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ABSTRACT

Correlations between column densities of neutral and molecular hydrogen and strengths of major 5780 and 5797 A diffuse interstellar
bands (DIBs) based on spectra of 66 OB stars were analyzed. We confirm that the 5797 A DIB is more tightly correlated with column
density of molecular hydrogen while the 5780 DIB — with that of atomic hydrogen. This leads to a reasonably tight relation between
the molecular fraction of H, and equivalent width ratio of the 5797 and 5780 major diffuse bands with correlation coefficient equal to
0.77 £ 0.05. Column densities of CH and CH* molecules were used to analyze correlations between abundances of CH/CH* molecules
and strengths of the major 5780 and 5797 DIBs. The 5780 DIB is better correlated with the column density of methydyline cation than
the 5797 DIB. A relation with correlation coefficient equal to 0.95 + 0.02 based on precise column densities, between column densities
of CH and H, molecules, is also presented; in other words, the column densitiy ratio in the case of H, and CH molecules in the ISM is

equal to (2.01 +0.09) x 10,
Key words. ISM: clouds

1. Introduction

Since the discovery of two major diffuse interstellar bands
(DIBs) at 5780 and 5797 A (Heger 1922) the number of
known DIBs has grown up to the current number of more
than 400 entries; however the problem of their origin remains
unsolved. According to recent surveys of DIBs (Galazutdinov
et al. 2000; Weselak et al. 2000; Hobbs et al. 2009; Cox et al.
2014) these features cover the visible and near infrared spectral
region (most of them are weak); the recent survey of Hobbs et al.
20009 lists 414 features of this type in the spectrum of the heavily
reddened object HD 183143.

Herbig (1993) presented that the strength of the 5780 DIB
may be controlled by the column density of neutral hydrogen.
Recently, Weselak et al. (2008a) has suggested that the intensity
of the 5797 DIB is better correlated with column density of the
CH molecule than that of the major 5780 DIB. This result sug-
gests that carriers of some DIBs prefer different environments,
characterized by different physical parameters. Results based on
high-resolution profiles of strong DIBs (Sarre et al. 1995; Kerr
et al. 1998) suggest that DIBs are carried by complex molecules.

Molecular hydrogen H, is relatively rich in diffuse and
translucent clouds (Savage et al. 1977); column densities of H,
typically exceed the value 10" cm~2 toward reddened OB stars.
This result is also supported with another set of column den-
sities of Rachford et al. (2002, 2009), Pan et al. (2004), and
Snow et al. (2008). It is also known, that neither molecular
nor neutral hydrogen correlates with column density of the CH
cation (Weselak et al. 2008b), while H, and CH molecules cor-
relate very tightly (Mattila 1986; Weselak et al. 2004). The OH
molecule (Weselak et al. 2009a, 2010) also seems to be related
to the two mentioned above.

The varying strength ratio of the two prominent DIBs: 5780
and 5797 shown by Kretowski & Westerlund (1988) in spectra of
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o Sco and ¢ Oph suggested that physical conditions that facil-
itate formation and survival their carriers may differ. Previous
works of Herbig (1993) based on 93 sightlines, Friedman et al.
2011 (133 stars), and Fan et al. 2017 (186 objects) investigated
correlations between intensities of selected DIBs and the column
densities of molecular and atomic species, including HI and H;.
In this work, these results concerning the major 5780 and 5797 A
DIBs based on spectra of 66 objects from a database is exam-
ined. Data on atomic and molecular hydrogen are taken from the
literature and column densities of CH and CH* molecules are
based on previously published and checked oscillator strengths
of unsaturated lines (Weselak et al. 2009b, 2014, respectively).

2. Observational data

The observational material includes objects for which informa-
tion on molecular or neutral hydrogen is available from the
literature. They include the spectra of the OAO-3 Copernicus
satellite as well as those acquired using the FUSE extrater-
restrial observatory. In the case of 66 such objects, listed
in Table A.l the applied Coudé échelle spectrographs were:
MAESTRO (t) fed by the 2-m telescope of the Observatory
at Peak Terskol (t) in the Northern Caucasus (Musaev et al.
1999), (R=80000); FEROS (f) (Kaufer et al. 1999) fed with
the 2.2m ESO telescope', (R=48000); BOES (b) fed by the
1.8-m telescope of the Bohyunsan Optical Astronomy Obser-
vatory (BOAO), (R=90000) (Kim et al. 2007); and HARPS
(H) fed with the 3.6 m ESO telescope in Chile (see Mayor
etal. 2003) (R=115000). Spectra of four objects were obtained
using the UVES spectrograph at ESO Paranal in Chile (v) with
spectral resolution R=80000 (Dekker et al. 2000). They were

