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ABSTRACT

Data from a number of monitoring programs have been combined with data from the Compton
Gamma Ray Observatory and the Ginga X-ray satellite to construct a spectrum covering nearly 15
decades in frequency during or near the time of the 3C 279 y-ray flare observed by EGRET in 1991
June. A much less complete spectrum is presented for 1991 October. Light curves from early 1991 to
mid-1992 are presented for radio, millimeter, submillimeter, infrared, optical, and y-rays. Although the
temporal coverage is incomplete, the only evidence for correlation in variability between the y-rays and
lower frequencies is a flare in the optical R-band that peaks within ~ 1 day of the maximum in the y-ray
light curve. The variability shows higher relative amplitude in y-rays than in the R band. We present
spectral fits to the overall multi-wave band spectrum averaged over the 1991 June flare corresponding to
two models: (i) synchrotron self-Compton (SSC) emission from a relativistic jet and (ii) inverse Compton
scattering of seed photons originating external to the jet (ECS) by the synchrotron-emitting relativistic
electrons in the jet. Either model can fit the observed spectra satisfactorily. The higher amplitude of the
y-ray variations is as predicted by the SSC model and can be accommodated within the ECS model if

the flare is caused by a temporary change in the bulk Lorentz factor of the y-ray—emitting plasma.
Subject headings: gamma rays: observations — infrared: galaxies — quasars: individual (3C 279) —

X-rays: galaxies

1. INTRODUCTION

The detection by the EGRET instrument (Kanbach et al.
1988, 1989; Thompson et al. 1993) on the Compton Gamma
Ray Observatory of a 1991 June y-ray flare from the blazar
3C 279 has been reported by Kniffen et al. (1993). A compa-
rable observation during 1991 October 3-17 revealed no
significant time variation and a flux level well below the
lowest levels observed during the June observation. Low-
sensitivity observations during 1991 October 17-31 and
1992 spring resulted in a marginal detection and two upper
limits.

The quasar 3C 279 (z = 0.538) has been known for some
time to be optically violently variable, showing nearly 7
mag of variation (Webb et al. 1990; updated in Fig. 1). It has
also been monitored extensively in several radio bands and
has shown variability there also, but with generally longer
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timescales and smaller amplitudes than in the optical
(Hughes, Aller, & Aller 1991; Terasranta et al. 1992). Near-
millimeter flares have been observed repeatedly from
3C 279 by Matsuo, Matsumoto, & Murakami (1989) and
Stevens et al. (1994).

This object has also been studied extensively in X-rays
and exhibited flaring activity in the X-ray band in 1988
(Makino et al. 1989) and again in late 1990 (Makino, Fink,
& Clavel 1991). Makino et al. (1990) analyzed the multi-
frequency spectrum of 3C 279 during the 1988 flare and
found that the millimeter, infrared, and UV fluxes were all
correlated and showed substantial correlation with the
X-ray flare. The duration of the 1988 X-ray and optical
outburst of 3C 279 was several months, compared with the
several-day timescale for the 1991 June y-ray flare.

In this paper, y-ray data from the EGRET, COMPTEL,
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Fi1G. 1.—Optical light curve of 3C 279 from 1930 to 1994, from the University of Florida monitoring program

and OSSE instruments on the Compton Gamma Ray
Observatory and X-ray data from the Ginga satellite are
combined with a wide variety of data obtained via ground-
based monitoring in the radio through optical ranges to
provide extremely broadband simultaneous spectra for the
epochs of the Compton Gamma Ray Observatory observa-
tions. In addition, light curves of the many frequency bands
are presented for an 18 month period starting at the begin-
ning of 1991. We interpret the data using a numerical syn-
chrotron self-Compton model, including shocks in a highly
relativistic jet, and an external Compton scattering model.
Either model reproduces well the multiwavelength spectra.
The multi-waveband characteristics of the 1991 June flare
place strong constraints on the models, leading to insights
as to the cause of the variability.

2. OBSERVATIONS

2.1. High-Energy Observations

The EGRET and COMPTEL y-ray observations pre-
sented here were obtained during five separate Compton
Gamma Ray Observatory pointings. During 1991 June
16-28 and October 3-17, 3C 279 was about 9° from the
EGRET axis, providing high-sensitivity observations of the
object. Additional observations were obtained with 3C 279
in low-sensitivity parts of the EGRET field during 1991
October 17-31 and 1992 April 2-16 and April 16-23. The
EGRET result shown in this paper for the 1991 October
17-31 observation differs from that presented by Kniffen et
al. (1993), based on the same data, because improved
analysis software has indicated a high probability that
much of the flux assigned to 3C 279 during that interval is
due to a nearby transient source (unidentified) which was
previously unrecognized. The nearby source had no appre-
ciable effect on the October 3—-17 EGRET results.

The October 3—17 observation yielded a y-ray flux well
below that seen in June. The October 17-31 95% con-
fidence upper limit is similar to the October 3-17 flux.
3C 279 was detected at only a 1 ¢ level during 1992 April
2-16 and was not detected during April 16-23. The photon

spectral index was about —1.9 in 1991 June and about
—2.1 during the 1991 October 3—17 observation (Kniffen et
al. 1993). The difference is significant at roughly a 2 o level.

The EGRET y-ray light-curve data are tabulated in
Table 1.

The COMPTEL instrument on CGRO (Diehl et al. 1992;
Schonfelder et al. 1993) also observed 3C 279 during 1991
June 16-28. Although no information is available on tem-
poral variations for that observation, a significant flux was

TABLE 1
EGRET y-RAY LiIGHT CURVE FOR 3C 279

Truncated
Date Julian Date F? o

1991 Jun 16.......... 8424 1.38 0.26
1991 Jun 17 .......... 8425 1.64 0.28
1991 Jun 18 .......... 8426 1.97 0.30
1991 Jun 19 .......... 8427 2.69 0.34
1991 Jun 20.......... 8428 2.15 0.31
1991 Jun 21 .......... 8429 3.29 0.36
1991 Jun 22 .......... 8430 3.86 0.40
1991 Jun 23.......... 8431 3.03 0.42
1991 Jun 24 .......... 8432 4.01 0.46
1991 Jun 25.......... 8433 4.49 0.42
1991 Jun 26 .......... 8434 2.90 0.38
1991 Jun 27 .......... 8435 1.50 0.29
1991 Jun 28 .......... 8436 1.02 027
1991 Jun 16-28...... 8423-8436 2.64 0.10
1991 Oct 3-5 ........ 8532-8534 0.67 0.21
1991 Oct 5-7 ........ 8534-8536 0.67 0.21
1991 Oct 7-9 ........ 8536-8538 0.92 0.24
1991 Oct 9-11 ....... 8538-8540 0.68 0.22
1991 Oct 11-13....... 8540-8542 0.98 0.26
1991 Oct 13-15...... 8542-8544 1.22 0.29
1991 Oct 15-17...... 8544-8546 0.69 0.30
1991 Oct 03-17...... 8532-8546 0.87 0.07
1991 Oct 17-31...... 8546-8560 <09

1992 Apr 2-9 ........ 8714-8721 1.6 1.6

1992 Apr 9-16........ 8721-8728 <05

2 In units of 10~¢ photons (> 100 meV)/(cm? s). Upper
limits are 95% confidence.
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measured in the 8-30 MeV range; for 0.75-8 MeV, only an
upper limit was obtained (Williams et al. 1995). Although
the 8-30 MeV point is consistent with an extension of the
EGRET spectrum, the 0.75-8 MeV upper limit suggests a
hardening below 10 MeV. COMPTEL did not detect
3C 279 during the 1991 October or 1992 spring observa-
tions; the upper limits during October 3-17 are consistent
with an extension of the EGRET spectrum at that time.

Although the OSSE instrument on CGRO (Cameron et
al. 1992; Johnson et al. 1993) did not observe 3C 279 during
1991 June, an observation was made by OSSE during 1991
September 19—October 3, the 2 weeks just prior to the 1991
October EGRET/COMPTEL observation. The resulting
spectral points are given in Table 5.

X-ray observations were obtained with the Ginga Large
Area Counter (Turner et al. 1989) during the two time inter-
vals 1991 June 17.9-18.2 and 18.8-19.2(UT), near the begin-
ning of the flare observed by EGRET. For each of the two
intervals, X-ray spectra were measured in the energy range
1.16-23.2 keV; there is no significant difference between the
two spectra. No X-ray observations were possible during
the 1991 October CGRO observations.

TABLE 2A
R-BAND LiGHT CURVE For 3C 279

Truncated
Date Julian Date mg Or Observatory®
1991 Feb 14 ...... 8302 1439  0.05 AS(CP)
1991 Mar 21....... 8336 1450  0.02 HN®
1991 Mar 22...... 8337 1450  0.05 HN®
1991 Mar 24 ...... 8340 14.73 0.05 AS(CP)
1991 Apr 22 ...... 8369 1392 0.05 AS(CP)
1991 May S ....... 8382 1415 003 HN®
1991 May 23...... 8400 1400  0.02 AS(L)
1991 May 25...... 8402 1467  0.02 AS(L)
1991 May 26...... 8403 1452 0.02 AS(L)
1991 May 27...... 8404 1460  0.02 AS(L)
1991 Jun 5........ 8413 1438 001 HN®
191 Jun 8 ........ 8416 1439 003 TB(FB)
1991 Jun 10....... 8418 1431 0.02 TB(FB)
1991 Jun 13....... 8420 1406  0.02 TB(FB)
1991 Jun 21....... 8428 1362 005 TB(FB)
1991 Jun 25....... 8432 1345 0.05 TB(FB)
1991 Jun 26....... 8433 13.81 0.05 TB(FB)
1991 Jul 1......... 8438 1426 005 TB(FB)
1991 Jul 4 ......... 8441 1449 001 HNP
1991 Jul 10........ 8447 1486  0.05 TB(FB)
1991 Jul 15........ 8452 1338 005 TB(FB)

2 CP = Capilla Peak, CT = CTIO, F = Foggy Bottom, L = Lowell.
b From Netzer et al. 1995.

The 1991 June X-ray spectrum is described by
J(E) = (40 + 0.34) - 10" 3E~(1-:68£0.05)
photons cm~2s ! keV™!,

similar to that seen by Ginga in 1987 June (Makino et al.
1989), at which time there was no evidence for flaring activ-
ity in 3C 279.

The EGRET, COMPTEL, OSSE and Ginga data points
used in the multiwavelength spectra are shown in Table 5
along with those for the lower frequencies.

