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Workehopon AccretingNeutronStare
Hax Planck Inetltut~ P~ysikti A.etrophy8ik
InatitutftlrExtratermstrlnchePhysik
Garching tmi Mnchen, 18-23July 1962

X-RAY TRMBIENTS AS - BY VELA, 1%*1979

J. Terrell,W. C. Priedhore@, R. D. Belian,J. P. Conner,and W. D. Evans
LOO Alamoe !iational laboratory,Los -41amos, ~ 87545, ~

Vela spacecraft5A and 5B were launchedinto orbit in Hay 1%9, to monitor
for nuolear teat9 in apce. These spacecraftwere among the first tobe capable
of X-ray aatronomy. One of the8e,Vela 5B, monitoredthe entireX-ray Bky for
the unprecedentedperiodof 10 yeara, from May 1%9 to June 1979. ~er the last
several yea.re the data produced have been re-analyzedto producea aeriea of
e~ps. These have now been made into a ❑ovie, in color,ehowingthe changes
in the X-ray aky over the pericmi1%9-1976.

The Vala spacecraftwere pt into orbit at 118CHMkm radius. Among the
many detectoro aboard were collimatedNaI detecton aenaitiveto 3-12 keV X-raya.
These scanr.edthe aky over a 6.1° (FWl131)squarefield of tiew at 90° to the
earth-spacecraftaxis, 00 that the entireX-ray aky wae obeervedin 56 hours,
half of the orbitalperiai. Any given source,when in view, wae IYcannedevery
64 sec (the rotstionperiod)in two ener~ channels,with one-eecondcount
aocumulstiono.

During the 10-yearlifetimeof the X-ray cou.ntere,the Vela opaoeoraft
produceddata on many now types of aouroes, includingX-ray transients,X-ray
burato,ad even gamma-ray bureta. Cen X-4, an exceedinglybrightX-ray
tm.nsiont,was obeo~ed by Vola in the eumer of 1969, ehortlyafter launch
(Lonner,Bvma, and Balian 1%9). It did not return to the X-ray oky until
May 1979. Thie souroo,with a very bright,hud preoureoron 7 July 1%9
(Bolian,comer, M ~ane 1972),●lso producedthe first of many X-ray burete
detectedby Vela. A numberof other h.igh-L~titudeX-ray burstehave boon
deteoted,withno ●videnoeof repeatedbureta (Belian,Conner,and Evans 1976).

Tho Vela gmmma-raydeteotoraruvoaledtho now phenomenonof gamma-rayburdts
(Klebeeadel,Strong,and Olson 1973). It has reoontlybeen found that ●t leaot
two gamo’A-raybumts were aleo detectedby tho X-r ‘ oountore(Torrell●t al.
1902b). 7One of these●vonte (CB720514= 0B9112W77 wae In ● knowndirection
(Waton et ●l. 1973). Tho othor (OB740723i-GBS022=75) wa found,by meana
of the oollimntedX-ray detootore,to lie in the direotionof tho &all
Magelladc!Cld. Tho timo historiesof tho~lo two bunte ae aeon in X-rap
(with brief obeemationa ●very 64 ●es) are similarin that both ●hewed●~idenoo
of roourrenooaduring the euoqetii~ 1~ scoods.

Tho data produood byVola 5B over tho 7-,YOUpmiod HAY 1%9-Jw 1976,
durl~whioh nal-ti- traoHng was maaonab~~ comploto,havo boon ~t into the
fom of 8 ●rioe of 104v o@mspa, A 1- Intsmal la long●nou@ to inohmio
four mouu3 of t)m entire *, 50 that g8pa in oovorage are ueualti filled in.
Thir data k@e is w1l suitedfor dotomiuing the time hietorioo of MW sourcm,
d in parti IAS for?ovier malyvio.

[
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The Vola X-ray doteotorswere relatively
nail 27 ●ffootlvearea) but W- @eaeit~Va ●mou@ to @old @od dsta On

Can A RO 5UO) duri~ the period 1973-1975 (Tomll lW) ● ~iq tmo PIOfi~
Cm A mm u.mmmlly bti#htd aotivo (Beallct ●l. 1978), The newtita ●hOv
that it often oham@ draastioallyin titonsityin 10SS than 10doyo.



.

