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Diffuse Extreme-Ultraviolet Emission from the 
Coma Cluster: Evidence for Rapidly Cooling 

Gases at Submegakelvin Temperatures 
Richard Lieu,* Jonathan P. D. Mittaz, Stuart Bowyer, 

Jeffrey O. Breen, Felix J. Lockman, Edward M. Murphy, 
Chorng-yuan Hwang 

The central region of the Coma cluster of galaxies was observed in the energy band from 
0.065 to 0.245 kiloelectron volts by the Deep Survey telescope aboard the Extreme 
Ultraviolet Explorer. A diffuse emission halo of angular diameter —30 arc minutes was 
detected. The extreme-ultraviolet (EUV) emission level exceeds that expected from the 
x-ray temperature gas in Coma. This halo suggests the presence of two more phases 
in the emitting gas, one at a temperature of ~ 2 x 106 kelvin and the other at ~ 8 x 105 

kelvin. The latter phase cools rapidly and, in steady state, would have produced cold 
matter with a mass of ~ 1 0 1 4 solar masses within the EUV halo. Although a similar EUV 
enhancement was discovered in the Virgo cluster, this detection in Coma applies to a 
noncooling flow system. 

I he Coma cluster of galaxies is a well-
studied, extended x-ray source, the bright 
emission of which can he associated with a 
hot, stable, and isothermal intracluster gas 
{1-3). Here we report evidence for cooler 
and rapidly cooling gas components in the 
central region of the cluster obtained from a 
36,000-s Extreme Ultraviolet Explorer 
(EUVE) deep survey (DS) observation in 
the passband from 65 to 245 eV. T h e axis of 
the DS telescope was pointed at the x-ray 
centroid (XRC) of Coma as determined 
from a Roentgen satellite ( R O S A T ) image 
in the public archive (4). N o point source 
was detected at or near the XRC, but a 
strong and azimuthally symmetric emission 
halo was found with a boundary radius of 
angular size —15 arc min; the background 
level farther out was determined and sub­
tracted from the halo data (Fig. 1). 

To understand the origin of the EUV 
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emission, an accurate measurement of the 
line-of-sight galactic neutral hydrogen (HI) 
column density ( N H ) , and its spatial unifor­
mity, is necessary. W e performed dedicated 
HI observations of the Coma region at the 
radio wavelength of 21 cm with an angular 
resolution of 20 arc min (5). The resulting 
map indicates that the HI distribution over 
the entire Coma x-ray emission region is 
smooth. This was confirmed by an image of 

"L_..., 

0 5 10 15 20 25 30 
Angular distance from the XRC of Coma (arc min) 

Fig. 1. Radial profile of EUVE DS surface bright­
ness for concentric annuli centered at the XRC of 
Coma. [Lexan/Boron (Lex/B) is the name of the 
filter used in the observation.] The region between 
0 and —15 arc min corresponds to a diffuse ex­
cess that contains no point source. We deter­
mined the background level, marked by a dotted 
line, by averaging the data over all regions that 
were >15 arc min away from the XRC. 

the same region taken at a wavelength of 
100 fxm (6), which has a resolution of 
several arc minutes. Wi th in an angular dis­
tance of at least 30 arc min from Coma's 
XRC, we found that N H = 8.7 X 1019 c m " 2 

(7). T h e l a uncertainty is nominally 1.0 
101 9 (8). W e assumed this value of 
N H in all ensuing analyses. To model the 
galactic absorption, we have generalized the 
Morr ison-McCammon code (9) to include 
the cross section of singly ionized He where 
necessary. 

W e investigated whether the extended 
nature of the EUV emission originates from 
the hot intracluster medium (ICM) of 
Coma. Owing to the high temperature of 
this gas, it can only be characterized by 
measurements in the medium-energy x-ray 
passband. In this regard, the data from ear­
lier and current x-ray observatories yield 
consistent results. For example, the team 
analyzing data from the Ginga x-ray astron­
omy satellite (1) reported a temperature kT 
of = 8.21 ± 0 . 1 6 keV and an abundance 
(fraction of solar) A = 0.21 ± 0.03. W e 
obtained similar values, kT = 8.12*®'^ and 
A = 0.26 ± 0.06, for the spectrum of a 
circular region of angular radius 15 arc min, 
by modeling the Gas Imaging Spectrometer 
2 (GIS2) data from the Asca x-ray astron­
omy satellite (10) with the Mewe-Kaastra 
(MEKA) thin plasma emission code (11, 
12), assuming a redshift to Coma of 0.02.32. 