2.2. Optical and Infrared Observations

Although no UBV data were obtained during the 1991
June EGRET observation, 3C 279 was monitored in R
band throughout the 1991 May—June-July period until the
source was lost to the Sun in late July. The R-band data
during the y-ray flare were obtained with the 24 inch (0.60
m) telescope/CCD at the Colgate University Observatory.
Additional optical observations (V, R, I) were obtained
before and after the y-flare, at Lowell Observatory with the
42 inch (1.06 m) Hall telescope/CCD and at Capilla Peak
with the 24 inch (0.60 m) telescope/CCD, at the Colgate
Foggy Bottom Observatory, and at the Wise Observatory
with the 1 m telescope/CCD and at the Cerro-Tololo Inter-
American Observatory (CTIO). Infrared data (J, H, K, L'
bands) were obtained at the United Kingdom Infrared Tele-
scope (UKIRT) (Gear et al. 1985). The optical and near-
infrared data have been corrected for reddening using the
method of Burstein & Heiles (1982) and applying the
reddening law of Seaton (1979) using an E(B— V) of 0.01.

Tables 2A-2C list the optical and infrared data used here.

2.3. Millimeter and Submillimeter Observations

Observations at 90 GHz (3.3 mm) and 230 GHz (1.3 mm)
were made using the Swedish-ESO submillimeter telescope
(SEST). Data were also obtained at wavelengths of 350, 450,
800, 1100, 1300, and 2000 um using the James Clerk
Maxwell Telescope (JCMT) at Mauna Kea (Duncan et al.
1990). In order to obtain higher density time sampling at 90
and 230 GHz, the SEST and JCMT observations were aug-
mented by including IRAM observations from Reich et al.
(1993).

The submillimeter and millimeter data are shown in
Tables 3A-3D.

Observations at 22 and 37 GHz were made at the Metsi-
hovi Radio Research Station. Observations at 4.8, 8.0, and

TABLE 2B
I- AND V-BAND DATA FROM 3C 279*

I BAND V BanD
TRUNCATED
DATE JULIAN DATE m; o; my, oy OBSERVATORY®
1991 Feb 14 ...... 8301 13.62 0.09 15.01 0.03 CP
1991 Mar 24 ...... 8339 14.09 0.09 15.36 0.03 CP
1991 Apr 22 ...... 8368 13.29 0.09 14.45 0.03 CP
1991 May 23...... 8399 13.44 0.03 15.28 0.03 L
1991 May 25...... 8401 14.62 0.02 L
1991 May 26...... 8402 14.66 0.02 L
1991 May 27...... 8403 14.61 0.02 L

2 Data from A. Sadun.
b CP = Capilla Peak; L = Lowell.
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TABLE 2C
UKIRT IR DATA For 3C 279*

J H K L
TRUNCATED
DATE JULIAN DATE F(mlJy) ao(mly) F(mlJy) a(mly) F(mly) o(mly) F(mly) a(mly)
1991 Feb 4........ 8291 12.18 0.61 18.85 0.94 29.70 1.48 61.63 3.08
1991 Mar 6 ....... 8321 29.09 1.45 39.68 1.98 57.96 2.90 103.61 5.18
1991 May 26...... 8402 19.67 0.98 28.99 145 43.17 2.16 86.26 431
1991 Jun 16....... 8423 17.84 0.89 26.34 1.32 39.81 1.99 71.29 3.56
1991 Jul 9 ......... 8446 11.26 0.56 17.08 0.85 25.84 129 45.60 5.60
1992 Jan 14........ 8635 8.20 0.41 12.53 0.63 19.84 0.99 41.13 2.06
1992 Jan 29 ...... 8650 6.20 0.31 10.39 0.52 16.66 0.83
1992 Apr 28 ...... 8740 6.52 0.33 10.32 0.52 16.49 0.82 34.15 1.71
* Data from 1. Robson.
TABLE 3A

JCMT SuUBMILLIMETER DATA FOR 3C 279*

0.35 mm 0.45 mm 0.8 mm 1.1 mm
TRUNCATED

DATE JULIAN DATE FQy) a(Jy) F(y) a(Jy) FQy) ao(Jy) FQy) a(ly)
1991 Feb 15 ...... 8302 6.10 0.20 10.80 0.54 12.70 0.64
1991 Apr8........ 8354 4.70 0.90 6.10 0.40 10.30 0.50 13.60 0.20
1991 Apr 20 ...... 8366 10.00 0.80 11.71 0.80
1991 May 17...... 8393 347 1.12 4.76 0.71 7.68 0.38 9.41 047
1991 Jun 10....... 8417 3.84 0.70 7.13 0.40 848 0.40
1991 Jul 17........ 8454 7.62 0.40 8.80 0.30
1991 Aug 25 ...... 8493 8.20 1.00 10.80 0.54
1991 Sep 15....... 8514 3.58 0.50 6.35 1.00
1991 Oct 30....... 8559 7.89 0.10 10.08 0.10
1991 Nov 29 ...... 8589 8.10 1.00 9.03 0.30

* Data from I. Robson.

TABLE 3B
230 GHz LigHT CURVE FOR 3C 279

Truncated

Date Julian Date FQy) a(Jy) Observatory®
1991 Jan 11 ....... 8267 17.85 1.87 1
1991 Feb 23 ...... 8310 11.95 1.79 1
1991 Feb 27 ... 8314 1134 114 I TABLE 3C
1991 AprS........ 8351 15.58 1.00 S 150 GHz LigHT CURVE FOR 3C 279
1991 Apr 8........ 8354 12.90 0.13 J
1991 Apr 12 ...... 8358 1656 2,07 1 Truncated
1991 Apr 20 ...... 8366 1344 1.00 J Date Julian Date  S(Jy)  o(Jy)  Observatory®
1991 May 17...... 8393 10.28 0.51 J
1991 Jun 10....... 8417 8.69 0.40 J 1991 Apr 8........ 8354 16.30 0.40 J
1991 Jun 11....... 8418 13.64 1.33 1 1991 Apr 12 ...... 8358 17.39 1.76 1
1991 Jun 14........ 8421 9.93 1.01 1 1991 Apr 20 ...... 8366 14.58 1.10 J
1991 Jul4......... 8441 7.05 0.65 S 1991 May 17...... 8393 13.20 0.66 J
1991 Jul 17........ 8454 9.15 0.30 J 1991 Jun 10....... 8417 11.51 0.60 J
1991 Aug 25 ...... 8493 11.50 0.60 J 1991 Jul 17........ 8454 12.06 0.50 J
1991 Sep 15....... 8514 7.03 1.20 J 1991 Jul 25........ 8462 12.57 1.55 1
1991 Oct 30....... 8559 10.27 0.10 J 1991 Aug 25 ...... 8493 13.70 0.60 J
1991 Nov 29 ...... 8589 9.40 0.30 J 1991 Sep 3 ........ 8502 17.04 1.74 1
1991 Dec 3........ 8593 12.30 2.00 1 1991 Sep 15....... 8514 11.30 1.50 J
1992 Jan 7 ........ 8628 8.66 0.87 I 1991 Oct 30....... 8559 13.09 0.16 J
1992 Feb 20 ...... 8672 6.34 0.75 | 1991 Nov 29 ...... 8589 13.77 0.50 J
1992 Mar 4 ....... 8685 7.79 0.80 I 1992 Jan 29 ........ 8650 9.74 1.88 I
1992 Mar 9 ....... 8690 7.45 0.81 1 1992 May 12...... 8754 7.02 0.73 I
1992 Mar 11...... 8692 6.86 0.74 I 1992 May 29...... 8771 10.86 1.09 I

*I=IRAM (H. Steppe); J =JCMT (I. Robson); S =SEST (M.

Tornikoski).

Tornikoski).

*1=IRAM (H. Steppe); J=JCMT (I. Robson); S =SEST (M.
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v TABLE 3D

@: 90 GHz LiGHT CURVE FOR 3C 279

a

- UT Truncated F o

f%: Date (hr:min) Julian Date (Jy) (Jy) Observatory®

g: 1991 Jan 11 .... 8267.5 2259 1.17 1

& 1991 Jan 22 ..... 8278.5 20.58 1.03 I

' 1991 Feb 27 .... 6:15 8313.26 2450 1.09 S

1991 Mar 19..... 8334.5 16.27 0.85 1
1991 Apr 2 ..... 8348.5 19.37 1.04 |
1991 Apr 5...... 4:00 8352.17 2196 094 S
1991 Apr 23 .... 8369.5 18.57 096 |
1991 May 11.... 8387.5 2072 1.04 1
1991 May 12.... 8388.5 18.62 0.96 I
1991 May 29.... 8405.5 18.83 142 I
1991 May 31.... 8407.5 1561 0.86 I
1991 Jun 11..... . 8418.5 156  0.79 I
1991 Jun 14 ..... 8421.5 1565 0.78 I
1991 Jun 23..... 0:55 8431.04 15.66 0.72 S
1991 Jul 19...... 0:10 8457.01 14.89 0.69 S
1991 Jul 25...... 8462.5 1515 0.76 |
1991 Aug 2 ..... 23:40 8471.99 1585 0.73 S
1991 Sep 3 ...... 8504.5 19.49 098 I
1991 Sep 23..... 8522.5 14.64 0385 1
1991 Dec 1...... 10:25 8592.43 1402 0.61 S
1991 Dec 3...... . 8593.5 1570 0.79 I
1991 Dec 8...... 8598.5 1512 144 I
1991 Dec 24 .... 9:00 8615.38 1409 0.60 S
1991 Dec 25 .... 9:00 8616.38 1393 0.62 S
1992 Jan 5 ...... 8626.5 16.02 0.84 1
1992 Jan 7 ...... 8628.6 1531 0.77 1
1992 Jan 14 ..... 8635.5 1471 1.29 I
1992 Jan 28 ..... 8649.5 1575 0.81 I
1992 Feb 4...... 8656.5 15.05 0.75 |
1992 Feb 12 .... 8:35 8664.36 13.88 0.62 S
1992 Feb 13 .... 8:05 8665.34 1323  0.59 S
1992 Mar 19 .... 8700.5 1448 0.72 I
1992 Apr 14 .... 5:05 8727.21 1249 0.54 S
1992 Apr 22 .... 8734.5 13.04 0.65 I
1992 May 12.... 8754.5 13.44 0.68 I
1992 May 26....  19:05 8769.80 9.11 0.71 M
1992 May 29.... 8771.5 1452 073 1

21 =IRAM;M = Metsihovi (87 GHz); S = SEST.

14.5 GHz of flux density and polarization were made with
the University of Michigan’s 26 m paraboloid telescope.
The radio data are listed in Tables 4A—4E.

