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ABSTRACT 

By examining the interaction between supernova (sN) ejecta and the 

various environments in which the explosive event might occur, we conclude 

that: .• 1ly a small fraction of the many SNs produce observable supernova 

remnants (sNRs). This fraction, which is found to depend weakly upon the 

lower mass limit of the SN progenitors, and more strongly on the specific 

characteristics of the associated interstellar medium, decreases frQ~ 

approximately 15 percent near the galactic center to 10 percent at Rgal 

~10 kpc and drops nearly to zero for Rgal >15 kpc, Generally, whether a 

SNR is detectable 1s determined by the c~nsity of the ambient interstellar 

medium 1n which it is embedded, We find that SNRs are only detectable above 

some critical density Cn~O.l cm~3). The presence of large, low density 

cavities around stellar association&ue to the combined effects of stellar 

winds and supernova shells strongly suggesffithat a large portion of the 

detectable SNRs must have runaway stars as their progenitors. These results 

explain the differences between the sUbstantially larger SN rates in the 

Galaxy derived both from pulsar statistics and from observations of SN 

events in external galaxies, " .. hen compared to the substantially smaller SN 

rat~s derived fro~ galactic SNR statistics. These results also explain the 

very large !n'Jmb.er of SNRs observed towards the galactic center in comparison 

to Jew SNRs found in the anti-center direction .. 

Subject hea.dings; nebulae; supernovae remnants .... stars I stellar statistics 
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I. INTRODUCTION 

The evolution of a SNR expanding within the "typical" interstellar 

medium (i.e., number density n~l cm-3
, temperature TVI02-l04K) has been 

studied with a great deal of detail and sophistication (for a recent review 

see Chevalier, 1977). In particular, detailed integrations of the basic 

shock equations have been performed (Chevalier 1974; Mansfield and Salpeter, 

1974), and the complex phenomena which appear during the transition from 

the adiabatic to the isothermal phase hav~ been addressed (Chevalier, 1975; 

Chevalier and Theys, 1975; Woodward, 1976; McCray et al., 1975, etc.). 

Recognizing the inhomogeneous nature of the interstellar medium (ISM) 

conslderable work has been carried out to study the effects of inhomo-

geneities in the structure and evolution of the SN shock waves. For example, 

Mc:Kee and Cowie (1975), Sgro (1975', and Woodward (1976) have investigated 

the interaction of supernova shock waves with interstellar clouds, and 

McKee and Ostriker (1977) have examined the effects of SN explosions on 

a cloudy interstellar medium. 

In all the above work, the basic shock is always assumed to propagate 

within a typical (as defined earlier) interstellar medium, and until quite 

recently, no attempt had been made to study the evolution of a SN shock 

wave expanding into media representing the various possible environments of 

supernova progenitors within the Galaxy. For example, it is well known that 

most (if not all) stars are born in groups (clusters or associations). 

The precursor of the stellar association is a dense molecular cloud. The 

first sup~rnova from the stars in the group is set off near, perhaps 

inside dense, cold gaseous media. The evolution and long term detectability 

of such an event (recently 3tudied by Wheeler et a1.. 1980; and Shull, 1980) 

is obviously very different from that of the canonical supernova remnant 

that propagating in the typical interstellar medium . 
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Iu~e propaaaUIlI lit 4 .... 1lO1ecular clouds wUl be very rare, 

..... r ••• e tM fuat.e aaycliuupt 01\8 of til .. auUer elou4. 

(Wbuter .!t.!!. 1980) I whereaa for ttl. _" •• swe cl0u4s. the cOllblDe4 

effect of atellar viMs aDCl t.Ile earliest .. ,amove. (BruhweUer .!!.!!., 

1980) cr .. t .... .,..fna. bot. low deu1ty cavity, vithin which subsequent 

aupernoy. shells will expand for times up to tens of th~u8ands of years. 

It is this scenario. in fact. which is by far the most common encounterp~ 

by supernova shells. Aa we ahall discuss trl f V, however, since most 

IUs8ive stars occur in binary systems, when the primary member ot: the 

syatem becom .. supernova. it may impart a larae velocity to the secondary 

star by ... na of the sl1n&shot effect (Blaauw, 1964). Many of these stat's 

w111 in fact overtake the IlUpershe1l and remain within the confin.:.s c! 

. the plactic disk ~tU they become Supernovae. These stars are the ones 

that produce the typical supernova remnants so extensively discussed in 

tbe scientific literature. 

In this paper, we will study the evolution of supernova she~ls into 

these very d~s1mllar media. Because of the dramatic effects of the pre-

supernova environaent on the evolution of the remnant, we have confined 

our theoretical Giseu8sion on the.s~plest possible description. Thus, 

following Spitzer (19.78), we characterize the supernova shock by three 

phasea, naDlely: 

(a) initial free expansion of the supernova wotcrial. 

(b) intermediate adiabatic (or Sedov) expnns i')ll, and 

eel late isothermal expansion. 
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Although the s~ucture of d.e pre-aupe~nov. environment can, in leneral, be 

fai~ly complex, it is usually made up by a combination of dense clouds, 

diffuse, warm medium, and ra~efied, hot cavities. To that extent, we shall 

study the evolution of supernova remnants into these three typ'es of medla, 

which should span conditions for nea~ly all ~e~l cases. Thus, we will 

conside~ the ~emnant evolution into 

(1) a dense (n ~lo4cm-3), cold (T ~ l02K) molecula~ cloud 

(2) the typical interstella~ medium (n ~l cm-3, T ~102_104K), and 

(3) a bubble o~ supe~nova cavity (n ~lc-~cm-3, T ~s x lOSK). 

II. TYPES or SUPERNOVA REMNANTS 

Before describing each particular type of SNR let us intl~uce the 

~elations which allow us to compute the several SN phases for each particular 

environment. As stated earlier, we shall follow the formalism of Spitzer 

(1978), and Gorenstein and Tucker (1976). 

In the early phase, (a), 

a shOCK wave will travel just ahead of the ejected shell, with a velo-

'city Vs' The shock will heat matter to a tempe~ature 

TS = 3~ ~ V~/16K ~1.~lO-9V; 

(Landau and Lifshitz, 1959), whe~e ~ is the mass of the hydrogen atom, ~ 

is the mean molecular weight and K is the Boltzmann constant. This phase 

ends when the swept-up interstellar mate~ial equals the mass of the ejecta, 

I.e •• when 

R =( 3M e L)l/3 
S 4np 

where Mej is the mass of the ejecta and p the density of the ambient inter

stellar medium. The elapsed time, t, between the supernova event and the end 

of phase (.) is given by 

RS 
t::: -

Vs 
(3) 
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Pbue (b), the InterMdlate 1'lOIl"Ndlatlve expanalemphDe. can· be' coaput_ 

by meana of the Se40v solution. fbe t~tuN· 1 ... lately behind th. 

alaock !a liven by 

~Vs2 o'OZlJ! 
'2· 16 JC = It 

where E is the kinetic energy of the ejecta~ 

(
2. 0it\1/5 

Its = pI t 

2/5 

:(3.0fE)1/2 (1 )3/2 
Vs 311'p Is 

-1 ems 

and t can again ~ obtained from (3). 

