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ABSTRACT

We present X-ray spectra for the BL Lac objects PKS 0548-322 and 2A

1219+305 measured with the HEAO-1 A2 detectors during pointing maneuvers on

September 30, 1978 and flay 31, 1978 respectively. Both fit single power law

components with low energy absorption. For 2A 1219+305, a thermal

bremsstrahlung form gives an unacceptable fit. We find, from a comparison

with other statistically poorer observations taken at 6-month intervals while

the satellite was in its normal scanning mode, that the sources exhibit

spectral variability. A summary of measurements of the 5 BL Lac objects

detected with the A2 experiment is presented and we conclude that X-ray

spectral changes in this class of source are common. Their general

X-ray spectral characteristics distinguish BL Lac objects from other classes

of X-ray emitting active galactic nuclei. Analysis of their total spectra

indicates that most of the energy is emitted in the 5-100 eV band.

Subject headings: i1 Lacertae objects--X-rays: spectra
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I. INTRODUCTION

The first evidence that BL Lac type objects might be emitting a large

fraction of their energy in X-rays came from Ricketts, Cooke and Pounds (1976)

who, with Ariel 5, detected flux possibly associated with MK 421. At present

this BL Lac together with four others, MK 501, PKS 0548-322, 2A 1219+305 and

PKS 2155-304, have been firmly identified as sources of X-raya of energy > 2

keV by modulation collimator experiments (Hearn, Marshall and Jernigan 1979;

Schwartz et al. 1978, 1979). Other possible candidates are 3C 371 (Marshall et

a). 1978) and a few others found with the NRL HEA0-1 Al detectors (Kinzer et al.

19i8). The imaging detectors on the Einstein Observatory, because of their high

sensitivity and the steep low energy component often shown by these objects (see

later), are considerably enlarging the number of X-ray detections of optically

selected BL Lac objects below about 3 keV. Eleven new detections have already

been reported (Ku 1979; Maccagni and Tarenghi 1980).

The first five BL Lac type objects above have all been detected with the

2-50 keV HEAO-1 A21 multiwire proportional counters. In this paper we present

The A2 experiment on HEAO 1 is a collaborative effort led by E. Boldt of GSFC

and G. Garmire of CIT, with collaborators at GSFC, CIT, JPL and UCB.

spectra of PKS 0548-322 and 2A 1219+305 measured during pointing observations in

September and May 1978 respectively, and we make a comparison with spectra deter-

mined from two other observations of each source while the satellite was in its

nominal scanning mode. We show that the spectra exhibit variability. Similar

behavior is evident for MK 501 from comparison of the HEAO-1 A2 scanning measure-

ments of Mushotzky et al. (1978) and Mason et al. (1980) with those from a pointing

observation a year later presented by Kondo et al. (1980). Mushotzky et al. (1979a) have
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already reported spectral variability for MC 421, accompanied by a 2-30 keV

Intensity change of a factor of - 3. With the present measurements, we are

able to conclude that spectral changes in SL Lae objects are not uncommon

phenomena.

PKS 0548-322 was first reported as the possible identification for the

X-ray source 110548-32 by Mushotzky et al. (1978). Firm identification

followed (Schwartz at al. 1979). The 0.15-30 keV spectrun was found in September

1978 to have a two component form, characterized by a hard power law above 2 k®V and

a soft excess at lower energies (Riegler, Agrawal and Mushotzky 1979). Fosbury and

Disney (1976) determined the redshift to be 0.069 from its optical absorption lines and

find that in the B-band the system consists of an elliptical galaxy which emits

roughly equal light to a nuclear component. If the latter is represented by

f V a v-a (3800-5700 Q), a- 2 t 0.5. In the visible to - 1 u, range,

Weistrop, Smith and Reiteema (1979) find a flatter index,

Q s 0.3, consistent with that from radio measurements. Riegler, Agrawal and

Mushotzky (1979) show that the index of the hard X-ray tail is also a % 0.3

and use this as a basis for discussion of non-thermal (SSC) emission models.

