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A B S T R A C T 

Although diffuse interstellar bands (DIBs) were disco v ered o v er 100 yr ago, for most of them, their origins are still unknown. 
Investigation on the correlations between different DIBs is an important way to study the behaviour and distributions of their 
carriers. Based on stacking thousands of spectra from the Pristine Inner Galaxy Surv e y, we study the correlations between two 

DIBs at 442.8 nm ( � 442.8) and 862.1 nm ( � 862.1), as well as the dust grains, in a range of latitude spanning � 22 � (4 � <  | b| <  15 � ) 

toward the Galactic Centre ( | �  | <  11 � ). Tight linear intensity correlations can be found between � 442.8, � 862.1, and dust grains 
for | b| <  12 � or E( B Š V ) >  0 . 3 mag. For | b| >  12 � , � 442.8 and � 862.1 present larger relative strength with respect to the dust 
grains. A systematic variation of the relative strength between � 442.8 and � 862.1 with | b | and E( B Š V ) concludes that the two 

DIBs do not share a common carrier. Furthermore, the carrier of � 862.1 is more abundant at high latitudes than that of � 442.8. 
This work can be treated as an example showing the signi�cance and potentials to the DIB research co v ering a large latitude 

range. 

Key words: dust, extinction – ISM: lines and bands. 
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 INTRODUCTION  

fter o v er 100 yr since the disco v ery of the diffuse interstellar bands
DIBs) in 1919 (Heger 1922 ), over 600 DIBs have been con�rmed
etween 0.4 and 2.4 µm (Cox et al. 2014 ; Galazutdinov et al. 2017b ;
an et al. 2019 ; Ebenbichler et al. 2022 ; Hamano et al. 2022 ).
s a set of weak and broad absorption features, today DIBs are

hought to be produced by carbon-bearing molecules, like carbon or
ydrocarbon chains (e.g. Maier et al. 2011 ; Zack &  Maier 2014 ),
olycyclic aromatic hydrocarbons (PAHs; e.g. Salama et al. 1996 ;
hen et al. 2018 ; Omont, Bettinger &  T ̈onshoff 2019 ), and fullerenes
nd their deri v ati ves (e.g. Fulara, Jakobi &  Maier 1993 ; Cami 2014 ;
mont 2016 ). Ho we ver, due to the dif�culties  in the experimenta

esearch on complex molecules (Hardy, Rice &  Maier 2017 ; Kofman
t al. 2017 ) and in the comparison between the experimenta
easurements and astronomical observations, buckminsterfulleren
 E-mail: hzhao@pmo.ac.cn (HZ); mathias.schultheis@oca.eu (MS); 
nke.arentsen@astro.unistra.fr (AA)  

h  

(  

t r 
o  

f  

Pub
 C 
+  
60 ) is the �rst  and only identi�ed DIB carrier for �ve  near-infrared

IBs so far (e.g. Foing &  Ehrenfreund 1994 ; Campbell et al. 2015 ;
alker et al. 2016 ; Linnartz et al. 2020 ), although some debate

bout the wavelength match and the relative strength of these bands
till exist (Galazutdinov et al. 2017a , 2021 ). 
Besides the comparison between astronomical observations and

 xperimental results, inv estigating the correlations between different
IBs is also one of the most important ways to study the relations
etween their carriers and even to �nd  the common carrier for a
et of DIBs (e.g. Friedman et al. 2011 ; Ensor et al. 2017 ; Elyajouri
t al. 2017 , 2018 ). The tightest correlation w as found between tw o
IBs at 619.6 nm and 661.4 nm (in this work, we cite DIBs with their
entral wavelengths in nanometre) with very high Pearson coef�cient
 r p >  0 . 98; e.g. McCall et al. 2010 ; Friedman et al. 2011 ; Kos &
witter 2013 ; Bondar 2020 ). But the variation of their strength ratio
as also been reported by Kre�owski et al. ( 2016 ) and Fan et al.

 2017 ), verifying that only a tight intensity correlation is not enough
o conclude a common origin for different DIBs. The behaviou
f the relative strength between different DIBs as a function of
 H � 2 N ( H 2 ) /  [ N ( H I ) +  2 N ( H 2 )] was used by Fan et al. ( 2017 ) to
2 
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Figure 1. Spatial distribution ( �  , b ) of 6980 PIGS targets, o v erplotted on the 

dust reddening map of Planck Collaboration ( 2016 ). Coloured dots represent 
the targets assigned into different �elds (black circles), as a result of the 

k-means clustering with N =  36 (see Section 3 for details). 
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tudy the relative positions of the DIB carriers. Lan, M ́enard &  Zhu
 2015 ) also investigated the correlation between DIB strength and 