2.4. Ultraviolet Data
There were no UV data obtained for 3C 279 near the time

Vol. 461

3. RESULTS

3.1. Multifrequency V ariability

Figures 2a-2f show the temporal behavior in each fre-
quency band from early 1991 to mid-1992; in order to
emphasize the relative magnitudes of the variations in the
different bands, the vertical logarithmic scale is the same in
each subplot. To demonstrate more clearly the variations in
the 4.8-90 GHz range, Figure 3 shows those data with a
magnified vertical scale; also shown in Figure 3 are the time
histories of the polarization and its position angle in the 4.8,
8.0, and 14.5 GHz emissions.

Within each of the optical, infrared, and submillimeter
subplots of Figures 2c—2e, the various bands are consistent
in their time variation patterns where they can be com-
pared. There is less correspondence between the subplots,
however. The infrared and millimeter-submillimeter regions
both show a general decrease in flux over the 18 months
covered, but the details of shorter term variations cannot in
general be compared.

8300 8400 8500 8600 8700
T T T T T

(0]

w s a0

photon / (<:m2 8)

EGRET

-8
o
°
a

0.5 >100 MeV

R ban

Magnitude

Sun exclusion (optical and IR) ()

Flux (mJdy)

of the 1991 June y-ray flare. In order to provide a rough
estimate of the UV level, however, the 4 yr Bonnell, Ves-
trand, & Stacy (1994) compilation of IUE observations of
3C 279 has been used to estimate its likely UV flux during
1991 June. During that 4 yr period, three IUE spectra were
made nearly simultaneous with R-Band observations. They
show an apparent strong correlation between the UV and
R-band fluxes (although the availability of only three simul-
taneous IUE/R observation pairs dictates considerable
caution). On 1989 June 8 (one of the three R-band measure-
ments simultaneous with IUE observations), the R-band
magnitude (13.61) was almost identical with that taken
during 1991 June. In light of the apparent strong R/UV
correlation, we have used the corresponding 1989 June 8
IUE spectra as estimates of the UV in our 1991 June multi-
wavelength spectrum. Where these values have been used in
Figure 5 below, their symbols are distinctly different from
those for the simultaneous observations.

Flux (Jy)

670 GHz
(0.45mm)
860 GHz
(0.35mm)

(0.8mm)

270 GHz (---)
(1.1 mm)

_4 90 GHz
20

22 GHz

Flux (Jy)

(b)
37 GHz

14.5 GHz (@)
~ B8 GHz

Flux (Jy)

4.8 GHz

8300

8400

8500 8600 8700

Julian Date — 2,440,000

F1G. 2—Multifrequency light curves for 3C 279 from 1991.0 to 1992.5.

To permit comparison of variation amplitudes, the logarithmic vertical
scales are chosen to be the same in each subplot.
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TABLE 4A
37 GHz LiGHT CURVE FoR 3C 279

uUT Truncated uUT Truncated

Date (hr:min) Julian Date F(y) o(Jy) Date (hr:min) Julian Date F(Jy) a(Jy)
1991 Jan 17 ....... 2:45 8274.11 19.74 0.53 1991 Jun 18........ 17:20 8426.72 15.94 0.41
1991 Jan 19 ....... 2:40 8276.11 2043 0.55 1991 Jun 27....... 17:10 8435.72 15.95 041
1991 Jan 20....... 3:45 8277.16 20.33 0.53 1991 Jun 29....... 17:35 8437.73 15.78 043
1991 Jan 23 ....... 2:55 8280.12 19.18 0.52 1991 Jul 2......... 17:30 8440.73 1597 043
1991 Jan 27 ....... 2:40 8284.11 20.33 0.51 1991 Jul 14........ 16:05 8452.67 16.35 0.44
1991 Jan 30 ....... 2:40 8287.11 20.42 0.54 1991 Jul 15........ 16:25 8453.68 16.74 045
1991 Feb 2........ 2:20 8288.10 20.30 0.56 1991 Jul 17........ 16:45 8455.70 16.23 0.48
1991 Feb 3........ 2:10 8289.09 2145 0.55 1991 Jul 22........ 15:30 8460.00 16.72 0.63
1991 Feb 4........ 2:25 8290.10 20.23 0.53 1991 Jul 28........ 16:00 8466.67 15.70 044
1991 Feb 6......... 1:40 8292.07 21.10 0.57 1991 Aug 1........ 15:05 8470.63 16.55 0.44
1991 Feb 8........ 2:25 8294.10 19.37 0.54 1991 Aug 3........ 14:45 8472.61 16.57 043
1991 Feb 9........ 1:20 8295.06 21.23 0.57 1991 Aug 5........ 14:05 8474.59 16.64 0.44
1991 Feb 10 ...... 3:05 8296.13 21.49 0.57 1991 Aug 22 ...... 14:40 8491.61 16.44 0.46
1991 Feb 12 ...... 1:30 8298.06 21.73 0.57 1991 Aug 26 ...... 13:10 8495.55 16.84 0.45
1991 Feb 20 ...... 2:05 8306.09 20.27 0.55 1991 Aug 27 ...... 12:15 8496.51 17.22 0.46
1991 Feb 22 ...... 2:50 8308.12 20.20 0.58 1991 Aug 30 ...... 13:05 8499.55 17.41 0.46
1991 Mar 1 ....... 0:55 8317.04 19.54 0.52 1991 Sep 1 ........ 13:20 8501.56 16.19 045
1991 Mar 3 ....... 1:50 8319.08 19.38 0.54 1991Sep2........ 13:10 8502.55 16.46 0.45
1991 Mar 4 ....... 1:00 8320.04 19.32 0.62 1991 Sep 15....... 12:10 8515.51 16.44 0.45
1991 Mar 8 ....... 0:40 8324.03 20.01 0.52 1991 Oct 29....... 8:55 8559.37 17.60 048
1991 Mar 25....... 22:20 8341.93 19.54 0.52 1991 Nov 13...... 8:20 8574.35 16.25 0.48
1991 Mar 26....... 23:15 834297 19.68 0.52 1991 Nov 21 ...... 8:50 8582.37 14.81 047
1991 Mar 27...... 22:55 8343.95 19.12 0.50 1991 Nov 30....... 6:35 8591.27 18.27 0.48
1991 Mar 29....... 22:30 834594 18.92 0.49 1991 Dec 17 ...... 4:50 8608.20 17.22 0.46
1991 Mar 31...... 23:25 8348.00 18.85 0.52 1992 Jan 6 ........ 5:20 8628.22 16.44 0.50
1991 Apr1........ 22:45 8348.95 19.43 0.50 1992 Jan 18 ....... 3:45 8640.16 17.11 045
1991 Apr4........ 22:25 8351.93 19.65 0.60 1992 Jan 25 ....... 2:35 8647.11 17.08 047
1991 Apr6......... 22:05 8353.92 19.95 0.52 1992 Jan 30 ....... 2:15 8652.09 16.88 045
1991 Apr 7........ 21:20 8354.89 19.48 0.55 1992 Jan 31 ....... 3:25 8653.14 1591 0.42
1991 Apr 16 ...... 22:15 8363.93 19.07 0.50 1992 Feb 1........ 2:55 8653.12 16.21 043
1991 Apr 17 ...... 22:20 8364.93 19.20 0.51 1992 Feb 13 ...... 2:50 8665.12 14.86 043
1991 Apr 20 ...... 21:50 8367.91 19.37 0.50 1992 Feb 21 ...... 2:05 8673.09 1533 041
1991 Apr 21 ...... 23:50 8368.99 18.66 0.63 1992 Apr9........ 21:45 872291 15.06 0.40
1991 Apr 23 ...... 21:00 8370.88 18.96 049 1992 Apr 10 ...... 22:20 8723.93 14.81 0.39
1991 Apr 24 ...... 21:00 8371.88 19.45 0.50 1992 Apr 17 ...... 22:30 8730.94 14.30 0.39
1991 Apr 26 ...... 22:05 837392 18.33 0.50 1992 Apr 24 ...... 20:20 8737.85 14.96 0.39
1991 Apr 28 ...... 21:35 837590 17.62 0.51 1992 Apr 25 ...... 21:35 8738.90 14.71 0.39
1991 May 11...... 20:05 8388.84 17.87 0.46 1992 May 2........ 20:25 8745.85 15.89 042
1991 May 14...... 20:00 8391.83 19.04 0.50 1992 May 3....... 19:15 8746.80 15.62 043
1991 May 15...... 18:50 8392.78 18.77 0.50 1992 May 31...... 19:20 8774.81 14.72 0.40
1991 May 26...... 18:30 8403.77 18.03 0.49 1992 Juntl ........ 18:55 8775.79 1546 0.42
1991 Jun 3 ........ 19:15 8411.80 17.24 0.46 1992 Jun 2 ........ 19:10 8776.80 15.24 0.41
1991 Jun 6 ........ 18:30 8414.77 1731 045 1992 Jun 4 ........ 18:50 8778.78 14.88 0.40
1991 Jun 8 ........ 20:30 8416.85 16.28 0.54 1992 Jun 5........ 19:35 8779.82 14.00 0.41
1991 Jun 12....... 17:10 8420.72 16.25 0.43 1992 Jun 6 ........ 19:05 8780.80 14.22 0.39
1991 Jun 14 ........ 18:30 8422.77 16.45 0.44 1992Jun 7 ........ 17:55 8781.75 15.37 045

During the early portion of 1991, the radio spectrum
peaked around 90 GHz. During the first 5 months of 1991,
the 90 GHz flux decreased rather steadily, the decay of a
sharp spike which peaked near the beginning of 1991.
Largely due to the 90 GHz decrease, the 22-90 GHz spec-
trum gradually flattened, attaining a spectral index near
zero in 1991 June and thereafter attaining a negative expo-
nent. Thus, the peak of the spectrum changed from about 90
GHz to about 30 GHz, with the transition occurring
around the time of the 1991 June y-ray flare. The 90 GHz
flux density also stopped decreasing about that time.

The higher frequencies were not as well sampled as the
radio. At the time of the 1991 June y-ray flare, the millimeter
and submillimeter fluxes appear to have been in a broad
minimum, and the infrared fluxes were beginning an appar-
ent smooth decrease which shortly thereafter became more
rapid. In the optical bands, only the R-band data cover the
time of the y-ray flare; during the earlier time when V- and

I-band observations were also available, the variations in
the three bands were well correlated.

