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Abstract. In a previous paper, we described a model which
can explain theλ5797 diffuse interstellar band (DIB) profile
as seen in absorption in the diffuse interstellar medium and in
emission in the Red Rectangle (RR), as a rotational envelope
of electronic transitions where the molecular carrier is a free
PAH of size≈ 40 atoms. One of thestrongest predictionsis
the behaviour of the rotational temperature of PAH in the case
of regions rich in UV such as Reflection Nebulae: it must be
suprathermal with respect to the gas temperature but clamped
to ≈ 100 K for any PAH size. The width of the DIB, in such
regions, can then be broader than in the classical ISM (Trot ≈
30 K) if the values of the molecular transition are favorable. In
order to test this prediction, we have obtained high resolution
spectra of 27 reddened early type stars, mostly in reflection
nebulae, in order to compare theirλ5797 DIB width to those
of stars in classical diffuse interstellar medium. These spectra
were made for several DIBs such asλ5797, λ6379 andλ6613,
with a spectral resolving power of about 60 000. The analysis
of the results agrees with our predic tion since the width of the
λ5797 DIB is broader in a majority of areas with strong UV
radiation. Moreover, the broadening is not observed on DIBs
λ6379 and λ6613, indicating that the molecular parameters
of the electronic transitions at the origin of the different DIBs
are pretty variable from one DIB to another and confirming
that the measured broadening onλ5797 is not due to an
instrumental bias. The statistical measurement of theλ5797
width in this medium permits the derivation of new constraints
on the sizeof the carrier of this DIB, a molecule that should
have 30 to 45 carbon atoms if, as we propose, it is indeed a PAH.
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1. Introduction

The question of the origin of the DIBs remains essentially un-
solved. At present, the species which are responsible for the
bands are still unknown, except a recent plausible identification
of C60+ as carrier of two new diffuse bands, at 9577 and 9632Å
(Foing & Ehrenfreund 1994, 1997). Consequently, major spec-
troscopic information on the composition and the chemistry of
the interstellar medium is still unutilized. However, major re-
sults have been obtained by Scarrott et al. (1992): DIBs were
seen in emission at least in one object (RR), the widths and posi-
tion of several of these bands depend upon the distance to the star
and are nicely explained by a rotational envelope of electronic
transitions in a free molecule. In fact most of the broadening
is due to a difference in the rotational constant B between the
lower level and the excited level. One shows (Rouan et al. 1997,
hereafter RLL) that the width of the DIB is:

∆(hν) = kTrot∆B/B (1)

For reasonable values of∆B/B, a high rotational temper-
ature is deduced (Trot > 450 K) in the RR. We have proposed
a model of suprathermal rotation (RLL) that explains both this
high temperature and the behaviour with radial distance, as-
suming that the DIB carrier is a free PAH molecule. Those
molecules, originally proposed by Léger & Puget (1984) and
Van der Zwet & Allamandola (1985), are good candidates be-
cause polycyclic aromatic hydrocarbons are known to be stable
gas-phase molecules, able to resist the hard UV field of the in-
terstellar medium, and they might exist in sufficient amounts to
affect the reddening curve (Donn 1968). This physical model-
ing of the rotation of a PAH takes into account several processes
of exchange of angular momentum with the ISM. It requires,
in particular, a rocket effect, which is the systematic ejection
of hydrogen molecules – the analogue of the modified Davies-
Greenstein mechanism proposed by Purcell (1975) for the inter-
stellar grains – in order to reproduce the suprathermal rotational
temperature observed in the Red Rectangle. Another result of
the model is that it agrees with the width of theλ5797 DIB ob-
served in the diffuse ISM which is about≈ 0.75 Å. In addition,
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this model allows us to make predictions for the DIB’s width
in regions exposed to a high UV flux such as reflection nebu-
lae (RN). After the absorption of a UV photon, a PAH cools
down by emission of IR photons and gives the well-known UIR
bands (Ĺeger & Puget 1984). In conditions of high UV flux and
when the matter density is not too high, otherwise the collisions
will dominate, the emission of IR photons is the most important
process of exchange of angular momentum: it then rules the
rotation mechanism and one shows that the rotational temper-
ature is then independent on the incident flux and clamped to
100–120 K whatever the carrier’s size is. In such conditions, we
predict that DIB’s widths in reflection nebulae are significantly
larger, typically by 0.3 to 0.4̊A, than those in the ISM where
a rotational temperature of 30 K is expected (thermal equilib-
rium). In RLL we discussed the fact that such a broadening was
suggested in spectra presented by Josafatsson & Snow (1987)
who especially examined stars in reflection nebulae. However
the spectral resolution of those data was not sufficient to con-
clude firmly. High resolution spectroscopy of several reddened
stars has been performed to test the predictions of the model, as
well as to constrain the physical properties of theλ5797 DIB
carrier. Spectra of the narrow DIBs atλ5797,λ6379 andλ6613
with a spectral resolving power of 60 000 have been taken at
OHP in 1997. We needed a spectral resolution of at least 0.1Å
to detect an expected broadening effect of 0.3 to 0.4Å, i.e. a
bandwidth larger by 50% of that observed in the ISM.