( H I ) and N (H 2 ) for 20 DIBs at high latitudes. Nevertheless, it is
ard to measure N( H I ) and N (H 2 ) in ultraviolet spectra or deciphe

he positions of H I and H 2 from the radio observations. Another 
ay is to explore the spatial distributions of different DIBs, which 

equires the probing of interstellar medium (ISM) abo v e and below
he Galactic plane o v er a large range of latitudes if  we would like to
et more information and conclusions from the correlation study on 

ifferent DIBs. McIntosh &  Webster ( 1993 ) studied the variation of
he relative strength between DIBs � 442.8, � 578.0, and � 579.7 as a 

unction of Galactic latitudes based on a sample of 65 stars. They
ound the carrier abundance of � 442.8 to be highest at low latitudes
hich agrees with our results (see Section 5.2 ). 
The DIB research bene�ts from the arri v al of large spectroscopi

urv e ys allowing to perform large statistically studies. The 3D dis-
ributions of the DIB carriers have been mapped by Kos et al. ( 2014 )
nd Gaia collaboration, Schultheis et al. ( 2022 ) for DIB � 862.1 (we
ake here its central wavelength as 862.086 nm derived in Gaia 

ollaboration, Schultheis et al. 2022 with measurements from Gaia 

ollaboration, Recio-Blanco et al. 2022 ), and Zasowski et al. ( 2015 )
or DIB � 1527.3, based on the data from the Radial Velocity Experi-
ent (RAVE; Steinmetz et al. 2006 ), Gaia –DR3 (Gaia Collaboration 

allenari et al. 2022 ; Gaia collaboration, Creev e y et al. 2022 ),
nd the Apache Point Observatory Galactic Evolution Experimen 

APOGEE; Majewski et al. 2017 ), respectively. Zasowski et al. 
 2015 ), Zhao et al. ( 2021b ), and Gaia collaboration, Schultheis et al.
 2022 ) made preliminary studies on the kinematics of the DIB carriers
ith the APOGEE, Gaia –ESO (Gilmore et al. 2012 ), and Gaia
ata sets. Nevertheless, the individual spectra in large spectroscopi 
urv e ys usually have less integral time than speci�cally designed DIB
bservations, resulting in a lower signal-to-noise ratio (S /  N). Taking 

his into account, stacking spectra in an arbitrary spatial volume is a
ractical and useful method to achieve better S /  N and to precisely
easure DIB features (e.g. Kos et al. 2013 ; Baron et al. 2015a , b ; Lan
t al. 2015 ). 
Based on the surv e y data, some studies devoted to the investigation

n the intensity correlations between different DIBs. Elyajouri et al. 
 2017 ) made use of � 300 spectra of early-type stars in APOGEE to
xplore the correlations between the strong DIB at 1.5273 µm and the
hree weak DIBs at 1.5627, 1.5653, and 1.5673 µm. A comparison 
etween the DIB at 1.5273 µm and some optical DIBs was done
s well. Based on 250 stacked spectra at high latitudes, Baron et al.

 2015b ) successfully clustered 26 weak DIBs into six groups and four
f them were tightly associated with C 2 or CN. A data-driven analysis
as also done by Fan et al. ( 2022 ) for 54 strong DIBs measure

n 25 high-quality spectra of early-type stars. And they suggested a 

ontinuous change of properties of the DIB carriers between different 
roups. The results of Puspitarini et al. ( 2015 ) showed a similar
ariation of the strength with the distance of background stars for
IBs � 661.4 and � 862.1 in a �eld  centred at ( �,  b) =  (212 . 9 � , Š2 . 0 � ).
ut a direct comparison between � 661.4 and � 862.1 was 
ot made. 
In this work, we take advantage of the data from the metal-

oor Pristine Inner Galaxy Surv e y (PIGS; Arentsen et al. 2020b )
hich contain a large number of spectra (13 235) and two strong
IBs ( � 442.8 and � 862.1) in its blue-band and red-band spectra 

espectively. Metal-poor stars have the advantage that the DIBs are 

ess or not at all affected by stellar lines. We measure the two DIBs
n stacked spectra and investigate their relative vertical distributions 

n Section 2 , we brie�y  introduce the PIGS surv e y. The stacking of
pectra and the DIB measurements are described in Section 3 . The
esults of the intensity correlations and vertical distributions of the 

wo DIBs and dust grains are presented in Section 4 and discusse
n Section 5 . The main conclusions are summarized in Section 6 . 