(4) 

(5) 

( 6 -3 1 Phase b) ends when T falls below "'10 1<, for n '" 1 em since radiative coo ing 

then becomes important, which brings the onset of phase (c:). the late isothermal 

expansion. This pha~e can be represented by the snowplow model, where 

conservation of momentum applies. Here the shell velocity is given by 

v =! H1 V 1 ( ! ) 3 (6) 
S 4 'll'P RS 

where "1 and Vl are, respectively, the shell mas~ and velocity at the end 

of phase (b). At this phase, most of the swept-up material is in a cool, dense 

shell although there may be $Oroe thermal X-radiation from the hot low density gas 

interior to the shell. This low density interior gas has a long cooling time. 

We now discuss the three exarnple SNRs and how dIfferently they appear . 
in the several expansion phases. In all of our calculatiqns ",e shall assume 

that during the SN event, 1.1 M • of the stellar material cit'C (.jected with a 

velocity of -1 5000 km sec • and thus, the tot<tl kinetic ent't'p,y of the ejecta 

• 1051 
J.5 erg. These parameters are a realisti~ representation of a tvp" II 

SN which would be expected to occur in an DB association. 

4 
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A. A SM in a Dense Molecular Cloud 

While molecular clouds found in nature have a large range of size, masa 

and density, ·a typical molecular cloud can be approxfmated as a sphere with 

.. -3 uniform density 111 "'10 em having a diameter De "'5 pc (i.e., or cloud maas 
.. 2 2 

Me "'3.5 x 10 M.), and with a temperature T < 10 (Burton, 1916). 

Wheeler et al., n980) and Shull a980) have modeled the effects of --
a SM exploding within a molecular cloud, The characteristics of the SNR 

at the end of each phase using their results are summarized in Table 1 .• 

We will subsequently call these SMRs the molecular cloud SNRs. 

Because of the very high density, the phases occur rapidly for the 

molecular cloud SNRs. Wheeler et all (1980) indeed suggest that the ·adiabatic -
5 -3 phase may not exist if nH > 10 em , Whether this happens depends on n a8 well as on 

2 
Mej , The molecular cloud SNR r~presents the conditions within a young mole-

cular cloud when the first, most massive stars become SNs. These conditions 

woula be very short-lived as the SNRs would push the molecular cloud away 

fl'om the remaining massive stars within the association and cause rapid 

cloud fragmentation (Elmegreen, 1979). Consequently, this picture will apply 

to a relatively small minority of the SNs which occur in the Galaxy. More-

over, at no point of its evolution does the resulting shell remotely resemble the 

familiar observed supernova remnant (SNR). In particular. during the earl;er s~ages 

of evolution. ~ptical and x-ray observations are useless as a means of 

detection because the cloud Is optically thick to those wavelengths. If the 

SN were to produce a gamma ray pulsar as the stellar remnant, it would be 

observable. However, since only a minority of the pulsars are known to emit 

gamma rays, this is not an effective means to search for SNs within dense 

clouds. The SNR should be detectable by means of the infrared emission from 

tt.e heated grains inside and outside of the cloud (Wheeler!!!!., 1980; Shull 1980; 

Silk and Burke, 1974). Even this technique is not fool-proof, tho~gh, since it may be 

very difficult to differentiate the cloud-embedded source of Infrared emis$ion 
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as a SRI retbe&' than • recently formec1 OJ .. soclation •. 

I. ! SN Within a Hot, Rarefied Cavity 

lost SIs which 0CC1.11' in the older 01 uaoc1ations will first expan4 into 

the hot hishly-evacuatecl vol .. produced by the COIlblned eff ecta of ettilar wlA4a· 

and earU.er ale (BtubweUer .tt .!l.t 1980). The ejec~ .palld fr.-1y UDtll 

enough gas is encountered to f01'lJl a shock. The ejecta do not encoullter . 

sianlficant IU until very late in the evolution of the SMi. Indeed, for a 

few thousands of years the SHR is hot, dilute gas expanding without bound. 

Such a gas ig very difficult to observe (the question of detectabllity will 

be addresud inS III. 

As an illustration, we compute the evolution of a SNR contained within a 

superbubble with radius R « lOS pc. From the mode~ calculations of Bruhweiler 

~'t such a shell would exist around a typical OB association after a few 

millIon years. The characteristics of the SNR within a superbubb1e are sum-

mart zed in Table I at the end of each phas~. 

hot cavity SNRs. 

We shall call these SNa. the . -

C. A SN Surrounded by the Undisturbed ISM 

In some instances, an intermediate mass star may become a SN outside 

molecular clouds and also outside the hot cavities surrounding OB associations. 

The resulting SNR whieh interacts with the previously undisturbed interstellar 

medium of the galactic disk is the canonical SNR that has been described inl I. 

The characteristics of the canonical SNR are summarized in Table 1 • 

The canonical SNR has s~veral intriguing differences in properties when 

compared to the other two t~'pes of $.JRs. The total evolutionary lifetime is 

substantially longeor tha::l the lif0~5mcs of either' [h€ molecular cloud SNR or 

the hot cavity SNR. The kin~tics of a rno!.ecular clom:' !::~m al'e quickly transferred 
4 

to the yel'Y massive lIIOlf!cul~r cloud and the expand ing shell st 11115 within 9 x 10 

4 -3 years for n ~ 10 ~m • 

I 
I, ,. 
f ~ 
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ImtU It eDCOU.Dte" the outer, alowly 1IOV1Da 8UpeNhell of Ileutral ,U 

(u obaerte4 by HeUea, 1979). By then the SH .hock 1a htahly clUuted, 

aD4 COIlaequatly tbe ejecta an qW.ckly clecelerated. The elow aocnt1oD 

of material by the owaleal sn ill the wclbt\lrbecl ISM exteDcla the 

llfetlM by lION than tweDt)'-tolcl coaaparecl to either altemate example. 

7 



III. OBSERVABLE SNRs 

We ~iscuss here tbe type of interstellar env~ent required to 

produce an obsellvable SNR. 8y "obs8Z'Vable" "'fl ;n."\D an 8ft which -1 be 

.MIl In a) v1a1hle light. b) radio vave., or c)X .. raya. 

a) Yla1ble light SIRs 

the _jC)rlty of vi8ible ltaht SQ.. are belIeved to be 1n the Sedov ,adiabatiC) 

pbse. Bl.eeptlona may be very "old" _. l1ke tbe Monoeeroll Loop, althouah 1Ic1te. 