2. The instrument and observations

The aim was to observe reddened stars (a) which emit a large
fraction of their energy in the UV, but still without ionizing
significantly the gas and (b) with interstellar matter on the line
of sight close to the star, to be sure that molecules there, are
subject to strong UV radiation from it (EUV ≈ 50 eV cm−3).
Reflection nebulae illuminated by A7-B1 stars are the typical
candidates we were looking at. The presence of a reflection
nebula is an indication that a fraction of the matter is irradiated
by the UV flux but it does not guarantee that this irradiated
matter is on the line-of-sight of the target star. In particular,
if the illuminated matter is in the background of the star, no
broadening will be detected. For instance, this is probably the
case of the four Pleiades stars 17, 20, 23 and 25 Tau that we
selected because they were in the list of objects observed by
Josafatsson & Snow (1987). In order to have statistically enough
stars to bring an effect to the fore, we needed a sample of blue
stars as large as possible. It consists in 27 stars which were
selected in order to fullfil a number of constraints: sufficient
reddening, high brightness (mV < 7) and spectral type earlier
than A0. Some relevant parameters of the chosen program stars
are listed in Table 1. These stars were selected from the sample
of stars already observed by Josafatsson & Snow (1987) and
from the Van Den Bergh catalogue (1966), they are mostly in
reflection nebulae associated to early type stars. A reference star,
HD30614, seen through standard diffuse interstellar medium
was also observed, for comparison.

Table 1. Program star data: the first list is stars where diffuse bands
were detected with a sufficient signal to noise ratio (S/B> 100), the
second one is stars with a too low signal to noise ratio (S/B< 100) and
the last one is the reference star)

STAR SP.T. V E(B-V)

HD2905 B1I 4.16 0.33
HD13267 B5I 6.35 0.41
HD20041 A0I 5.8 0.73
HD23180 B1III 3.82 0.26
HD23478 B3IV 6.67 0.25
HD24398 B1I 2.93 0.31
HD21291 B9I 4.23 0.42
HD21389 A0I 4.54 0.54
HD34078 O9.5V 5.94 0.52
HD43836 B9II 6.95 0.48
HD53367 B0IV 6.94 0.74
HD147010 B9II/III 7.40 0.23
HD183143 B7I 6.84 1.28
HD190603 B1.5I 5.62 0.72
HD199478 B8I 5.67 0.48
HD200775 B2V 7.42 0.57
HD205139 B1II 5.53 0.32
HD209975 O9I 5.11 0.31
HD213087 B0.5I 5.52 0.57
HD216200 B3IV 5.93 0.24
HD217675 B6III 3.62 0.05

HD23302 (17 Tau) B6III 3.7 0.02
HD23408 (20 Tau) B8III 3.87 0.05
HD23480 (23 Tau) B6IV 4.18 0.08
HD23630 (25 Tau) B7III 2.9 0.03
HD37903 B1.5V 7.83 0.36

