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A. DALGARNO, Letters Editor 
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I am returning your paper, X-RAY EMISSION FROM CLUSTERS OF 
GALAXIES CONTAINING "CLASSICAL" DOUBLE RADIO SOURCES, with a 
ropy of the referee's comments. Qam willing to consider a 
revised version for publication in Part I of the Astrophysical 
Journal. 
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A. Dalgarno 
Letters Editor 
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1. I would recommend publication of these results in the main Journal rather 
than the Letters after consideration of the folowing points. 

2. The authors present their X-ray results on nor -deformed radio sources without 
giving any background on the X-ray properties of clusters which contain deformed 
sources. There is very little published on the combined interpretation of radio 
and X-ray measurements in this area. However, the authors have not included 
references to at least two previous papers on tail sources: Burns et al. 1979, 
Ap.J. 84, 1.683 and Burns and Ulmer, Ap.J. 85, 773. I would suggest that the paper 
be expanded to give a coherent picture of both deformed and non-deformed radio 
sources in clusters of galaxies. 

3. The upper limit computations for Abell 643 and 1562 require an assumption 
about X-ray core radius. The authors have picked an average value but have not 
discussed the possible impact of the factor of 20 variations found in actual 
X-ray measurements for a large sample of clusters. 

4. Because of the uncertainties in ac and T, for the undetected clusters, it 
seems possible that the density may be large enough to exert significant thermal 
and ram pressures. Presumably, the authors would then argue that the ram pressure 
is low due to a low velocity for these galaxies also. Can a statistical argument 
be. made about te fraction or clusters in which one would expect the radio galaxy 
to have such a low velocity? 

5. The contours in Figure 1 are misleading. The cluster emission appears to 

extend out 10'-15' from the cluster center. However the King model predicts only 

to 

of the intensity at a radius of 10', and the minimum contour is 11%. Are these 
contours artifacts? The reader needs some guidance as to what to believe when 

confronted with this type of plot. 

6 Various typographical errors: pg. 2, 4, 5. 

(Please type your report on this sheet. Use other side if necessary.) 



EiN's'E:'f 323ER'YAT • 
I3938.ING SEQUENCE: 3=30 
SECONDS: &594. 
,DEC: 283.292 41.2`.0 

I"ISTRUMENT POLL: -132.';S 
TOTAL COUNTS IN FILE: 13496. 
1 AR.C-MIN : H 
OBSER'VEP : 

A ~ L 1763 

a

GUJ 4 - 3 
, :? = •

V-4w A

etc . 1k Srt - (Rdditc •, •C.L..Gz) _ Lido kPc

x-RAY x
o,sk,,v-frk..v 

~l/VCI ueeet ♦.u~/ i...crie rio... RA viD FrAI_) 

ro 

CURSUF.' 55e 02 



VLA Site 

23 June 1981 

Dear Jacques, 

Your note about the Einstein paper is to hand. Unless we 
do a major rewrite in the light of referees' comments, I feel that we 
should either 

(a) not shorten the paper but ask that it go in Part 1 

or 

(b) do most of the shortening by compressing the rather lengthy 
Tables, which contain some redundant data. 

Send me the ref's report when we get it. I'll be here until 
mid-August, then return to Queen's until mid-January 1982. 

Your comments re BFC were reviewed by BFC. We do not agree 
with most of them. The paper has been accepted for the September A.J. 
essentially as submitted (minor modification of the last Figure) . 

I expect I shall see you in Ottawa at CLBA meetings towards 
the end of the year, if not before. 
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60 Garden Street 
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We have received your paper, X-RAY EMISSION FROM CLUSTERS 
OF GALAXIES CONTAINING "CLASSICAL" DOUBLE RADIO SOURCES, and 
have sent it to a referee. It will be necessary for you to 
prepare a shorter version consistent with our page limit of 
four journal pages, but you may want to iJ for the referee's 
comments before preparing this revised version. We estimate 
that the present length of your paper is 4 1/2 journal pages 
and will need to at least 1 1/2 typewritten 
pages. 

For copyediting purposes, you will also 
space Table 1. 

