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Observational Evidence Linking Interstellar UV Absorption to PAH Molecules
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Abstract & Introduction

The 2175 A UV extinction feature was discovered in the mid-1960s, yet its physical origin remains poorly
understood. One suggestion is absorption by polycyclic aromatic hydrocarbon (PAH) molecules, which is
supported by theoretical molecular structure computations and by laboratory experiments. PAHs are positively
detected by their 3.3, 6.2, 7.7, 8.6, 11.3, and 12.7 ym IR emission bands, which are spe01ﬁed by their modes of
vibration. A definitive empirical link between the 2175 A UV extinction and the IR PAH emission bands, however,
is still missing. We present a new sample of hot stars that have both 2175 A absorption and IR PAH emission. We
find significant shifts of the central wavelength of the UV absorption feature, up to 2350 A, but predominantly in
stars that also have IR PAH emission. These UV shifts depend on stellar temperature in a fashion that is similar to
the shifts of the 6.2 and 7.7 um IR PAH bands, that is, the features are increasingly more redshifted as the stellar
temperature decreases, but only below ~15 kK. Above 15 kK both UV and IR features retain their nominal values.
Moreover, we find a suggestive correlation between the UV and IR shifts. We hypothesize that these similar
dependences of both the UV and IR features on stellar temperature hint at a common origin of the two in PAH
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Figure 1. JIUE spectrum and fitted model demonstrating significantly shifted
absorption. Red data points are the IUE spectrum of HD 100546, the blue line
is the stellar continuum from the model of Castelli & Kurucz (2004) modified
or extinction. The green line denotes the best-fitted model that includes also

the Dr!.lde profile of the UV feature, whose central wavelength in HD 100546 is
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Figure 2. Spitzer spectrum and fitted model demonstrating shifted emission.
Top panel: a two-Gaussian fit of the redshifted 7.7 and 8.6 ym emission bands
of RR Tau. A local linear continuum has been subtracted out. Bottom panel: the
full Spitzer spectrum of RR Tau in which multiple PAH bands are clearly seen.
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molecules and may establish the missing link between the UV and IR observations. We further suggest that the
shifts depend on molecular size, and that the critical temperature of ~15 kK above which no shifts are observed is

related to the onset of UV-driven hot-star winds and their associated shocks.
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absorption feature along ]mes of sight to stars with different effective 7.94
temperatures. All stars with Toee > 14.5 ho( lie within 2195 4 40 A, which is _] .
consistent with the nominal value of 2175 A (horizontal line). In the cooler stars

with 8 kK < T < 14.5 KK, the central UV wavelength can shift up to 2400 A. 7.8 4
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80 T T T Flgure4.Centralwav1 ngth of the 7.7-and 6.2 um PAH bands for stars from -
Fi Directl 1c the t le with different effective temperatures. The tral
3. y m entral wavelength of the broad UV interstellar 7 ‘ wavlljez‘::hlgl fstaﬁn II)\/I]Rv;,’lAH bm?mh tectarsmconls)er:;nt with the cfll:mal T
m positions at 6.23 + 0.015 ym and at 7.66 =+ 0.05 um (horizontal lines). As the
temperature drops below Tog < 14.5kK, the central wavelength gradually |
t. u increases with decreasing temperature.
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Figure 5: 2175 A & 7.7um PAH E— S {i 5B OAERS
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Figure 5. Anomalously long central wavelengths of the 2175A UV
absorption feature and the 7.7 PAH emission band. The I temperature
- (T;;f0 rg 10:.5 kK) p:z of ihe pfe?ent same:).iss(lroe?l ;q]:ares)es]?:\:ve: redsﬁf% of . T < 1 4 - 5kK

both UV and MIR features from their respective nominal regimes around
2195 A and 7.66 pm (blue data point and err‘cl)r bars) where most stars, . T > 1 45 kK
including all of the hotter ones, reside. eff
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