2A 1219+305 is the first example of a HL Lac object discovered through

its X-ray properties. This resulted from the optical and radio search of

Wilson et al. (1979) in the error box of a then unidentified Ariel 5 source

(Cooke et al. 1978). The firm X-ray identification was provided by Schwartz

et al. (1979) who have also investigated Harvard optical plates and find

variability of 1.1 t 0.2 mag. over 120 days. A sharp spectral break at

I um is seen in the infrared-optical measurements of Ledden et al.

(1980). No lines are seen in the optical spectra and thus the redshift is

unknown. We note that the accurate position of the Rl. Lac object is actually

1218+304, but in this paper we will continue to use the Ariel catalogue

designation.
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11. OBSERVATIONS

The observations were made with the A2 detectors on the HEAD 1

spacecraft. For a detailed description of the experiment see.Rothschild et

al. (1979). In addition to those measurements reported here and in previous

papers (see Table I for references), we have used the all-sky data from the

experiment to search for detections using a list of positions of 52 BL Lac type

objects	 compiled from Stein, O'Dell and Strittmatter (1976) together with

other candidates given in the proceedings of the Pittsburgh Conference on BL

Lac objects (ed. A.M. Wolfe 1978). None were found, thus placing an upper

limit on the 2-10 keV flux for each of - 2.4 10-11 erg cm-2 8-1 , except for

0133+47, 1727+5n2 and 2155-152 where we have possible detections at the

3-50 level each corresponding to a 2-6 keV flux of roughly (1-2) 10 -11 erg cm _2

s -1 .	 1727+502 (I ?.w 196) is previously reported to have been detected by

the Al experiment on IIEA0-1 (Wood 1979) witt; a flux of - 3 10 -12 erg cm-2 s-1.

a.	 PKS 0548-322

The 1WAO-1 A2 detectors pointed at the source on September 30, 1978.

Figure 1 shows the p.h.ae counts per channel for the argon (11ED) detector

together with those predicted assuming the incident spectrum is a power law

with low energy absorption. The best fitting incident photon spectrum, t -

2.75, is shown together with numerical values. The error contour for spectral

slope, f, and hydrogen column density, N11 , is for 90% confidence. A thermal

bremsstrahlung fit of temperature 4 keV is equally acceptable. No significant

line emission is evident. The xenon (HED) detectors give consistent fits but

are not shown because we have no detection above - 15 keV.

Six months earlier, March 12-22, 1978, our detectors observed the source

while in their nominal scanning mode. Although the statistics are much poorer

than for the point observation, we find a marginally steeper power law of

pr-

index C - 5 (+3, -1.5) (90% errors).
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The results of the first A2 observation of the source, in scanning mode

during September 14-24, 1977, have already been reported by Riangler, Agrawal

and Mushotsky (1979). The earlier data are described by two power law.

Figure 2 show these (the HED and low energy, LED, measurements) together with

the point mode MED observation of Figure 1. The spectral shape probably

changed between September 1977 and 1978, most simply described by a vanishing

of the high energy flux. Using the value of column density determined by the

LED's we find that the best fit power law for the September 78 data,

now restricted to 2.2 < T < 2.6 (see Figure 1), is

different from the low energy fit to the September 77 data. Thus there is

evidence that the low energy continuum had also changed its spectral form.

There was no statistically significant change in counting rate in the - 2-10

keV band, and, in fact, to within one sigma errors, all three of our

observations give the same 2-10 keV energy flux: (30-2) 10-11 erg cm-2 8J

For the 6-day periods in March and September 1978 during which the source

was observed in satellite scanning mode, using a 5% significance threshold the daily

averages satisfy constant intensity. Daily deviations are 425% of the average value.

be	 2A 1219+305

The observations consist of an extended point on May 31, 1978 and three

periods of scanning: December 11-16, 1977; June 10-15, 1978; and December

11-16, 1978.

Figure 3 shows the MED spectrum for the pointed observation in a format

identical to Figure 1. The beat power law index is f - 2.03. In rough

agreement is the value of 1.5 t 0.5 given by Schwartz et al. (1979) for Fa

simultaneous measurement with the three energy windows of the HFAO-1 A3

detectors. We found thermal bremsstrahlung fits to be unacceptable, resulting

for the best thermal fit in an increase in X 2 of 30 over the power law fit.