Since correlations between time variations in various fre-
quency bands, along with the corresponding time delays in
those variations, appear to represent a promising approach
for choosing between various models for the continuum
emission of such objects as 3C 279 (e.g., Marscher & Bloom
1994), the appearance of a sharp peak in the R-band flux,
with maximum brightness at the same time as the peak of
the y-ray flare, is extremely intriguing. Figure 4 shows a
magnification of the y and optical outbursts. If this rep-
resents a real correlation, it would tend to support a model
which predicts near-zero time lag between the optical and
y-ray correlated variations, such as synchrotron self-
Compton or external Compton scattering models. The
simultaneous variations would be fortuitous in inhomoge-
neous models in which the spectrum is formed by a super-
position of separately emitting components.
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TABLE 4B
22 GHz LiGHT CURVE FoRr 3C 279

UT Truncated F o UT Truncated F o

Date (hr:min) Julian Date Jy) Jy) Date (hr:min) Julian Date Jy) Jy)
1991Jan 1 ........ 5:20 8258.22 15.19 0.62 1991 Jul 12........ 15:35 8450.65 16.00 0.88
1991 Jan 17 ....... 3:35 8274.15 15.73 0.45 1991 Jul 20........ 15:50 8458.66 15.55 0.84
1991 Jan 19 ....... 3:10 8276.13 16.15 045 1991 Jul 27........ 16:05 8465.67 16.20 0.99
1991 Jan 20 ....... : 4:30 8277.19 16.50 0.77 1991 Jul 29........ 16:35 8467.69 15.77 1.02
1991 Jan 26 ....... 3:40 8283.15 16.32 0.48 1991 Jul 31........ 15:25 8469.64 15.43 0.82
1991 Jan 27 ....... 3:30 8284.15 15.15 0.53 1991 Aug4........ 14:15 8473.59 16.33 1.05
1991 Jan 30 ....... 3:30 8287.15 15.37 0.43 1991 Aug 23 ...... 14:30 8492.60 15.67 091
1991 Feb2........ 1:25 8288.06 15.75 0.56 1991 Aug 29 ...... 13:55 8498.58 16.00 0.87
1991 Feb 3........ 2:55 8289.12 16.00 0.44 1991 Aug 31 ...... 12:35 8500.52 16.13 0.68
1991 Feb 6......... 2:25 8292.10 15.70 0.46 1991 Oct 30....... 8:45 8560.36 15.95 097
1991 Feb 7........ 2:25 8293.10 15.29 0.50 1991 Nov 23 ...... 6:45 8584.28 14.37 043
1991 Feb 8......... 1:20 8294.06 15.30 0.42 1991 Dec 2........ 7:05 8593.30 14.89 046
1991 Feb 9........ 2:40 8295.11 15.24 0.44 1991 Dec 3........ 6:30 8594.27 14.84 0.40
1991 Feb 10 ...... 2:10 8296.09 15.73 043 1991 Dec 5......... 6:35 8596.27 15.64 0.46
1991 Feb 18 ...... 1:15 8304.05 16.17 045 1991 Dec 12 ...... 5:15 8603.22 14.65 043
1991 Feb 19 ...... 1:35 8305.07 15.84 0.42 1991 Dec 13 ...... 5:35 8604.23 15.15 0.46
1991 Feb 27 ...... 1:15 8313.05 16.19 0.61 1991 Dec 31 ...... 4:55 8622.20 16.28 045
1991 Mar 2 ....... 1:05 8318.05 15.80 0.51 1992Jan 7 ........ 3:40 8629.15 14.74 048
1991 Mar 9 ....... 0:10 8325.01 15.73 042 1992 Jan 13 ....... 4:10 8635.17 16.09 0.53
1991 Mar 10...... 0:55 8326.04 16.16 043 1992 Jan 23 ....... 3:00 8645.13 14.79 0.46
1991 Apr 8........ 21:30 8355.90 1592 0.56 1992 Jan 24 ....... 3:35 8646.15 14.76 042
1991 Apr 12 ...... 23:45 8359.99 15.72 0.61 1992 Jan 27 ....... 2:55 8649.12 15.02 0.41
1991 Apr 14 ...... 20:55 8361.87 16.77 0.48 1992 Feb 9........ 2:55 8661.12 15.30 043
1991 Apr 22 ...... 21:40 8369.90 15.82 0.55 1992 Feb 28 ...... 1:25 8680.06 13.61 0.38
1991 Apr 25 ...... 21:05 8372.88 15.81 0.48 1992 Mar 2 ....... 0:15 8684.01 14.22 0.52
1991 Apr 27 ...... 21:35 8374.90 16.68 0.54 1992 Apr 7........ 22:20 8720.93 14.32 0.41
1991 May 13...... 19:10 8390.80 16.15 0.49 1992 Apr 11 ...... 21:30 872490 13.53 0.40
1991 May 16...... 18:40 8393.78 16.24 0.55 1992 Apr 17 ...... 21:40 8730.90 14.72 047
1991 May 31...... 18:40 8408.78 16.22 0.51 1992 Apr 24 ...... 21:05 8737.88 14.06 0.41
1991 May 17...... 20:15 8394.84 15.92 0.51 1992 Apr 25 ...... 22:15 8738.93 13.61 0.44
1991 Jun 7 ........ 17:45 8415.74 15.99 0.69 1992 May 3 ........ 19:55 8746.83 14.35 043
1991 Jul 4 ......... 16:00 8442.67 14.72 0.67 1992 Jun 7 ........ 18:35 8781.77 13.81 0.71
1991 Jul 11........ 17:25 8449.73 14.83 0.83

If the R-band time sampling were as sparse as that in the
infrared, submillimeter, and millimeter bands, its light curve
would not look greatly different from the histories obtained
for those bands; the peak coincident with the y-ray flare
would tend to disappear. Thus, the lack of observed time
structure in the infrared and submillimeter bands might be
attributed just to undersampling. This highlights the impor-
tance of frequent monitoring observations.

3.2. Multifrequency Spectra

A multifrequency F, spectrum for the 1991 June period,
covering nearly 15 decades in frequency, is presented in
Figure 5a. Also included are the less numerous observations
available during or around the 1991 October CGRO
observation. Although substantial y-ray variation was
observed by EGRET during the June period, the 13 day
average of the y-ray spectrum has been plotted. This
average level corresponds roughly to that at the time of the
X-ray observations. The R-band optical data were also
averaged over the flare for use in Figure 5.

The IUE results, scaled as described above (shown as
open squares), serve to bridge partially the large gap in fre-
quency coverage between the optical and the X-ray bands.
Unfortunately, the UV/X-ray gap is still substantial, as is
that between the submillimeter and infrared observations.

The observed energy content in each spectral band is
shown most easily in a vF, plot, which is shown in Figure 5b
for the 1991 June 16-28 epoch. As noted previously by
Hartman et al. (1992), the y-rays dominate the detected

energy from 3C 279 during that time period; the frequency
distribution in energy output, however, depends upon the
(unknown) relative beaming factors in the various frequency
bands. A naive interpolation and integration over the 1991
June spectrum gives an apparent bolometric luminosity (in
the reference frame defined by the redshift) of 5.6 x 1048
ergs s~ 1, of which 3 x 10*® ergs s~ ! is between 102! and
10?4 Hz, the y-ray range.

Table 5 shows the values plotted in Figure 5. Note that,
for the 1991 September—October spectrum, the time periods
of the OSSE and EGRET observations do not overlap but
are contiguous. Also, due to Sun constraints, there were no
ground-based observations simultaneous with the 1991
October EGRET observation; the points listed and plotted
are averages of measurements taken before and after the
EGRET observations, for the frequencies which showed
little difference between the before and after measurements.
This was not done for frequencies above about 250 GHz
because the before/after differences appear to be substan-
tially greater than the observational errors.

For comparison with multiwavelength spectra from
earlier quiescent and active periods, points are included
from 1984 (Brown et al. 1989) and 1988 March—July
(Makino et al. 1989).

4. INTERPRETATION
4.1. Background

A rather wide variety of scenarios has been proposed to
explain the large apparent y-ray luminosity of 3C 279 and
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TABLE 4C