HD30614 O9.5I 4.29 0.26

The observations were carried out during two observing pe-
riods in March 1997 and in September 1997 with the spectro-
graph AURELIE at the Coude focus of the 1.52 m telescope at
the Observatoire de Haute Provence, France (Gillet et al. 1994).
The detector is a 2048 photodiodes linear Reticon array with
750×13 µm2 pixels, which is read by a Thomson TH7832 CCD
system of two alternatingly reading CCDs. Only one grating was
used, with1.2 104 lines cm−1 giving a resolution in the spectral
ranges where we observed ofR = 60 000. This grating is used
in combination with a filter OG515 in order to avoid second
order image overlap. Each resolution element is fully sampled
by three pixels of the CCD, i.e.0.03 Å/px. The resolution el-
ement is0.096 Å which is necessary to measure a broadening
effect of0.3–0.4 Å. Four different wavelength ranges were ob-
served in order to study the possible width variations of several
DIBs. One was centered on 5870Å to measure the Na D lines
for measuring the velocity profile induced by clouds on the var-
ious lines of sight and the three others were centered on DIBs
5797, 6379 and 6613̊A. Telluric lines, originating in the Earth’s
atmosphere, were detected in the spectrum of the fast rotating
unreddened B3V star HD120315. To isolate DIBs from stellar
lines, we have observed 11 non-reddened stars with spectral
types similar to those of the target objects.
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3. Data processing

3.1. Instrumental effects

The observed spectra are corrected for detector offset and pixel
to pixel sensitivity variations (flat fielding), by means of offset
exposures and using a Tungsten calibration lamp respectively.
The dark current was found to be negligible. The telluric and
stellar lines are identified from spectra of the observed cali-
bration stars. Each spectrum is divided by the spectum of a
reference star with a close stellar type in order to have a flat
continuum around the analyzed diffuse band. Then, the contin-
uum is normalized to unity and interpolated at the line position
with a parabolic fit, this operation inducing only a small er-
ror. The wavelength scale was calibrated with exposures on a
Thorium-Argon emission lamp. Data reduction was made at the
Observatoire de Paris-Meudon using the IDL software.

3.2. Line width extraction

This width comparison with the reference star is not obvious:
we must take into account the different processes which can
affect the width of the observed DIB. There could be possibly
numerous clouds in the line of sight and important turbulences
inside each cloud. The Na D lines were used to quantify the
contribution of the intervening clouds in the DIB broadening.
This effect can be deconvolved from the width of the diffuse
band observed in order to obtain a representative width of the
intrinsic DIB profile in the UV irradiated environment. Each
NaD velocity profile was assumed to be gaussian in order to fit
the line, including possible saturation effect. The comparison
method comprises two steps:

(1) the diffuse bandλ5797 of the reference star HD30614 is
deconvolved by its own fitted velocity profile deduced from
NaD lines to obtain the intrinsic feature’s profile for this star

(2) this reference DIB of the diffuse medium is convolved with
the fitted velocity profile of the target star observed

The procedure is valid as long as the DIB feature is optically
thin, which is always the case. At this stage, it is as if both
diffuse bands, measured on the reddened target star and the
reference, were seen through the “same” line of sight, i.e. with
the same cloud velocity profile. It is then justified to compare
the twoλ5797 bands, with depth normalized to 1, as it is their
physical width corresponding to the rotational enveloppe which
interests us. The widths of the diffuse band and the reference
are measured in̊A at three different levels: 50%, 30% and 60
% of the maximun in order to have a mean width independent
on the possibly blended bands and on the asymmetrical profile
of the DIB.

4. Results

The RLL model indicates that there should be a suprather-
mal rotation of PAHs in regions where the UV flux is high,
but the model makes another important prediction: this physi-
cal broadening must bequite constant. Indeed, in such regions

Fig. 1. Spectra ofλ5797 andλ6613 DIB of target stars superimposed
on the reference star (dot-dash lines) which would be observed towards
a similar line of sight: on the top, HD34078 has a clear broadening for
theλ5797 and not for theλ6613 – in the middle, HD216200 with the
same results – at the bottom, HD209975 and HD205139 which have
not aλ5797 broadened.

where the UV flux is strong (typically of 50eV cm−3), the rota-
tional temperature is locked around 100 K whatever the carrier’s
size is. So, for a given ro-vibrational transition, the physical
width of the diffuse band must be almost the same as soon as
EUV > 50 eV cm−3. In a first step we have used the differential
method of Sect. 3.2, i.e. as free as possible from instrumental
bias and effects of intervening clouds, in order to reveal some
systematic broadening in RN, and secondly, we have tried to
derive the best estimate of the intrinsic bandwidth which carries
the actual information on rotation.

