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The X-ray spectrum observed by Ginga" i s charac te r ized by a component 
below lOkeV which decreases with increas ing photon energy, and a component 
above lOfceV which i s near ly f l a t . This unusual X-ray spectrum may be 
understood as follows; X-rays below lOfceV i s l ike ly to be due to thermal 
emission coming from the shock-heated e jec ta , and X-rays above lOfceV to be 
due to y-ray degradat ion ins ide the e jec ta . I f thermal emission due to 
t he col l is ion of the ejecta with c l rcumste l la r mat te r (CSM)2)~4) i s responsible 
for X-rays below lOfceV, the epoch of the col l i s ion can be est imated to be 
~ 0 . 2 y r a f t e r the explosion i f ~ 0 . 5 y r i s the time when the X-ray flux a t 
~10fceV reaches i t s maximum. The X-ray l i g h t curve then requ i res the 
inner rad ius of CSM to be ~ lxlO16cm for an expansion veloci ty , 
Vex *2xl0 9 cms']. 

X-rays emitted from the reverse-shocked ejecta dominate those from 
the blast-shocked CSM because of much h igher densi ty in the ejecta3 ) . The 
e lec t ron temperature of the shocked e jecta i s ra i sed to > lOfceV and then 
decreases with time to ~ lOfceV a t ~ tmca» a t which the f lux a t ~ lOfceV reaches 
I t s maximum. Free - f ree emission dominates the thermal spectrum except 
for a contr ibut ion of i ron K-line emission around 7keV. I f CSM concerned 
i s the remnant of a s t e l l a r wind, the mass loss r a t e M„ can be estimated from 
the observed thermal f lux a t lOfceV as 4 ) , 

fL ~3xl0"6 (w„/106 cm s~l)3/4(Iioitev/l(r4 photons cnf2 fceV"1 s"') ' / 2 

x(Vei/2xl09cms~1)3/4(t.ax/0.5yr)3/4 Moyr"', (1) 

where vw and T a re the wind veloci ty and the time elapsed a f t e r the 
progeni tor l e f t the mass loss phase, r e spec t ive ly , and the dis tance to 
SN 1987A i s assumed to be 55fcpc. We performed a numerical ca lcula t ion of 
the dynamical evolution and non-equi l ibr ium X-ray emission for the 
col l i s ion a t l.lxlOl6cm, which i s the inner r ad ius of CSM. The densi ty of 
CSM was assumed to be =< 5.1 xlO4 ( r / 1 . lxlO16cm)~2Hem'3 a t a d is tance r from 
SN1987A, corresponding to W„/u„ * 2.8xlO~6A/0 yr~'/10 ferns"'. The calcula ted 
X-ray spectrum a t tmu ~ 0 . 5 y r i s compared with the spectrum observed by 
Glnga in Fig . 1, where the r e s idua l f lux above the thermal spectrum is also 
shown. Because of s t rong absorpt ion below 20fceV, the r e s idua l spectrum 
may be ascribed to X-rays coming from the op t i ca l ly thick ejecta through 
the Compton degradat ion of y - rays 5 ) . 

For a blue superglant with a t yp i ca l wind veloci ty u» =* 100-1000 ferns"', 
the value of flw given by eq. (1) i s too l a r g e . On the o ther hand, for 
14, * 30ferns"1, the mass loss r a t e i s est imated to be M» ~ 7xl0"6MQ yr"', which i s 
not inconsis tent with t h a t for a red supe rg l an t . This r e s u l t Implies t h a t 
the CSM may be a t t r i b u t e d to the s t e l l a r wind in the l a t e s t phase of a red 
superg lan t or in the t r a n s i t i o n phase to a blue supe rg lan t . Then, the time 
which has passed since the s t e l l a r wind ceased i s estimated as , 
T ~ lxlO2 (M1)/3xl06cms"1)"1 yr. In any case, the l i fe t ime in the blue 
superg lan t phase would be of the order of 102yr i f X-rays below lOfeeV a r i s e 
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from the In t e rac t ion between the ejecta and the wind remnant. 
The mate r ia l r e l a t e d with the secondary l i g h t source ~4x l0 ' cm away 

from the primary (IAUClrc. No. 4382) can be one of t he candidates responsible 
for thermal X-ray emission. If the outermost envelope of the ejecta expands 
with the veloci ty (3-4)xl09cms'1, I t has reached t h i s ma te r i a l 0.3-0.4 yr 
a f t e r the explosion. Also molecular clouds In the v i c in i ty of SN 1987A can 
be candidates to I n t e r a c t with the e jec ta . Fig . 2 shows 6-10fceV l i g h t curve 
expected from the wind remnant model adopted h e r e . The l i g h t curve of 
thermal X-rays depends on the densi ty s t r u c t u r e of the co l l id ing m a t e r i a l . 
Therefore, cont inual watching can provide Information on CSM. Recent 
n e a r - I n f r a r e d speckle da ta (IAUClrc. No. M81) may suggest the existence of 
s h e l l - l i k e dusty CSM a t (1-2) xlO17 cm from SN1987A. This CSM may be a remnant 
of the s t e l l a r wind in the red supergiant phase. The expanding ejecta wi l l 
co l l ide with t h i s ma te r i a l and emit thermal X-rays 3-6 years hence. These 
X-rays wi l l be an important diagnost ic tool for t he study of environments 
of Sk -69 202 and of chemical composition and the s t e l l a r evolut ion of s imi la r 
blue superg ian ts in LMC. I t i s desi red to make a fu tu re plan of X-ray 
observatory succeeding to ac t ive ins t ruments . 
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Fig. 1 Thermal spectrum (solid 
l ine) calcula ted with an energy 
resolut ion of 0.49(£/fceV)l/2fceV (FWHM) 
i s over la id on the observed spectrum 
with Ginga" (crosses) . The res idua l 
flux over the thermal emission i s 
represented by the histogram. 
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Fig . 2 6-10keV l i g h t curve of 
thermal X-rays expected from a wind 
remnant model (see t e x t ) . Z = 1 / 3 Z Q , 
the hydrogen column dens i ty of * 
4X1021 cm'2 and the d is tance of 55 fcpc 
to SN 1987A a r e assumed in F i g s . 1 
and 2. 
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