14.5 GHz LigHT CURVE FOR 3C 279

uUT Truncated F 4 Polarization 4
Date (hr) Julian Date Jy) Jy) (%) (%) Position Angle 4
1991 Jan 23 ....... 9.46 8280.39 12.50 0.12 4.37 0.56 79209 4°47
1991 Jan 25........ 9.71 8282.40 13.82 0.21 313 0.14 87.88 1.27
1991 Jan 29 ....... 7.85 8286.33 1343 0.11 3.66 0.16 87.77 1.10
1991 Feb 7........ 8.83 8293.37 13.75 0.20 339 0.16 85.88 1.29
1991 Feb 21 ...... 7.82 8307.33 14.03 0.27 335 0.18 80.44 2.11
1991 Feb 24 ...... 6.23 8310.26 13.73 0.23 3.79 0.33 77.80 2.54
1991 Mar6 ....... 791 8322.33 13.69 0.13 3.61 0.53 76.04 3.60
1991 Mar 12 ...... 6.93 8328.29 13.94 0.20 3.61 0.14 74.61 1.10
1991 Mar 14 ...... 7.36 8330.31 13.62 0.14 3.69 0.15 73.94 1.18
1991 Mar 21...... 6.79 8337.28 13.86 0.15 322 027 74.73 2.69
1991 Mar 25....... 4.02 8341.17 13.59 0.11 3.88 0.23 75.92 1.33
1991 Apr6........ 5.51 8353.23 14.15 0.14 2.87 0.14 73.92 1.39
1991 Apr 23 ...... 4.07 8370.17 14.28 0.18 1.99 0.18 71.57 2.53
1991 Apr 25 ...... 445 8372.19 14.08 0.16 1.80 0.14 78.92 2.23
1991 Apr 26 ...... 1.71 8373.07 13.55 0.15 2.50 0.14 79.86 1.56
1991 May 9 ....... 4.08 8386.17 14.31 0.23 1.78 0.53 72.02 9.20
1991 May 21...... 2.84 8398.12 13.97 0.14 1.08 0.14 77.11 3.58
1991 May 30...... 242 8407.10 14.13 0.11 0.31 023 84.54 30.03
1991 Jun 1 ........ 23.82 8409.99 13.65 0.10 0.86 0.16 72.60 5.87
1991 Jun 21....... 1.03 8429.04 13.59 0.10 0.76 0.13 50.33 5.10
1991 Jun 29....... 0.18 8437.01 14.02 0.12 0.96 0.17 31.03 5.62
1991 Jul 7......... 23.15 8445.96 13.80 0.26 1.10 0.18 33.78 3.95
1991 Jul 10........ 2292 8448.96 14.20 0.15 1.08 0.15 37.67 3.54
1991 Jul 14........ 20.98 8452.87 14.14 0.10 1.15 0.17 50.36 3.60
1991 Jul 21........ 23.09 8459.96 14.53 0.20 1.21 0.20 27.97 4.43
1991 Aug 2........ 21.70 8471.90 14.23 0.26 1.58 0.15 32.06 2.92
1991 Aug 5........ 19.01 8474.79 14.66 0.13 1.13 0.14 43.00 3.66
1991 Aug 12 ...... 21.03 8481.88 14.50 0.38 0.90 0.17 28.90 5.35
1991 Aug 23 ...... 20.12 8492.84 13.87 0.37 1.23 0.18 34.02 4.22
1991 Aug 25 ...... 20.32 8494.85 15.40 0.11 1.42 0.16 33.36 3.55
1991 Sep 1 ........ 19.72 8501.82 1542 0.13 1.67 0.21 38.95 2.98
1991 Sep 7 ........ 17.32 8507.72 1497 0.35 1.76 0.25 32.67 3.77
1991 Nov 5 ....... 14.55 8566.61 14.64 0.33 1.48 0.21 58.25 4.29
1991 Nov 12....... 14.69 8573.61 14.39 0.16 2.13 0.25 54.65 3.40
1991 Nov 17 ...... 13.88 8578.58 14.73 0.31 191 0.15 51.62 2.07
1991 Dec 5S........ 11.51 8596.48 13.61 023 2.08 0.15 54.24 1.92
1991 Dec6........ 13.85 8597.58 14.24 0.30 2.00 0.15 36.89 2.03
1991 Dec 8........ 13.51 8599.56 13.90 0.19 2.00 0.15 42.14 2.07
1991 Dec 18 ...... 12.89 8609.54 13.99 0.19 1.87 0.19 58.19 2.79
1992 Jan 8 ........ 10.92 8630.45 13.85 0.15 1.73 0.17 63.17 2.57
1992 Jan 30........ 8.76 8652.37 13.99 0.18 199 0.14 63.80 2.04
1992 Feb 8......... 9.48 8660.40 13.82 0.18 1.73 0.15 68.50 2.50
1992 Feb 10 ...... 7.20 8662.30 13.88 0.24 2.09 0.22 72.63 2.65
1992 Feb 21 ...... 8.78 8673.37 13.97 0.09 1.90 024 58.42 3.50
1992 Mar 1 ....... 8.07 8683.34 14.64 0.20 2.52 0.29 58.63 3.23
1992 Mar 15...... 7.39 8697.31 13.54 0.23 2.17 0.15 60.95 2.03
1992 Mar 26....... 7.10 8708.30 13.38 0.11 2.05 0.16 64.79 2.24
1992 Mar 28 ...... 3.53 8710.15 12.96 0.15 245 0.18 71.26 2.09
1992 Apr9........ 429 8722.18 13.27 0.13 191 0.18 64.61 2.79
1992 Apr 10 ...... 5.05 8723.21 1343 0.13 1.56 0.14 69.98 2.49
1992 Apr 12 ...... 495 8725.21 13.29 0.09 1.53 0.18 66.14 3.38
1992 Apr 26 ...... 4.05 8739.17 12.88 0.11 1.94 0.25 66.31 3.70
1992 May 6........ 2.96 8749.12 13.46 0.19 1.82 0.14 70.53 2.19
1992 May 8 ....... 322 8751.13 1342 0.13 2.00 0.14 68.88 2.02
1992 May 17...... 3.06 8760.13 13.25 0.18 2.03 0.14 72.93 1.97
1992 May 28...... 1.89 8771.08 1347 0.09 2.16 0.14 71.95 1.81
1992 May 30...... 1.72 8773.07 13.50 0.23 2.12 0.17 69.78 2.37
1992 Jun 3 ........ 1.92 8777.08 1347 0.12 222 0.13 69.08 1.74
1992 Jun 6 ........ 0.64 8780.03 13.60 0.10 2.58 0.17 69.03 1.89
1992 Jun 7 ........ 1.21 8781.05 13.40 0.11 2.28 0.14 67.19 1.77
1992 Jun 8 ........ 0.90 8782.04 13.23 0.11 2.25 0.16 66.74 2.00
1992 Jun 9 ........ 15.23 8783.63 13.30 0.07 2.50 0.12 69.77 1.40
1992 Jun 10....... 1.85 8784.08 13.02 0.10 2.31 0.14 69.67 1.80
1992 Jun 13....... 23.32 8787.97 13.09 0.10 2.59 0.15 69.92 1.59
1992 Jun 14....... 1.33 8788.06 12.73 0.12 245 0.16 67.36 1.84
1992 Jun 15....... 0.28 8789.01 13.39 0.09 2.50 0.14 65.84 1.65
1992 Jun 22....... 13.16 8796.55 13.19 0.10 2.65 0.12 69.23 1.35
1992 Jun 23 ....... 1.65 8797.07 12.75 0.14 294 0.33 74.53 3.40
1992 Jun 30....... 23.53 8804.98 12.82 0.10 2.60 0.15 70.89 1.65
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TABLE 4D

8 GHz LIGHT CURVE FOR 3C 279

Truncated

uUT F 4 Polarization o

Date (hr) Julian Date Jy) Jy) (%) (%) Position Angle o
1991 Jan 19 ....... 11.22 8276.47 11.82 0.12 440 0.18 99255 1221
1991 Feb 6........ 9.95 8292.41 11.72 0.12 441 0.18 98.85 0.97
1991 Feb 13 ...... 10.16 8299.42 11.78 0.12 4.60 0.15 93.61 1.06
1991 Feb 18 ...... 7.57 8304.32 4.65 0.18 92.76 1.10
1991 Feb 26 ...... 9.73 8312.41 11.96 0.12 4.76 0.15 95.90 0.90
1991 Mar 7 ....... 9.09 8323.38 11.48 0.17 4.00 0.56 96.66 2.97
1991 Mar 15....... 7.84 8331.33 11.75 0.12 443 0.14 94.93 1.06
1991 Mar 17....... 6.62 8333.28 1196 029 434 0.18 96.19 1.30
1991 Mar 30...... 7.23 8346.30 11.68 0.10 4.69 0.14 93.24 0.84
1991 Apr 14 ...... 6.37 8361.27 12.39 0.31 4.20 0.19 96.44 2.06
1991 Apr 15 ...... 6.68 8362.28 11.57 0.30 4.05 0.22 94.50 1.89
1991 Apr 30 ...... 5.26 8377.22 11.86  0.20 3.66 0.18 92.00 1.34
1991 May 2........ 2.76 8379.11 11.84  0.14 3.80 0.16 92.78 1.58
1991 May 4....... 2.84 8381.12 1191 0.13 3.70 0.15 90.65 1.21
1991 May 13...... 4.85 8390.20 11.60 0.12 3.58 0.46 93.20 3.32
1991 May 16...... 422 8393.18 11.75 0.11 347 0.18 92.66 1.79
1991 May 24...... 345 8401.14 11.77 0.10 3.40 0.21 90.42 2.30
1991 Jun 3 ........ 3.58 8411.15 11.68 0.09 3.26 0.17 92.51 1.66
1991 Jun 18....... 2.56 8426.11 11.82 0.11 2.77 0.16 93.09 1.66
1991 Jun 24....... 1.40 9432.06 11.74 0.15 2.68 0.17 93.90 1.80
1991 Jul 3......... 2238 8441.93 1160 0.14 2.62 045 94.75 2.68
1991 Jul 5......... 23.82 8443.99 11.64  0.16 2.35 0.19 89.98 2.39
1991 Jul 18........ 23.34 8456.97 11.95 0.10 1.85 0.16 86.25 3.56
1991 Jul 30........ 23.18 8468.97 11.99 0.13 1.39 0.19 92.48 4.43
1991 Aug9........ 2235 8478.93 12.09 0.15 1.76 0.15 95.57 2.46
1991 Aug 10 ...... 20.52 8479.85 12.54 0.12 1.34 0.21 94.33 4.54
1991 Aug 16 ...... 21.63 8485.90 12.04 0.23 1.29 0.25 90.37 4.40
1991 Aug 27 ...... 20.36 8496.85 12.23 0.23 1.07 0.20 85.49 7.41
1991 Sep 8 ........ 20.02 8508.83 12.36 0.19 1.73 0.19 99.63 4.19
1991 Sep 17....... 19.29 8517.80 12.69 0.10 2.14 0.21 100.87 2.23
1991 Oct 29....... 14.86 8559.62 1243 0.10 2.60 0.16 106.44 1.80
1991 Nov 1 ....... 17.20 8562.72 12.33 0.16 2.68 0.47 101.68 7.02
1991 Nov 8 ....... 16.41 8569.68 12.29 0.13 227 0.16 105.21 1.99
1991 Nov 13...... 16.28 8574.68 12.47 0.14 297 0.20 98.43 2.66
1991 Nov 22 ...... 16.63 8583.69 1230 0.3 248 0.16 106.37 1.96
1991 Nov 28....... 15.71 8589.65 12.19 0.19 2.73 0.17 106.63 1.82
1992 Jan 20........ 10.06 8642.42 12.28 0.18
1992 Feb 4........ 11.30 8656.47 12.62 0.36
1992 Feb 11 ...... 10.29 8663.43 12.33 0.15 327 0.37 102.51 3.82
1992 Feb 14 ...... 10.41 8666.43 12.02 0.21 3.56 0.25 102.24 1.81
1992 Feb 23 ...... 9.77 8675.41 12.26 0.16 335 0.58 93.97 4.52
1992 Feb 25 ...... 7.49 8677.31 12.14 0.24
1992 Mar 2 ....... 6.58 8684.27 12.29 0.13 3.57 043 90.38 5.96
1992 Mar 3 ....... 9.10 8685.38 12.20 0.18 3.25 0.33 97.27 3.63
1992 Mar 5 ....... 10.11 8687.42 11.66 0.29 4.54 0.51 95.87 4.16
1992 Mar 19...... 8.55 8701.36 11.13 0.12
1992 Apr1........ 7.38 8714.31 1191 0.12 3.78 0.53 95.51 2.31
1992 Apr 14 ...... 6.59 8727.27 3.19 0.33 86.16 3.66
1992 May 9....... 4.57 8752.19 11.79 0.14 3.76 0.17 92.25 2.13
1992 May 12...... 4.04 8755.17 11.72 0.17 3.61 0.26 88.93 1.70
1992 May 25...... 1.58 8768.07 4.34 0.32 81.45 4.35
1992 Junl ........ 2.50 8775.10 1191 0.12 3.64 0.19 93.62 1.19
1992 Jun 11....... 191 8785.08 11.79 0.10 342 0.14 92.39 1.23
1992 Jun 16....... 1.66 8790.07 12.17 0.18 332 0.15 92.58 1.60
1992 Jun 26........ 1.13 8800.05 1190  0.15 323 0.19 89.23 1.64

other blazars detected by EGRET (Fichtel et al. 1994;
Hartman 1994; von Montigny et al. 1995), taking into
account the short variation timescales observed (Kniffen et
al. 1993; Hartman et al. 1993; Mattox et al. 1993). In most
of these, Compton upscattering of soft photons has been
utilized for production of the y-rays. The soft photons can
originate as synchrotron emission from within the jet (the
synchrotron self-Compton or SSC process; Jones, O’Dell,
& Stein 1974, Jones 1979, Marscher 1980, Konigl 1981,
Ghisellini, Maraschi, & Treves 1985, Marscher & Gear
1985, Maraschi, Ghisellini, & Celotti 1992a, Bloom &
Marscher 1992, 1993, Marscher & Bloom 1992, Ghisellini et

Vol. 461

al. 1992, Marscher, Gear, & Travis 1992, Zdziarski &
Krolik 1993), directly from a nearby accretion disk
(Dermer, Schlickeiser, & Mastichiadis 1992; Dermer & Sch-
lickeiser 1992, 1993, 1994; Melia & Konigl 1989; Coppi,
Kartje, & Konigl 1993), or from disk radiation reprocessed
in, e.g., broad emission-line clouds (Blandford 1993; Sikora,
Begelman, & Rees 1993, 1994; Blandford & Levinson 1995).
We refer to these latter models, in which the scattered seed
photons are nonsynchrotron in origin, as external Compton
scattering (ECS) models.