4.1. Theλ5797 broadening

On a statistical sample of 27 stars observed, 21 of them have dif-
fuse bands detected with a sufficient signal-to-noise ratio (S/N
> 100). Table 2 gives for each star observed, the interstellar
extinction evaluated from E(B-V) and taken as3.1 E(B-V), the
difference of width measured at 50% of the DIB depth and the
average one between the levels at 30% and 60% between the
target star and the interstellar medium star, corrected as depicted
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Table 2. Measured width difference between the target star and the
reference star HD30614 seen through the same Doppler profile at half
maximum of the DIB depth. Column (4) is the average broadening
between the two levels at 30% and 60%. The last column lists the
width of the “intrinsic”λ5797 DIB measured.

STAR Av = 3.1E(B-V) ∆λFWHM ∆λ<30,60%> ∆λint

(Å) (Å) (Å)

HD2905 1.02 0.22 0.15 0.70
HD13267 1.27 0.16 0.1 0.67
HD20041 2.26 0.02 0.04 0.50
HD23180 0.80 0.25 0.25 0.79
HD23478 0.77 0.22 0.23 0.65
HD24398 0.96 0.21 0.20 0.62
HD21291 1.3 0.28 0.20 0.78
HD21389 1.74 0.22 0.18 0.76
HD34078 1.5 0.36 0.34 0.90
HD43836 1.4 0.18 0.15 0.76
HD53367 2.3 0.05 -0.04 0.50
HD147010 0.8 0.28 0.20 0.78
HD183143 3.96 0.19 0.18 0.68
HD190603 2.23 0.20 0.16 0.75
HD199478 1.48 0.02 0.01 0.50
HD200775 1.77 0.06 0.03 /
HD205139 1.12 0.10 0.08 0.53
HD209975 1.08 0.02 0. 0.50
HD213087 1.76 0.13 0.15 0.60
HD216200 0.74 0.29 0.22 0.76
HD217675 0.15 0.01 0.02 0.45

above. As an illustration, six resulting spectra for theλ5797 and
λ6613 are plotted in Fig. 1 where the solid line is the target DIB
and the dash-dotted line is the reference star. The two on the top
are stars which show clearly a broadening for theλ5797 and not
for the other two DIBs observed, while the two on the bottom do
not have a broadenedλ5797 and fit the reference profile quite
well.

Table 2 shows that 14 stars out of 21, that is to say 66%
of the sample, exhibit a diffuse bandλ5797 significantly larger
than the same band arising from the interstellar diffuse medium
where density and radiative conditions are different. The other
34% with no broadened DIB may be explained by stars with
no matter close to them or with a line of sight configuration
which does not fill our criteria. The broadening varies from 0.1
to 0.3Å between the reference star HD30614 and the different
lines of sight. This is somewhat lower than what was roughly
derived by RLL from data of Josafatsson & Snow (1987). How-
ever, the uncertainty on the width estimate we derived, from
their published spectra, was probably too large for an accurate
validation of our prediction. The result of our dedicated obser-
vations is that we haveactually observed that theλ5797 diffuse
band shows a broadeningtowards a large fraction of stars as-
sociated with strong UV irradiated regions. The most obvious
case is HD34078 which is illuminating a reflection nebula where
λ5797 is broader by about 0.34̊A than the reference star seen
through its line of sight. Among the sample of 14 stars, 7 cases
(or 50%) have a broadening of more than 0.2Å compared to the

Fig. 2. Histogram showing the distribution of the average broadening
compared to the reference star for all observed targets for theλ5797
DIB.

reference star and 7 stars (or 50%) have one in the range 0.1 to
0.2Å. When the measured broadening was lower than 0.1Å, we
considered that there was no effect. These results are summa-
rized on the histogram of Fig. 2. We have checked that no bias is
introduced by some peculiarity of the reference HD30614 since
we obtained the same results using HD209975 another classical
standard in DIB studies.