I http://www.ls.eso.org/lasilla/Telescopes/2p2/E2p2M/
FEROS/
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Table 1. Calculated correlation coefficients (R) with errors (Error),
number of stars used in data analysis (Nc,), and excluded from data

analysis — meaning that data were available (Nexc)-
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Fig. 1. New measurements of the equivalent widths of 5780 DIB com-
pared to those of Herbig (1993) (a) and Friedman et al. (2011) (b). We
note a systematic difference that can be seen in panel b (the dotted line
represents equal values in both panels).

downloaded from the Library of High-Resolution Spectra of
Stars across the Hertzsbrung-Russell Diagram?. For more infor-
mation see Bagnulo et al. (2003). Typical signal to noise ratios
of spectra used in this project range from about 300 to 700.

2 Available at the website: http://www.sc.eso.org/santiago/
uvespop
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Fig. 2. New measurements of the equivalent widths of 5797 DIB com-
pared to those of Herbig (1993) (a) and Friedman et al. (2011) (b). We
note a systematic difference that can be seen in panel b (the dotted line
represents equal values in both panels).
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Fig. 3. Correlation plot between column densities of H, molecule
and color excess E(B — V). The relation is close (correlation coeffi-
cient equal to 0.86). The object with the highest abundance of H, is
HD 154368.

All the spectra were reduced using the standard pack-
ages: MIDAS and IRAF, as well as our own DECH code
(Galazutdinov 1992), which provides all the standard procedures
of image and spectra processing. The application of different
computer codes to the data reduction procedures reduces the
possibility of inaccuracies following the slightly different ways
of dark subtraction, flatfielding, or excision of cosmic ray hits.
In each case, the continuum placement and equivalent width
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Fig. 4. Equivalent widths of the 5780 and 5797 DIBs correlated with column densities of H, (fop panels) and HI (bottom). Closer relations are
emphasized with the fitted straight lines. 5797 DIB correlates better with N(H,), while 5780 DIB with N(HI) (correlation coefficients equal to 0.75
and 0.74, respectively). Uncertain column density of HI in the case of HD 152236 was not used in calculations.

measurements of DIBs were done as presented by Weselak et al.
(2004, 2008a).

3. Results and discussion

Table A.1 presents the HD number, spectral type, and luminosity
class, as well as E(B-V), color excess for each star, equivalent
widths (W) (in mA) of 5780 and 5797 DIBs, intensity ratio of
two major 5780 and 5797 DIBs as well as column densities (in
10%° cm~2) of H, and HI, molecular fraction of H, (i.e. f(H, =
2N(H,)/(2N(H,) + HI)) taken from the literature, column den-
sities (in 10" cm™2) of CH and CH* molecules. The Sp/L
estimates of target stars as well as B, V photometry were taken
from the Simbad database; the calculated color excesses E(B-V)
are based on intrinsic colors of Papaj et al. (1993). In the case of
each DIB its equivalent width was compared with that already
published by Herbig (1993) and Friedman et al. (2011).

To obtain column densities of CH and CH" molecules we
used checked oscillator strengths of usaturated lines at 3886,
3890, 4300 A (see Weselak et al. 2014) and those at 3957 and
4232 A (Weselak et al. 2009b), respectively. Measurements of
interstellar CH and CH* lines are presented in Table A.2.