This is the only example of a RL Lac X-ray spectral component for which our

detectors have been able to distinguish a preferred emission model. In

similarity with our other observations of RL Lac type objects, there is no
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evidence for line emission. The 2-10 keV energy flux is (4.2 t 0.3) 10-11 erg

CAI 2 e-1 for this observation.

The scanning observation of December 1977 is in good agreement in both

spectral shape and intensity. However, something different was seen in

December 1979. The spectrum was steeper, r - 4 (+1.8. -0.9). and the 2-10 keV

energy flex at the lower value of 1.6 10 -11 erg 
cm-2 9-1 . Wilson at al.

(1979) have already shown from Aria! 5 measurements that the source intensity

is not constant. We confirm this and find the spectral shape to be variable

also. 'ir racember 19'7 value agrees well with their measurement during the

same month. :'or each of our 3 scanning mode observations, using a 52 significance

threshold the daily averages satisfy constant intensity. Daily deviations are < 23%

of the average value.

III. DISM SSION

The general picture that emerges from consideration of all the X-ray

data iR that RL Lac objects show variation in both their X-riv spectra and

their spectral flux density on a timescale of 6 months or less. A second

feature is the common requirement for spectral fits with at least two

components. Thirdly, there is a strong tendency for the presence of a

component satisfying the description of "soft", i.e. photon index r Z 2.5.	 !

By these characteristics RL Lac type objects can he distinguished from the

other classes of X-ray emitting active galactic nuclei.

To illustrate these characteristics. Table I summarizes information for

the 5 X-ray brightest RL Lac type objects. Power law parameters only are

Riven in the table although, except for the 11RAO-A2 pointing observation of 2A

1219+305, thermal bremsstrahlung models provide equally good fits to the data.

The first four listed show evidence for spectral variability (HGAO-A2 data,

Urry 1980, private communication, also provide evidence that PKS 2155-304 is

consistent with this picture). The normalization for each component can be

discerned from the implied 3 keV flux. The reader is referred to the original

papers for statistical accuracies of the measurements.
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The spectral variability of M( 421 (Mushotsky at al. 1979x) was

accompanied by a factor of • 3 change in X-ray counting rate in the 2-10 keV

band. 11owever, the spectral changes in PKS OS48-322 and !K 501 required a

detector enemy resolution of better than 20% for their discovery, since the

2-10 W counting rates remained almost constant. The M( 501 spectrum is

illustrated in figure 4, where the August 1977 data of Mushotsky at al. (1976)

and Mason at al. (1980) are shown together with those of Kondo at al. (1980)

from September 19711.

The strong contrast between the X-ray spectral characteristics of SL 1AC

type objects and those of other X-ray emitting active nuclei is now becoming

apparent. Seyfert 1 galaxies can generally be fit to power taws of r • 1.65,

and only in one case, ESO 141455, is them evidence for spectral variability

(Mushotsky at al. 1980). Multiple observations of two quasars, 3C 273 and

QSO 0241+622 (Worrell at al. 1979,1980), also give no indication of spectral

variability, although the indices for the two are statistically different f.om

each other. These differences in the X-ray energy band between classes of

object often interpreted as similar in their emission mechanisms nsy provide

strong observational constraints on possible theoretical models.

Perhaps the strongest feature distinguishing SL Lac type objects from

other active galactic nuclei is their strong optical polarisation (e.g. Kinman

1978). Synchrotron radiation is a strong candidate for such emission. If the

term "optical" is loosely employed to encompass the observable infrared to

ultraviolet range, it is true that a continuation between the optical and

X-ray spectra is evident in the simultaneous observations of MC 501 (Kondo at

al. 1980) and suggested in the non-simultaneous measurements of 2A 1219+305

(Ledden et al. 1980), where in both cases actual breaks are observed in the

optical band. For 2A 1219+305 we have been able to rule out a thermal origin

r

P

for the X-rays and the most natural explanation would seem to be that favored

by Ledden at al. in which the X-ray and optical emission have a common non-

thermal origin, which is most likely synchrotron radiation, and where the X-rays
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are from the high frequency energy lose tail. Such an explanation could