&:i Cowie (1915) bave Wlle.ted that even those are in the Sedov phaS4tt or vel'" 

"'Q~" stllts 1ilte C .. A and the Crab Nebula. A SNR can be easl1y detected at visual 

2 -6 wavelenaths :if tbe _tasion measure, EM· n L, '!Xceeds SO em pc where n is the e e 

.1t:et1'f)1l density 1.n the St; .hell and L 1. the sbell thickness. Careful observations 

. ~. 4 
will atd h1 dec.etq aft S5' with 1M '" 20 -SO f:1II pc for T '\r 10 It but very aped .. l, 

-6 tedious techniquG$ ar~ na6Jed to detect a SHR witb EM '\r 5 em pc (for exaapl. a 

larle Fabry-Perol etalon, etc.). 

The emission measure can be expressed as (assuming, roughly, an averase patb 

lellitb of R./12 in the Sodov pbaae) 

if 2 
EH = 3' Rs no 

wbere DO is tbe ambient ISH density and RS is the radius of the shock 

front. Equation (7) is actually an over-estimate bec;nse the density 

(7) 

drops off rapidly behind tbe shock front (Spitzer 1979; Chevalie~, 1974). 

The EM {,)bservability criterion (FJ1 ~ 50 cm-
6 

Pc.) is a function of time. 

For the Sadov phase, we find 

-3 em 

whel'*'! 
t '" 4 

that no ~ 1.4 C1'.!-'; is required. tven ru' the SNR with 

EM ~ ~ cm-6 pc, we need n K G.J em -3 
'\t (,) " 

ror en SHk 

1972b; 

I 
J 

1 



'!ad tbat ..,r .. as.o. Nt!oa .. hlP • '" 70 .., be .-oW 1ft_ ........ 

~ fs.J4 Sa ... _ 10If .. '" 20 ... tM ..... '0 fla14 0III1l0t .. 

~. (I >11 10-10). ". ~late ~ ... tile obaNcterlftJ.o 

0001"'~ (IoCNy !!.!!:.. 11'11). ,.. 100 •• -1 al\ooJc vitia .. 

• 'eat ..... 10 fle14 (tbe .at , ..... 1e cue) the eataatoa ...... woa1d 

_ .... SO.-I po If.o t 0.1 .-'. ConwpoDdIDllJ.'" III t I .-. po 

.0 t o•08 .-1. Slaoe tM Mld._t 4aalt1ea aN Jaww. Jot la ... , ..... 1e 

to ....... _ optloa1 SIll c1uztlaa Ita !aotbea~ plaaH tIaa d_iDa Ita 

alUbatJ.c pbaH. For III .. ...," 4et~loa. It .... Qat the abooJc ..t 

001114. with ..... cloud (loca11Y. the mtC'Cloud 1Hdl_ baa a 4eaaitJ 
-3 or '" 0.15. • FalprODe aDd ......... 1173). 

The IUJI .. facto&' of olCNda 1a cpdte ..u (I'" 1-1ot ... IIceNy 

....... 1171). 1IoNo .... the ....... of olOtaa. dztopa off ... pidly with 

JaeSaht tIbove the p1.actJ.c plIDe (the cloud aoala _qat la probably'" 1/2 

of the acal.e hellht of the cU,,.. iDterc10u4 Mdl"1 ... Fal.pNDe ad 

Lequeux. 1118). HtIDce, few optically obNrvabl.e SIll'. are expected at 

lara. beJ.abt. aboYe the plactlc plaDe. The Cypua Loop .. , be ob .... ..,l. 

becnH 11: baa collided with a DeutNl cloud or cloud.. The.. clouda 

C&DDOt be the ... typt. of uutral clouds that produce H ! abaorptlon 

profllu. u the H I abaorpt1cm clouds ,IH touncS CltaclhaJcrlatma !1 !}.. , 

1972) withlD 300 pc of the p1actlc p1&7,.. 

b) Wio obHrvab1e SDa 

Wlo SIb aN IIUCh lION ....-oua tbD .ither optical 01" X-ray NlmUts. 

About 130 NCllo SDa hav. be_ obHl'Ye4 1D the plaxJ (Clark aDd Cavell 

1176). wheN .. 0017 30 0' the _10 SPa ... detected by any optIcal _18.1oD 

(va cIeD Berah, 1918'). It 18 ... ler to de,;;(.·,.:t • SD at radio vav.loath_ 

both bee_. lover _leat cleraaltl .. are necessary far radIo det.ctloa aDcI 

becauH du8t doe. DOt Daorb NeSl0 pbotou. It 18 \l8ua11y •• ,umec! that 

• 



van 81' r..-ts (19&2) theory app11 .. to thtl older URI. However, the 

atatutioal 1DvestiptiOll by Clark and C •• vell (19'7G) confi!"llled that fQl\ 

the _jOl'lty of so. the Seelov solution properly describes the value of the 

c!1aMter D with t1lle. e1arlc _ caneu 4U'lved an average <tIna"> "" 5 X 1051 

up ClA
3 where E 18 the 1Dlt1a1 supernova ene~ and no is agi'lin the ambient 

daulty. If E • 1051 erl. the averaged n implied by theit' analysis ia 0.2 cat'. 
o 

lIoN recently, Cuwell and Lerche (1979) refined the E ~ D re13tion to include", z-

dependence. (E 1s the radiO surface &rlahtnes8.) The derived ~cale height of red", 

SNb 18 200 pc. The 1aplled frequency of SN producing radio SNR~ within the Galaxy 

11 f "" 1/80 yr.-l Tba'lower valu •• of the ambient density implied by the radio 

obsdtvationa confira that SNRs are mote easily detected in the radio. 

There Is alao iniormation on the galactic distribution of SNits. l10vdsky 

and Lequeux (1972) find that the distt'ibution of rad50 SNRs closely follows 

the radial distribution of the non .. thermal background rndt.., emlssic-n. At 

~ kpc from the galactic center the radio SNRs are th~ee t!mc~ rt~ abundant 

•• at 10 kpc. Beyond 15 kpc there are v«ry few radio SNRs. 

c) X-ray observable SNRs 

X-ray SNRs see Clark and Culhane, 1976) perhaps being due in pilrt to the 

limited senslt!vl~v of eomplet@ X-r~y surveys. 

two studi •• are vastly different. T'h~ thermal X-r"y nt,,,! h tf,,.. ] loa keY 

region of the s;>ectrwn for SNks is 

'23 2 3 
as LX '\, 5 X lO~ n R erg s o pc . 

r· t v ~~_d tlH~ 
1'_ 

t ~'t!l an 

vi1iGlNN. PAGE IS 
Of POOR QUAI.ITY 



for X-ray _1aaion of redto and optical SNb (Jeaox Lona. private COlBUnicatlonl, 

tnit1a~ ubient denaitiu below 0.05 ca-' would not pl'Oduce detectabl. 