W e also divided the GIS2 data spatially 
into smaller annuli within the same region 
and found no statistically significant varia­
tions in the temperature and abundance. 
W e conclude, in agreement with previous 
work (2), that Coma's ICM is filled with an 
isothermal hot gas, with no evidence of a 

Table 1. Observed DS Lex/B count rate for vari­
ous annuli from Coma's XRC to the radius of the 
EUV detection limit, compared with the predicted 
count rates based on the use of the best param­
eters for the hot component as inferred from Asca 
GIS2 data for the corresponding annuli. All quoted 
errors are 1o\ c/ks, counts per kilosecond. 

Annulus 
(arc min) 

Observed 
(c/ks) 

Predicted 
(c/ks) 

0-3 
3-6 
6-9 
9-12 
12-15 

19.4 ± 1.4 
38.8 ± 2.3 
48.9 ± 3.0 
44.0 ± 3.4 
20.0 ± 3.4 

12.1 ±0.2 
27.3 ± 0.3 
33.5 ± 0.3 
27.7 ± 0.3 
25.5 ± 0.4 

SCIENCE • VOL. 274 22 NOVEMBER 1996 1335 

mailto:lieur@cspar.uah.edu


c o o l i l ~ ~  tlo\\-. \Y'e ~lsccl tlie Iiect flt G I 5 1  
~lloiiel to c , i lc~~lare  tlle esyecteil D? c o ~ ~ n t  
rarei from rl1c l ~ o r  c , i y  anLl to~111~1 that the 
prciilcrcil LJS \.aluc> ,Ire .Iltferel~t tl-om the 
(>I-ierveil count 1-are (Tahle 1 ) .  \Y'e h ~ 1 - e  
cct~mared the 111;1~:111tuilc o t  the U\' dnLi 
x - I -~ \ -  le<11< of tlie L)S :111il ~OLIIIJ  tIl:\r it 
idl1llOt he r z p o n i ~ h l e  tnl- the i i ~ \ c r e ~ a n c \ -  
(1.3). 

;i ~ ~ o t c l ~ t l a l  rl-c)lllem \v~t l i  the ;1170\.c 
colnparihi>n 11~11 to ~1.1tl-i c ~ ~ > \ s - c ; ~ l i l l r ~ ~ t ~ ~ ~ ~  
.qcia and EU\'E ikita. Therefore, t t ~  t~l r ther  
in\ eqtigate rlie EL;\' c ~ m p o n e l ~ t ,  n.2 an,+ 
lyzeLl ;I ROSAAT p ~ > s ~ t ~ ~ ~ ~ ~ - s c ~ ~ s i t i \ ~ c  p r ~ > p o ~ - -  
tlLJ1l:ll coLI1lter (PSPC)  pol1lteLl ~>115er1-;ltl~Ill 
(t), \vl~lch covers rlie ~ l ; l ~ l ~ ~ i n r l  frL>ln L'.? to 
1 l<e\.. T L >  i>l.rain .;p,it~al r e so l~ .~ t i~n ,  e ,ilsL> 
wrteil the PSPC e \ 7 e ~ ~ t i  into ci)nientrlc 
a l ~ i ~ ~ ~ l i ,  ~ ~ s i n c  the Conla NRC ,I, tl1e center. 