AD:mb 

o double 

Yours sincerely, 

/2Ix?4€ L v

A. Dalaarno 

THE ASTROPHYSICAL JOURNAL 
60 Garden Street Cambridge, AL ssachusetts 0213ts 

Center for Astrophysics 

This will acknowledge receipt of a manuscript entitled  X—RAY 
EMISSION FROM CLUSTERS OF GALAXIES CONTAINING... 

by

together with  1  figures. The paper will receive prompt attention, and 

I shall notify yOU if there are airy questions regarding publication. Mean-

time may I draw your attention to the fact that there is a page charge 

for papers published in the Astrophysical Journal. Unless I hear from 

you to the contrary, I shall assume that your Department, University, 

Observatory is willing to pay the charges. 

A. I)A1 ;/ , I tters Editor 
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N'at~or. ' Rise rch Councu 
Canada 

Conseil nat,onal d':: rE c;herches 
Canada 

Herzberq institute 
of Astropnysics 

Dr. A. Dalgarno 
Letters Editor, 

Center for Astrophysics, 

60 Garden St., 
Cambridge, NA 02138 
U.S.A. 

Dear Dr. Dalgarno, 

Institut Herzberg 
d'astrophysique 

Fe Re' r 

Ottawa, 20 May 1981 

re: Submission of a paper for publication 

You will find enclosed three copies of a manuscript entitled: 

"X-RAY EMISSION FROM CLUSTERS OF GALAXIES CONTAINING "CLASSICAL"DOUBLE RADIO SOURCES", 

by J.P. Vallee and A.H. Bridle, for eventual publication in the Astrophysical Journal, 

Part Two,which you are editing. 

given below. 

sentiments. 

Please address all Proofs and Correspondence to me at the address 

Please accept, dear Dr. Dalgarno, the expression of my best 

Yours truly, 

Dr. Jacques P. Vallee, 

Institut Herzberg, 

Conseil national de Recherches 

100 Sussex Drive, 

Ottawa, Ont. K1A OR6, 

Canada. 

Ottawa, Canada 
KIA 0H6 
Telex 053-3715 
Telex 053-3715 



4 ~ 4 
~ ' CONGRES DE LA SOCIft CANADIENNE D'ASTRONOMIE - UNIVERSITY LAVAL - MAI 1981 

EMISSION DE RAYONS-X EN PROVENANCE DU GAZ THERMIQUE DISTRIBU'E HORS DES GALAXIES 

MAIS A L'INTRIEUR DES AMAS DE GALAXIES, par J.P.Vall~e (Institut Herzberg d'as-

trophysique 'a Ottawa, Queen's University at Kingston, et Observateur Invite au 

Center for Astrophysics at Cambridge) et A.H.Bridle (National Radio Astronomy Obser-

vatory - VIA Program, University of New Mexico - Albuquerque, et Queen's University 

at Kingston). 
O 0 

Trois amas de galaxies ont ate observes aux rayons-X entre et >83 A. 

En un premier temps, nous tudions l'interaction entre i) le gaz thermique hors 

des galaxies dans un amas de galaxies, et ii) les radio sources ayant une confi-

guration classique jumelle (i.e., ayant un plc radio de part et d'autre d'une gala-

xie optique). Pour les amas Abell 643 et Abell 1562, nous trouvons une absence 

marque de gaz thermique, et donc les radio sources ayant une configuration classi-

que jumelle ne sont pas de`formees par la pression du mouvement (ram-pressure). 

Pour 1'amas Abell 1763, nous trouvons une absence marquee de vitesse relative entre 

le gas thermique et la radio source de configuration classique jumelle, et donc 

une absence marque de pression de mouvement (ram-pressure) pouvant deformer la 

radio source. 

En un deuxieme temps, nous tudions la density de cc gaz thermique en fonction 

de la distance radiale a partir du centre de lamas (d passant un M~gaparsec). 

Pour 1'amas Abell 1763, la densite du gaz thermique decroit un peu plus lentement 

que le predit le modele de la distribution de King. D'autres propri1t~s physiques 

de 1'amas sont aussi deduites et presentees. 



Interoffice 

National Radio Astronomy Observatory 
Very Large Array 
23 March 1981 

To: 

From: 

Jacques 

Alan 

Subject: EINSTEIN paper 

I enclose what I hope may be the final draft of the paper. As the draft 
you sent me was still too long for Ap.J.Letters, which is clearly the most 
suitable journal for the work, I have made an intensive effort to shorten the 
paper by leaving out mainly duplications, inefficiencies and peripheral 
remarks which are not important to its main points. 