X-ray fluxea. A value of the critical deuity of 0.1 ca-3 J.~.~lred to ob.e~ 

an X-ray remnant 18 consistent with the "Itnatetn"reau1ta. Froa the ahove 

discussion we conclude that if the aabient tnteratellar medium density no 

exceeds a critical value nc ' the SNIt is observ.ble. It would most probabl)' 

be observed as a radio SNI.. but if n is appreciably larger and the SHll is not 
o 

too distant. it.y be an optical or an X-ray observable SNR. We adopt the 

value n • 0.1 ca-' with the awareness that this is a realistic estimate reall)' c 

for the radio SNb. In any caae, we find that the study which follows would 

not change appreciable 1£ nc were to change by a factor of 2 to 3. lor optical 

-3 SNlls in the Sedov phase, we find nc '" 1.0 em but this value is probably 

unimportant since it is DlUch easier to detect the radio SNIt. 

To simplify our analysis, we assume that all SNRs located within a 

medium with ambient density exceeding n will be observable, but all SNRa c 

located where no <nc are not observable. For example, SNRs with diameters 

approaching the cloud scale height would be expected to be brighter on 

their edge nearest to the plane (Clark and Stephenson, 1977; Caswell and 

Lerche, 1979) and therefore, would be observable even though a portion of 

the SNR is located in a medium with density less than nc. The largest 

observable SNRs have diameters ~ 50 pc which is less than the cloud scale 

height, so our results will not be significantly changed by this effect. 
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D. SrATlaneS or sttPlINOVAI 

~~~';the~'r.dlU8 of'. typtca1aupercavityat ~Othe . Sun 'a distance from theaalactic 

.' een~er la21O'Pc.· it takes about'S x ui' years for an association member to 
- -_:,,; 

oveiu1tethe supershell. During this time all stars more massive than 7. H. 

·..~t·lia" 'eOjpi~tiithe1t·;evolut.lo~~8o'ttiat if a lower IlC1!1S limit of"i{'M~' 

7~,cf.~':ta'r.""t"'eptod~~4 .·;&""ad~pt~,'"efin((th~t?T~~iYJ'fat sta~s '~Te' 

capabte: iof'Ucaplfiadie c.:Yft)tbefore'theybecome' supernovae (the numbers' 

,:,:o.;carehllhUfOr eloser d1stane~ to the c:enter--see'helow--but stUl small). 

,. If the 'mass 11Jrdt of~tarsproducin& SNa1s extended down to 4 MQ then 

the majority of SN explosions that produce SNRs in the solar neighborhood 

would originate in 4-8 Ke' A significant fraction of the progenitors 

would escape the low density cavity before exploding. As thpre is an 

uncertainty of the mass limit of stars which produce SNs we will consider 

two limits: 8 KjDaftd 4 K0$t~In part CA) below, we use 8 M0 while in part 

(B), where we also include the effects of the gravitational fiela from the 

galactic disk, we adopt 4 K~as the lower mass limit. By these two examples, 

we represent the upper Itmits and lower limits to supernova occurrences 

within OR associations. 

Early type stars have a high incidence of binaries. A >::urvey of 

early B stars (Abt and Levy, 1978) shows that ahCltlt h.l1f pf tht's .... stars are 

multiple ~ystems. 

Bla4\lw (19S4) suggests that when a SN occur!'; in sHeh a binary system 

the companion can becf)me a runaway star. In his clns~:t('Al work. 19 

runaways ar~ :td.:>ntifiP.rl out of which the latest spectral type is B3 with 

an assigned If.aSS of '\. !C M~. A later study of 304 (I !,d;;'fS (Cruz "e_~ a!.., 197(.) 

t .... c _____ ...... ....., 

j 



the above evUence, anel e ••• iDa that .11 b1llad... pr:ocluce nuway., it 

follows that one-third of aU SNa are fRllnuway prog_lton .tt ta 

the runaway .tara that have aD opportunlty to eacap. the auperbubbl .. 

and in tUrD produce observable SNRa. 

However, not all runaway progenitora produce obaervable SNb. In 

order to eattmate the fraction that produc. obaervable SNRa, we need to 

.. tiMt. the followlng: 

i) the mitial .a. functiOll,_ (DIl), 

11) the tot.11 evolutionary lifetWe, 't, for atara with different ..... , 

111) the averase peculiar velocity for runaway stara, V p' which wh_ uaeel 

with the total evolutionary ttaea will allow ua to estimate the 

Iv) 

total distance, d, that a runaway star would travel from the 08 

asaociation, and 

the effective critical scale height, R , for observable SNRa. c 
We now discuss each of these variables that will influence the estimate 

of observable SNra. 

The IKF for the massive stars i. uncertain at best, expec1ally for 

the 0 stars. Ostriker.!!.!!., (1974) used the observational data of I1chstone and 

Davidson (1972) to derive an IHF for 0 stars. Their mass function 

predicts significantly more massive 0 stars than that predicted by an 

extrapolation of the IHF deduced for the mid to late-B stars by KcCuskey (1966). 

Theoretical evolutionary calculations, when compared with eclipsing binary 

data (Stothers, 1972), indicate a different mass versus spectral type 

relationship than used by Ostriker ~!!. 8ruhweiler (1980) has re-analyzed the Blch-

stone and Davidson (1972) data and has determined the masses for MK 

standards based upon the work of Stothers (1972). Both the data of Richstone and DaVid

son and of McCuskey (1966) can be represented by an IKF which relates 

the total number of stars as: 

13 
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We now· e.tiaat. eH'ldt.taneee;ct, "tat ,,~~.r.ay~o"UI";t~"f~"ic~ 

an. 08 as.oetattcm before; it become ... supernoVa: 

(10), 

where T i and T2 are the total evolutiollary t1laes bftueprimalT aH'>the 

secondary ,m • blnary818tea and A't21 is the, difference. Theaveraae 

IlaSS of the primary,Ht • can be expressed in terms of the mass of the 

secondary, ~.bythe relation! . 

'(Hl~)-2·2S,.. .. (11) 

The higher mass limit for the IMF 18 not critical. In equation (11) 

we assume that the pr1taary bas a random mass distribution described by 

the IMF in equation (9).. tn Table 2, we present the resultant mass 

(which is a mean value) of the primary, Hl , computed from equation (11) 