In Table 1 we present calculated correlation coefficients with
errors and number of stars used in data analysis in the case of
each relation presented in Figs. 3-8. In Fig. 1 equivalent widths
of the broad 5780 DIB with those published by Herbig (1993)
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Fig. 5. Correlation plot between hydrogen molecular fraction f(H,) and
equivalent width ratio of 5797 and 5780 DIBs. The fit to the data points
is represented with a straight dotted line. The calculated correlation
coefficient is equal to 0.77.

and Friedman et al. (2011) are presented. In both cases the rela-
tionship is very tight, with a correlation coefficient equal to 0.99.
However, comparing our measurements with those of Friedman
et al. (2011) one can find a systematic difference while new mea-
surements agree exactly with those of Herbig (1993). This is also
clearly seen in Fig. 2, where new measurements are presented
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Fig. 6. Molecular fraction f(H,) correlated with equivalent widths of the 5780 and 5797 DIBs normalized with E(B-V). A weak relation only in

the case of 5780 DIB is seen (panel a) — shown by the straight dotted line.
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Fig. 7. Equivalent widths of the 5780 and 5797 DIBs correlated with column densities of CH (top panels) and CH* (bottom). Closer relations
are emphasized with the fitted straight lines. 5797 DIB is more closely correlated with N(CH), while 5780 DIB with N(CH™") with correlation
coefficients equal to 0.89 and 0.72, respectively. Data points with HD numbers in panels b and ¢ were not used in calculations. If the same data
points were also not used in panels a and d, calculated correlation coefficients were equal 0.56 and 0.53, respectively.

concerning the 5797 DIB. Typical differences between equiv-
alent widths of the 5797 DIB measured in this work and by
Friedman et al. (2011) are equal to 15% (Fig. 2b). Equivalent
widths of the major 5780 and 5797 DIBs were measured exactly
as presented in Fig. 1 of Weselak et al. (2004) and Fig. 1 of
Weselak et al. (2008a). Measurements were not obtained using
the semi-automated program and were performed by the author
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himself. In the case of the 5797 DIB contaminated with the
stellar line of CIV (Weselak et al. 2000) a measurement of its
equivalent width (bl in Table A.1) was not possible.

In Fig. 3 we present the relation between column densities
of molecular hydrogen and interstellar extinction E(B-V). The
relation is quite tight with the correlation coefficient equal to
0.86; this value was suggested by Friedman et al. (2011) as a
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threshold to indicate that two ISM quantities could be physi-
cally related. This result is also consistent with that published by
Herbig (1993), Weselak et al. (2004, 2008b), Snow et al. (2008),
and Rachford et al. (2009) and is based on more numerous
sample of objects (66). Generally, intensities of H, grow with
E(B-V), suggesting that column densities molecular hydrogen
and E(B-V) are mutually correlated and H; is formed on dust
grains (Barlow & Silk 1976). In the case of the relation between
column densities of the H, molecule and E(B-V), a sharp tran-
sition from small to high values at E(B—V)=0.08 is observed
(Savage et al. 1977), due to the fact that H, molecules become
self-shielded. In Fig. 3 one data-point (HD 154368) which lies
outside the relation is characterized with high abundance of H,
(Snow 1996), CH (Weselak et al. 2008a), and OH molecules
(Weselak et al. 2009a). The correlations between equivalent
widths of the 5780, 5797 DIBs and E(B-V) were also exam-
ined. Results presented here are consistent with those presented
by Weselak et al. (2008a). Column densities of the H, molecule
and the 5797 DIB correlate better with E(B-V) than the 5780
DIB with correlation coefficients equal to 0.86, 0.81 and 0.66,
respectively.

Figure 4 presents correlation plots between equivalent widths
of the major 5780 and 5797 DIBs and column densities of H,/HI.
It is well seen that the 5797 DIB correlates better with column
density of H, (with correlation coefficient equal to 0.75) than
the 5780 DIB does (0.42). However, the latter correlates better
with the column density of HI — correlation coefficient equal
to 0.74 (see also the correlation coefficients in the plots). The
better correlations in Fig. 4 are also emphasized by the plot of the
straight line fitted to the data points. This result is consistent with
that of Herbig (1993) who found that W(5780) increases with
column density of HI. Also, with that of Friedman et al. (2011)
who found correlation coefficients equal to 0.79 in the case of
relation between column density of H, and the 5797 DIB and
0.65 in the case of H, and 5780 DIB. Also, consistent with that
of Lan et al. (2015) who examined relations between DIBs and
HI/ H, for targets from SDSS. In Fig. 4 several discrepant points
can be found — those with extraordinarily high abundances of
H, (and also CH molecules) — HD’s 24534, 27778, 154368. One
discrepant point with high value of HI is HD 152236, in case of
which the column density of HI presented in the work of Diplas
& Savage (1994) was based on the work of Lesh (1972), where
no column density of HI is given (in any case the column density
of HI for HD 152236 is not used in our calculations).