. , -2-

VELA 58 3-12 KEV 73/01/07 - 74/01i02
LOS ALAMOS

Fig. 1: X-ray e@ap (3-12keV, galacticcoordinaes& ~ for 1973, from Vela 5B data.
The averagecountingrate 10 indicatedfor ●ach 2 X2 area by the darkens of the
symbol (end by color in the motie),in half-magnitudosteps. A previously
unknowntraneieat,V0332+53,is apparentnear the left edge.

This seriesof l(?-dayoQmapo has been reoently made into a movie, ahodJw
the hioto~ of the X-ray eky over ● 7-year period,during whioh meny treneiont
souroeoappearedand other eourceefluctuatedcontinually(Terrellet ml. 1982a).
This period lncludeetimes when no other opaceoreftwas able to monitor the ~.
Houroeo●m weak ae Her X-1, Pereeua,and WC X-1 are often quit. obvious in thoee
4Y=P0, M U= f=~~i.nt ~t~t~ not PrOTiOUSU &om. mob m 4UU4%1 h
April 1973, 41X-1 inky 1974, and 4U011%3 inAu@at 1974. Anexamplo of
these@ymps 10 ohown in Figure 1, in thie moo for the ●ntim year 1973.

- ●ouroe of oonsidwablo interest M this dsta is CygX-1, tha well-boun
blaok-holo oandidate, !l!hl~ X-my eouroo cxhibite ohaotio fluotuatione, on ● the
MVA1Oof ●oods, which ham the oharaotoristioa of non-periodio ahot noiee

(T.rmll 19i2). On longertimt ●aloo it i- Auhted by the 5.644 orbital
yericd (Ho1’c ●t ●l. 1979) of the bi~ a@om inoluding tho eupargiant●-
~E226EEQ, and he hla and low statot at imegular intervals ovor W y9ara.
Tha intoneity of CygX-1 aver 10yeara is shown inFi~. 2, M giwn byVols 5B.
Thoeo data aUOO w1l with Ariol 5A11-8ky Honitor dats in the period after
Ootolwr 1974 (Holt ●t al. 1979). In this waph the data Ltire kon#m@ hto
30-dV into~wals forolsrity, ad haw not -n aomotcd fox= ml oont bution
fro9Cy8x-s, Paw. SBmhoount/seo oomopods to-3.8x l@lOor~ m in
tha 3-12 kav ~. Inddi:ion to the himwd low otatesuhioh aro quiti
widont, a pefidioity of *2W dA70 10 plainu pr-ent (PAedhoraky ad T.-11
l@2). Fourior mlysic of the data, with m~tion of the OyCX-S dAta, l-w-
no doubt of the mli~ of the prbdioity (Mwlhors&, Tomll, ad Holt l=).
TM orl~n of tl?ia 2Wdw PDriodioity IS of oonaidorablo Intenat, #.wthor it ia

duo to preooesion of h wprdaat oompamion or of tbe aooretiondiak, or to -
other aausea
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~g. 21 Cyg X-1 inteneity,1969-1979. Fig. 31 V0332+53intenuity,1973.

An otherwise unknown traneientX-ray sourcewaa obsemed by Vela in
Camelopards during June-Auguet 1973 (Terrell ●t al. 1982a). It is readily
apparent in tho e-p for 1973 (Fig.1), ●t galacticooordinateB146.18°,-1.95°.
(equatorialcoordinatesOC= 53.22°, $= 53.13 , epooh 1950.0;the pooitionis
known to withinan uncertaintyof-0.2°) Thie hiud X-ray transient(V0332+53)
uae brighterthan the Crab in July 1973. It hae not been seen einoe,~ was not
obeo~ed by other Spacecraft,to our howledge. Its time history,soon in Fig. 3,
iB different from that of other bright transient euch ae Cen X+ and A06~, in
ite gradualrioe to peak brightneaa. There are O1OU indioationaof rapid
fluotuntiorulin thie eouroo,but analysieso far has given no clou periodioity.

Moh other evidoncoof outburBtB, fluotutione, and periodioity IS present in
the Vela skymap data baa., ad highly vioiblo in tho movie mad. from thorn. It lo
olear that ●von the rolativoly all VOIA detector, aoanning tho X-ray sky for
MW pars, hao yieldeddata of great valuo to X-ray ●etronomy.
Thto work was Bupprted by the U.S. Departmentof Hnorgy.
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