For all ~.[v I'SPC spectra o-e fo i~~sec l  1)11 

p ~ ~ l s e - i l ~ \  a~-l; l l~r (PI)  i h ; l l ~ l ~ e l ?  !c7 ti> 222. 
T11e estr,icteL1 iiJLlllt r L i t r  \ \ere c,>rrecteil 
ti>r vignettinq ,111~1 .Ie,ld rlmes, ~ n d  pcriaii.; 
t ~ t  high ~ Y I C ~ \ ~ I - ~ > L I ~ ~ ~ I  al1cl poor ~ t t ~ t u d e  rolu- 
t~onh  \yere escluileii. \Y'e cnsure,i il,ltLi 
c l e a n l l ~ ~ e s ~  ily e s a ~ l l l ~ l i ~ i ~  the p,irt~cle hack- 
gl-t)~111~1 [iil'tal~ied t r o n ~  the ao-ecalle;l lnastel-- 
\,eti> ,iatai-a,\e, \\.lilcli 1' pal-[ of the ROSA7 
arclll\-e it)] ~ 1 1 ~ 1  11\- se le i t~l iq  l~erloils f;>r 
\\-lllcl-i the le\,el of tl-iij ~ ~ , I ~ ~ P L - ~ > L I I - ~ J  11.o~11il 
rc.;~llt 111 ~leiilliiillle particle ct~nt,imin,1tlon 
ot the PSPC:. W e  a l ~ ~  tc~ul~i l  nn evl,lencc ot 
~ ~ ~ l ~ i ~ - - s c a r r e r e ~ i  r ~ i i l ~ ~ i t ~ o i ~  ;111il lL>~~q-rcrn~ ell- 
l iansement> ( 141, hei~iuae of the lack ot 
tem~-oral 1 arlatlon in tlie rc>t,il PSPC c o ~ ~ l l t  
rate, over t l ~ c  wvcral daks I I ~  ~> l l . ; c rv~ i t~~>n .  

T o  . ; t ~ ~ d v  rhc cluster erni \q~ol~.  we ~LII--  
tr,lcreil t r ~ ~ r n  the PSPC count r a t e  the .liC 
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Fig. 2. Pezorlnal:c.e of the best f t ' \ # lEKA s11:ge-teln1:erat-:-e lnode ~sol'd lil:e) 'I: a s1TL.,t?peoc.s f ~ t  to the 
LU'VE CS ancl R3SAT PSPC data [the fo.lrer is the ~ I I  st :iata l:or;t). Tile c.ot.nt r?tes corresl?onci to those 
3: the cletectec~ en'ssol:, al-d tlie r e s d ~ ~ a l  is the dfference bet,~~!een rnieas~~red alid 1:iocle c.ount rites. 
Fo. I:-ore ~ i i o r ~ n a t ~ o n  see Take 2. 

Table 2. Best parilreters and goodness-of-fit of sngle-ten:peratclre :1 T :  tv,:o-tern:,eatt.le 1 2 - T  anci 
ti:l-ee-ter;ipe,.attr.e 1 3 - ~  ~ ? s  colnpo~:er:t ~1asl;;a 8i-ocles. ?s dete.li;~ned c: the s11;:ultar:eo~:s fittng of 
ti:e CS ?nd PSPC data, Cot11 of ,:sIich a,.e extrasted f , -o r  an anntltls 6 to 3 arc. n-it: 'rain tlie S7C or 
Coma. A en;issiol: co~i-l;o-el:ts 1iat:eA = C.2'. A ,-edshiT; to Colna o i z  = C.32316 ,I,!?S i ~ ~ ~ l l ; i ~ d  The 
Hs oniz?t~or: fr?ctlor: solesl;o,:ds to tlie 11n;lt of nc iotilzed H. Tile c~~ lant~ i ) '  A\' 1s the redtlcto,: in \: as 
conio? -ed i+;~th t,-e s~ l i~ ,e- te lnpera t~ .~~e 1noc:eI 

