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Abstract. The time-resolved spectra of several gamma-
ray bursts have shown that near the beginning of the
burst, some absorption mechanism makes the spectra
inconsistent with the simple optically-thin synchrotron
shock model. We fit GRB 970111, which shows strong
evidence for such absorption, with a synchrotron shock
spectra suffering self-absorption. The synchrotron self-
absorption shape does fit the BATSE time-evolving spec-
tra, although it may be inconsistent with BeppoSAX WFC
data. If the turnover just below the spectral break is due
to synchrotron self-absorption, a magnetic field strength
of 4 107 G is required.
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1. Introduction

The multiwavelength fading counterparts of gamma-ray
bursts (GRBs) have been shown to be in agreement with
the relativistic blast wave model (Mészáros & Rees 1993).
More predictive variations of this model, such as the
synchrotron shock model (Katz 1994; Tavani 1996) are
consistent with a small number of time-integrated GRB
spectra (Cohen et al. 1997), but fail to explain several
time-resolved GRB spectra. In particular, the asymptotic
photon slope α (FN ∝ να) below the spectral break is
predicted by the synchrotron shock model to be between
− 2

3 and − 3
2 . This was shown to be inconsistent with time-

resolved GRB spectra fit with the Band et al. (1993) GRB
function (Crider et al. 1997; Crider et al. 1998). Fitting
both the Band GRB function and a broken power-law to
over 100 bursts, Preece et al. (1998) found roughly a fourth
of time-integrated spectra to be inconsistent with the syn-
chrotron shock predictions, as well.
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The observed high values of α do not easily differen-
tiate between the many possible absorption mechanisms.
However, the evolution of α, when fitting spectra with the
Band GRB function, may favor saturated Comptonization
as the absorption mechanism (Crider et al. 1997). This
may well be a result of extracting the photon spectra as-
suming a Band GRB function. In this paper, we fit the
time-resolved BATSE LAD spectra of GRB 970111 di-
rectly with a self-absorbed synchrotron shock function. We
choose this burst because it was very bright, it was seen
by many instruments including BeppoSAX and BATSE
(trigger 5773), and it had a very high α = +1.5 ± 0.2
(Crider et al. 1998).

2. Procedures

We began our analysis of this burst by examining
HER/HERB data from BATSE (Fishman et al. 1989)
LAD 0, which is publically available from the Compton
Observatory Science Support Center. This detector is the
most normal to the burst (θ = 11.576◦). The burst is
also 132◦ away from the geocenter, which helps reduce
complications from Earth scatter. Our HER/HERB
data is available spanning an energy range of 24 keV to
1996 keV and time interval of 0.03 to 21.8 s. The burst
lasted for just over 40 s in this energy range, so that the
two last pulses are excluded from our analysis.

At its finest resolution, with bins approximately cov-
ering 0.3 s, the signal-to-noise ratio is sufficiently high
(S/N > 55) that it was possible to fit time-resolved
spectra. We did this using the WINGSPAN analysis soft-
ware. Examining the time-evolving spectra of GRB 970111
(see Fig. 1 of Crider et al. 1998), we have found that
during the first ∼ 10 s, the asymptotic slope below the
spectral break α is positive and inconsistent with the
predictions of the unabsorbed synchrotron shock model,
namely − 3

2 ≤ α ≤ − 2
3 (Katz 1994). To overcome this

inconsistency, we previously included a photoelectric ab-
sorption term to account for the steep low-energy spectra
(Böttcher et al. 1999). While this produced marginally
acceptable fits to the BATSE data, the required ISM H
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Fig. 1. A simple synchrotron self-absorption model fit to the
first 5 s of GRB 970111 (χ2

ν = 1.09, ν = 115)

column density is (assuming solar abundances) approxi-
mately 1026 cm−2 and no photons would have been de-
tected by the BeppoSAX WFC.

Synchrotron self-absorption (SSA) is another possible
mechanism which may explain the paucity of photons just
below the spectral break. We approximated SSA using a
broken power law with two breaks. We fixed the photon
slope below the first break to +1 (Katz 1994) and the slope
between the two breaks to − 2

3 (for the slope expected for
single electron emission synchrotron shocks; Katz 1994).
This leaves 4 free parameters. The resulting χ2 values are
similar to those found when using the Band GRB function.
In Fig. 1, we show the integrated spectra during the first
5 s for this burst fit with our simple SSA function. The re-
duced χ2 (ν = 115) of this fit is 1.09. Fitting this function
to the time-resolved spectra reveals that the lower break
energy Eabs decreases monotonically while it is within the
range of the detector (see Fig. 2).

For fully radiative shock evolution, Eabs ∝ t−
4
5 , while

for fully adiabatic shock evolution, Eabs ∝ t−
1
2 (Sari et al.

1998). To compare the observed decay to these predic-
tions, we fit our data with the function

Eabs = Eabs(0)
[
1 +

(
t

tdecay

)n]−1

(1)

which becomes Eabs ∝ t−n when (t/tdecay)n � 1. We
found that this function fits our values of Eabs very well
and find that tdecay = 9.3± 0.5 and n = 2.2± 0.3.

3. Discussion

If the paucity of photons just below Epk is due to
synchrotron self-absorption, the magnetic energy density
must be extremely high. From Rybicki & Lightman (1979,
Eq. (6.53)) we find that

Eabs = C(p) τ
2

p+4
T B

p+2
p+4 (2)

(also see Liang et al. 1997). For convenience, we calculate
C(p) for appropriate values of p in Table 1. Assuming that
Γ ≈ 1000 (making the co-moving Eabs ≈ 70 eV), τT ≈ 1
and using the Band et al. (1993) GRB function β to give

Fig. 2. The decay of Eabs with respect to time fit with Eq. (1).
Arrows represent time bins where Eabs was undetermined and
presumed to be below the low energy detector cutoff

p ≈ 4, we find that B = 4 107 G, which constrains some
GRB models. Finally, we note that the BeppoSAX WFC
data (2 − 40 keV) for this burst will be very useful in
eliminating possible absorption mechanisms once they are
released.

Table 1. Calculated values of C(p) for use with Eq. (2). See
Rybicki & Lightman (1979) for details on calculating C(p)

p C(p) p C(p)

2.0 1.8 10−3 eV G−2/3 4.0 1.4 10−4 eV G−3/4

2.5 8.4 10−4 eV G−9/13 4.5 8.9 10−5 eV G−13/17

3.0 4.3 10−4 eV G−5/7 5.0 5.9 10−5 eV G−7/9

3.5 2.4 10−4 eV G−11/14
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Mészáros P., Rees M.J., 1993, ApJ 405, 278
Rybicki G.B., Lightman A.P., 1979, Radiative Processes in

Astrophysics. New York: Wiley
Sari R., Piran T., Narayan R., 1998, ApJ 497, L17
Tavani M., 1996, ApJ 466, 768