Figure 5 presents a relation between hydrogen molecular
fraction and intensity ratio of the major 5797 and 5780 DIBs.
In this case the linear correlation coefficient equal to 0.77 is
observed with one point with high value of hydrogen molecular
fraction outside the relation (HD 154368). The relation between
molecular hydrogen fraction and intensity ratios of the 5797 and
5780 DIBs is probably linear and suggests that the molecular
hydrogen fraction is related to the intensity ratio of the 5797
and 5780 DIBs. This result is expected for zeta and sigma DIBs
(Friedman et al. 2011) and is consistent with that presented by
Weselak et al. (2004) (correlation coefficient equal to 0.83 based
on central depths of 5797 and 5780 DIBs).

Figure 6 presents a relation between hydrogen molecular
fraction and equivalent widths of the 5780 and 5797 DIBs
normalized with E(B-V). A weak relation with correlation coef-
ficient (—0.55) is seen only in the case of the major 5780 DIB.
This also suggests that carriers of the major 5780 DIB are
probably connected with HI.

In Fig. 7 we present relation between column densities of CH
and CH* molecules and strengths of the 5780 and 5797 DIBs. In
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Fig. 8. Correlation plot between column density of H, and CH
molecules with correlation coeffficient equal to 0.95. A fit to data points
is presented with dotted line. HD 34078 was not used in calculations.

Fig. 7c two discrepant points with high abundances of CH*, that
is HD 149757 and HD 34078, can be seen. We can see clearly
in Fig. 7a and c that 5780 DIB is better correlated with column
densities of CH* than CH with correlation coefficients equal to
0.72 and 0.32, respectively. The CH molecule is better correlated
with the 5797 DIB as it was presented by Weselak et al. (2008a).
The later is not correlated with column density of CH* (Fig. 7d).

Finally, in Fig. 8 the relation between column densities of CH
and H; molecules is presented with correlation coefficient equal
to 0.95. The former were obtained based on an unsaturated fea-
tures of CH molecule and previously checked oscillator strengths
of their transitions at 3886, 3890 and 4300 A. This result is con-
sistent with previously published by Federman (1982), Weselak
et al. (2004), Rachford et al. (2009), Fan et al. (2017) (corre-
lation coefficient equal to 0.92). The CH molecule is also well
correlated with atomic species as Nal (Smoker et al. 2014) while
the formation of CH" is rather complicated (Zsargo & Federman
2003). Apparently the column densitiy ratio in the case of H,
and CH molecules in the ISM is equal to 2 x 107 and can be
used to obtain column densities of H, on the basis of those of
CH molecule (Fig. 8).

4. Conclusions

The above considerations allow us to infer the following conclu-
sions:

1. The column density of molecular hydrogen is well correlated
with E(B-V) suggesting the formation of H, on dust grains
(Fig. 3).

2. Equivalent widths of the 5797 DIB are better correlated with
column densities of H, while those of the 5780 DIB — with
HI (Fig. 4).

3. The equivalent width ratio of the major 5797 and 5780
DIBs grows together with the fraction of molecular hydrogen
(Fig. 5).

4. Molecular fraction of H, is weakly anticorrelated with
equivalent widths of 5780 DIB normalized with E(B-V)
(Fig. 6).

5. Equivalent widths of the major 5780 DIB are better corre-
lated with column densities of CH* while those of 5797 DIB
— with CH (Fig. 7).

6. The column densities of molecular hydrogen are very
well correlated with those of CH, meaning that these two
species originate and are preserved in the same environments
(Fig. 8).
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The results found here are compelling indicators that abundances
of molecular and atomic hydrogen and CH/CH* molecules are
probably connected to those of the carriers of major DIBs. This
kind of information, obtained also in case of other DIBs, may
be essential in identifying physical conditions of environments
in which they are formed.
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T. Weselak: Relation between 5780 and 5797 DIBs, CH/CH* and HI/H,

Appendix A: Additional tables

Table A.1. Observational and measurement data.