fuse \-r;a\- l ~ ~ ~ c k ~ r ~ i ~ ~ ~ ~ i l  c ~ ~ ~ ~ r l - l l ~ ~ . ~ t i o ~ ~ ~  \\-l~lcli 
15 m,i~nl\-  Ale to soit s-rays at  -2.75 ke\' 
jtlie si>-c,rlleil C IianLl). W e  locateil a  it- 
able Iiacl<,ul-oullil reyion lyy liotilig from tlie 
L~uiilisl~eil PSI'C: r<idial proflle I I ~  tlie e l~ t l r e  
Conl'1 clusrc~. ( 3 )  rl1,lt ,it cll,t,mcea ot -30 
arc min tl-om the XRC: any res~iiual clutter 
cmisslon is neqliqilyle. X 'c  uscLI t l~ese  data 
to c t ~ l ~ i t r u c t  a i1itt~l.c l~cackgro~~nil  model 
rele\.;al~r to the icntr,il rcgio11 of Com,i (2L7 
'ire lnin trom tlic XRC) hecauic o\.er the 
entire i luitcr there 1s cparld ~ l l ~ ~ h ) r m i t v  o t  
( I )  the gcil~act~c c l l ~ s o ~ - l ~ i l ~ g  ~ O ~ L I I I I I I ,  a< I I I~ I I -  

~fcsrcd 111 r l ~ c  lGC?-l*rn map (6), anil ( ~ i )  the 
>otr X-I-a\ I>acl<grcn~n~l, a.; re\-ea1i.J hy the 
ROS.AT sky survey (1 5). After cxtractll-ig 
PSI'(: ciat,~ tri>m ,I scpariite pt~inteii  ollcer- 
1 ,it1011 of rl-ii. rcglc>n, n e  tlttecl t he i l~  n.ltll a 
t\vo-colnpoi~snt hlEI<X mo,iel. Tl1c f i r t  
ha \  kT - 6 kc\', A == 2.2, aliil a ft~reyrt)unil 
ic>lumn c>f ATH = '1 X I?'" C I I I ~ '  allil a i -  
c i ) ~ ~ ~ l t \  f t ~ r  any re>lilunl clu.;tsr enlicsii>ln. 
T h e  s i . c o ~ ~ d  comyonel~r  I ~ a s  It7 - L7.1 kc\'. 
.A = 1 .?, ;and 11egl1,qll3le fi>reCro~uiil .ilxiorp- 
tit>li ~ 1 1 ~ 1  r ep re~c l~ rc  the i l~ffi~sc s-ra\- hack- 
I T i  ~ i ~ l ~ i l  c~)1npol1ent \\-;is ~ ~ 1 1 ) -  
tracrcil from tlhe c o ~ u i t  ratt .  ~ ) f  tlic cluster 
region, illcluLlillg tlie ettecrs of 1-~gl-ietting 
(10) .  'A,< tlie J i t f ~ ~ s e  ~ ) A C ~ < ~ I - O L I I I C ~  is lo\v, 
cm,ill ~ n a c c u r a c i e  rllar may I)e pressllt 111 

rlli, m ~ ~ i l e l  .lo not  aftect our an,11\1.;. For 
ss,llnple, 11-itllin the  inne rmi>~t  3 ;lrc inin 
(r;1d1~1,\ the  ~ ~ ~ l ~ r r ~ l c t ~ o n  ha5 a ~ ' X I  ettect on 
PI channels 22 to  41, \~he l - e  the "\oft ex- 
cehq" pllenomenon 1s nlost ,~pparent.  

W e  <im~~ltallec)u<l\-  mi>ileleLl the  e s -  
t ra i ted  1)s anLi PSPC cl,lra \\.1th a single- 
:as c ~ ) m p ( > n e n t  MEKX cocls. F(>r i l~ rec t  
ccJlnyarlctJn \ ~ i r l l  p~-evic>us re\ult>, \ye fisvLl 
the  r ~ ~ ? l p e r ~ t u r e  c a ~ l i l  ,~ l l~~nci , ince  (>f the  
e~lll tr lng 1 1 ~ r  gas ar the  \ slues lneirs~~rcil I>\- 
G I I I ~ ~ I   nil cc)~lf~rl~-ieLl 17)- 'Asc<~. T o  L I V L I I C ~  