and the timescale, At'21 • 1'2 - 1'p which enters the expression in (10)~ 

FOOTNOTE 

*In our discussion we have ignored the effects of mass loss and mass exchanae 

in the evolution of 0 and B stars. These processes affect 6 T12 , which in 

turn affects the fraction of runaway stars that escape from the supercavity. 

= 

Mass loss is expected to lengthen (by about 10%) the evolutionary lifet~es 

of the more massive stars (Chiosi, :;asi and Sreenivasan, 1978). However, the 

domain of extensive mass loss is lim1tea to tiO or earlier stars (Snow and 

Morton. 1976). i.e., stars ~ith initial masses ~ 17 ~. From our calculationB, 

these stars become supernovae either inside the supercavity or outside the 

galactic plane. Thus, the proposed increase in evoluti~nary t~esc81e9 has a 

14 
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-I: n' w ~ 
~ . " i " .. 11alble effect. ~ ~ 

i A potontially .. ro ·tanlficant effect 10 duo to the .... 41otrlbutioa of i I 
J the binarie.. For the aake of .implicity, we bav. a.aumed a random di.tribution t 1 
i of ma •• ratiol &mOng binari... Thi. a •• umption giv •• M2/Ml ~ 0.73 for ...... i i 
n of interut 1ft this work. on the oth.r haad, if clo.. blurle. are formed I i 
5. 
i a. bifurcation product., tben the ma •• ratio should b. of order unity. 

Ob.ervationally determ1a.d value. for this ratio r.nge from 0.35 (Stone. 1979) 

to about 1 (Heintze, 1973). In view of theae uncertaintie •• ~ur assumption 

of ~/~ ~ 0.73 18 reasonable. If the true ratio were small.r, A 'f~ 

would b. larger than our tabulat.d valu •• , whereas the blfurcation hypoth.si. 

leads to _aller 1l't"12 than our tabulated values. In 

any event, the effects are not overwhelming. and our procedure is justifiable 

at present. A final uncertainty 1& introduced by our baving tanored the 

effect of 1II8SS transfer incOP,uting A T12• Due to the .peed1ag up of the 

evolution beyond core H-exhaustion stage, the effects of mas. dump1ag by the 

primary is expected to be min:1Dlal when compared to the shortening of the 

evolutionary ttmelcale of the secondary. This would lead to generally smaller 

~ 't12• Since iJl o1;'der to produce a runawa)' the mass ejected must excee~ 

the maS8 of the companion, mass transfer could modify the statistics of close 
binaries. 

--------------------------,----------------------------------
The effective critical scale height, He' for ob.ervable SNks 1s 

determined by the scale height of the gal. In Figure 1 we shov the 

structure of the supercavity produced at three different distances from 

the galactic center, Rgal • 5, lO, and 20 kpc. These are structures based 

upon the model we calculated (Bruhweiler ~ al •• 1980). We assumed an 

exponential density distribution 

n • It e-«/B 
o 

(12) 

-3 with H • 70. ISO, 500 pc and no • 3, 1, 0.1 em for Real • 5. 10, 20 kpc, 

respectively. The assumed densities are appropriate for the H I medium 

as determined in Paul, Casse and Cesaraky (1976) and the scale height i. 
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from Kerr (1969). Exponential distributions were found by Celnik. Fohlb 

and Braunsfurth (1979) tor large diatances away from the galactic plane. 

They aive detailed formulae for the scale heighta, H, although the value. 

of no are harder to determine from their work. Assuming that 5 percent 

of the total mas. of the .alaxy is in aaseoue fora. we find - ustna the 

work of Celnik. Rohlf. and Braunefurth - that n ~ 6, 0.7 and 4 x 10-3 
0.-

3 
o 

for RGal • S, 10.and 20 kpc respectively. Bohlin ~.!!. (1978) on the other 

hand, find that no ~ 0.9 for the B I medium and ~ 1.2 for the H I + 12 mediua 

(in the solar neighborhood). 

Even though there are large uncertainties in the parameters of the ISM 

gas, the structure of the bubble-SN cavity is not affected very much. This 

is so because the radius of the bubble is only weakly proportional 

ambient density (<< n -1/5) and the radius of the SN produced shell 
o 

to the 

is a n -1/3 
o 

near the plane. For cbe case where the uncertainties are large (RGel • 20 kpc) 

-3 we find that even the higher density n • 0.1 em produces such large supero 

cavities that essentially no runaway stars escape. Therefore, this result 

would still be true if we choose n to he smaller. o 

A. Supernova Statistics Derived with 8 Me Lower Limit for SN Progenitors, 

ane Ignoring Gravitational Effects of the Disk. 

We now compute the percentage of all SN progenitors that produce observable 

SNRs. In this case we assume 8 ~10 to be the lower limit for SN progenitors, 

and ignore the gravitational effects of the di&k. The gravitational force 

of the disk tend~ to restore gas to the gala~tic plane and in the !-direction 

decrea:;es the size of the sl.1percavities. Hence. the pereentagEs found in 

this case will be a lower limit to the a~tual percentage. 

16 
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tn r laure 2 we preaent the fraction of runaway .tar. in .... mterval. 

AM • 1 M. that escape the eupercavity to produce obaervable SNb. The 

reault. chanae for different ratioa of H Iv , hence. we .how the curvea for e p 
-1 a ranae of R Iv. For example. if we a.suae V • 50 km. and we want to c p p 

appropriate curve for IGel • 5 kpc, from F1&ure I, He • 240 pc and therefore 

R Iv • 4.8. S~ilarly, for IGal • 10 kpc R • 350 pc and R IV • 7. e pee p 

We now illustrate the application of this ftaure by preaent1ng numerical 

e.U.ate. for the fraction of atars mal MeD .... tnterval that escape tbe 

aupercavity and produce an ob.ervable remnant. We choee n • noe-z/R a. in 

paper 1 at the two ,alactic distances laal • 5 and 10 kpc. The critical 

-3 denaity, nc • 0.1 CD ,make. the total fraction of SN producina observable 

remnants at IGel • 20 &pc equal to zero. Deereasina the critical density to 

-3 0.05 cm would predict a total fraction at lGel • 20 kpc of less than 1 percent. 