Marscher (1980) and Ghisellini et al. (1985) have demon-
strated that the basic shape of the multifrequency spectra of
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TABLE 4E
4.8 GHz LiGHT CURVE For 3C 279
UT Truncated F 4 Polarization o
Date (hr) Julian Date Jy) Jy) (%) (%) Position Angle o
1991 Jan 2 ........ 13.57 8259.57 10.32 0.17 6.27 0.15 106203 0°82
1991 Jan 15....... 11.08 8272.46 10.31 0.15 5.58 0.12 105.47 0.62
1991 Feb 4........ 11.02 8290.46 10.51 0.13 5.42 0.12 105.35 0.64
1991 Feb 11 ...... 8.94 8297.37 10.44 0.16 5.29 0.12 104.04 0.67
1991 Feb 12 ...... 9.77 8298.41 10.48 0.16 5.38 0.12 104.98 0.64
1991 Feb 28 ...... 8.62 8314.36 10.32 0.14 5.41 0.12 104.98 0.62
1991 Mar 9 ....... 7.97 8325.33 10.62 0.14 5.20 0.13 104.25 0.67
1991 Mar 18 ...... 7.69 8334.32 10.42 0.14 5.16 0.13 104.46 0.77
1991 Mar 20...... 6.90 8336.29 10.40 0.20 5.17 0.12 103.76 0.65
1991 Apr2........ 5.97 8349.25 10.54 0.23 499 0.12 103.39 0.67
1991 Apr 19 ...... 5.46 8366.23 10.20 0.12 5.02 0.13 105.53 0.75
1991 Apr 22 ...... 4.19 8369.17 10.23 0.15 5.20 0.12 104.44 0.66
1991 May 5........ 4.09 8382.17 10.41 0.15 482 0.12 104.97 0.71
1991 May 7....... 4.51 8384.19 10.22 0.14 5.00 0.12 104.38 0.67
1991 May 15...... 3.53 8392.15 10.35 0.15 4.67 0.12 104.98 0.74
1991 May 23...... 2.52 8400.10 10.32 0.16 4.63 0.13 103.92 0.80
1991 May 26...... 1.54 8403.06 10.26 0.22 4.70 0.15 104.09 0.86
1991 May 29...... 2.59 84.06.11 10.17 0.16 4.64 0.13 105.13 0.79
1991 Jun 23....... 1.05 8431.04 10.46 0.16 424 0.13 104.00 0.87
1991 Jul 2.......... 23.39 8440.97 10.30 0.14 4.18 0.16 103.90 1.12
1991 Jul 15........ 22.80 8453.95 10.25 0.14 4.17 0.19 102.67 1.55
1991 Jul 17........ 22.73 8455.95 10.26 0.18 3.89 0.13 104.07 1.03
1991 Jul 26........ 22.85 8464.95 10.46 0.14 393 0.11 103.51 0.83
1991 Jul 29........ 22.17 8467.92 10.86 032 3.74 0.15 103.63 0.96
1991 Aug6........ 22.53 8475.94 10.06 0.12 3.88 0.12 103.45 0.85
1991 Aug 21 ...... 21.59 8490.90 10.36 0.12 3.75 0.12 103.36 0.89
1991 Aug 29 ...... 21.10 8498.88 10.14 0.25 4.00 0.12 105.00 0.83
1991 Sep 1 ........ 21.55 8501.90 10.34 0.14 3.78 0.12 102.03 0.90
1991 Nov 19 ...... 16.73 8580.70 10.50 0.14 4.79 0.12 105.39 0.69
1991 Nov 21 ...... 16.05 8582.67 10.34 0.14 4.82 0.12 106.07 0.70
1991 Nov 29 ...... 15.39 8590.64 5.02 0.15 105.35 0.83
1991 Dec 10 ...... 14.98 8601.62 10.46 0.12 497 0.12 106.16 0.68
1991 Dec 15 ...... 14.25 8606.59 10.24 0.08 5.14 0.13 105.04 0.70
1991 Dec 28 ...... 14.16 8619.59 10.57 0.12 541 0.11 104.88 0.59
1991 Dec 29 ...... 11.67 8620.49 10.51 0.17 5.55 0.12 103.09 0.60
1992 Jan 1 ........ 11.10 8623.46 10.59 0.25 5.84 0.14 101.68 0.58
1992 Jan 4 ........ 13.89 8626.58 10.40 0.09 543 0.11 104.66 0.60
1992Jan 7 ........ 12.89 8629.54 10.29 0.12 5.38 0.11 103.81 0.60
1992 Jan 16 ....... 12.99 8638.54 10.61 0.13 542 0.12 103.70 0.61
1992 Feb 1........ 11.86 8653.49 10.43 0.11 5.14 0.11 102.75 0.62
1992 Feb 16 ...... 8.96 8668.37 10.41 0.21 5.20 0.12 100.84 0.62
1992 Feb 28 ...... 9.80 8680.41 1048 = 0.11 498 0.12 99.61 0.67
1992 Mar 10...... 8.64 8692.36 4.59 024 99.68 1.45
1992 Mar 21 ...... 7.80 8703.32 10.27 0.11 499 0.12 98.69 0.68
1992 Mar 23 ...... 6.10 8705.25 10.31 0.11 5.06 0.14 99.46 0.71
1992 Apr 3........ 6.95 8716.29 10.36 0.12 493 0.12 99.31 0.70
1992 Apr 11 ...... 6.36 8724.27 4.56 0.12 100.12 0.78
1992 Apr 21 ...... 5.75 8734.24 10.18 0.18 5.18 0.12 98.42 0.68
1992 Apr 23 ...... 422 8736.18 1041 0.15 5.04 0.12 98.69 0.65
1992 May 5........ 4.88 8748.20 10.31 0.16 498 0.12 98.49 0.70
1992 May 13...... 4.84 8756.20 10.20 0.11 5.27 0.12 97.76 0.64
1992 May 27...... 3.11 8770.13 10.37 0.13 5.09 0.12 97.82 0.65
1992 Jun 1 ........ 0.78 8775.03 10.45 0.25 5.07 0.12 97.69 0.64
1992 Jun 5........ 0.76 8779.03 10.40 0.23 5.22 0.12 98.18 0.63
1992 Jun 13....... 0.18 8787.01 10.34 0.20 512 0.12 98.96 0.63
1992 Jun 17....... 0.28 8791.01 10.32 0.17 5.17 0.12 99.00 0.63

blazars can be understood as SSC emission from a tapered
relativistic jet that accelerates from its base to the site of the
radio emission. Since the magnetic field and (in the absence
of continuous particle acceleration) relativistic electron
energies decrease with distance along the jet, the transverse
and axial dimension of the emission region decrease with
increasing frequency of emission. Maraschi, et al. (1992a)
have calculated an approximate multi-wave band SSC

spectrum expected according to such a model, and they
reproduce the 3C 279 spectrum rather well.

Some proposed approaches require production of
extremely relativistic particles. Examples are direct syn-
chrotron radiation (Maraschi, Ghisellini, & Celotti 1992b),
deceleration of ultrarelativistic beams (Melia & Konigl
1989; Coppi et al. 1993), and proton-driven jets (Mannheim
& Biermann 1992; Mannheim 1993; Coppi et al. 1993).
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Extremely hot accretion disks have also been suggested
(Eilek & Kafatos 1983; Becker, Kafatos, & Maisack 1994;
Maisack, Becker, & Kafatos 1994), although it appears diffi-
cult to account for the TeV emission from Mrk 421 (Punch
et al. 1992; Mohanty et al. 1993) in this manner.

If y-ray variations are caused by changes in the number of
relativistic electrons N, in a jet, both the synchrotron (at
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FiG. 5—a) Multiwavelength spectra during the 1991 June y-ray flare
(squares) and the 1991 October 3-17 EGRET observation (circles). At most
frequencies, observations were impossible during October 3—17 because of
the proximity of 3C 279 to the Sun; the radio points shown are averages of
measurements just before and after the Sun exclusion interval. The scaled
IUE points (see § 2.4) are shown as open squares. (b) The vF, spectrum
corresponding to (a); for historical comparison, spectra are shown for 1984
(a quiet time [Brown et al. 1989]; diamonds) and 1988 (an extended flare
[Makino et al. 1989]; triangles).

optically thin frequencies) and y-ray variations should be
simultaneous in both the SSC and ECS models. In the ECS
models, the variations of the synchrotron and y-rays should
be of the same magnitude, since each depends linearly upon
N,; but if the magnetic field also increases with increasing
N,, the magnitude of the y-ray variation could be less than
that of the synchrotron variation. In the SSC model,
however, the ratio of self-Compton to synchrotron emission
varies as N,; hence, the y-rays should show more pro-
nounced variations than the synchrotron emission.

In the ECS models, y-ray variations can also depend on
variations in the seed photon flux, in which case the y-ray
variations should lag behind the variations of the directly
observed photons. The synchrotron emission would then
not be expected to show related variations. An increase in
the bulk Lorentz factor could also produce large variations
in the y-ray/optical ratio within the ECS scenario. This
ratio depends generally on observing angle, due to the dif-
ferent beaming patterns for synchrotron and external
Compton-scattered radiation (Dermer, Sturner, & Schlick-
eiser 1995).