c r i ~ s s - c ~ l i 1 ~ r a t l ~ ~ ~ l  I I I - ~ c ~ I - ~ ~ I I I ~ I ~ \ ,  a-e t ~ t t e i i  
t he  lnoilel norma1l:atli)n constant (en-iis- 
s ~ o n  1ne,1.i1re~ ti) the  PSPC ilata. R ' l th ln  
tlle Inner reglcms ut t he  c l~~ . ; t e r  \ ~ h e l - e  
EU\' e m l ~ ~ l o l l  \\.a\ iletccted, the  yoaiine.;~ 
of tit ra~-ius,I froln XfLL, = 1 . 7 2  to X:c,L = 
3 .1  S t,>r I S1 Jegl-ee. i l f  treeL1om. No lm- 
l ~ r ~ ~ v e ~ n c n t  HI tllc fit Ivas ach~e\.eii  ~~11el-i 
we challi_.i.il the  temperat l~re  anLi a l> i~n-  
dance n - l t h ~ n  the  q~lnte i l  ~ I - S O S S  iif tlle 
Gil-iga re\ult .  Tl-ie mai~-i reason tor t he  pi>or 
matches arises fronl the  ctrnny elnlhhlon 
esceia in the  I)? anil PSPC C-h;ind data 
(Flz. 2 ) .  R'hen  rile prc~cciii~rc IS repeareid 
~ L > I -  ~ 1 1  a ~ l ~ l i ~ l i ,  I Y ~  ti11~1 that  In ever\ annll- 
li~. t he  n l~se~- \ - e J  1)s count  rate i.; higher 
tllan the  moilel IT\ -4a, tha t  is, t he  DS 
,111J PSPC pro\ ideii nl[>re relialils c i~n t i r -  
111;itl~)11 o t  the  soft s-r;iy escsss of T'ihle 1. 
It 1s tllsl-ef<>re lllllll<ely t11at t11e pllelli~llle- 
1-ii11-i 1s related ti> systelnaric i~l-ici.rtalllt~es 
in the ca11llr;itiol-i i>t yaylix~iis. 
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sponslble for the soft excess? Elnlssion codes 
llke MEKA may not provide accurate esti- 
mates of the strengths of all the EUV lines. 
However, our knowledge of the spectrum of 
a gas with kT = 8 keV is not subject to such 
errors, because the EUV passband is domi- 
nated by continuum free-free emission. It 
has also been s~lggested that the soft excess 
is due to an overestunatioi~ of the galactic 
absorptioi~ (17). This is not remedled by 
application of the most recently published 
absorption code (18), which assumes a 
higher total absorutioi~ cross section for all - 
wavelengths. Rather, appreciably lower ab- 
sorption co~lld occur in two ways: (i) the 
value of N ,  1s actually less than measured; 
or (ii) a considerable fraction of the galactic 
He exists in ionized fc~rm. To test these 
scenarios, we remodeled the DS and PSPC 
data bv introd~lcine two additional vari- 
ables, N, and the froaction of singly ionized 
He [we assumed that doubly ionized He is 
negligible (19)], while maintaining the 
overall ratio of He to H at 10%. The best fit 
results Indicate that the soft excess becomes 
insienificant when either N ,  is red~lced by ' L 
one-third, to about the global minimum 
value (5, 7) or when He is ionized by 
293%. Both are implausible scenarios. 
Moreover, although the goodness of f ~ t  has 
improved, X:FL, remalns large compared n ~ t h  
unltv (Table 2). We deduce that the failure 
of the \mgle-temperature model must be 
due, at least in part, to the intrinsic emis- 
sion nronerties of the cluster itself. 

One way of countering the issue of 
svstematic trends is to identifv a hright 
cluster In a direction of low galactic ah- 
sorption that does not show soft excess 
features as Coma and Virgo do (20, 21 ). 
Analysis of the PSPC data of Ahell 2199 
(4)  suggests that the emission of this clus- 
ter can he modeled by a \~ngle-tempera- 
ture gas at kT - 3 keV, w ~ t h  a galact~c 
absorption of NH = 9 X 10'' cm-' (5) 
There are no excess counts In the C band. 