HD  Obs Sp/L  EBV 5780  Ref. 5797 Ref. ratio N(Hy) N(HI)  f(Hy)  Ref.
(mA) (mA) 5780 DIB (mA) 5797 DIB 5797/80 H,/HI
2905 t Blla  0.34 270.0+45  282,314%5 79.0+5.5 72,110£5 029 +£0.03 1.86 1585 019 ala
12323t o9V 021 161.0 + 8.0 435+50 0.27 £0.06 2.04 f/
21856 b BIV 017 176.0+5.7 170 45.0+8.5 49 0.26+0.07 1.09  10.96 017 ala
22951 ¢ B0O.5V 024 1120£56 94 44.6+3.5 36 0.40+0.05 288  10.96 034 ala
23180 b BINI 027 90.6+15 80,101+ 7 66219 59,816 +6  0.73+0.05 4.07 7.94 051 a/a
24398 b Bllab 029 99.0+19 94,114+ 7 58.4+1.7 56,77 £5  0.59+0.04 4.67 6.45 059 ala
24534 b 09.5pe  0.56 770£17 81,98+ 8 58.0+£3.4 61,68 £4  0.75+0.07 8.32 5.37 0.76  c/b
24760t B0O.5SV  0.07 471£25 145+13 0.31+0.06 0.34 2,51 021 a/a
24912 ¢ 07.5lab 030 190.0£2.6 192,209 +7 441223 34,467  0.23+0.02 338 1288 034 ala
27778 b B3V 037 918 +1.6 86+ 4 422+11 392 046£0.03 6.17 9.54 056 clc
30614t 09.5la 025 1140 £58  133%5 524144 56 +3  0.46+0.09 2.18 7.94 035 ala
34078 b 09.5Ve 049 1780+3.6  181+5 63.0£5.0 56+ 3 0.35+0.04 758 1585 049  jh
36861 u o8Il 0.10 n/a n/a 0.13 6.02 0.04 a/a
37022 f O6pe 033 350£50 60,76 £6 5.0£2.0 3,196  0.35+0.04 0.00  10.96 0.00 a/a
40111 ¢ Bilb 0.3 146556  169+6 31.5+23 44+£5  0.22+0.03 0.55 7.94 011 ala
417t B2lacv 045 3450 £103  356+10 125445 148+£8  0.36+0.03 489 2512 028 dd
42087 t B2.5Ibe 035 251.0+7.8  275+7 94.5+6.7 99+2  0.38+0.05 331 2455 021  db
43384t B3lb 059  437.0+100 455+7 114.0+5.0 155 £5  0.26+0.02 741 18.62 044 did
45314 f 09:pe 043 189.4+3.4 64.3+3.0 0.34+0.03 3.98  10.96 042 1
46150 f 06 045 3420+£68 331 101.0£2.9 102 0.30+0.02 3.85 17.78 030 e/
47129 f 08 033 192054  204%5 56.8+£2.3 89+4  0.30+0.03 346 12.02 037 ala
48099 f 06 025 191.0£43 199,207 +7 46.0+2.1 42,585 024002 195 1412 020 a/a
53975 f 08V 0.18 1740£34  177+5 262+15 26+6  0.15+0.01 017 1412 002 ala
54662 06 033 205.0+6.8 217+7 53.8+3.5 528  0.26+0.03 100 23.99 0.08 a/a
61347 f 09Ib 045 332.0+8.9 83.0+£2.7 0.25+0.02 420  33.88 020 e/b
99872 f B3V 035 171.0 £2.1 29.0+ 1.4 0.17+0.01 3.31 if
110432 v B2pe 048 140.8 £3.7 39.8+3.1 0.28 +0.02 436 7.08 055 c¢/m
112244 f 09Ib 024 207.0+4.5 476+1.7 0.23+0.02 138 12.02 019 a/a
113904 WR 0.8 107.5+3.4 29221 0.27 £0.04 0.67  12.02 010 a/a
135591 f O7lab 0.8 148.0 £3.4 21.0£1.3 0.14+0.02 059  12.02 0.09 a/a
141637 H B15V 016 756+12 8l 10.9+0.3 16 0.14£0.01 017 1549 002 a/a