To assist you in sending it off speedily in your spare time, I have retyped 
the body of the text in the double-spacing format that is required by all 
journals. I leave the reformatting of the references to you. 

I would be surprised if Pilkington (1964) actually measured a redshift as 
he was a radio astronomer (actually a colleague of mine at Trinity College, 
Cambridge). I do not have the reference here to check however as the VLA 

library only has M.N. back to 1966. I suggest you check the Pilkington 1964 
paper in the NRC library, which doubtless takes M.N. back to primeval times, 
and see (a) if a redshift was actually measured, or just guessed, there and 
(b) if the Pilkington paper itself referred to another paper for the redshift 

measurement. 

I have deleted a number of the more trivial equations from the paper in 

the interestes of shortening it. 

I hope that this is now almost ready to be sent off to Ap.J.Letters and 

look forward to receiving the copy of the final version from you. 

Good luck with your presentation to CASCA. Let me again urge you to make 

your presentation in the language which most CASCA members comprehend, rather 

than making a politically relevant but scientifically unintelligible 

statement. 

Best wishes, 
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THE UNIVERSITY OF NEW MEXICO 

ALBUQUERQUE, NEW MEXICO 87131 

September 29, 1980 

Dr. Jacques Vallee 
Physics Department 
Queen's University 
Kingston 
Ont. K7L 3N6, Canada 

Dear Jacques: 

I wanted to thank you for sending me the papers on 1200+519 and the X-ray 
observations of the classical doubles. I want to make a variety of comments 
on each draft. 

First, I believe that your model calculations on 1200+519 are a good start 
to a paper. However, the VLA data is far from being in a publishable form. 
Alan and I have a great deal of work to do on the maps at different tapers and 
frequencies. Among the more important tasks will be a careful modelling and 
subtraction of a nuclear point source. There are obvious problems in the pre-
liminary maps including a deep negative hole where the nuclear source was 
improperly subtracted. Furthermore, the dynamic range on the preliminary maps 
are not good enough to see very low level surface brightness regions in the 
tail; we cannot easily see the hook at the end of the tail as in the Miley E 
Harris map. Self-calibration should greatly improve these data. When the 
Stokes I and polarization maps are complete, there are a number of additional 
questions concerning the source morphology that we should address. For example, 
how does the westward diffuse "lobe" of 1200+519 fit into a general picture of 
this tailed galaxy? Why is the source so asymmetrical? Why is the eastward 
jet and tail bent by 90° but the western jet plus lobe lie on nearly a straight 
line with the galaxy nucleus? What has happened to the "twists" which I saw 
with the Green Bank interferometer? Are the jets similar in structure and 
magnetic field orientation to jets in more linear sources? From depolarization 
data, can we estimate source densities? How about the spectral index of the 
Western lobe? As you can see, a great deal of work is still needed before a 
paper is ready for submission. Please be patient, Jacques, as Alan and I will 
work on this source when time permits. 

Second, I was pleased to see your draft on the Einstein Observatory obser-
vations of the classical doubles in the directions of Abell clusters. If you 
will permit me, I have several observations and comments on the paper and these 
data. 

(1) You did not mention anywhere in the paper that these radio galaxies 
might riot be cluster members. No published red, shift data exists on 
these galaxies at the present time. It is possible that all or some 
are powerful, distant radio galaxies which could be isolated or in 

DEPARTMENT OF PHYSICS AND ASTRONOMY TELEPHONE 505:277-2616 



poor clusters. You might not detect X-rays both because the objects 
are distant and because there is little or no ICM around the galaxies.
Frazer Owen managed to get a quid estimate of t e red shift of 
1232+414 using the M11T in Arizona. The galaxy has strong emission 
lines and a Z ti 0.19. This is close to the predicted redshift of 

,the cluster.1but we do not know whatffe distances of the other 
galaxies  are as yet. Frazer, Richard White, and I have requested 
Kitt Peak 4-m time in the winter to determine the red shifts of 
galaxies in the 0816+526 and 1232+414 fields as well as 3 other Abell 
cluster fields which were recently determined to have classical 
doubles. 

(2) On the subject of detectability, it appears to me that a few thousand 
seconds of observation with the IPC would be inadequate to detect 
clusters with luminosities similar to nearby rich clusters (e.g., 
Jones et al. 1979) if they are at a red shift of tiO.2. Only the very 
brightest X-ray clusters could be seen in this short time. It might 
be useful to the reader if you make simple calculations to see if 
you should expect to detect a typical cluster source at these dis-
tances. Also, you may want to request additional IPC time on a few 
fields, say, 1-2 x 104 sec on each. 

