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ABSTRACT N |
o / 7 ]
The Einstein Qbservatory Tmaging Proportional Gounter has been used to ;
search for X-ray emission from nine nesrby historical novaa. Six of the novae 3?
= e O .
have been detected with estimated X~rvay intensitlies between .1 = 4 keV of - bl
10”13 - 10"11 engs/cmz-s, comparable to the intensities of previously détected
cataclysmic variables. The N~ray intenslty of one of the novae, V603 Aql, .o
D
vories over bimes~of several hundred seconds. The data suggest a corvrolation
botween the decay rate-of the historical outburst and” tha current X=ray
luminosity. Alternatively, the Y—ray lunlnosity way be related to the
inclination of the blnavy system.
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I. INTRODUCTION

Classical novae are a subsat of cataclysmic binary systems whose defining
charactariatica are based on their erupngge behavior (for review see

Payne-Gaposchkin 1957, Gallagher and Starrfield 1978). Detniied studfes of }

’clnasical nova binary systems, both bafore and after outburst, show they ave

qualitatively similar to other cataclysmic binary systems such as dwarf
novae. It is now accepted that these phenomena are the result of mass
transfer from a late-type compnnibn onto a white dwarf through an aceretlon
difﬁ X~ray emission is expantcd from the release of gravitational anexgy
from mabariul falling ont& the surface oﬁ the white dwarf.‘ X~ray emission has
been datacted previously from saveral dwarf novae, nova-like objects, and one
classical nova (Cordova, Mason and Nelson 1980 and refeveunces therein). In
light of some of these abaerxﬁcions as well as the prediction of X-ray
emission from classical movae {Tylenda 1977), a survey“of‘nnayby‘claasitai
novae was undertaken. (fm%\\
IL. THE EXPERIMENT AND THE<SURVEY o
Tha observations were made with the imaging pr;bbﬁtional counter (IPC) on

the Einstein Observatory. A detailed description of the IPC can be found in

Glaccond et al. (1979). To sumdarize, the IPC produces an X-ray image of

a~ 1 8q. deg. field with ~ 1 avc min angular resolution. The image is sorted -

finco 8" pixels. After determining the intensity of the'u?f;x-rny*background

for a given observation, localized variatlons above this ﬁﬁckground are

“analyzed for statlstical signiftcance and spatial distribution./ Each event

detected by the IPC undergoes a pulse height analysis o that in principle the

energy spectrumcof each detected source can=be. g?cimated. In addition, each
N

X=ray event is time‘;agged so that variability of the X-ray intensity can be
studied.
For tha puryose of this survey, nine nearby classical novae were selected

L,

from the catalog compiled in Payne-faposchkin (195?) Th3§a ave listed in
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Tnble 1 along with the date of each absarvation and the astimated distance to
each ayatam. Th%? survey 1s not cowplete and the individual objects do not
make up a homogeneous class of wnovae. Since there has been vevy littla
information nvnilabla on cha x—ray bahnviov of claaaical novae, the primary

“purpoae of thesa QbautvaCLQna was to provide some indications for future lines
of vesearch, )

Bach objgggzﬁaﬁ;ﬁbaarvad for 13 x 10° see without regard to binary
phases In lighé of tha nature of cataclysmic variabi&a, all these data should
he considered as sn%yshons of whabvmay“bg highly variable bahavicQ. -
11X, onsm{%}mus °
The avevaged X=vay proparciaa for each of tha ninu novae, 1.0, the \yray

poaition 1f detected and nha measured counting rata or 2¢ uppaer limit ave

given in Table 1. 8ix of the nine objects hava been posicivaly d&rﬁct&d bnnh

v}

on the baats of poaitiOnal coincidenea with cha optical nova'und a
statistically signiﬁieant countlng rate. Upper limits for the remaining thrae
sourcaes hava,been caleulated by summing the counts at cga optical novae
poaition.