For the other two DIBs atλ6379 andλ6613, such broad-
ening of the bandhas not been detectedeven in the targets
where theλ5797 DIB is unambiguously broader. This lack of
broadening for two other DIBs is not in contradiction with our
prediction forλ5797, because∆B can be much lower for the
corresponding transitions, the carrier being the same or not. On
the contrary, this behaviour proves that our processing is valid
and does not introduce significant artefacts.

4.2. The intrinsic width

A second part of the processing on the spectra was to use the
information on the line of sight carried by the Na D components
to derive the “intrinsic”λ5797 DIB profile for each star. Now,
eachλ5797diffuse band was deconvolved by the velocity profile
deduced from Na D lines for all target stars observed. Then, the
average width (∆λ(30%)+∆λ(60%)

2 ) measured on the “intrinsic”
DIB is considered as the widthproper tothe rotational envelope
only. Those “intrinsic” widths are listed in the last column of
Table 2 and the corresponding histogram is on Fig. 3. It shows
that the sample is split as expected into two families:

a) one has intrinsic widths centered around 0.50Å which cor-
respond to the group of stars where there is no broadening
compared to the diffuse interstellar medium

b) the other one, with widths> 0.70Å, is correlated with the
sample in which an actual broadening has been observed.

The rather smooth distribution could reflect the fact that the
lines-of-sight toward reflection nebula stars contain matter close
to the star as well as general interstellar matter in varying ratios
even if the matter close to the star consistently produces aλ5797
DIB with FWHM=0.8. So, an average width of about 0.75Å for
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Fig. 3.Histogram showing the distribution of the FWHM measured for
the intrinsic width of theλ5797 DIB of all target stars.

theλ5797 DIB in regions exposed to UV flux can be estimated.
It allows us to derive information on the size of the carrier which
will be discussed in the next section.

4.3. Environmental variations of DIB profile in individual stars

The spectra were obtained with a good signal-to-noise ratio
(> 100) and with a high resolution (≈ 0.03Å/pixel). Further-
more each band was observed several times, these independent
exposures allowing to test whether substructures in the band
are real. An important sample ofλ5797 diffuse bands was ob-
tained: it shows on the one hand that this band possesses multiple
substructures as previously indicated by Ehrenfreund & Foing
(1996, 1995), Krelowski & Schmidt (1997), and Sarre et al.
(1995) and on the other hand that this structured profile differs
from one star to the other. This finding certainly deserves to be
studied more deeply because it may be possible to find a rela-
tionship between the radiation density and variations in the DIB
substructures.

The reflection nebulae associated with the Pleiades stars,
for example, were observed and exhibit a very weakλ5797
DIB. Maybe, it is because the carrier is destroyed in this re-
gion. Another interesting sample of stars are those which be-
long to the Perseus OB2 association (HD23180, HD24398 and
HD23478): these stars are obscured by an extended molecular
cloud, as already shown on the CO map observed by Ungerechts
& Thaddeus (1987), and we note that all three present an obvious
broadening.

In the same way, the case of HD216200 is interesting; it is
not in the VDB catalogue but shows an important broadening.
In fact, this star seems to be a binary system of a B3e primary
and a F9IV secondary in which the latter loses mass towards
the primary and creates a disk around it (Hill et al. 1997). The
questions are now: are the diffuse bands observed towards this
target formed in the disk? and are the carriers able to survive in
such an environment?

Furthermore, the two well-known reflection nebulae
NGC2023 and NGC7023 were observed and show weakλ5797
DIBs. It is known for a long time that the diffuse bands there,
are systematically weak compared to normal diffuse interstellar

medium (Snow et al. 1977, 1995; Walker et al. 1980; Josafatsson
& Snow 1987). An interpretation could be that in these regions,
the UV flux from the star is too strong and destroys the DIB’s
carriers. For both stars, we cannot detect any broadening effect
because of the low signal-to-noise ratio.

