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ABSTRACT
U. havo uaod ● Lagrangisn, hydrodynamic stollm-ovolutlon oomputor

oodo to ●volvo a thormonuolw runaway in tho ●oorotod hydrogon rioh
●nwlopo ot a 1.OMs 10-km neutron atarO Our aimlation produmd ●

outburst tthioh laahd ●bout 2000 ●O and pegk offootivo tomporaturo was
3 kov. TIMpeak luminosity oxooodod 2 x 10 L , A shook wave oauaod a
prooursor in tho li~t ourvo wt?ieh laatod ?0-5 SOO.

I INTRODUCTION
Tho publlshod th.or.tteal #tudi@s of tho X-ray burst Fh.nom@nahav.

produaod almulatod outbursts !Moh or. in rocaon~blo egroomont with tho
obaorvations (o;f.b Ayaali and Jo-s 1982; Taam 1980). NovcrthoMa,
thora aro obaarvod bursts UMah ooaur on auah longor tima aoal~a than
them modolod by the ●bovo studio~ and, in addition, thoro @r. tho
trmslont %-ray nova. uhioh havo not, as yet, boon produood by any
theorotioal oaMl@ion. W. h~vo, ttmoforo, mado tho assumption that
the longer porlod bahvior 1s ●lso tho romlt of a thormonuoloar preooaa
●ot:ng tn tho aoorotod anvolopo ot a neutron star @nd proooodoc!to study
● .xtr@m@ oonditiona on ● ?wutron star aa Potsiblo in ordor to try and
dotmxln. tho oondltions naooowy for auah long pwiod outbursts.

W. Mvo used a filly l~llolt, Lagrangtan, hydrodynamic oomputor
aodc to WIWI a thorxmnuoloar rummy in tho aoorct~d hydrogm rioh
@nvolope of ● ?,OM neutron atw with ● radlua of 10 M. w, ●SWRO that
tho interior of th~ nwtron #tar lN @old ●nd that the rate of ●aorotlon
to k?! amugh ao that ● -bSiV. WIVQ1OPO (M,- 10-’’HO) oan M ●oor~tod



●

beforo significant nuoloar rosations ●ro initlatotl●t tha boundary
b~twocn tho ooro ●nd th~ ●oerotod envolopo (Starrfiold, @t al. 1982,
horoaftor SKST). W. noglout nueloar roaotlona during tho soerction
prooosa ●nd our woluttonary soquonoo bagins with s sharp oompesithn
disoontinulty (hwoaft.r, ooro-onvolopo tntorfaao: CCI).

Our oomputor oodo has baoti uaod in studios of thormonualoar runaways
in tho aoorotod hydrogon rioh ●nvolopos of Wt. dwarfs in our
suoaosaful attompta to simulato the nova outburst ●nd Is ideally suited
to this task (of., Starrfiold, Truran, and Sparks 1978). W. havo
●lready dosoribad tho physios used in t~s oodolgnd our nuoloar roaotion
network Inoludos tho p-p ohain, tho C(a,y) O roaotion ●nd ●ll
rolovant noutrino loss rates (Starrf’iold, ●t ~ 1982). W. ●lso mssumo
that reaoting CNOn~oi ar~+oat to$ho C@$oaotiona ●t rmt~a

1 O(~y)’ Me roaotlons (Wallaoo ●nddatormlnod by M. O(a,p) F ●nd
WooslQy 1981).

11 RWLTS
Tho initial modol uaod in this tudy had a MMn6sity of 0.1 L ●nd~

●n d’foottvo Wmporaturo of 0. x 10 K. ~lho tg~eraturo ●nd the doflolty
●t tho CEI woro 4.3 x 107U ●nd 3.1 x 10 w om , ~fspoo~\voly. TM
initial rat. of ●norgy gonovation wcs 10 arg ~ 800 produoing ●

nuoloar burning tima soalo ~n tha mvolupo OF 10 &oo to tho Pa&k of tho
runaway, Those conditions aro wrtainly .xtrom@ but aro not
unroaaonablo bared on our inlwnt to simulate lon8 period outbursts,

It takoa this mquonoo ●bout 130 sooonda te ●volve to ho point
&wharo ths paak tomporatur~ in W. ●hell souroo roaahca 10 K,

9
It takoa

about 70 sooonds lon80r for th. t@mporaturo to roaah lta paak valuo of
3.3 x 10 K. Howovor, baoauac of eonduotivo .norSy loaaoo into th@=la
interior, this dooa not ooour at th~ CCI but in ● xona ●bout 1
01O ●r tgltho surtaoa~ Tho rat. of ●norgy ton~t’ation ●xaooded 10

g, U*

~m-? 8,0 (but not for very long).

