.ct nry of

ltagran~c coordin~tcs for Jn idu:llizwi rsplos ion 111

the prcsrnw of a grnvitatio:wi mJss “sink”

(Colgate, 1971). The radius wrsus timr of thr

●xplosion history is shown in 1 in~’ar coordin.]trs

and using the ruducml vari:lhll~s x = r/r. and I =
1

tUo/rim Heavy linrs itrc Lhc l,:l~ran~c coortlin:ltrs

of various mass irncLions drliutr~ by L!lr initin]

radins frocLion of Lhc outer h(*und.lry S . ill!

fnncr mass fractions reimplodr whm ovu~t~krn by

the outgoing rarcfacLion WJVC, drIIoLcd by +C..

‘f’hrcc such witvcs (dashed cllr\”{*s) arc shown f~r

, various rittios of n/fi, whcrr d/n is Lht’ ratio Oi

internal to kinetic cnrrgy. Tk rscnpr-vrlorily

boundary rN is shown as J dottwl curve for thr

Conclition 1“ = P=~* The rrimplosion trrmin.~trs

‘* when the rarr~action wavt’ p.~ss(”x the rscilpr-

velocity Imuuditry.

E 2 x 108 cm or = 0.4 SCF. The outwilrd avrr;lgr wlecity will lW \ frrr

fall velocity if turn-around tukcs pldrr and OIW dwblrs this tinw

for the rrturn Lrip. The dcrixity of thq rcimplokf m.~Ltrr ran k

eS~im~tCd by Obsrn”ing that Lhr mass flux at th~” atuLroIl *tar sur-

face must hc approxim;~tr~y * % (rcimplodin~] in 0.4 scc at v %

c/3 or ptiurfacc S 10
10

g/cm3.
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implcwion accrrl ion shock would 01)1 y %trrnfithcil lhi:: rrsu] L

Thrrcforr wc brl irvc thnt COUV1’CLivr core ovrrturn aL SCCOI1(I to

third bounw timr wil 1 hr drivrn by Ibylcifih-’r.lylnr lIISLdbl 1 it}”.

This may bc thu critical missing physics thal. wi 11 rnsurr th;lt

wc can calcul:i Lc a SN cxp]o:, ion wiLh con fidl’ncc.

WC have rcvicwcd ~nd confirtncd thr dilmma of nru Lrino trnp-

pin~ in LIIC slcllar collnpsc to form a neutron star and a super-

nova. Wc bclilwc Lhat wrc bouIIcc alone is Loo SIIIJLlC an(l mdrcirnl

to satisfactorily explain SS mass rjrction. lns Lrnd the ruucnt

suggc:;Lion of ]{. Epstein Lha L J par~inlly ncutronizcd corr is con-

vcclivcly unstohlc is critically import anL. k’r suggrs L Lhnt iL

●llows Taylor uustablc l!xponcnLial growth of illiLinl asymnn’irirs

or perturbations durin~ sr~cral bounces. TIIr rc$ul~ is a ral~id

ovcrlurn of Lhc neutrino trapped core. ‘rhLs can hxve two hcnv-

ficial rcxults: (1) ThcauRmcntl*d rclcascd nvutrinu flux ci~n

ci~nificantly inrrcasv thI! houncr initiaLd f]rst. and scc-ond

bouncr mass cjrction. (2) The ccu:vvctivc nrutrino rclc:isc :,11(,ws

thr mrlicr fcJrmlLioll of a cold neutron star, Z 0.4 sI’roIIds, so

tht a SUbS(’(]UCllL dccrvt.ion shock fOrmS with sUffiricnL Ilcuirino

luminosity Lo CJUSC mass rjcction.

ACKNOk7il:IXT?l!X’r
.

—. ...—.-. .—.

J am in&?hLrd to discussions with R. Iluchlttr, D. Arnrtt, D.

Schrmm, J. Wilson, R. IJpstrin, and A. Prtschrh.
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