144217 H B0O.SV 0.6 169.0+£34  171+5 190+ 1.1 344 0.11+0.01 067 1230 010 a/a
144470 f BIV 0.8 176.0£32  184,192+5 267+ 1.6 34,40+4  0.15+0.01 L12 1513 013 ala
145502 f B2IV 026 173.0+34 182,187 +5 33117 41,49+5  0.19+0.02 077 1412 010 a/a
147165 H BINI 034 241.0+4.0 254+5 343+1.0 54+3  0.14+0.01 062 2187 005 ala
147888 B3/B4V  0.50 238.0+32  252x12 53.5£25 60£5  0.22£0.02 295 2754 018  did
147934 H B2V 0.40 207.4+4.0 51.0+£1.4 0.25+0.02 3.71 a/
148184 H B2Vne  0.48 101.0£21  98,102+5 467+ 1.4 64  0.46+0.03 426 1412 038 ala
148605  f B3V 0.1 39.7+£28 6112 0.15+0.05 0.05 8.91 0.01 a/a
149038 BOlab 0.4 218.0+2.7 440+17 0.20+0.01 275 10.00 035 a/a
149404 f 09la  0.66 400.0+5.0 bl 617 2512 033  db
149757 H 095V 0.28 72711 72,837 35509 31,384  0.49+0.02 447 5.26 0.63 ala
150898  f BOlab 0.4 117.0+£3.6 285+1.8 0.24 £0.03 0.64 8.91 013 a/a
151804  f 0% 035 225.0+52 bl 182 12.02 023  a/a
152233 H o6l 0.42 232.0+4.5 bl 195  19.49 017 1
152234 f B0.SIa  0.40 233.0+3.4 65.6+£2.0 0.28 +0.02 270  20.89 021 e/
152236 v Bllape  0.66 3405438 101.8 £3.2 0.29+0.02 537  58.89 015 db
152408  f OTpe 045 294.0+5.7 bl 239 18.19 021 ala
154368 v 09la  0.80 206.1 £4.2 1042 £3.1 0.51+0.03 1445  10.00 074 glg
155806 09 028 116.0+£4.5 320+2.1 0.28 +0.04 0.83  12.02 012 ala
164353t B5Ib  0.10 93.0+£7.0 30.0£5.0 0.32+0.10 182 10.00 027 ala
179406 ¢ B3V 03l 1544+9.0  155,172+5 723+7.0 72,76+3  0.47+0.04 537 16.98 039 dmn
184915t BO.SII  0.19 153.0+£2.8 25.0+0.7 0.16 £0.01 2.05 7.94 034 a/a
203064 b 08V 025 170.0£3.4 184 bl 195  10.00 028 ala
203374t BOIVpe  0.60 132.0£6.7 73.0£3.7 0.55 +0.08 5.01 if
203938t BO.SIV  0.70 3200+64  356+5 117.0+3.5 152£5 037003 1000  30.20 040 c¢/h
206267 t 06 049 217.0+4.5 242 +7 88.8+3.0 102+ 5  0.41+0.03 724 19.95 042 cle
207198t 09l  0.55 237.0+4.8 242,262+6  133.0£39 144 5 0.56+0.04 6.76  21.87 038 c/b
207538 b BOV 0.9 240.0+53 164.0 £4.7 0.68 +0.05 813 2187 043  c/b
209481  t o9V 035 165.5£4.8 483+2.6 0.29 +0.03 347 1288 035 jb
209975  t 0951b 031 257.0+£4.5 2585 64.0+3.6 91+5  0.25+0.02 120 1288 016 ala
210839 ¢ 06e  0.56 249.0+£5.1 246,261 £5 bl 692 1412 050 ¢/
217035 b BOV 076  520.0+10.0 138.0£4.0 0.27 +0.02 9.00  28.84 038 kb
218376 b BO.SIV  0.21 139.0+£45 146+8 43023 61.7+6  0.31+0.04 1.41 8.91 024 ala
224572 b BIV 017 80.0£34 784 20.0+£3.2 31+4  0.25+0.06 1.70 758 031 aa
303308 f BIII 030 248.0+5.6 60.0+£23 0.24+0.02 224 2818 014 1