account for the preponderance of steep low energy X-ray spectra. If that is

Indeed the case, almost all the energy emitted by the SL Lac objects appears

In the far ultraviolet band. The integration of the UV-soft X-ray spectrum

shows that - 2-6 times as much energy is emitted between 5 and 100 eV as in

the optical (1-5 eV) or 2-20 keV X-ray band. In a model such as that of

Marscher (1980) in which the source site is a strong function of frequency,

the energy loss break frequency, and hence the X-ray spectral shape, could

change without heavily influencing the optical continuum below the break.

However, variability below the optical break would be expected to have some

Influence on that above. A monitoring of the optical and X-ray components

would allow a more definite staiAment concerning their possible association.

Despite the small number of high quality X-ray RL Lac spectra at

present, there are already suggestions that the picture is complex and will

not allow the same one-component mechanism to describe the X-ray emission of

all these objects at all times. Hard (T <1.5) variable X-ray components have
been observed for PKS 0548-322, MK 501 and W 421 in addition to their soft
components. There are too few observations to test whether or not these hard

components also have variable spectral indices. If the synchrotron component

which dominates the radio, optical and soft X-ray energy bands emanates from a

relativistic jet (Marscher 1980), this hard X-ray component may be our only
probe into the central energy source of a BL Lac object. Unfortunately in

this case there is no other frequency band with which we might expect

correlative studies with the hard X-ray emission to be useful.

However, another possible scenario is that the hard X-ray and radio

emission emanate from the same region. For PKS 0548 -322. observations have
been made in which the, optical and X-ray bands do not smoothly join and yet

the radio and optical regions connect with a slope of the same index as that



measured in the hard X-ray band (Weistrop, Smith and Ilsitsema 1979; klegler,

Agrawal and Mushutzky 1979). !lint* the observations were not siaultaneous,

the equivalence of the two Indices may be fortuitous, but it is suggestive of

a physical connection. Both sets of authors interpiat the data with a model

which predicts this spectral characteristic, the synchrotron self-Compton

( SSC) mechanism, as formulated for active galaxies by Jones, O'Dell and Stein

(1976). In general the radio spectra of BL Lac objects are flat (e.g. Condon

1978) and therefore it would mom quite reasonable to expect a flat spectrum

X-ray component from Compton production. This led several authors to apply

the SSC model to this class of source (Margon, Jones and Wardle :978; Schwartz

et al. 1978,1979 )9 Consistency with observations has generally been

forthcoming but more simultaneous measurements are required to provide tighter

constraints.	 Since X-ray variability constrains the

linear source size, consistency checks with the angular size prediction of the

SSC model can be made for the objects whose redshifts are measured. However,

high frequency radio and hard X-ray correlated intensity changes would be

required in order to ensure that these emissions are from the same source 	 8

region.

In conclusion, it now appears that the X-ray spectrum is , a distinguishing feature

of a BL Lac object. Two components are often present in the 2 -50 keV energy range,

possibly emanating from different source regions. There is a tendency for the

soft X-ray component to be a continuation of the optical -UV emission.

Simultaneous monitoring of these two spectral bands would clarify the

situation (Kondo et al. 1980). There are observational reasons for believing

a synchrotron self-Compton model may be applicable to the hard X-ray emission

and it will be useful to search for correlated changes of this X-ray component

with the radio flux. It may be that synchrotron emission from relativistic

jets dominates the central energy source emission at frequencies below and

.	 .Y^
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including the soft X-ray in sources with apparent superluminal expansions

(Marscher 1980). Such sources, which have resiained below the detection

threshold of proportional cm-a err in the 2-50 keV energy range. would then

appear to be good candidates for the lower energy X-ray detectors of the

Einstein Observatory.
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tiîl^Or ##
pr 

