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Abstract. We present the first results of an exploratory VLT /X-Shooter survey of near-infrared
diffuse interstellar bands (DIBs) in diffuse to translucent interstellar clouds. These observations
confirm the presence of recently discoved NIR DIBs and provide more accurate rest wavelengths
and line widths. Example spectra are shown for the reddened, Ay ~ 10 mag, line-of-sight
towards the distant binary system 4U 1907+09.
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1. Introduction

The optical wavelength range has been extensively explored in terms of diffuse in-
terstellar bands (Herbig 1995; Sonnentrucker, this volume). However, a few unsuccessul
attempts have been made to find diffuse interstellar bands in the ultra-violet (see e.g.
Bhatt et al., this volume). Investigations of the near-infrared wavelength range have also
been limited, but were at least somewhat succesful in nature.

Joblin et al. (1990) detected in their moderate resolution (R ~ 10000) J-band (1.1-
1.35 um) observations two near-infrared diffuse bands, at 11797 and 13175 A, that cor-
related well with reddening. Adamson et al. (1994) searched for the 13175 A bands in
dense environments but could only report upper limits. Subsequently, Foing & Ehren-
freund (1994) discovered two additional near-infrared bands at 9577 and 9632 A which
they assigned to two Cgo bands expected in this range from laboratory measurements.

Within the context of the PAH-DIB hypothesis (see e.g. Cox 2011 for a recent summary
of this concept proposed in the mid-1980s) the presence of numerous electronic transitions
in the near-infrared astrophysical spectra is expected for large ionised PAHs. Despite
earlier predictions, it was only in 2011, that Geballe et al. recognized 15 new diffuse
interstellar bands in the H-band (1.5 — 1.8 gm), but none in the K-band (2.0 — 2.4 ym),
using the low-resolution (R ~ 4000) NIFS instrument on Gemini North (see also Geballe,
this volume).
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Figure 1. Near-infrared DIBs in the reddened, Ay ~ 10 mag, line-of-sight towards the distant,
5 kpc, high-mass x-ray binary, 4U 1907 (Cox et al. 2005). Top left: 11797 A DIB; top right:
13175 A DIB, bottom left: 12330 A candidate DIB; bottom right: 15557, 15610, 15645, and
15665 A DIBs.

2. VLT /X-Shooter near-infrared DIB survey

In the past years we have obtained moderate resolution (R ~ 16 000) X-Shooter spec-
tra [0.3 to 2.4 um] of a small set of well-known diffuse cloud lines-of-sight that probe
simultaneously the DIBs in the optical and near-infrared. Here we present preliminary
results from this survey, focusing on the reddened line-of-sight towards 4U 1907. Full de-
tails and discussion of the results will be given in a forthcoming publication (Cox et al.
2014). There we will also provide relations between NIR DIBs, extinction and optical
DIBs. Furthermore, accurate rest wavelengths (air) were derived by correcting for the ra-
dial velocity of the interstellar component. In addition we propose several new NIR DIBs
between 1.0 and 1.3 pm, while we also find no apparent interstellar features beyond
1.8 pm.

The X-Shooter spectra confirm that the newly identified near-infrared DIBs are inter-
stellar in nature. Several of the selected targets are relatively nearby and probe single
cloud environments. Hence, we also derive accurate rest wavelengths and (smaller) values
for the intrinsic widths of the near-infrared DIBs. From the observed integrated equivalent
width of these new near-infrared DIBs we constrain the product of their relative abun-
dance and oscillator strength. The total equivalent width, normalised to reddening, of
the dozen NIR DIBs is ~1.5 A (compared to total absorption strenght of ~30 A /E(B-V))
similar to the strength per unit reddening of the dozen strongest optical DIBs.

In Figure 1 we show several NIR DIBs in the spectrum of 4U 1907. The top trace refers
to the tellurc standard spectrum, the lower trace the observed science spectrum and the
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Figure 2. Observed near-infrared [1.0 to 2.45 pm] X-Shooter spectrum of HD 183143 (middle
black trace). A simulated atmospheric transmission spectrum is also shown (top red trace)
together with the telluric corrected spectrum (bottom red trace). Black squares indicate positions
of known near-infrared diffuse bands.

middle trace to the telluric corrected spectrum. We note that with a proper choice of the
standard star the telluric correction is very efficient leaving only minor residuals in the
regions of interest for the current set of known NIR DIBs. The caveat is of course that
there are several ranges, in the ‘gaps’ between the adjacent J, H, and K bands, where the
atmospheric transmission is very low or even zero. Here correction with standards does
not yield any satisfactory results. This is illustrated in Fig. 2 which shows the observed
and telluric corrected DIB spectrum of HD 183143 (aka “Herbig’s star”) as well as that
of the atmospheric transmission. To recognize DIBs in these wavelength ranges it will be
necessary to avoid the atmosphere alltogether and utilize a infrared space telescope such
as the JWST.

3. Conclusion and future work

The recent leaps forward in terms of NIR DIBs is very promising (see both contribu-
tions by Geballe and Zasowski in this volume), however, it also reveals that fundamentally
there appear to be far fewer interstellar bands between 1.0 and 1.8 ym compared to the
narrower optical range (0.5-1.0 um). Also the lack of DIBs beyond 1.8 pm might in itself
contain information on the whole set of DIB carriers. In this respect it is paramount that
we should make an effort to understand in detail how the NIR DIBs are connected to
the optical DIBs as well as to other (atomic & molecular) ISM constituents. Follow-up of
NIR DIBs at higher spectral resolving powers may give additional information on their
carriers, in particular if substructure or profile variations can be detected.
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