5. Discussion

5.1. Local extinction and broadening

We observed that several strongly reddened stars illuminating
reflection nebulae exhibit in their spectrum a broaderλ5797
DIB compared to the diffuse medium. This result is a strong
indication, but not, however, a definite proof that the measured
broadening is due to actually irradiated matter on the line of
sight. A strong support for our prediction would be to show that,
when detected, the broadening ofλ 5797 is associated with a
sufficient amount of irradiated gas close to the star andon the
line of sight. We looked for such a correlation using different
methods.

a) A model of the interstellar extinction taking into account
the distance of the star and its galactic latitude was used to
deduce for each star a mean extinctionAvm which can be
expressed as:

Avm ≈ [Z0.
(1 − exp(−D| sin b|

Z0
)

| sin b| ] ∗ 1.9

whereZ0 is the height scale of absorption above the galac-
tic plane (Z0 = 140 pc),D is the distance of the star,b is
its galactic latitude and the mean interstellar extinction used
there, was of 1.9 mag/kpc. Then this mean computed extinc-
tion was compared to the actual extinction observed towards
the star and we tried to find a correlation between the ex-
cess of extinction and the excess of broadening. However,
it could not be established because many of the stars have
a reddening lower than the mean extinction derived from
the model. It probably shows that any model of the inter-
stellar extinction at large scale is not valid at the level of
individual stars because of the heterogeneous distribution
of interstellar dust.

b) We tried to trace the absorbing matter close to the star by its
IR emission. The idea was to derive a local extinction from
the ratio between the far infrared luminosity of the surround-
ing dust and the bolometric luminosity of the dereddened
star. But it was not possible to have for a sufficient num-
ber of cases, a good enough evaluation of the infrared flux
which was tentatively derived from the IRAS data. For in-
stance, only 28% of the stars in our sample were listed by
Gaustad & Van Buren (1993) as extended objects having an
excess of emission at 60µm, which indicates the presence
of interstellar dust at the location of the star.

c) Another method was to compare the B-V histogram of the
actual star distribution in a narrow cone around the target star
(PMM USNO A1.0 catalogue, Monet 1996) and a model of
stellar population of the Galaxy (Robin & Crz 1986). The
correlation between the observation (PMM) and the model



674 P. Le Coupanec et al.: Suprathermal rotation of PAHs in the ISM. II

Fig. 4. Linear regression between distance and extinction Av in the
line of sight towards target stars from the Hipparcos catalogue, crosses
indicate the target star: (up) for HD183143, there is an obvious excess
of extinction; (down) for HD 21389, it shows no evidence of an excess
for this star, despite the broadening of theλ5797 DIB in front of it.

(Besanc¸on) was made by fitting the parameter of mean in-
terstellar extinctionin mag/kpc which is adjustable in the
model of Besanc¸on. This method again did not work be-
cause stars in our sample are in general not very far (about
500 pc on average) and the foreground stars do not represent
more than 1% of all stars detected in the PMM catalogue
for each line of sight. Thus, it was impossible to conclude
about the mean extinction in front of each target star in the
corresponding direction of the Galaxy.

d) The purpose of the last modelling was to estimate the extinc-
tion along the line of sight by using data of the Hipparcos
catalogue. All the stars inside 1 degree of field from target
were recorded. The Hipparcos catalogue provided their dis-
tance and we plotted the extinctionAv of each star versus its
distance. Then, using a linear regression of the distribution,
our aim was to conclude that our targets showed an excess
of extinction. The problem was that the parallax given by
Hipparcos are affected by large error bars when the distance
overtakes 500 pc, and so the linear regression is too uncer-
tain. In most cases it was not possible to reach a conclusion.
Two examples (Fig. 4) are given above to illustrate a suc-
cessful case and another which fails.

To sum up, a direct correlation between theλ5797 band
broadening and the presence of absorbing matter close to the star
could not be established systematically. Only in a few cases, for
instance HD21389, is a clear indication of nearby matter both

from IRAS and Hipparcos data found, but this is not statistically
significant: it is certain that the sample of stars must be greater
to reveal a real trend.