NN
O O M.•••	 r # Qr

CR
O_

tNV

N Z v
«v
	 v v 2 v

W
W
0.
N

^.
M
O

.^
L?
r

.•.
fh
C'

Iw

_

O
1
w

C1
r:1

.•^
IL)

O

.•.
tV

O

1 #
.0f' C^ O

O+
CN_ O Co NO C a f 7O

••
r

C.4
	 M

M r
O
U;

P
N

r
N

0 Ln
N r

O
a

00
r

Ill
N_

N N)
N

W
°^

^
>
as

^ Y
N OM Or 4'f_ ON O MN r N'fr Nr M O OM M

d'
W WG7

1	 1
1A	 lV

1
N

1
N

1
N

1	 1
N r

1
N

1
I[)

1
NO

1	 1
N N

O r O

w r w ^

n
w

n
w w

FW- (
tI
N

1
Cl;
N

1

 P.
•'

1U
^•

0

f\
w

iD
r

1
00
r

1
_
M

1
00
P.

CJ C
M

r
r̂

_
M

_ 117r O)
r

•
Op

rrpp ryy
32 A JAI

W

GVC

N
fn

1
O
+M
+

01

ON O
y

N_

N

O
IA

CL z

I

toil NO O

M co

v v

M
O ^

w Irn

0 0

_ 01

N O

1	 1

M N

O

in 40
0.1 r

L ?^

Q

N
a

Y

a, vt 0%y,
{I CA • A

^ Q1v q v

oc a

~ C

OC Oc _ _
N _ ^

^ 49
W c

o _ g 7
w

v _ q
r N ^

a4^1 N 'CJw ^

U;
j

^^pp
$

Y S R

O  ON P . 01 ^a; Z
CD x
r
+ 1

C
r.%

pt
O O n OI c

3c cy% .•^ rZ ^o
r

_ r L
r v IQ ♦.1
rC N

4141 10 10
>> LL..

M to L pall N _O
O O r- 1

•n O ^ J
+

'

+ &1

N' 'n
N + ►

v Iri cc a c

u 2
N

_
41

vM•• 01 dn L L
1 1 O1 r 41

r S r 41in r v Ip ep 11

O N •^ 4- >,
♦.1 ^ r

41
O Ct
ail'^ o uto co :2

O) n O •^r f\ at
r
vC v

^^pp
p C"

> > 3 r N
b

x L b N
cm

41 a w
O

w

•• L 3
en ^

N
.1

I 01 - L
INII LQf

p
Lp L

f i r- O u L. 3Z N L O
NNd

W CL

CL r N M #



REFERENCES

Agrateal, P.C. and Riegler, C.R. 1979 9 Apo J. (Letters) 231, L25.

Cooke, S. A. at al. 1976, MNRAS 1, 2, 469.

Condon, J.J. 1974, Pittsburgh Conf. on RL Lac Objects, ad. A.M. Wolfe (Univ.

of Pittsburgh Press) 21.

Fosbury, R.A.R. and Disney. M.J. 1976, Apo J. 207 9 L75.

Griffiths, R. g ., Tapia, S., Srial, U., and Chaisson, L. 1979, Apo J. 234 0 610.

Hearn, D.R., Marshall, F.J., and Jernigan. J.C. 1979, Apo J. (Letters) 227,

L63.

Jones, 1'.W., O'Dell, S.L. and Stein, W.A. 1974 0 Apo J. 188, 353.

Kinaan, T.D. 1978, Pittsburgh Conf. on RL Lac Objects, ad. A.M. Wolfe (Univ.

of Pittsburgh Press) 82,

Kinzer, R.L. at al. 1978, Bull. Amer. Astr. Soc. 10, 503.

Kondo, Y. at al. 1980, submitted to Apo J.

Ku, W 1979, IAU Joint Discussion, Montreal; "Extragalactic High Energy Astrophysics",

ad. H. van der Laan, p. 53.

Ledden, .;.E., O'Dell, S.L., Stein, W.A. end Wisniewski. W,?. 1980, submitted to Ap. J.