In our search for an elnlssion model 

that can explam the Coma data, we at- 
tempted a two-temperature MEKA code 
us~ng the N ,  measured by Gmga (22) 
The best f ~ t  temperature of the new con-  
ponent 1s kT - 0.18 keV, w ~ t h  some varl- 
atlolls among d~fferent annull. The perfc~r- 
lnance on one of the annull 1s given In 
Table 2,  where the X' val~les are lower 
than those of a one-temnerature varlable 
absorpt~on model, h ~ l t  the val~le of 
remains unacceptably h ~ g h .  The problem 
area IS the resldual soft excesses 111 the DS 
and In PI channels 20 to 25 of the PSPC 
(Fig. 3A).  Further lmprovernents to attam 
the parameter regme of X:cd i 1 must 
involve a three-temperature model, or two 
temperatures w ~ t h  var~ahle absorpt~on Bj 
applying the Cinga abundance to all em~s-  
slon components, we f ~ n d  that X:cL, - 1 for 
both scenar~os, although the latter agaln 

req~lires N H  - 6 X 10'' ern-' or a He 
ionizatioi~ fraction approaching 100% 
(Table 2 ) .  We conclude that the use of 
three temperatures, wh~ch  ~ncludes a very 
cool ikT - 0.07 keV, or T - 8.12 X 10' 
K)  component, 1s the only reasonable sce- 
nario within the context of thermal plas- 
ma models (Fig. 3B and Table 3). 

As in the discovery of enhanced diff~~se 
EUV ernisslon from the Virgo cluster (21 ), 
a major puzzle concerning the probable ex- 
lstence of a multlphase ICM in Corm has to 
do with the cooling rate of the lower tern- 
perature components. In the three-phase 
model (Table 3)  there is no evidence of 
spatial temperature gradients. We can 
therefore examine the dynamics of the cool- 
est cornnonent, assuming that the ICM 
within a radius of 18 arc 111ii1 1s ~niformly 
fllled with a plasma characterized by the 

L 
-0 006 L- - . , . - 4 - 

0 1 1 0  
Photon energy (keV) 

Fig. 3. Performance of the best fit MEKA multitemperature models in a simultaneous fit to the EUVE DS 
and ROSAT PSPC data (the former is the first data point) Residuals of the fits are plotted against energy 
for a (A) two temperature and (8) a three temperature model For more information see Table 2 

Table 3. Best parameters and errors of a three-temperature plasma model, as obtained by the simultaneous fitting of the DS and PSPC data of Coma. All 
three components haveA = 0.21, and their emission measures (EM,  per cubic centimeter) are related to their respective normalization constants (Norm.) by 
EM = 2.3 x 1 OG8 X Norm. x (area of annulus in square arc minutes). The hot-component temperature is kT = 8.21 keV. We obtained the quoted errors by 
using the X' + 2.7 criterion (23); x:(v) is the goodness-of-fit (v denotes degrees of freedom), and X: is the same for the best single- (I = 1) and two-temperature 
model (I = 2). Foreground absorption at N, = 8.7 x 1 O i 9  cm-' was applied, and a redshift to Coma ofz = 0.0231 6 was assumed. For the annulus of 15 to 
18 arc min only PSPC data were fitted, as no appreciable EUV emission was detected by the DS here. 

Warm component 1 Warm component 2 Annulus 
(arc min) 

kT (keV) Norm. kT (keV) Norm. 
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12- to 15-arc ~ n i n  regional best fit param- 
cters for this component. W e  derive a total 
mass of 8.35 X 10" M, (h1, = solar mass) 
and a cooling tinhe of 1.27 X 10'' ycars ( the  
Huhhle constant Ho = 50 km s 1  Mpc-I).  
T h c  mass coilde~lsatioii ratc to form ccjld 
matter, n cluantity that does not dcpend o n  
gas clumpincss, is then -6.6 x lo3 M,: per 
year, or -10" Mr. over the  ape of Coma. 