Table 3 presents the lower limit on the percentage of SNs that produce 

observable SNRa. In Column 1, rOW8 2-10, we increment the ma8S range 1n bina 

of 1 MCi)' Rowever, row 1 has a bin of 17-70 Me' In column 2, we present 

the fraction of all SN progenitora that are within the mass bin. In columns 

3 and 4, the fraction of all SN progenitora, which are within th~ masa bin, 

is given for those that produce observable SNis at 5 and 10 kpc. Column 5, 

which would list the fraction of SN proaenitors that produce SNls at laal • 20 kpc, 

is empty to emphasize that no SNas would be produced in the ambient lnter8tella~ 

gas at 20 kpc. In row 11 we add the incremental percentages to find the 

total percentage of runaway SN progenitors that produce observable SNas. To 

this total, we must add .~ row 12 the few SN progenitors in the low mass range 

that survive lona enouah to escape the supercavity even at the aSSOCiation 

expansion velocity of 5 km. -1 By comparison, we have assumed that the 

-1 runaway progenitors have V • 50 km. • We see that no slow moving stars 
p 

escape the supercaviCy at leal • 10 kpc while only 4.3 percent of the SN 

17 

J._ 



&± -

proaenitora are .low BOvina .tara which eacape the eupercavlty of aOal • 5 kpc. 

Even if a SM explode. outside the supercavity formed by the parent 

association, such a IN m1aht not be in the ambient tnteratellar las. Rather 

the SN may find itself in another aupercavity and hence. it would not fora 

a vi.ible SNa. The fraction of the ISM occupied by theae supercavities ia 

hard to estimate. The 0 VI laa (HcCray and Snow, 1979) baa • f111tnl factor 

estimated to be twenty percent whereas the hot gaa responsible for the X-ray 

background (Kraushaar 1977) has a filling factor estimated to be SO percent. 

We ftnd that about 30 percent of the ISM is occupied by these superbubbles 

produced by OB associations. However, this is likely to be a lower limit 

since we do not include in our model the (older) B associations. With 30 

percent of the ISM assumed to be in the hot phase. we find the percentages 

liated in line B. Note that we have decreased the percentage of the runaway 

progenitors by 1/3 and not the percentage of the slow-moving progenitors, 

as the latter will be just beyond the auperbubble and would be very unlikely 

within another supereavity. 

B. Supernova Statistics Derived with 4 HG Lower Limit for the SN Progenitors. 

and Including Gravitational Effects of the Disk. 

The runaway progenitors and the gas are subjected to a gravitational 

restoring force towards the disk which we l~ve ignored thus far. Close to 

the galactic plane the gravitational force 1at,: ean be approximated by 

z - -u with the resultant motion being that of an undamped harmonic 

O~C illator. 

We now calculate the critical angle, aH, at ~hich runaway progenitors 

would produce SNs at a height H ab~ve the plane f0r a select~ mass range e 
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a. repre.ented by At21 • t 2-t1o In terma of the z-direction sravitational 

force, we can expre.. i and U : c 

I • vp .in aU • A{k (13) 

Uc • A .10 (~ 6t21 ). (14) 

We can solve for au a.: 

(lS) 

Within the .a. ranse repre.ented by A t2l" an l"naway proseniton that 

are ejected from the ,alactic plane at ejection angle. le •• than au will 

produce SHa at heights leB5 than H above the galactic plane. The fraction c 

of runaway progenitors that produce observable SNRs for a given ma8. range 

6M2 1& then: 

(16) 

The fraction fSNR can be evaluated by substitution of equation (16) into 

equa tion (1 S) • 

We are aware that large uncertainties are inherent in the gravitational 

force law for the Galaxy. Although errors in the force could be quite large 

at hiSh latitudinal distances, we are mostly concerned with z-distances less 

than 300 pc. The i - -kz approx1mation has estfmated errors of le88 than 

20 percent (see paper 1) in the solar neighborhood (RGal :II 10 kpc). Nowever, 

at 5 and 20 kpc the force law is much more uncertain. 

Based upon the curves published by Schmidt (1956). we adopted in 

Bruhweiler ~t a1. (1980) linearized force laws out to 300 pc in z with the 

values of k being 6.06 x 10-15 , 2.58 x 10-15 and 3.65 x 10-16 aec-2 for 
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"",,~I·. S. 10 ... ·20 kpc na .. ctlft1y. 

>~;~,li;~>#,.'~.,~ .. 'ara .. t";_1He f,rp~ ",,,, •.. !be'.wt.

.~;;~1u .. for Be elepacl upon the aaaumeci valu •• !' _ .. m·.tbe a .... eeI· ... lty 

1 .. (_at 101\ 12). The average velocity. V • for ~vay ,-.-ltor. fa 
~ , 
al.a very uncertain. Several runaway stars are known to have V > 100 •• -1 . ,-
.... v. 1964; It on 1979). The aver ... runaway velocity w. u .. 1. baaacl 011 the 

mociti •• of 19 ruDSvays present" by Blaauw. Varlou ••• lecticmeffac:ta 

an bOVIl that .tronaly SUllut the lower veloclty TUnaway •• y DOt be 

rtlCOp1aable a. such. Whne a reaaoDalal. value for V .. y be 011 the order , 
of 50 Jaa .-1 (01' lower), wa feel conatra:Laed to express. B and V in . c ,. 

tema,.of one v.rlable, naael.y, their ratio, Be'V,' 

We now .bow ill Flpres 3 anel 4 curves similar to those :La Ftaure 2, 

but with the gravitational restoring force included. Within the mass :Latenals, 

A H • 1 H~ • we plot the fraction of runaway progenitors that escape the 

aupercavity and produce observable SNls. PiaUre 3 1s for aGel • 5 kpc and 

Figure 4 is for 1(;81 - 10 kpc. We present the result. for the rlatl0. of 

B Iv • 1.0 and 2.0. c , 
The percentages of SNs that would produce observable SNRs are summarized 

in Table 4. As in part CA) we assume that 1/3 of all SNs are from runaway 

stars and that 1/3 of the tnterstellar medium is occupied by supercavitiea. 

The percentales listed 1n Table 4 are for an evolved supercavity with the 

internal SN from low-mass progenitors being at large distances from the shell 

