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ABSTRACTLisse et al. [Lisse, C.M., Kraemer, K.E., Nuth III, J.A., Li, A., Joswiak, D.,2007. I
arus, 187, 69{86℄ re
ently presented a new analysis of an ISO spe
trumof 
omet C/1995 O1 (Hale-Bopp), from whi
h they 
laimed the identi�
ationof many new dust spe
ies. Among them are PAHs, whi
h were not found inour �rst analysis of the ISO spe
tra. We present here a re-examination of theISO observations of 
omet Hale-Bopp. From the absen
e of PAHs features inthe 5.25{8.5 �m region, we infer that PAHs are at least twi
e less abundantthan derived by Lisse et al. The 
arbonate feature at 7.00 �m is marginallypresent, but lower by a fa
tor 2 to 3 than predi
ted by the model of Lisse etal.
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Lisse et al. (2007) re
ently presented a new analysis of the Infrared Spa
e Ob-servatory (ISO) spe
trum of 
omet C/1995 O1 (Hale-Bopp), in view of a 
om-parison with the observation of the Deep Impa
t eje
ta of 
omet 9P/Tempel1 with the Spitzer Spa
e Teles
ope (Lisse et al., 2006). They 
laimed identi�-
ation of many new dust spe
ies. Among them are poly
y
li
 aromati
 hydro-
arbons (PAHs), whi
h were not found in the �rst analysis of the ISO spe
tra(Crovisier et al., 2000), and 
arbonates. We present here a re-examination ofthe ISO observations of 
omet Hale-Bopp, whi
h does not 
on�rm the dete
-tion of PAHs by Lisse et al. A 
arbonate feature is marginally present at 7.0�m, with an intensity 2 to 3 times smaller than expe
ted from the model ofLisse et al.We will 
on
entrate on the 5.25{8.5 �m region, where PAHs have two strongbands at 6.22 and 7.60 �m and 
arbonates have a strong band at 7.0 �m.Other spe
ies (among those 
onsidered by Lisse et al.) do not show signi�
antbands in this region.The ISO data analysed here 
onsist of two sets of observations performedaround 27 September and 7 O
tober 1996, when the 
omet was at 2.93 and 2.82AU from the Sun, respe
tively. For ea
h set, a Short Wavelength Spe
trom-eter (SWS) full spe
trum (with spe
tral resolution degraded to 500 after re-du
tion), and a 5.8{11.6 �m spe
trum obtained with the Spe
tro-Photometer(PHT-S, with spe
tral resolution � 90) were obtained. In addition, a deepintegration of the 5.8{7.0 �m region was se
ured on 6 O
tober with highsensitivity, high resolution (� 1200) to study the �2 band of water. (Indeed,several rovibrational lines of water were dete
ted; see Crovisier et al. (1997).)Figure 1 shows the 5.25{8.5 �m region of these spe
tra. To a

ount for thedi�erent apertures of the instruments (24� 24 ar
se
 for PHT, 14� 20 ar
se
for SWS), the PHT spe
tra were s
aled by a fa
tor of 0.70. A model of the PAHspe
trum, adapted from Draine and Li (2006), is plotted to show the expe
tedwavelengths and shapes of the PAH bands (ionized C14H10 is assumed).The signal was stronger on 26{27 September than on O
tober 6{7, as 
an beseen from both SWS and PHT-S spe
tra. For both dates, the SWS spe
trado not 
losely mat
h the PHT-S spe
tra, whi
h may be attributed to thediÆ
ulty to estimate the zero level of the SWS spe
tra and the fa
t that theSWS instrument uses di�erent dete
tors below and above 7 �m.The low resolution of the PHT-S spe
trometer is still appropriate for the studyof the broad features of PAHs and 
arbonates. The PHT-S spe
tra are quitesmooth and devoid of any feature.The spe
trum analysed by Lisse et al. was the 7 O
tober SWS spe
trum. Itdoes not show any 
onspi
uous feature. However, it presents a negative featureat 7.95 �m, whi
h 
ould alternatively be interpreted as a weak emission at 7.84