- All of nhcadegﬁetmd gources have baen axamin;d for time vaviability and
spatial extent, althbugh only two objects, GK Per and V603 Aql, provided
ancugh photons for meaningful nnalysi%. ﬁﬁgylfghn curve for V603 Aql is Bhow%

4*i>1n Figure 1« The nova“ V603 Aql appears to h#va exparlaenced a ghort-lived
) flave lasti;g ~ 200 s during which the X~ray intensity doubled. The intensity
of QK Per rvamained constant ﬁhroughout its observation. All the ¥-ray images
ware consistent with that of a point sourcg. ’

The tima~nvarag§a speatra for each source was al&a aéaminad. ALl the
spectra wera velatively havd. Tha calculated havdness vatio (counts é%ova.
0.55 kaV to counts below 0. 55) ranged from 2.2 % .9 for RR Pie to 23 for
ka Per, simtlar to values determined by GbrdQVa at al. (X980) for achac

J
cataclysmic variables in general and GK Per spacifically. A ape4;§§l form
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must be adopted in order to convert IPC cts into an X-ray-intensity. Since
the data ara consistent with a hard thermal cowmponent as observed in other
cataclysmie vhrinblaa (Swank 1979, é;rdovn and Risgler 1979) we will assume a
nominal 10 keV thermal bremsstvahlung spectrum with Ny = 1 x 1020 en™2, as was
done by Cordova et al, (1980) in her study of cataclysmic variables. As
Cordava pointad out; the darived ¥-rayintensities are velatively“insgnsitive
to these aasumption;. The Intensities ave given in Table 1.
IV. DISCUSSION

With & sample of 11 old novae (includes observations of DQ Her and V533
Her from Cordova et al. (1980)) ic is feaslble to attempt to corvalé}a Ly with
other obsarvables. Cordova 9:*@1,Q?T§80) has sugg&éted that the 1n§k of eray
emisaton Crom DQ Her may hni@ gaomatrie effact From the high -inclination of

the binaxy sysnmm- Indead* Lwo nht«t old nova syahams, T Aur and RR Ple,

'high inpiination syastems (Walker 1963, Vogt 1975) nud they toa are at best

weak X-ray emitters; while the low inglinat}au gystem V603 Aql (Kraft 1964) is
one of the most luminous. (However, we nut; that recent obgervations by
Boggess at al. 1980 ilndicate V603 Aql may actually be an ealipsing system.)
Addi&ioqal determinations of i are needed to strengthen this possible
correlation between Ly and inelivation. Lambert et al. (1980) has suggested
that 1 of a nova $§snem is stébngly corvelated with the nature of: the UV

f

spectra of cataclysmic variables in general and old unovae in parvticular,

’ & ;
~supporiing the likelihood that geometric affacss could be very important.

Cordova ot al. (1980) nntgd that the only two old nova which pulse
optically, DQ Hey (Walker 1956) and V533 Her (Patterson 1979), both lack X-ray
emlssion, Assuming that the pulsations are indicative of high magnetic

=
fields, it is possible that X-ray emissigﬁ is belng suppressed in favoxr 6§

“cyeclotron vadiation (Lamb and Masters 1980). If 80, then Ly may be gn

indicator of the white dwarf magnetie field‘

We have Found an additional paranatery, the speed cluss of the nova

B L et 3 7 ..

<t e

Artgis bt s § e A

Ry e et RN



R anihdal AL ettt ACIEEE © o S ol LA

A ol | e

4
;
1

&)

“~

outburst, which“nppenrs to covralate with Lx. fﬁfFiaura 2, we have plotted
the rate of decay of the nova outburst va. Lx for the ten old novae for which
this is known. We find that the four most 1umg?ous”é1d novag ware all "fast"
novae, while these old novae with the severest upper limits were all “slow”
novae-v If tﬁis apparent correlation is true, then L&ila tha fivst observable
quantity in post-outburst novae which "predicts"™ (after the fact) the speed 6f
tha\ggva outbhurst.

QS'Qunlit::\t:h!@ly, the optical light curves of all novae ave similaw.
Quantttabively,ﬁtha light curves show gignificant differences in the rate of
decrease following maximum, i.e., th%‘speed of the outbhurst. Calewlations
based on hydrodynamic models fgt¢novné indicate that the speed of the outburst
depends on both the CNO abundance in the white duncf (Sparks, Stadifleld; and
Truran 1978) and the wass of the whitu dwarf envelope (Taam and Faulknor
1975)« In the firat case, Sparks et al. found that higher CNO abundances
regulted in fastar nova outbursts. Taam and Faulkner found that lower
anvml@p; mass at the time of the ouuﬂuusb also led to faster outbursts. Mora
recantly, Shara, Prialnik, and Shaviv cavvied out calculations varylng both
CNO abundances and cnvelope masses, and 2ama to the same conelusion fo{ GNO
abundances near solar and engglnpa masses fram ~ 1078 to ~ 1073 solax( . .
magses. These results have shown how the speed of the nova depends on tha,
condition of the envelope at ghé'hima of the outburst.