(labeled in Figure 1 as SN2). The SNR from the more massive stars have 

either dissipated or have been overtaken by the expanding 5uper cavity around 

tbe old assoctation. If stars appreciably less than 8 Me produce SNs, then 

it 1s possible that these older supercavltles would be ringed with SNRs from 

the slow moving progenitors. For ~xample, if the expansion velocity were 

-1 5 km s felr the assoclation, then 5 Me stars would dHfuse 500 pc. which 
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ill the _lar _tahborhoocl ia tvf.c:a the .hell racJlu., a10Da the ,laD., ., the' 

tia. theJ "COM 11f •• 

We bav. allO COllpUte4 e.11ar .odel. for ,... auparcavltl .. Nr. oa1, 

.tar. vitia .pectral tna DO or .. rliar ba"a 'becoM SIt (tbe racJiu. 11 • __ 

ill Pllura 1 a. "SRI"). b •• JOUDIer aupercav:Ltlu vou14 b, aurrouadacJ b, 

sa. fl'Oll tbe relati",l, lIOn .... i". pro,_ltor. OI! 11 H., ) • A po •• Dle 

...,1, of eucla a 'Y.t •• y be the Qua ".la. It:Le a rous1a1y .pberical 

cav:Lty v:Ltla a 125 pc racJiue. Two kDoWD SIb ill clo .. proxiait, are Vela X-I 

aDd Pu,,:La A. 

The COllpUtacJ •• t_t .. of SR. procluc1D, sa. for tbe rwtl"e JOWI

aucl older auparcavit :Le. era vary .ia11ar. The total percnta,e., __ ariz" 

:l.Il Tabla 4, ar. 29.8 percent .nd 23.1 parent for "Cal • 5 kpc aDd 10 kpc 

r'.pective1,. About ODa balf of tbe SIb ar. froa tbe dowaov1D& (S Iaa e -1) 

W •• 1ao computed tbe parcenta,e. of SN. craet1D& ob •• rvab1. ..... at 

"Cal • 20 1cpc and find that 1 ... thaD on. perceDt of the 51. would yield 

ob"rv.b1. .... 
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v. DUCUS.108'" COliCLVSIOlJ 

~C J:~t., .,. •• r1'f1»+- fro,., 'tf.~~,~.~~~41b 

. the ~ •• faupucaylt1ea dr.aU.caU, clump. r~,"'f1a~1INt,~ 

of II p1'I)l·.ltora ~ta .. produce the claa.~11, _ .auctMl. ~ 

A ,n.;.ter perc_t ... of bilh."....... atar. ucapa the _parcavit, 

at~_;oall_~ prSaarUy becaua& the s1& ... of the aupel'eavlt1u ara .. ller 

tovarcl tIur plactk c_tar. Tha.ad p"ed1ct1o>R tbat _ra SI pr~& 

~~taa.1 .• ilia at .. l1 Kca11a mqua11tativ& qr.-nt With.tbaobaarv"_ 

.~ri_d.oD (VAIl dar larall. 19781 C1ar~ aM ca..u. 1976; ... 1loYat" aac1 
__ ~ 0 _ _ - _ _ __ 0 _ -

"..-X. 1972). ... w cMaen Do to .. 6 ca -3 - w1W:h M, H .,1', 
.p~~r1at. for the ~ ._ a~ would Itaya pre4uted 2.2 t ... _ra Slits 

at 5 kpc than at 10 }.'pc. Due to tbe wef ttaiDti •• involved wt> cood.cler 

tllia to be •• U.factory agreement .w!th the observationa. Thla alao 1apl1ea 

that our •• sumption that the rate of SN outbur.t. throu&hout the ,.lactic 

plane ~a n .. rly unifor. ~ be close to reality. The di.tribution of 

obaarvabl. SNla is oaly dateraillecl by the presence .04 sice of the _per-

cavlt i ..... 4 by the fraction of "runaway" SJ9 proaenltors that e&Cape before 1tac0ll1Ba 

Slts. 

The exact fraction of SHe that produce ob&e~able SNIs cannot be 

estimated accurately wlth the pre.ant data. Upon. varlety of aaaumptions 

and patametera hopefully encompas.1na the real situations, we find that 

th1. fraction ranaes from approxt.ately 10 percent to 35 percent depending 

on the ~Gal' with 5 percent variations 1n either direction being reasonable. 

The interstellar sa. densities affect the above percentages somewhat. 

HPwever~ the iraction of SNs produ~1ng observable SNls more than doubles 

w~ea the lower mas. cutoff decrea.e. from 8 K to 4~. Moreover, if 4 K~ 
@ w \U 

.tars are progenitors, tne slowly movin& .tars w:lich diffuse at the association 
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-1 velocity of _panslon (S lea a ) would uu ara .qual contribution to the 

total SKI p.rcant •••• 

Sine. our !IOdel indic.t •• that oraly ora. to thr •• out of every tara SM 

produc. an ob!l.rvabla Sn., the di .. ar .... t batvaara r.t.s daducfld froa obNrvable 

Saa. on the ona hand .nd SN .nd pulNra ora the other hand can be uraderatood. 

T.-nn (1'74) aul.ut •• aean .tnt.rval but"_. SN,tSN '" :SO y .. ra. Thil leade 

t., • SKI productlon r.t. of one every 100 to 300 yr. On the other hand pul .. r 

at.tiaUca (T.ylor .rad Mancbaatar. 1978) taply 'SN '" 10 yeara. Thla l .. de to • 

SD production r.t. of one avery 30 to 100 yura. SlAce the _.ra 'SD derived 

by CaRell .nd Larche (1979) 1a '" 80 y.ara, there i •• weak support for the 

hlahsr IN r.te. However, re,ardless of whether one SN occur a every 10 or 30 

yeara, we can now understand how both theae numbers are lower than the 80 year 

interval for the production of detect.ble SNR derived froa radio data. 

Recently, H1&don and Linaanfe1ter (1980), have proposed an alternative to 

our point of view. They propose that if • hot ('\,106K), tenuous , •• fill. 90% 

of interstel1.r sp.ce, the obaerved numb.r .nd surface br1shtn •• s diatribution of 

aalactic remnanta tapU ... SN rate ot \Jnce every'\, 30 yr. However, even thou,h 

in this w.y the .t.tl.tics may equally be reconCiled, we feel that their fl1llnp 

factor is exce .. ively larae, .lthouah not inconsistent with the 0 VI ~ata (Jenkins 

and Meloy 1914). Our mechani .. would operate in 

d i t ""- nUlllber (, f observable SNI.. Becau.e of thb, the any caee, further re uc n, .-

j ifi d The reault. of Tabl.s 3 and 4 would 90% fUUI,\, factor 18 not usC e. 

indicate that fl1l1n, factora a. lar,e a. 70% could be tolerated but not 

apprecably "laher than that. 



Ws .. at ..,haata. tlat our clbcuaalon has been eonfinM to type 11 

supernova.. Typ. 1 eupernovaa, which probably or1a1nate 1I'0Il lov-u •• 

popula~.:m 11 .ura, ahara alN., none of the eouideration. addresaecl in 

thla paper;" .;~ '~hey .ho~ld be inv.a'tasted ..... r.tely. However, 8ince eo.a 

atati..tical studie. of SM do not d1ff.rent"~t.· t~ 8M type., they canf\Ot 

be compared witb our results without pravloully .st!utina the type I 8N 

contribut ton. U·oua.· hovever. exaain •• th .. known SI of the len 1I111eniuII, 

all of which l4dt obMrvable ramenta, the question of diffennUat1na batva., 