Notes. Given are star name observed at t — Terskol (Russia), f — FEROS, H — HARPS La Silla, v — UVES (Chile), b — Bohyunsan (S. Korea),
spectral type and luminosity class, color excess E(B-V), equivalent widths of the 5780 and 5797 DIBs (in the case of the 5780 and 5797 DIBs
literature data with no errors are those of Herbig 1993 and those with errors of Friedman et al. 2011), intensity ratios of the 5797 and 5780 DIBs,
column densities of molecular/atomic hydrogen, hydrogen molecular fraction of H,. General: n/a — spectrum not available, bl — blended with stellar
line(s). Column densities of HI and H, are in 10%° cm™.

References. a: Savage et al. (1977), b: Diplas & Savage (1994), c: Rachford et al. (2002), d: Rachford et al. (2009), e: Cecchi-Pestellini (2007, priv.
comm.), f: Snow et al. (2008), g: Snow (1996), h: Fitzpatrick & Massa (1990), i: Sheffer et al. (2007), j: Sheffer et al. (2007), k: Pan et al. (2004),
1: Burgh et al. (2007), m: Rachford et al. (2001), n: Hanson et al. (1992).
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Table A.2. Measured equivalent widths (in mA) of interstellar lines CH (at 3886, 3890 and 4300 A), and CH* molecule (at 3957 and 4232 A).

