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RECENT OUTBURST OF U SCORPII

B. S. SHYLAJA and T. P. PRABHU

ABSTRACT

A photoeleciria soan of Hg and s photographlo specirum bstween X\ 4500-7000 obtalned during the 1978
outburst of the regurrent novs U Soo have been studled. The oleotron danalty and the mass of ionlzad hydregen In
the nova shell on Juno 28.77 U.T. ar derlved Irom the photosleciric obesrvatjons ers Ny =8.83 x 10% rkeg om= and
MHI = 4.41 x 107 hpc Mo whors fuac i the distanae to the nova In kpa,
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1. Introductlon

U Scorpll wae discoversed by Pogson (1887} In
1863 at Madras. Subsequent outburste recorded at
Hervard by Thomaa (1240) In 1906 and 1838 have
sccofded it the slatue of a racurrent nova. It sluded
detactlon at It minimum untll Webblnk {1877} Identl-
fled It with a 19™.2 star. Its large emplitude of out-
burst (~10 mag.) and fast decay { 3 magnitudea In
4-B days) render It an Interestlng objaot among the
known recurrent novae. A detalled study of thls
oblect has so long besn hampersd by the absence of
apecirosooplc deta.

No spectroscoplc data aexiat for the previcus
outbursts of U Sco, Hli at a/. (1978) have reported
spectroacople observations on July 2 and July 3,
1979 during the recent outburst. The results that
we raport heraln are based on a photoelectric scan
of the Hf reglon on June 28 and an unwldenad
elitless spactrum covering A4 4600-7000 on June 28,

2, Observations

Both the ohservatlona reportad are obtalned
with the 102cm refleotor of Kevalur Observatory.
The HA reglon (114760-6260) wae acannsd with
the automated epectrum scanner (Bappu, 1877) on
June 28.77 U.T. A band pass of 264 was employed
and 68 Aqi served as a spectrophotometric standard,

The spsctroscoplo obeervations ware obtalned
on June 28,72 using an objectlve tranamlsslon grat-
Ing of 160 | mm™! In parallel beam and sn F/3.b

camara aqulpped with a Varo 8606 Image Intensiflar
tube, The resultant disparslon wae 3804 mm™!.

We show In Figure 1, the Instants of these
observatlons relatlve to the light curve. Thelatter is
obtalned by euperposing visuel estimates of megnl-
tudes during the racant outburst, publishad in AU
clreulers along with the observaiions of previous
outburats by Pogson (1908) and Thomas (1940Q).
The observatlone of Pogaon and Thomas are ehlfted
8o as to matoch the maxima. The spocha of our
observatlona clearly fall et the transltlon from
the *'Orlon” to the ''Nebular’* phase. The nove had
fadad to ~ 12= by thla time,

The reduced photoelectric gcan la shown In
Flgure 2 and a microdensitometric tracing of the
spectrum in Flgure 3. The observatione are noley
due to the Intrinsic falntnese of the nova. Never-
theless Foll A1 4924, B018, 6169 and 5236 ara sasn
In the phaotoslectric scan. The photographlo obsar-
vatlons eshow bealdes Ha end HJ, the i1 4640-4B860
complex which ia strongar than Hf. The major
contribution to thls feature In the sarly stages s NII
and OIl (McLaughlln, 1844) while In the later
steges NIU[ snd CIIT become stronger. Hell A4884
appears blended with this featurs. Among the
falnter lines we could Identlfy Fell A1 4924, 6018
and (981, NII 446867 and 6710, [NLI] A6766, Bel
AB876 and [01] A6300. The line of [0I] A6363 la
not vialble due o a blemish In the flbre optlc face
plate of tha Image tubs, The spectrum compares
well with the Orlon to Nebular transitlon stege
(compare with A m-23.8 of McLaughlin, 1944),
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Flg, 1 The light cutvk ol U 800, Opan olrolas ars Pogson's cbasrvations of 1863 outburat, The V marks sra Pogson’s uppst lImita,

Closed clroles ars the Harvard obeorvetions of the 1938 outburst.

The fllled olroles are the visual sstimates of tha 1678 outburst

published In the iAU Clroulare,  Tha absclesan are the datss of the prasant outbural while the obasrvationa of the previgus outbursts
ars shHted to maich the light ourve. The sriows Indlsate the times of our apsatrophotomettlo obsarvatlons,
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Fig. 2 Reduced photoslectila spectium, soan of the Hg reglon of
US8co on June 28,77 U,T. Ths rest wavelsngth of Hg, and
Foll AX 4024, 8018, 6189 (RMT 41) and 6235 (RMT 48) are
shown, Hg absorption ls aleo Indlaated. Ths horlzental bar In

ths 1op 11ght corner Indienten the band pass (264) and the two
vartioal bara indicata the smtimaled efrora In Lhe Nux,

3. Tha Nebular Shall of U 8co

The photogrephic observations yield a half
wlidth at zere Intenalty for the Ha and Hf profiles
as 6360 km ¢! and 66810 km 8™! regpectively. Theae
values are llkely to be higher than the true values
dus to poor seelng. A value corrected for 3 aro sec
seelng agrees with tha estlmate of 5000 kms™!
reportad by HIli ot 8/, (1878) four daye later, Also
the photoelsotrlo scan of June 28 Indloates an absorp-
tlon feature at-4300 km ™! (resclution 1600kma™1).
Wae sgsume a value of 6000 kms~! as the sxpanslon
velocity for an estimation of the radlus of the shell.