2 

~vliich is phenomenal for a cluster ~ v i t h  IICI 

sig~nature of cooling flo~v. Tlhc above num- 
hers are conservative estimates, hecause 
most of the gas is inside the ann~l lus  of 12 to 
15 arc mi11 and cools fastcr hy virtue of its 
higher densit\-. Apart fro111 tlhc il~lestion of 
thc origin and destiny of thc submegakelvin 
pas, tlhc numhers ohtained indicate that the 
gas may have important i ~ n p l i c a t i o ~ ~ s  for the 
Inass determinations in clusters. T h e  param- 
eters in Tahle 3 indicate that the two ratios 
of soft to hard cinissioil measures do not 
scale n.ith radial distance, which suggests 
the presence of cooler gases in the entire 
ICM of Coma. If true, the total mass buLlget 
would be significant. 
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Extreme-Ultraviolet Flux from the Virgo Cluster: 
Further Evidence for a 500,000-Kelvin 

Component 
Stuart Bowyer,* Michael Lampton, Richard Lieu 

A surprising discovery in x-ray astronomy was that clusters of galaxies often contain vast 
quantities of hot (20 million kelvin) diffuse gas. Substantial diffuse extreme-ultraviolet 
(EUV) emission has recently been detected in the Virgo cluster of galaxies. Depending 
on the character of the interstellar medium in our galaxy, this emission could be either 
an aspect of the hot cluster gas or a previously undetected 500,000-kelvin component. 
Analysis of the observational data in combination with our current knowledge of the 
interstellar medium revealed that the EUV flux cannot be an effect of the interstellar 
medium. Hence, a warm cluster component appears likely. 

L i e u  r t  nl. ( I )  studied Extreme Ultraviolet 
Explorcr (EUVE) a i d  Roentgen Satellite 
(ROSAT) data from the Virgo cluster of gal- 
axies. Substantial EUV e~nission raa  found 
over a region 40 arc m ~ n  in diameter ce~ntered 
on the giant galaxy ;\/I-87 in the center of the 
cluster. T h c  ROSAT data slho~ved a s ~ l ~ a l l  
(-?O0O), soft x-ray cxccss abovc that expect- 
cd from the well-cstahllsheii high-temperature 
intraclustcr incdlum (IChl) (2) .  The  rcalitv of 
this soft x-ray excess coulcl easily he uues- 
tioiied becaush thc cutoff and the stahili;y of 
the low-energy response of the ROSAT de- 
tectors are kno~trn to vary at lcast at the 12% 
level (3). Hcxvcvcr, for the Virgo ICXI the 
EUV excess ahovc that espcctcd from the 
high-temperature gas is quite large (>iO%) 
and the EUVE data seem robust. The EUVE 
telcscores have heen rccalibratcd in fliplit 
every 2 months; the results of thesc recalihra- 
tio~ns s1101v the instruments to he stahle to 
tvithin the statistical uncertainty of the flux 
fi-om the calibration sourccs and are better 
than 5% (4) .  

Lieu ct al. ( I )  found that the\- could only 
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fit the EUVE and R O S A T  data from the 
IC;\/I with a t~vo-component gas, one corn- 
poilent hcing the 20  nill lion K x-ray-emit- 
ting gas and the other a warm component at 
500,000 K. Although this interpretation fits 
the data, it is difficult to understand from a 
theoretical ~:len.point heca~lsc gas at 500,000 
K is near the peak of the radiative cooling 
curve and xi11 rarldlv evolve to lower tem- 

L ,  

peratures. This gas cannot he maintained hy 
matcrial cooling from the higher tempera- 
ture p s ;  the cooliiig mass falls short of thc 
required amount hy more than a factor of 30. 
Llixon e t  al. (5) obtained a lower liinit of - - 
120,000 K for the tcmpcrature of this warm 
component from the noildetection from the 
Virgo cluster of einission from 0 VI (oxygen 
with fivc io~iizcd electrons). A t  the hiyher 
temnerature ind~cateil hv this o l~servat~on,  
the ccx>ling lnass required is somewhat less 
hut is still far greater than that which could 
be supplied by the x-ray gas. 

Fahian (6) has emphasized the crucial 
role of absorption hy tlhc interstellar medium 
(ISM) of our galaxy in this i n t e ~ ~ r c t a t i o ~ ~ .  If 
a b ~ o l ~ t i o n  is less than expected because of 
the particular ionization state of this matcri- 
al, the EUV emission might simply be the 
lowenergy tail of the ncll-established, high- 
temperature, x-ray-emitting IC;\/I. It is inl- 
portant to estahlish ~ ~ l h e t h e r  the intcnse 
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