(3) It seems to me that in the case of A1763, you have a unique oppor-
tunity to estimate the flow velocity of the radio plasma from the 
galaxy nucleus. You have rightly shown that the source cannot be 
thermally confined. Therefore, the lobes are probably ram-pressure 
confined. Since you have a reasonable estimate of ICM from LX, then 
you can estimate Vplasma by equating the internal particle plus field 
pressure to the external ram pressure. This number, even with the 
uncertainties involved, should still be better than previous statis-
tical approximations for Vplasma• 

As soon as we have further re&shift data on these classical doubles, I 
will send these numbers to you. Hope things are going well for you at Queen's. 
When is your next trip to New Mexico? 

Best wishes, 

''Jack O. Burns 

JOB/dls 



DEPARTMENT OF PHYSICS 

STIRLING HALL 

Physics 
Engineering Physics 

Astronomy 

Dr. Christine Jones, 
Harvard-Smithsonian Center for Astrophysics, 
60 Garden St., 
Cambridge, MA 02138 
U.S.A. 

Dear Christine, 

Queen's University 
Kingston, Canada 
K7L 3N6 

Kingston 20 November 1980 

Enclosed you will find a copy of a paper on X--ray emission 
from three clusters of galaxies, a result of my trip in May'80 at Cambridge 
for the IPC Guest Observer HB-154 project. 

Would you by any chance have any preprint on the cluster Abell 1314 
(we killed the HRI Guest Observer project on the galaxy IC708 in Abell 1314) ? 

Finally, regarding your Figure 3 in your paper in Astrophys.J., 234, L21, 

giving the surface brightness distribution as a function of radial distance to 1 Mpc, 
I wonder if you could send me such curves (radial brightness distribution) out to 
20 arc min instead, for the three clusters Abell 2256, Abell 2319, and Abell 1314 ? 

Please accept, dear Christine, the expression of my best sentiments. 

Yours truly, 

J.P.Va11ee, 
Physics Dept., 
Queen's University, 
Kingston, Ont. K7L 316 
Canada. 
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A1763 most resembles clusters showing smooth and broadly distributed emission encom-

passing many of the bright galaxies, as in A2256 and A2319 (17% of the clusters in 

Jones et al., 1979)• 

Radio observations with higher angular resolutions than presently available 

will be required to find if such confined sources as in A1763 have ; distributions 

of spectral index s, magnetic field intensities, etc. that differ from)lclassi-

cal doubles in the outskirts of clusters, ~rL For A1763, the integrated 

values at radio wavelengths from Rudnick and Owen (1977) may suggest an overall 

size of 20 aresec (i.e., 75 kpc, smaller than the (ypical' value of 200 kpc), 

and an overall spectral index of a = -1.0 (steeper than the 'typical' value of 

ar C c (Prtt u L -rC~t1 Dry aL(tM 
-0.7) , ate€ f^ s tonf inement by an external medium. . 

Of course, the confinement of the relativistic particles in the two radio 

components in A1763 by the thermal gas outside of the radio components is a rough 

balance only. We expect that along the major axis of the radio double, the radio 

component may advance into-the gaseous atmosphere (due to a continuous supply of 

relativistic particles from the nucleus of the galaxy) . 1 Phis advance of a 'hot 

spot' gives rise to a small t f ram pressure: P = p V2
H~?~v~ `r GAE  HR~h~PO'f • 

If this P.. is .set equal to the relativistic electron pressures ~ (Table lc) 

for A1763, this 

in radio jets). 

equation yields: 
VH4~~ A3~ ti 1400 km/ s ( similar to values found 

the hot gas at this constant speed, this radio f 

source wouldAtaken about 40 million years to reach its present linear extent. ~,~ 

6. METHOD TO OBTAIN THE RADIAL THERMAL DENSITY DISTRIBUTION ) ,& tCI 

i
The profile of the X—ray distributionvfis shown in Figure 2a, as seen with

r 

the IB . We develop in this section a method to convert this intensity profile into," 

1 - 
a thermal density profile (radial distribution). 