~Q ~apid r~~gof ~~ t.mp.ratur~ in t~~ l~at atag~a of th.
thormenuoloar runaway oauaos an ovorprossuro af a fw poroont in th.
&holl s urao uhioh produoos ● shook wave that reaoh~s the surfao~
4X1O -8 aoo ●fter it ia initiated, Whenthis hook penetrates the

5aurfaoc layers, tho luM osity ollmba to Z II10 L and tho ●ftaotivo
vtomperaturo to 3.3 x 10 X (kTn3koV), Fi@Jre 1 &ow& the tomporaturo

history of tho CEI, and th~ luminosity of the aurfmat lmy~rs mt the timo
of shock pmotrmtion la #ivon tn Flgut< it, Tho 3 fi~urca in this paper
●ro roprintod from W(ST,

Ono( th~ .nv@iopo has roturn~d to qullibrium, a nuoloar burnln~
front movos both inward ●nd outward Porn tho original point of psak
tompQraturo,9 As it passoa through ●aoh xono, it flat40@ to tgmpersturoa
@xo@odtng?0 K. It takes tho front sbnut

!
SQO to raaoh tho CEI and tho

tomporaturo in this sono flashoa to 3 x 10 K,
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Fig, 1. ‘l’hotomporaturo of the Pig* 2. ‘M )uminosity of the
CEI ●s ● fu ction of timo (in

B
Surfaco Iayors ●s ● function

units of 10 K). of timo whmntho shock weve
ponotratos tho surface,

up to this timo tho

.fo!xopt fbr tho Meek
●rfaoo luqoslty to romh L and tho ●nvolopo bo-lns-to opnd at a
fow h m“ , 8hOrtiy ●fto?d?t roaohoa ● r~diua of 2 X 10 km, tha
●!wolopa boaoRos Pulsatlonally unstable with the ●ttmraions in
lumlnoaity ra80hin# tmtors ot 2. ~c light ourvo la shown in Figure 3
whoro th. cplsodas of pulsationa$ instability appear rnm aplkoo
SUpOPi~ODOd On th atoady Phtom bohavlor,
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Fig. 3. The luminosity of the surface
layers as a function of time during the
entire outburst, Ihe initial spike is
the precursor shown in Figu;s 2 and the
vertical bars are times of pulsational
instability during the evolu:ion.

It takes ●bout 2000 a~c of ● olution for thw peak temperature in the
Jahcll souroe (CEI) f~ drop tol10 K ?nd the rate of ●nergy generation in

the same zone to 10 *rg gm- see- . At the sa e time, because of the
large radius, 1!the temperature has fallm to 10 K (kT-O.l keV). This
VQIUO1s rnuoh too soft for ● normal )(-ray burst.

Aa tha hydrogen fuel is oonsum~d and the nuulcar uneWf vod~otion
deolino., the ●nvclopo bagina to oollapso. This stage takes 10 see

Yd
●s tho radius decroasos, the effective temperature eiimbs to 2.5 x 10 K

(kT w 2.2kcV). TIIQenergy emitted in ths 2-10 keV range goes through ●n
lnareasa followed by a rapid dcareas, that would ●ppear as 8 ourst in ●

detamto$. Onae the radius hes returned to 10km, the final daeline takes
only 10 sea, By 4 hours ●fter the doaline, the luminosity 18 1 L..

III DISCUSSION
~o theomtioal light ourve for this .imulation when folded with tho

instrusmt rosponac of a low ●nwgy %-ray dctootor will ●ppear to that
L4eteotw ●s two bursts, on. with ●n ●xtremely short time SOS1O,



%=paratgd by 2 z 103 sect. The peak lumloosity obtained in this study,
2x1OL, is in olose ●grewnent with the observed values. However$

the theor&ieal rsdius ●t maximumla oertainly too large to agree with
the observations (Van Paradljs 1979).

The initial conditions were ohosen to represent the maximum amount
of material that oould be aocreted by ● neutron star under normal

conditions. The Zntent was to simulate the beinavior of the longar time
soale outbursts. The ●tte@pt was vnsuecasaful ●nd we must ●ttribute the
bray nova outburst to some other mechanism or combination of
mechanisms. We have ●lready proposed that the thermonuclear runaway
●cts ●s ● trigger on the secondary ●nd, in fact, causes a period of
●nhanoed mass transfsr ●nalogms to the current hypothesis for the cause
of the dwarf nova outburst.
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