Which of the proposed y-ray emission mechanisms domi-
nates depends on the relative energy densities of the syn-
chrotron photons and external (accretion disk or
reprocessed disk) photons in the rest frame of the jet
plasma, and on the relativistic proton/electron ratio in the
jet. Since we do not know the size of the smallest
synchrotron-emitting component of the jet, the size and
scattering efficiency of the nonrelativistic scattering region,
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TABLE 5
MULTIWAVELENGTH SPECTRA OF 3C 279
1991 JUNE 1991 SEPTEMBER—OCTOBER
BAND FREQUENCY F, (Jy) vF, (Jy-Hz) F, (Jy) vF, (Jy-Hz) SOURCE
4-10 GeV .......... 1.48E24 (1.8 + 1.2 E—-11 (2.8 + 1.8)E13 43 +3.1)E-12 (6.3 + 4.6)E12 EGRET
2-4GeV............ 6.70E23 9.6 + 2.5)E—11 (6.4 + 1.7)E13 (1.3+ L.1H)E-11 (8.8 + 7.2)E12 EGRET
1-2GeV............ 3.35E23 (1.08 + 0.25)E—10 (3.6 + 0.8)E13 (3.1 £ 1L6)E—11 (1.0 £ 0.5)E13 EGRET
0.5-1 GeV.......... 1.67E23 3.1+ 04E—-10 (5.1 £ 0.7)E13 (7.8 + 23)E—11 (1.3 + 0.4)E13 EGRET
300-500 MeV ...... 9.25E22 (5.6 + 0.6)E—10 (5.2 + 0.6)E13 (1.5 + 04E—10 (1.4 + 0.3)E13 EGRET
150-300 MeV ...... 5.02E22 (7.9 £ 0.7E—10 (4.0 + 0.3)E13 2.5+ 05E—-10 (1.2 + 0.2)E13 EGRET
100-150 MeV ...... 2.94E22 (1.19 + 0.13)E—9 (3.5 £ 0.4)E13 (3.5 + 1.O)E-10 (1.0 + 0.3)E13 EGRET
70-100 MeV ....... 2.01E22 (1.76 + 0.22)E—9 (3.5 + 0.4)E13 (9.0 £ 20 E—10 (1.8 + 0.4)E13 EGRET
50-70 MeV ........ 1.42E22 3.1+ 07)E-9 (4.3 + 1.0)E13 (1.0 + 0.5E—-9 (1.4 +£ 0.7)E13 EGRET
30-50 MeV ........ 9.25E21 45+ 19E-9 (4.2 + 1.8)E13 21+ 1.5E-9 (2.0 + 1.4)E13 EGRET
8-30 MeV.......... 3.75E21 (1.36 + 0.42)E—8 (5.1 + 1.6)E13 COMPTEL
0.75-8 MeV ........ 5.92E20 <3.1E-8 <19E13 .. e COMPTEL
370-600 keV ....... 8.92E19 (1.2 +06)E-7 (1.1 + 0.5E13 OSSE
224-370 keV ....... 5.42E19 (79 + 40)E—8 (4.3 + 2.2)E12 OSSE
138-224 keV ....... 3.34E19 (9.8 £+ 43)E—8 (3.3 + 1.4)E12 OSSE
80-138 keV ........ 1.94E19 (24 £ 03)E-7 (4.6 + 0.5)E12 OSSE
51-80 keV .......... 1.24E19 (39 + 06)E-7 (4.8 + 0.8)E12 OSSE
18.5-232 keV...... 499E18 <3.5E-7 <1.8E12 e ... Ginga
16.2-18.5 keV ...... 4.18E18 (6.1 £ 2.5 E—-7 (2.5 + L.1)E12 Ginga
13.9-16.2 keV ...... 3.62E18 8.7+ 1.7E-7 (3.2 + 0.6)E12 Ginga
12.7-139 keV ...... 3.21E18 9.2+ 1.7E-7 (29 + 0.6)E12 Ginga
11.6-12.7 keV ...... 293E18 8.7+ 1L4E-7 (2.5 + 0.4)E12 Ginga
104-11.6 keV ...... 2.65E18 (1.05 £ 0.11)E—6 (2.8 + 0.3)E12 Ginga
9.3-104 keV ....... 2.37E18 (9.0 + 09 E-7 (2.1 + 0.2)E12 Ginga
8.1-9.3 keV......... 2.09E18 9.9 + 0.8)E—7 (2.1 +£ 0.2)E12 Ginga
6.95-8.1 keV ....... 1.81E18 (1.14 + 0.07)E—6 (2.1 + 0.13)E12 Ginga
6.37-6.95 keV ...... 1.61E18 (1.30 £ 0.09)E—6 (2.08 + 0.14)E12 Ginga
5.79-6.37 keV ...... 1.47E18 (1.19 + 0.08)E—6 (1.75 + 0.12)E12 Ginga
5.21-5.79 keV ...... 1.33E18 (1.40 + 0.07)E—6 (1.86 + 0.10)E12 Ginga
4.63-521 keV ...... 1.19E18 (148 + 0.07)E—6 (1.75 + 0.08)E12 Ginga
4.05-4.63 keV...... 1.05E18 (1.65 + 0.07)E—6 (1.72 + 0.07)E12 Ginga
347-4.05 keV ...... 9.04E17 (1.69 + 0.07)E—6 (1.53 + 0.06)E12 Ginga
2.89-347 keV ...... 7.64E17 (1.90 + 0.07)E—6 (1.45 + 0.05)E12 Ginga
2.32-2.89 keV ...... 6.24E17 (2.38 + 0.08)E—6 (1.48 + 0.05E12 Ginga
1.74-2.32 keV ...... 4.84E17 (2.84 + 0.12)E—6 (1.38 + 0.06)E12 Ginga
1.16-1.74 keV ...... 341E17 (3.8 + 0.4E—6 (1.29 + 0.12)E12 Ginga
2.50E15 124E-3 3.1E12 IUE?
1.67E15 1.69E—-3 2.8E12 IUE?
1.50E15 1.54E-3 2.3E12 IUE?
1.07E15 32E-3 34E12 IUE?
) S 429E14 9.9 + 0.5 E-3 4.2 + 0.2)E12 Balonek
J i 2.40E14 (1.80 + 0.01)E—-2 (4.32 + 0.02)E12 UKIRT
H.....o........... 1.80E14 (2.60 + 0.01)E—2 (4.68 + 0.02)E12 UKIRT
K., 1.30E14 (4.00 + 0.03)E—2 (5.20 + 0.04)E12 UKIRT
L. 8.70E13 (7.1 £ 0.04E—-2 (6.18 + 0.35)E12 UKIRT
045mm............ 6.60E11 3.8+0.7 (2.5 £ 0.5)E12 JCMT
08mm ............. 3.80E11 714+ 04 (2.71 + 0.15)E12 JCMT
Llmm............. 2.70E11 8.5+04 (2.29 + 0.11)E12 JCMT
1.3mm ............. 2.30E11 85+ 1.2 (2.0 + 0.3)E12 87+12 (2.0 + 0.3)E12 JCMT
20mm .........lel 1.50E11 11.5+ 06 (1.73 + 0.09)E12 1234+ 038 (1.85 + 0.12)E12 JCMT
33mm ............. 9.00E10 157+ 0.7 (1.41 + 0.06)E12 143+ 1.0 (1.29 + 0.09)E12 SEST
Smm ............... 3.70E10 159 + 04 (590 + 0.15)E11 170 + 0.6 (6.3 + 0.3)Ell Metsdhovi
l4cm .............. 2.20E10 154 + 0.7 (3.38 + 0.15)E11 160 + 1.0 (3.5 + 0.22)E11 Metsihovi
21cm .ol 1.44E10 13.6 + 0.1 (197 + 0.01)E11 148 + 04 (2.15 + 0.05)E11 Michigan
38cm ...oeinninl 8.00E9 11.7+ 0.2 (9.39 + 0.12)E10 126 + 0.2 (1.00 + 0.02)E11 Michigan
62cm .............. 4.80E9 1054+ 0.2 (5.02 + 0.08)E10 Michigan

2 Scaled values; see text.

or the distance of the y-ray production site from the
putative accretion disk, we cannot determine theoretically
which source of seed photons dominates in 3C 279. There-
fore, we must rely on the multifrequency spectrum and
variability to eliminate or constrain specific models.

4.2. Spectrum

The 1991 June quasi-simultaneous multifrequency spec-
trum presented in Figure 5 is apparently quite smooth

through the radio-IR region. Although there is a large gap
between 10'2 and 10*3-3 Hz, other blazars with coverage in
that range show no significant deviation from a smooth
spectrum (e.g., Clegg et al. 1983). The continuity of the spec-
trum at lower frequencies and an X-ray spectrum that is
flatter than the IR-spectrum can be modeled effectively
within the framework of the SSC model. The similar spec-
tral indices of the submillimeter and X-ray portion of the
spectrum are consistent with this interpretation. The shape
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of the spectrum indicates that a break must occur at
roughly 10!* Hz, at the low-frequency edge of the near-IR
data shown in Figure 5. This break presumably reflects a
similar change in slope of the relativistic electron energy
distribution.

Since the slope of the y-ray spectrum below 10?2 Hz is
similar to that of the synchrotron spectrum below 10'* Hz,
straightforward application of the SSC model requires that
the electrons responsible for the scattering up to hard y-ray
energies have Lorentz factors as high as (1023/10'4)!/2
~3 x 10* As is shown in Figure 6, a self-consistent model
with a uniform relativistically moving source is not pos-
sible: either the y-ray spectrum falls off too rapidly at high
energies, or the model overpredicts the optical flux. A more
complex model that has been shown to explain the behavior
of spectral variations at radio-IR frequencies involves a
shock wave propagating outward along a relativistic jet
(Marscher & Gear 1985; Marscher et al. 1992). However,
our numerical simulation of such a scenario has demon-
strated that a model for SSC emission from such a shock
also has difficulties explaining the multifrequency spectrum,
similar to but less severe than those faced by the uniform
spherical model.