5.2. Constraints on theλ5797 DIB carrier size

In the Red Rectangle, it was only possible to derive the product
Trot.∆B/B from the width ofλ5797 (see Eq. 1). As shown in
RLL, in reflection nebulae, the rotational temperature is almost
independent on the carrier size and imposes the value of∆B/B
by removing the degeneracy in the productkTrot.∆B/B. As
shown by our observations theλ5797 DIB intrinsic width in
those regions is about 0.75Å. This value injected in the rota-
tional model gives new constraints on the size of the carriers if
they are PAH molecules. We have to take into account a term
which was neglected in the case of the RR which is the P,Q and
R branches separation, in addition to the broadening induced by
change in the rotational constant. The width of the band is then
approximated by the following expression (RLL):

∆(hν) ≈ 2.5kTrot ∆B/B + 4
√

BkTrot (2)

The width of the band, expressed in wave number (cm−1),
is written as:

∆σ ≈ 1.74Trot∆B/B + 5.81N−1
c

√
Trot (cm−1) (3)

with: B = 5 10−4(Nc/78)−2.
From RLL (Fig. 8), we can derive an empirical relationship,

valid for the ISM, between the rotational temperature and the
number of carbon atomsNc, which reads:

T ISM
rot ≈ A (Nc/78)1.7

with A ranging from 152 K to 254 K, depending on the envi-
ronmental conditions. The system of the two equations (3), one
for each case of the ISM and RN, has two unknown quantities
which are the rotational temperature in the ISM (T ISM

rot ) and
∆B/B corresponding to theλ5797 transition. Using the intrin-
sic width of the band for the ISM and for reflection nebulae of
0.50Å and 0.75Å (see Sect. 4.2) respectively and considering
that the rotational temperature in reflection nebulae is 100 K
(RLL), we can then resolve the system and derive∆B/B and
Nc for theλ5797 carrier. The solution for this nominal set of
parameters is:

∆B/B = 0.33%, T ISM
rot = 52 K and Nc = 35.

Large uncertainties may come from the approximated law
T ISM

rot versusNc and from the approximation of the P,Q and
R branches contribution in Eq. (2). We looked for a range of
solutions allowing the parameters to vary within reasonable
limits. This then lead to a range of∆B/B between 0.13%
(T ISM

rot =47 K) and 0.72% (T ISM
rot =59 K) and to a typical num-

ber of carbon atoms for theλ5797 DIB carrier between 30 and
45. This evaluation is consistent with other range proposition
made by different authors on the basis of the IR emission (Puget
& L éger 1989) or using the rotational contour modelling of the
peak separation in theλ5797 DIB substructures (Ehrenfreund
& Foing 1996).
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6. Conclusion

High resolution spectra of reddened stars illuminating reflection
nebulae were obtained. Using a method where, as far as possi-
ble, observational bias is minimized – this is checked on other
DIBs –, we show that theλ5797 DIB appear broader than in the
diffuse ISM towards a significant fraction of the sample of target
stars. We claim that this result does agree with a prediction we
made previously (RLL), assuming that the carrier of the DIB
is a free PAH molecule in the interstellar medium. One impor-
tant prediction of this model is the expected behaviour of the
rotational temperature towards stars embedded in reflection neb-
ulae, where the irradiation is stronger. A constant temperature
of ≈ 100 K was predicted in any situation and for any size of
the carrier. Because its width increases linearly with rotational
temperature theλ5797 DIB is a good thermometer, sensitive
enough to check the prediction. We interpret the lack of broad-
ening on the rest of the sample as a lack of UV-irradiated matter
on the line of sight, a plausible situation, but unfortunately any
attempt to correlate the broadening with another indication (IR
excess, extinction excess) of matter close to the star than the
presence of a reflection nebula has been unsuccessful. Because
the predicted rotational temperature in reflection nebulae is con-
strained to a very small range around 100 K, we are able to derive
∆B/B from the bandwidth, since∆λ ∝ Trot.∆B/B. We de-
rive a measured intrinsic width of theλ5797 DIB in reflection
nebulae of about∆λ = 0.75 Å; this leads to a value of∆B/B
ranging between 0.13% and 0.7 2% i.e., smaller than estimated
by RLL. Using now this value of∆B/B in the case of the dif-
fuse ISM, we can constrain the rotational temperature from the
observed DIB bandwidth, which, in turns, leads to an estimate of
the size of the carrier from the model. This size between 30 and
45 carbons is consistent with the most likely size of the carrier
molecules (if PAH) as currently proposed in the DIB study.
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