Maccagni, D. and Tarenghi, M. 1980, Bull. AAS 11, 771.

Margon, A., Jones, T.W., and Wardle, J.F.C. 1978, A.J. 83, 1021.

Marscher, A.P. 1980, Apo J. 235 0 386.

Marshall, F.E., Mushotzky, R.F., Boldt, E.A., Holt, S.S., Rothschild, R.E.,

and Serlemitsos, P.J. 1978 0 Nature 275, 624.

Mason, K.O., Reichert, G., Bowyer, C.S., Carmire, G., and Nugent, J. 1980,

U.C. Berkeley, preprint.

Mushotzky, R.F., Boldt, E.A., Holt, S.S., Pravdo, S.H., Serlemitaos, P.J.,

Swank, J.H. and Rothschild, R.E. 1978, Apo J. (Letters) 226, L65.

Mushotzky, R.F., Boldt, E.A., Holt, S.S., and Serlemitsos, P.J. 1979x, Apo J.

(Letters) 232, L17.

Mushotzky, R.F., Marshall, F.E., Boldt, E.A., Holt, S.S., and Serlemitsos,

P.J. 1980, Apo J. 235, 377.

Ricketts, M.J., Cooke, B.A., and Pounds, K.A. 1976, Nature 259, 546.w



Riegler, G.R., Agrawal, P.C., and Mushotzky, R.F. 1979, Apo J. (Letters) 233,

L47.

Rothschild, R. at al. 1979, Space Set. I.:at. 4, 269.

Schwartz, D.A., Bradt, Fl., Doxsey, R., Griffiths, R., Gursky, N., Johnson, M.,

and Schwarz, J. 1978, Apo J. (Letters) 224 0 L103.

Schwartz, D.A., Doxsey, R.E., Griffiths, R.B., Johnston, M.D., and Schwarz. J.

1979, Apo J. (Letters) 229, L53.

Snijders, M.A.-J., Boksenberg, A.,Barr, P., Sanford, P.W., Ives, J.C. and

Penston, M.V. 1979 0 MNRAS, 189, 873.

Stein, W.A., O'Dell, S.L., and Strittmatter, P.A. 1976, Ann. Rev. Astron.

Astrophys. 14, 173.i

Weistrop, D., Smith, B.A., and Reitsema, H.J. 1979, Apo J. 233, 504.

Wilson, A.S., Ward, M.J., Axon, D.J., Elvis $ M., and Meurs, E.J.A. 1979, MNRAS

187, 109.

Wood, K. 1979, Proc. HEAO Science Symp., Marshall Space Flight Center, eds. C.

Dailey and W. Johnson, NASA CP-2113, 30.

Worrall, D.M., Mushotzky, R.F., Boldt, E.A., Holt, S.S., and Serlemitsos, P.J.

1979, Apo J. 232, 683.

Worrall, D.M., Boldt, E.A., Holt, S.S., and Serlemitsos, P.J. 1980, Apo J.

240,



o-

f`	 FIGURE CAPTIONS

Figure 1 - Observation of September 30, 1978. Shown are background

subtacted argon detector (HED) counts wit ty the best fit model, assuming it

form is a power law with low energy absorption, and also the implied incident

spectrum after folding through the detector response. The error contour

for r and NI1 is for 902 confidence. A thermal bremsstrahlung form will also

fit the data.

Figure 2 - Spectral variability of PKS 0548-322 is evident from comparison

of the point mode WD data of September 1978 (Figure 1) with the low energy

detector (LED) and high energy xenon detector (HED) measurements taken a year

earlier in scanning mode and reported by Riegler, Agrawal and Mushotzky

(1979).

Figure 3 - Observation of May 31, 1978. The argon detector (PIED) data are

displayed in the same way as those of Figure 1. A r1 rmal bremsstrahlung form

gives an unacceptable fit.	
a

Figure 4 - Spectral variability in MK 501. Here the point mode observation

of September 1978 given by Kondo et al. (1980) is compared with the scanning

mode measurements from the previous year reported by Mushotzky et al. (1978)

(HED) and Mason et al. (1980) (LED).
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