Thus, the basic SSC model does not provide a ready fit to
the quasi-simultaneous spectrum of 3C 279 at the time of
the 1991 June y-ray flare. That basic model, however, does
not include anisotropies of the emission as seen by electrons
in the source. If the magnetic field is at least partially
ordered, as may be the case if the shock has a very small
effective thickness (from radiative losses; see Marscher &
Gear 1985), it is possible for the observer to see a different
synchrotron spectrum than do the electrons. The synchro-
tron emission varies as (sin 8)**! (where F, oc v_?), and the
break frequency varies as sin 6, where 0 is the angle between
the magnetic field and the line of sight (after accounting for
relativistic aberration in the observer’s frame). If a substan-
tial fraction of the magnetic field, after correction for aber-
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F1G. 6.—The best-fitting attempt to model numerically the 1991 June
flare with SSC emission from a uniform, relativistic moving sphere.
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F1G. 7.—Comparison between the 1991 June flare spectrum and a
numerical shock-in-jet SSC model which allows some portion of the mag-
netic field in the jet to be axially aligned. See text for details.

ration, is nearly parallel to the observer’s line of sight (as
might be expected for a jet pointing almost at the observer,
with a magnetic field aligned parallel to the jet axis), the
standard calculation (based on observed quantities) will
predict lower intensity synchrotron radiation and a lower
break frequency as seen by the scattering electrons. The
result is that the SSC y-ray spectrum can extend to higher
photon energies and can have higher observed y-ray fluxes
than would be expected according to a calculation that does
not take into account the field orientation. Figure 7 shows a
model fit (possibly not unique) to the multifrequency spec-
trum for a jet observed nearly along the axis, and with a
magnetic field component aligned nearly parallel to the line
of sight. The model result shown in Figure 7 has been
obtained from a self-consistent computer code (Travis &
Marscher 1996) for a shock-in-jet model, with the jet con-
taining an axial magnetic field overlain by a random mag-
netic field component. The model jet has a conical geometry
with magnetic field varying as r~! and density varying as
r~2, where r is the distance from the apex of the cone. A
power-law energy spectrum of relativistic electrons is
injected at in inner radius r,,;, and allowed to decay due to
losses from adiabatic expansion, synchrotron radiation, and
first-order inverse Compton scattering. The main com-
ponent of the magnetic field is assumed to be uniform and
aligned with the jet axis. A randomly oriented component is
superimposed whose magnitude is 50% of the uniform com-
ponent. The jet opening half-angle is 1°5, the jet axis is
inclined by 5° to the line of sight, and a Lorentz factor of 5 is
assumed for the bulk motion in the jet. The model spectrum
provides a fairly good fit to the multiwavelength spectrum,
demonstrating that such a multi-wave band spectrum can
indeed be fitted by synchrotron-self-Compton emission
from a relativistic jet. The introduction of a weak shock
wave to explain the time variations does not alter the shape
of the spectrum significantly as long as the electrons are
assumed to gain energy only quasi-adiabatically because of
the compression of the shock.

Therefore, we conclude that SSC models that incorporate
the gradients in physical parameters found in relativistic jets
can reproduce the multiwavelength spectrum rather well.
The model is constrained by the requirement that it repro-
duce the synchrotron spectrum, including the flattening at
radio frequencies from self-absorption, as well as the X-ray
and y-ray spectrum simultaneously. The particular model
shown in Figure 7 does not allow for in situ particle acceler-
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FiG. 8.—Solid and dot-dashed curves show fits to an external Compton
scattering (ECS) model for the 1991 June (squares) and 1991 September—
October (triangles) data, respectively. The synchrotron, synchrotron-self-
Compton, disk, and external Compton scattering components are shown
by the dotted curves for the fit to the 1991 June data. The long-dashed line
indicates where the spectrum is optically thick to synchrotron self-
absorption. See text for details and parameter values.

ation, bends in the jet, or other effects that probably occur
in relativistic jets.

External Compton scattering models can also produce
acceptable fits to the simultaneous multiwavelength spectra
of 3C 279. In Figure 8 we show spectral calculations for the
time-integrated spectrum of single-component plasma
blobs moving with bulk Lorentz factor I" in an external
isotropic radiation field (see Dermer et al. 1995 for. details of
the model) In this simulation, I" = 10, and electrons with
Lorentz factors between 1 and 10° are isotropically injected
in the comoving blob frame as a power-law spectrum with
number index p = 2.38. The electrons cool by synchrotron
radiation in a randomly oriented blob magnetic field of 1.7
G. The electrons also cool by scattering the synchrotron
photons and the photons of an external radiation field,
which are strongly aberrated in the comoving plasma frame
due to the blob’s relativistic motion. The external soft
photon energy is chosen to be 5 eV, and the jet axis is
assumed to be oriented at 3° with respect to the line of sight.

The solid curve in Figure 8 shows a fit to the 1991 June
data. This spectrum is composed of four components,
shown by the dotted curves. The narrow spectral com-
ponent peaking near 5 eV represents the quasi-isotropic
accretion-disk radiation which is spectrally broadened in
the shape of a Shakura-Sunyaev (1973) outer blackbody
spectrum. The very broad low-intensity spectral component
is the beamed synchrotron self-Compton emission resulting
from the Compton scattering of the synchrotron radiation
which dominates the total spectrum below ~1 keV. The
beamed external Compton scattering component is most
important at higher energies. The external photons orig-
inate either directly from an accretion disk or after the ac-
cretion disk photons are scattered by surrounding gas and
dust. The spectral break by a factor of 0.5, noted by Dermer
& Schlickeiser (1993) and Sikora et al. (1993), results when
the blob moves into a region in which the radiation field is
less intense, so that electron cooling by external photons is
no longer important. The spectra shown in Figure 8 rep-
resent the time-integrated emission from the injected elec-
trons which cool by both synchrotron and Compton
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processes as the blob moves outward into a more dilute
radiation field, which happens when the blob leaves the disk
radiation field or the region containing scattering clouds.
The dot-dashed curve in Figure 8 shows the spectral fit for
the 1991 September-October data. All parameters for the
two fits are the same except for the radial extent of the
external scattering regions and the jet powers. The scat-
tering regions are 2 x 10'6 and 10!7 cm in size for the 1991
June and 1991 September—October data, respectively, and
the jet power is about 4 times as large in the former epoch as
in the latter. The abrupt spectral break in the MeV portion
of the spectrum would be smoothed out if the transition to a
region with fewer external photons were more gradual.

An external Compton scattering model therefore pro-
vides a reasonable fit to multiwavelength spectra between
infrared and y energies. Below ~ 10'2 Hz, the blob spectrum
is optically thick to synchrotron self-absorption, as indi-
cated by the long-dashed line. Therefore, no attempt is
made to model the radio emission which, in the ECS sce-
nario, probably results from the superposition of self-
absorbed components farther out along the jet. The
magnetic field is stronger and the size of the blob is smaller
in the EC model than in the SSC model, accounting for the
difference in the magnitudes of the self-Compton com-
ponents and self-absorption frequencies in the two models
shown in Figures 7 and 8.

4.3. Time Variation

The timescale for substantial variation in y-ray emission
can be at least as short as a few days (Kniffen et al. 1993;
Hartman et al. 1993; Mattox et al. 1993). This limits the
line-of-sight dimension of the emitting region to x <
10'%5/(1 + z) cm, where z is the redshift and J is the
Doppler factor for relativistic bulk motion along the jet. A
further constraint comes from the requirement that the
region not be opaque to the y-rays because of photon-
photon pair production. We use equation (3) from Mattox
et al. [1993; note that egs. (2) and (3) of that paper must be
divided by (1 + z)* to correct an error] to determine that
the 1991 June 3C 279 data require that the Doppler factor
6 > 3.2 in order for the optical depth to pair production by
a ~3 GeV photon to be less than unity. (This assumes that
the observed X-rays and y-rays are produced in the same
volume.)

The short timescale of variability is the main obstacle
faced by the SSC model represented in Figure 7. The cross-
sectional radius of the model jet at its narrowest point is
0.25 pc, or almost 8 x 10'7 cm, whereas the Doppler factor
at the jet axis is 8.4. Therefore, the region is 10 times the size
of a region capable of varying substantially on a timescale
of a few days. This is a fundamental problem for SSC
models, one that can be solved either by adopting much
higher Doppler factors or by assuming that the emission is
located in a thin layer (such as a shock front; see Marscher
& Gear 1985) viewed almost face-on. The short timescale of
variability does not pose a difficulty for the single com-
ponent ECS model. The fits shown in Figure 8 employ an
accreting black hole of 108 M and blobs with size ~100
gravitational radii, implying dynamical timescales shorter
than 1 day.

Taken at face value, our observations indicate that the
y-ray flare in 1991 June was coincident with a short syn-
chrotron flare observed in the R band. The amplitude of the
y-ray event appears to have been substantially higher, in
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terms of fractional change, than that in the R band. The
observations of Maraschi et al. (1994), which examine long-
term multiwavelength variations of 3C 279, also suggest
that the fractional variation in the y-ray regime is greater
than in the optical regime. This seems to favor the SSC
model if it is assumed that only the electron number density
N, varies. If, however, the bulk Lorentz factor I' changes
(which in the case of long-term changes could be verified
from subsequent VLBI observations), then ECS models can
also explain the relative changes in the amplitudes of the
components. A series of simultaneous observations would
be necessary to discriminate between variations due to
changes in N, T, or, as indicated by the modeling in Figure
8, the locations at which the nonthermal electrons are
injected. In both the ECS and SSC models, short-timescale
(Sdays) variations are probably due to quenching of the
flare by inverse Compton energy losses of the electrons from
intense soft-photon fields.

5. CONCLUSIONS

We have presented available simultaneous multi-
wavelength spectral data on 3C 279 for the periods 1991
June and 1991 September—October, in addition to light
curves from 1991.0 to 1992.5 at a wide variety of fre-

quencies. Although the y-ray flux decreased by a factor of 4
between 1991 June and October (Kniffen et al. 1993), there
was essentially no change in the 5-230 GHz range between
those two epochs. No optical observations were possible
during 1991 October; however, Maraschi et al. (1994) have
previously demonstrated long-term correlation between the
optical and y-ray emission. Together, this suggests that the
y-ray and optical emission originate in separate regions
from the site at which the radio emission is produced.
During 1991 June, an R-band flare is seen to peak within
about a day of the y-flare peak. The short timescale of varia-
tion (1-2 days) suggests that the y-ray emission is formed
within a localized site rather than over the entire volume of
an inhomogeneous emission region. For relativistic jet
models, this implies that the y-rays originate in the inner
portions of the jet, close to its base, and probably in well-
defined regions such as shocks or other locations with
enhanced flow energy.

SSC and ECS models can provide reasonable fits to the
simultaneous multiwavelength spectra. The y-ray variation
is explained in the SSC model by changes in the number of
emitting electrons and in the ECS model by changes in the
bulk Lorentz factor of outflowing plasma blobs or by
changes in the location of the electron acceleration regions.
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