The total flux In HB snables us to determine the
electron denajty and the mass of lonlzed hydrogen In
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Flg. 3 A mlgrodonsliometilc sosn of the photographlo speotrum of U Boo on Juns 29.72 U,T. Varlous smiaslon featurss are ldenttiled

the shell, If the dlatance to the nova and the Inter-
atellar absorption are known. We assume a value
of A, 0.6 following Webblink (1977}, The cor-
rected value of flux at H/f ls 4.86 x 1071° erg om™?
8"l. The uncertainty In Lhe determination of the
conlinuum and atso In estimating the correctlon for
the obsorption profile limlte the acouracy of this
value to within a factor of two.

[t I3 not known with certalnty whather one may
usa the absolute magnitude-rate of decline relation-
ehip establlshed for novas In the oase af reourrent
novae too (Warner, 1878), With the asaumptlon of
Its validity, Payne-Gapo hkin (1967) derlves a value
of 13.8 kpo as the distance to U Sco. Webbink
(1977), with en Improved relatlon due to Pfau (1978),
obtains a minimum dletance estimate of 22 kpc and
a maximum one of 85 kpo. We have evaluatad the
sleotron density and the mass of lonlzed hydrogen In
the shell gsguming both of the distanoe estimates 13.8
and 22 kpo.

The light curve shown In Figure 1 ylelds the time
of maximum as June 24,06 U.T. With a veloclty of
BCOO kme™!, wa obtaln the radlus of the expanding
shell as R~ 18,4 A.U. The thlakness of.the shell |s
limited by the sound speed to a valus

AR = 3 at {Pottasch, 1968).
With a velue of 10 kms™! for a (Malakpur, 1873),
we abtaln AR = 0,088 A.U. Thevolume of the ahall
Is thus 1,108 x 10%2cm?. Assuming an emmisivity of
aHp=1.22 x 1072 erge am™ 47! for T=104 °K
(Kaplan and Plkelner, 1870), In the expression for
N. namely,

Na? = 4o Fug 1t/ (sug V}
wa obtaln

N. = 8.83 x 10" repe om™

whare rip |8 the distance to the nava In kpo. At
dlstances of 13,8 -kpo and 22 kpe the values of
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Table 1

Observed and derlved parameters of U Sco.

1970 June 28.77 ;
Correctsd HP flux Fa= 4.96 x 107'9 ergs cm™ 87!

= 8,83 x 102 ryp cm™?
- 9,02 x 109 cm™ (ripe=13.6)
- 14,8 x 10° cm™ (ripc = 22)

Eleotron denslty N,

Maas of [onlzed
Hydrogen Man ~ 4.41 %1077 fip MO
= B8.00X10"¢ MO (fipa=13.6)

1079 Juna 28.72 :
Equivalent width

oiHe = 6684
Hp - 222 4
Half width at zero
Intensity {Mean of
Haz and HS) =~ 5000 kms™!

electron denslty would be 8,02 x 10 om™® and
1.48 x 1017 cm™* respectivaly.

We may proceed to obtaln the mass of the
Ionlzed hydrogen In the shell. Assuming that there
are 1.4 eleotrons per hydrogen atom (Pottasach,
1959) we obtaln,

Mo = 4.41 x 1077 Tipa Mo

where rg I8 ageln the distance In kpe. For the two
values of rup. one obtalne the mesaes as 6.00 x 10°¢
M® (ripe = 13.6) and 9.70 x 1078 MO (rupc=22).

The photagraphic abeervatlons yleld a veiua af
Wha/WHg = 2.6. for the ratlo of the equlvalent
widths in Hz and H. This value agrees with the
obsarvatlons of ather novaa. Since the cantinua of
novae Increase, in general, steeply to the red, the
actual ratlo of fluxes In Ha and Hf? would be much
highar than these values.

The obeerved and derlved paremstera for U Sco
are llated In Table 1.

4. Concluslons

The specirum of U Sco as observed by us
compares well with the synthetle epectrum of a
typical nova (MclLaughlin, 1944) 4™ below the maxi-
mum. The electron deneity and the maas of the
lonlzed hydrogen elso egres well with the valuea lor
a typlcal novae within the uncertaintles of the dls-
tance estimates.
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