HD W(3886) W(3890) W(4300) W(3957) W(4232) N(CH) N(CHY)
2905 9.60 +0.65 11.3+0.4 13.52+0.92 13.08 +0.46
12323 5.0+ 1.00 7.04 +1.41
21856 49+ 0.54 5.0+04 8.6+0.3 6.90+0.76 9.95+1.10
22951 2.67+0.43 8.91+0.84 9.6+0.3 12.54 + 1.18 11.11 £ 0.34
23180 4.51+0.55 3.27+0.43 14.87+1.23 58+0.2 22.24+291 6.71£0.23
24398 4.96 +£0.50 3.01+£0.38 15.85+0.34 1.92+0.87 39+0.5 22.30 +2.61 428 +1.84
24534 8.49+1.01 5.55+0.43 25.71 £2.13 43+04 39.58+3.00@ 4.98 £0.46
24760 0.80+0.34 23+03 1.13+0.48 2.66+0.34
24912 3.08+0.56  2.45+0.45 10.34+0.97 20.8+0.4 14.56 +1.37 24.07 +0.46
27778 9.75+£0.78  4.82+0.64  23.82+2.67 49+03 93104 39.93+4.1@ 10.55+0.63
30614 24+0.2 7.3+ 0.20 149+04 10.28 +0.28 17.25+0.46
34078 1675+ 131  11.28+0.50 503+ 3.4 27.8+2.64 43.05+2.65 7927+4.79@  5728+225®
36861 1.82+0.23 0.56+0.1 2.56+0.32 0.65+0.11
37022
40111 1.72+0.32 21+03 35+0.2 2.42+0.45 4.05+0.23
41117 13.61 +1.22 14.58 +1.40 19.16 £ 1.72 16.87 £ 1.55
42087 13.93 + 1.11 19.61 + 1.56
43384 20.54 +1.43 26.44 £2.55 28.92+2.01 30.59 +2.96
45314 13.72+0.85 6.08 + 1 19.32+1.20 7.04 +1.13
46150 32+02 23+03 121+£0.7 72+0.3 13.1+0.4 17.04 +0.99 15.16 £0.46
47129 3.0+0.2 10.4+0.6 10.5+0.4 18.3+0.4 14.64 +0.84 21.18 £0.46
48099 49+04 12.5+0.3 17.7+0.4 6.90+0.56 20.49 + 046
53975 22+0.1 24+0.3 3.10+0.14 2.78 £0.34
54662 33+0.2 21+£04 8.7+0.4 6.1+0.3 10.3+0.4 12.5+0.56 11.92 +£0.46
61347 10.7+£0.5 9.8+0.4 17.5+0.5 15.07+0.70 20.25+0.57
99872 42+0.7 2.8+0.6 12.8+0.8 10.5+0.5 18.1+1.55 18.02+1.13 22.89+1.01
110432 41+0.2 24+0.2 122+0.6 8.2+0.2 13.9+0.4 17.18 £ 0.84 16.09 £ 0.46
112244 47+03 37+ 02 6.8+0.3 6.62+0.42 7.87+0.34
113904 2.0+0.2 2.8+0.2 59403 2.82+0.28 6.83+0.34
135591 37+0.2 38+0.3 6.6+0.3 5.21+0.28 7.64+£0.34
141637 1.35+0.17 0.8+0.6 1.90 +0.24 0.93+0.69
144217 2.03+0.18 298+ 0.05 5.11+0.07 2.86+0.25 591£0.08
144470 33+0.2 41+0.2 62+0.2 4.65+0.28 7.18+0.23
145502 3.7+0.2 3.4+0.2 6.0+0.2 5.21+0.28 6.94+0.23
147165 0.82+0.04 3.15+0.15 3.07+0.03 5.28+0.06 4.44+0.21 6.11+0.07
147888 540+0.70  3.50+0.60 17.50 £ 1.20 4.10 +0.60 7.20+0.50 24.64 +1.69 8.33+0.58
147934 5.55+0.32 422+0.12 17.86 +0.3 71+0.8 131+14 25.15+0.42 15.16 £ 1.62
148184 7.23+£0.21 521011 23.78 £0.3 7.24£0.04 9.98 +£0.03 3543+0.42 11.55+0.13
148605 0.7+£0.3 1.3+0.1 0.99 +0.42 1.50+0.11
149038 2.6+0.5 9.9+0.3 16.1+0.4 26.7+0.4 13.94+0.42 35.09+0.87
149404 75+0.6 47+1.0 25.7+2.1 20.0+1.9 377+19 2708+ 1.84@  43.63+220®
149757 55+0.2 3.7+0.2 18.51+0.20  14.31+£0.07 23.49+0.08 26.06 +0.28 31.19+0.15
150898 3.8+0.2 6.3+0.3 10.8+0.3 5.35+0.27 12.50+0.34
151804 6.2+0.4 5.6+0.3 9.6+04 8.73+0.56 11.11 £ 0.46
152233 331+0.34  2.00+0.23 13.12+0.42 13.8+2.0 221422 18.47+0.59  29.11+4.28®
152234 1.9+0.3 1.3+0.2 12.8+0.5 12.6+0.3 222+0.6 18.02+0.70  27.46+0.65®
152236 5.34+0.45 4.15+0.56 243+14  11.88+0.45 17.11 £ 0.44 2724 +£3.04 22.43+0.97
152408 10.0+£0.4 71+£0.2 11.0+£0.3 14.08 £ 0.56 12.73+0.34
154368  14.65+0.60  10.81+0.40  42.55+1.30 11.0+£0.3 17.5+0.4 61.75+4.10@ 21.46 +0.46
155806 57+0.2 5.0+0.3 8.0+0.2 8.03+0.28 9.26+0.23
164353 45+02 52+0.7 1133+ 1.5 6.34+0.28 13.11+1.74
179406 4.19+0.03 2.86+0.10 14.11 £ 1.70 1.75+0.31 357030  19.95+0.44@ 3.60+0.43
184915 20+0.3 55+0.2 6.0+0.2 7.74+0.28 6.94+0.23
203064 2.53+0.32 142+0.25 7.89+0.20 41+0.2 11.11 +£0.28 475+0.23
203374 21.5+0.8 57+0.7 30.27+1.13 6.60+0.08
203938 9.2+0.7 6.0+£0.5 28.6+0.8 14.6+0.5 262+0.6 42.84+341@ 31.82+ 1.09®
206267 6.1+0.5 35+0.2 225+14 10.0+£0.3 31.68 +1.88 11.57 £ 0.34
207198 11.72+£0.7  6.94+0.80 29.63+1.6 176 +0.3  41.72+4.48@ 20.37+0.34
207538 8.76 +0.89 6.73 £0.54 29.95 +1.50 48+03  47.53+4.00@ 5.56+0.34
209481 10.62 + 1.04 33+1.1 14.95 + 1.46 10.07 £ 1.39
209975 2.0+0.1 9.0+0.3 20.2+0.5 12.67 +£0.42 2724 +1.09
210839 829+0.56  4.67+0.32 2239+ 14 9.3+0.3  36.00+2.45@ 10.76 + 0.34
217035 10.0+£0.4 265+ 1.5 20.6 +0.7 373+1.0 37.31+2.11@ 4494+ 1.54®
218376 79+03 3.4+05 83+0.7 11.12+0.42 9.61 +£0.80
224572 6.3+0.2 42+04 82+0.5 8.87+0.28 9.49+0.57
303308 10.0£0.3 6.6+0.4 10.2+0.2 14.08 £ 0.42 11.81+0.23

Notes. The column densities of CH molecule based on unsaturated 3886 and 3890 lines are marked with superscript® and in the case of CH*
based on unsaturated 3957 line with®. Column densities of CH and CH* in 10'> cm~2.
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