The correlation bacwanu'Lx and outburst speed therefore relates the
anvelope at autbﬁrat to the N-ray emission betweaen ounbuﬁstsa Pringle and
Savonije (197%) have shown that for a given white dwarf mass and radius, Ly is
approximately proportional to.the accretion rate until the seceretlon vate is
50 larvge that thm system becomes apttnally thick for X-rays. Thus for a group™y
of novae, Ly should be correlated with tha aceretion vate.! In this contu\t,

we note that Tpam (1977) showed that higher accretion rgtes onto the white

dwarf lead to a higher anvelope temperature and hence to a "premature”
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thermonuclear runaway and therefore a lower envelope mass at the moment of //
outburst. Similarly, Starrfield and Sparks (1979) have compared the interval

between outbursts to the diffusion time of heavy elements in the white dwarf ,

I —

envelope and concluded that high accretion rates will lead to higher CNO
:abundancaa at the time of pptbursta. In effect!, higher accretion rates result

in the conditions hypothg§;§§§ﬁ§e §euu1toin fast novae. : ?

o

In summary, this X-ray surVé?jcf old novae suzgésts several lines of

inquiry. Theraﬁis sone 9“9P°?§ for correlations between Lx and both the
inclination of the hinary system and the speed class of the nova outhurst.
Currently, the lnclination of most old nova systems is unknown and further
optical*observations gould help confirm ox deny ﬁh&_ﬂﬂLfﬂlﬁLléﬂ-QﬁLh‘,“

inclinatioa. Secondly, the X-ray survey should be extended to additional old

novae, again with the alm to confirm or deny either of the suggested ©

corvelations. A correlation between Lx and novae speed class woulgoba ) 3

supportiv# of models for novae outburstscwhich relate accretion rates with the
S

......

novda\éﬁéed class. ' o |
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Figure 1 "= X=-ray ligl{t: curve for classical novaa V603 Aql from TEC
observations.
Figure 2 =~ Current X-ray luminosity vs. historical rate of decline for »
classical novae. Values for decline vates come from Payne-Gaposchkin (1957) \\)
except for V533 ler and CK Vul Yhieh were caleulated based on light curves LS
from Chincarini (1964) and Jasegéw Ashbrook (private communication)
respectively. Upper limits to Lx for DQ Her and V533 Her are from Cordova et
al, (1980)0 o “
//’/
{( = 0
/ |
{
;"
I
| /
6 y




T

4

.
\ -v’)

i

mo_uwm

AN
N

6161 40 ¥62 AVC

SObLOE SOL29€

$008s¢

SOgeGe

//

1 = 1

L

1

I

1

~

| ]

m 7
Jd1 NIJLSNI3

378N LHOIT 0V £O9A

m/f/ﬂ.VA

S098vE
410

Gel

| ove’

06¢”

GOy~

B

035 / SINNOD OdI




(AV@/9VN) INIT230 VAON 10 31vH

Ol Ol

| ¢-

|

[TTTT T

!

(el

|

i

0 I-
[IIrrr 11 [TTTTT1T 1
J3{ ba

IPA %9 r |

49H £EGA H

dd Yy e

aD ) _H _
%._ 4 ¢ 00S 6GOIA
dd) e

iby ¢0SA e elad X9

IR R llriti i

k\ |

]

» mny |

1

o

IR

IR

| S|

0l
0l

ot

I€

Ol

1A

ol

(A% Gb-G1'0) ¥

29s /sbie

)
o

< o i
17

g e e M RN

R




	1981004450.pdf
	0032A01.tif
	0032A02.tif
	0032A03.tif
	0032A04.tif
	0032A05.tif
	0032A06.tif
	0032A07.tif
	0032A08.tif
	0032A09.tif
	0032A10.tif
	0032A11.tif
	0032A12.tif