C- 
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a) Conversion of Counts to Radiation Intensity (ergs/sec/cm2/Hz/sterad) 

The total luminosity Lx (ergs/sec) is related to the radiation intensity 

I (ergs/sec/cm2/Hz/sterad) via the equation: 
v 

til.V 

Lx = 4D2 J' 2 l ci I v dc• dv 
hvl s 

For a radially symmetric function Iv, with a thermal spectrum, one has: 

I v =cO 
• e-i:v/kT 

• f(x) 

(8) 

(9) 

where f(x) is the radially symmetric function shown in Figure 2a (ordinate value 

minus the background level, in counts/sq, arcmin), x is the abscissa in radian, 

and co is the normalisation factor given by:

~ -E /kT -E /kT x 
c = h X/ [8n2D2kT ( e 1  - e 2 ) ( I maxo 

0 
f(x)xdx)] 

Thus for A1763, co = 1.31+ x 10-25 (counts/sq, arcmin)-1 ergs/sec/em`/Hz/sterad. 

b) Conversion of Radiation Intensity to Emission Measure (cm 6 • pc) 

The solution of the equation for radiation transfer is given by: 

-T 

I v =Bv[l-e v ] 

By = eV/kv = 2hv 
3c-2[ehv kl 

-1

in dynamical equilibrium, with emissivity coefficient ev given by: 

e = 7.6 x 10- 39 T-1 / 2 -hv / kT 2 3 
v g e i1 ergs/cm /sec/Hz/ster 

(10) 

(12) 

(13) 

and: 
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T I K d2. 
V V 

In the optically thin case, relevant to A1763 with by = 2 keV, one gets: 

T v = 5.8 x 10-31 EIY1(x ) 

I v = 2.0x 102h  
EM(x) ergs/sec/cm2/Hz/Ster 

where Er1(x ) = I (__3)
 
2 ( pc ) 

cm 

is the emission measure (cm 6•pc). 

S~5 tti Q¢L.k ( ~4-) cs_ U`l). N ~ 

n 
ric. t ( o -tie L e ~k 

c) Conversion of Emission Measure to Thermal Electron Density (cm -3) 

For a spherical geometry of the thermal gas, one can write: 

R2

EM(x) = I 2 [N( 2 )]2 [r 2-x2 ]-1/2 d(r 2 ) 
x 

(18) 

wiiere r is the radial variable (centre at r = 0, radius = R). Salem's transforma-

tion (Salem, 19Th) yields 

[N(r2 ) ]2

and is rewritten as: 

where: 

F(r) 

o n

N(r2) = [ 
1 I 1 (r) 

DV o 

cl(LI~(q) ) = nq2
/D2

[x2-r2]-1/2 
I 

-6 
cm 

[c(EM) - n(EM(r))]-1/2 dEM]1/2 c -3m

is the solid angle within which the radiation has an emission measure greater 

than or equal to EM. 

(19) 

(20) 



Table 3 shows for A1763 the various radial dependencies involved, while 

Figure 2b shows the radial dependence of the electron density as computed with 

Equation (19). 

d) Comparison of the Actual Density Distribution with the King Approximation 

The King approximation to the radial dependence of the electron distribution 

(Equation 2) is often fitted to the profile of the radial intensity distribution 

(Figure 2a). The intensity profile (surface brightness) i~1the projected value 

of density squared So i l c k 'Ar d l-'7 ~rvY 

[1 + 
(X )2]_5/2

Rc 

Trt ~~ carte 
s se I NS decreases to 50% of its centre value at 

x12  = 0.565 P,c

(21) 

(22) 

From Figure 2a, x1,2 ti 290 kpc so Rc ti 515 kpc. 

Fits of X-ray intensity profiles often leave a sizeable residual in the core 

of clusters of galaxies (Kriss et al., 1980). This residual in the core is often 

comparable in intensity to the central intensity predicted by fitting the outer profile 

(outside the core) only. 

The King approximation to the central density No has been computed under 

various assumptions for the point source component at the centre (Table 2). The 

resulting values of the central density No in the King model for A1763 have an 

estimated r.rn.s. error of 8 x 10  cm
-3 

from Equation 1 (exclusive of the bias of 

the point core contribution), while the estimated r.m.s. error of the actual cen-

tral density from Equation 19 is about 1; x 10 cm-3. Thus the combined r.m.s. 

i 
error (quadratic sum) is about 9 x 10 cu.-3 , sufficient to show an agreement 

between No and the actual central density for a point core contribution of about 

10 (or more ) . 
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