511 of type 1 and SI1 of type 11 beco ... iaportut. 

We conclude that the IUpercav1ty concept--that of a hot, low-denaity 

a.a aEound'atellar •• aociations created by .tellar winds and SNs--provid •• 

a lIO.t effective scenario tor understanding the ieneral structute of lhe 

interstellar medium. Horeover. we b'o\!.lieve that supercavitles ~Iave a1rea.iy 

been detected observotionally as the Ht supershells (Heiles 1979) and a. 

the X-ray euperbubble in CYI nus (Ca sh ~ 198(;). Thia prov1d6:'t a 

eomp.l11n& arau .. nt that many SN do not occur in environment. curAucive to 

detectable SMa •• 
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Figure 1. Geometry of the supercavity structures at RG.t = S kpc and .10 kpc as modeled by Bruhweiler. "Ill. (1980): The tbne 
stages of evolution are depicted. The curve labelled B is the limit of the supercm.ty formed by tbI; 28 IDIIIIiye b stan hPinI iii
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become SNs. However, 180 more B stars have masses greater than 8 Me ~ 'lbese too become SNI .. dI:iYe the· supereaYity to the 
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Figure 2. Fraction of runaway stars that eSClape the supcrcavity to produce observable SNRs. 
The various curves are for various assumptions of Hc/V where lIe is the critical z distance 
heyond which a SNR would not be detectable and V p is fhe runaway star velo( ity. Note that 
here the gravitation restoring force is not cOf1~dered for the runaway star. 

26 

, __ "J. •• 



I 
i 
I , 

GRAVITY INCLUDED 

RGeI-1 kpc 

NUMBERS ON CURVES: 
He IV.(pcJkm ... ,. 

'1 0•0 .' .. ..... 
o ~.2 
~ c· 
:> 
II: ..Q.4 w "~ .... " 
2 -U) .Q,8 
U) 
c( . 
~ 
a: .Q.8 

~ 
'" ' c:J -1.0 
c· 
~ 
~ -1~2 
a: ",. 
A". 
u.. .. 1.4 
o 
c:J 
9 ·1.6 

2.0 

1.0 

.. 

19 18 17 18 11 14 13 12 11 10 9 8 7 6 1 4 
M. (M.) 

FiJure 3. Fraction of runaway stan that eac:ape the supercavity to produce observable SNRs. 
This is for Ro.. • S kpc and includes the gravitational mtorinl force. 
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Figure 4. Fraction of runaway stars that escape the supercavity to produce observable SNRs. 

This is for ~ = 10 kpc including the gravitational restoring force. 
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TABU 1 

A. The. JtD1ecular Cloud 8. (Il • 104 ca-3• T ~ 102 It) 

t(YI"l" I V
S

( ... -1) TS(k) as (pc) a_ru 

0 5000 ,.5Xl0· 0 Explosion occurs 

23 5000 3.SxlO8 · 0.12 Freeaxpan.tOft ends 

112 1200 2xl07 0.3 AcUabatlc phase ands 

9x104 
S 2.Sx103 1.9 Shell stalls 

B. The Hot Cavity SNl (n ~ 10-2ca-3, T '" 5 x 105 It) 

t(yr) V(kIIl 5-1) 
S . TS(k) RS(pc:) Remarkf. 

0 5000 3.Sn08 0 Explosion occurs 

3.7n03 5000 3.Sn08 19 Free expansion ends 

1.4x10S 300 1.3n06 105 SN shock encounters 

moving bubble shell 

and it quickly gets 

decelerated to the 

C. The Classical SNa (n N 1 cm-3, T '" 102 - 104 K) bubble velocity (21 kill s-l) 

t(yr) VJkIIl s -1) TS(k) RS(pc) Remarks 

0 5000 
8 3.Sx10 0 Explosion occurs 

6.2x102 5000 3.Sx10 8 3.1 Free expansion ends 

4 2.9xlO 265 106 19.6 Adiabatic phase ends 

3.6x106 5 2.Sxl03 73.6 Shell stalls 

~.-~ 
'''''~- '" =.- ---



TABLE 2 

Primary and Secondary Has.es of the Binary System 

and the Evolutionary Ttme8cale Differences 

M2 (HJ+ At21(yr) 

25.85 

24.49 

23.13 

21.77 

20.4 

19.05 

17.69 

16.33 

15.0 

13-.6 

li.24 

10.88 

9.53 

8.16 

6.8 

5.44 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

2.8xlO 6 

2.9x106 

3.7xl06 

4.0xl06 

4.2x106 

5.1xlO 6 

S.4xl06 

5.6x106 

7.9xl06 

9.9xlO 6 

1.49x10 7 

1. 86xlO 7 

2.43xlO 7 

3.03x10 7 

4.2Sx10 7 

7.69x10 7 

.,..,. 

.,. Average mass of the primary for the tabulated mass of the runaway secondary'. 

+ Mass of the runaway secondary. 

** Difference in the total evolutionary times, 6121 c 1 2-11, where 11 is 

the evolutionary ttme of the primary and 12 is the total evolutionary time 

of the runaway secondary. 
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tABU 3 

A Lover Lillit Oil the 'ere_tea. of ... 
-;" ,-

That Produce Ob.erveble SIb** 

SN 'rol8llitor Watiy. l'ractioA + 'ere_ta.e of SI. 
tlus (Ke) of Total 51 Producllli Ob.ervabl. 8Mb 

Prol_itor. 
leal • 51cpc lc.l • 10kpc 'cal • 20kpc 

17-70 17.9 0.0 0.0 

17-16 2.1 0.9 0.0 • .. 
16-15 3.3 1.1 0.0 ... 

i 15-14 4.1 1.4 0.0 • 
14-13 5.2 1.6 0.4* Si 
13-12 6.7 1.S 1.3 .= ... 
12-11 8.7 2.0 2.4 .. ., 

E-11-10 11.7 2.0 3.0 .1 
10-9 16.3 2.1 3.2 J~ 

°1 9-S 23.4 2.1 3.2 s2~ 

Runaway Total 100.0% 15.0% 13.5% 0.0% 
Additional Contribution 
by Slowly Movtnl Stars ..!:l% ~% ~% 

0.0% 
++ Total Allowing for 30% ISM 

as Supereavities 14.3% 9.0% 

*The mass bin is only 13.0 to 13. 5 tt:> 
-alB +A density law n • n e is assumed and with following valu .. : 

o 

5 

10 

20 

Bepe) 

70 

150 

500 

0.0% 

++Th .. e total pereentag .. are eoaputed by aa ... !n& that 1/3 of the aalactic plane 

is occupied by .upere.viti.a, i.e. it is computed by mUltiplying the Runaway 

Total by 2/3, but all slow moving stars contribute. 

**Aasumptions: SM c:> is the lower limit on SN progenitors. 

Tbe gravitational restoring force is ~41igible. 

V • 50 ka s-l 
P 31 
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TABLE 4+ 

Mass B1n Percenta,e of SH 
(Me) Productna Ob •• rvabl. SNI 

Rcal • Sltpc Rr .. l • 10kpc 

19-18 0 0 
18-17 0 0 

17-16 0.12 0 

16-1S 0.23 0 

1S-14 0.29 0 

14-13 0.36 0.36 

13-12 0.46 0.46 

12-11 0.61 0.61 

11-10 0.72 0.67 

10-9 1.13 0.72 

9-8 1.63 0.89 

8-7 2.45 1.35 

7-6 3.85 2.67 

6-5 6.8 6.8 

5-4 12.39 7.22 

Runaway Total 31.05% 21.75 
Slowly Moving Stars 9.13% 8.6% 

Total ++ 29.8% 23.10% 

+ The ~ame density law as in Table 3 is assumed. 

++ This total is obtained by mUltiplying row 16 by 2/3, 

(i.e. we assume a8 before that 1/3 of all ISM 1s occupied 

by cavities) and adding it to row 17. 
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