�m; this latter does not mat
h the expe
ted PAH emission at 7.6 �m. The 26September SWS spe
trum, whi
h is of better quality, espe
ially above 7 �m,is quite featureless.For a quantitative evaluation, we have performed a least-square �t of theintensity of the expe
ted features to the observed spe
tra. To a

ount forthe 
ontinuum, that we have not attempted to model, we used a polynomialbaseline of se
ond degree, restri
ting the �t to a wavelength region extendingbetween 3 and 4 times the width of the expe
ted feature. The results arereported in Table 1 and shown in Fig. 2. For 
omparison, we have listed inthe same table the intensities of the features from the model of Lisse et al.,evaluated from Fig. 3a of their paper (it should be noted that in this �gure,as was 
lari�ed in a personal 
ommuni
ation from Dr Lisse, the 
arbonates
ontribution is plotted with a s
ale fa
tor of 2.0, and the PAH features witha s
ale fa
tor of 1).The identi�
ations by Lisse et al. do not rely on a sear
h for individual spe
tralfeatures, but from the de
rease of the residual �2 after a �t of the observedspe
trum by a modelled spe
trum. We think that this methodology may beunreliable when many free parameters are involved. Visual identi�
ation and�tting of dis
rete spe
tral features are a pertinent approa
h that may best
omplement spe
tral de
omposition �tting pro
edures when assessing weakpatterns in low signal-to-noise spe
tra. The SWS and PHT-S spe
tra haveill-determined zero levels, so that the measurement of a weak 
ontinuum (asis the 
ase here around 5{8 �m) is diÆ
ult. Trying to interpret su
h spe
-tra with a physi
al modelling of the 
ontinuum may then lead to erroneousresults, whereas �tting dis
rete features superimposed over simple, low orderpolynomial baselines 
ould be justi�ed.From our analysis of all the ISO spe
tra of 
omet Hale-Bopp, we 
on
lude thatthere is no hint of PAHs, whi
h questions their dete
tion by Lisse et al. Thisdoes not mean that PAHs were absent in this 
omet, but that their abundan
eis lower by about a fa
tor of two than the value obtained by Lisse et al.We 
annot ex
lude the presen
e of the 7.00 �m 
arbonate feature in the ISOspe
tra. Its signal-to-noise ratio, however, is low, and its intensity is lower bya fa
tor 2 to 3 than predi
ted in the model of Lisse et al.A
knowledgementsWe are grateful to T. Brooke and C. Lisse for fruitful dis
ussions.5
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Table 1Fits of PAH and 
arbonate features to the ISO spe
tra.Spe
ies PAH 
arbonates PAH� [�m℄ 6.22 7.00 7.60�� [�m℄ 0.18 0.50 0.50Lisse et al. 0.5 1.3 1.2PHT 27 Sep. 0:10� 0:06 0:70� 0:27 �0:70� 0:86�SWS 26 Sep. 0:19� 0:11 0:52� 0:09 0:54� 0:25PHT 7 O
t. �0:55� 0:22 0:41� 0:15 �0:12� 0:63�SWS 7 O
t. �0:17� 0:26 0:35� 0:15 0:17� 0:20SWS 6 O
t. 0:06� 0:06 | |The top part of the table lists the features whi
h were �tted, with their 
entralwavelength and their full width at half intensity. The 
entral part lists the intensitiesfrom the analysis of Lisse et al. The bottom part lists the results of our �ts to theavailable ISO spe
tra. All intensities are given in janskys.� Bad �t due to 
omplex baseline.
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Fig. 1. ISO spe
tra of 
omet Hale-Bopp and PAH model. The �ve available spe
traare plotted with the same s
ale on the top of the �gure, and are repeated, separatedby verti
al o�sets, on the bottom. The PAH model used by Lisse et al. (2007) isplotted at the bottom with an arbitrary intensity.8



Fig. 2. Fits of PAH and 
arbonate features to the ISO spe
tra of 
omet Hale-Bopp.The ISO spe
tra are plotted after the removal of the �tted baselines. The plainbla
k 
urves are the results of our �ts. The dotted bla
k 
urves 
orrespond to themodel of Lisse et al. (2007). 9