 P IGS 

he PIGS (Arentsen et al. 2020b , a , 2021 ) is an extension of the Pris-
ine surv e y, which uses the metallicity-sensitiv e narrow-band CaHK
lter  on the Canada-France-Hawaii-Telescope (CFHT) to search for 

nd study the most metal-poor stars (Starkenburg et al. 2017 ). PIGS
ims at obtaining spectra for the metal-poor stars in the Galactic bulge 

nd studying their kinematics (Arentsen et al. 2020a ), as well as the
hemical and dynamical evolution of the inner Galaxy (Arentsen et al. 
020b , 2021 ; Sestito et al. 2022 ). The PIGS targets were selected with
 magnitude limit  of 13 . 5 <  G <  16 . 5 mag for Gaia (Gaia Collabo-
ation 2018 ) or 14 . 0 <  g <  17 . 0 mag for Pan–STARRS1 (Chamber
t al. 2016 ), and an reddening limit  of E( B Š V ) �  0 . 7 mag from
reen et al. ( 2018 ). Most of these targets (88 per cent) have

Fe /  H] <  Š1 . 0 dex, with a peak around Š1.5 dex and a tail down
o Š3.0 dex (Arentsen et al. 2020b ). The targets were observed with
AOmega +  2dF on the AAT, obtaining simultaneous blue-band 

370–550 nm, R � 1300) and red-band (840–880 nm, R � 11 000)
pectra. 
The spectra were analysed with the FERRE 1 code, which simulta- 

eously derived effective temperatures, surface gravities, metallici- 
ies, and carbon abundances. For details on the analysis, see Arentsen
t al. ( 2020b ). In the original analysis, both the observed and mode
pectra were normalized using a running mean. For this work, we
erform a re-normalization of the original observed and best-�tting 

ynthetic spectra using the �t-continuum task in the PYTHON SPECUTILS 

ackage. A third and �fth  order Chebyshev polynomial was used for
ed-band and blue-band spectra, respectively. 

There are 13 235 PIGS spectra observed between 2017 and 2020,
f which we make use of 6980 of them, distributed into 36 �elds
see Fig. 1 ), with S /  N >  50 measured between 840–880 nm and
 eff <  7000 K, which assures the quality of the observed and synthetic
MNRAS 519, 754–766 (2023) 
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Table 1. Field information and �tting  results of DIB � 442.8 in the blue-band stacked ISM spectra. 

Field �  0 b 0 radius N a E( B Š V ) b S /  N c � d 
C ± err FWHM e ± err e EW f �t  ± err 

Nr ( � ) ( � ) ( � ) (mag) (nm) (nm) ( Å) 

1 6 .66 Š 7 .15 1.14 259 0.37 ± 0.05 145.5 442 . 76 +  0 . 08 
Š0 . 08 1 . 99 +  0 . 18 

Š0 . 16 1.10 ± 0.08 

2 Š 2 .94 11 .04 1.09 257 0.31 ± 0.05 104.7 442 . 71 +  0 . 10 
Š0 . 09 2 . 01 +  0 . 18 

Š0 . 18 0.93 ± 0.09 

3 8 .96 6 .37 1.10 236 0.57 ± 0.09 119.0 442 . 79 +  0 . 07 
Š0 . 08 1 . 83 +  0 . 16 

Š0 . 16 1.53 ± 0.09 

4 6 .20 Š 13 .97 1.00 196 0.14 ± 0.02 119.7 442 . 54 +  0 . 10 
Š0 . 10 2 . 07 +  0 . 18 

Š0 . 18 0.73 ± 0.10 

5 3 .22 Š 3 .30 0.98 224 0.66 ± 0.10 89.7 442 . 68 +  0 . 08 
Š0 . 08 2 . 18 +  0 . 18 

Š0 . 18 1.98 ± 0.16 

6 Š 4 .59 8 .63 1.00 104 0.26 ± 0.06 101.7 442 . 53 +  0 . 10 
Š0 . 10 2 . 23 +  0 . 20 

Š0 . 18 0.99 ± 0.11 

7 3 .86 10 .00 1.09 135 0.40 ± 0.10 93.5 442 . 77 +  0 . 09 
Š0 . 09 2 . 03 +  0 . 18 

Š0 . 16 1.13 ± 0.10 

8 Š 3 .64 5 .29 1.02 180 0.68 ± 0.09 112.6 442 . 73 +  0 . 08 
Š0 . 08 2 . 08 +  0 . 16 

Š0 . 16 1.84 ± 0.10 

9 9 .91 Š 10 .11 1.11 99 0.32 ± 0.07 141.4 442 . 71 +  0 . 09 
Š0 . 09 2 . 40 +  0 . 20 

Š0 . 18 1.13 ± 0.09 

10 Š 8 .22 10 .31 1.11 185 0.29 ± 0.04 122.5 442 . 52 +  0 . 09 
Š0 . 09 2 . 00 +  0 . 18 

Š0 . 18 0.92 ± 0.09 

11 3 .53 Š 7 .45 0.95 203 0.33 ± 0.03 128.8 442 . 65 +  0 . 09 
Š0 . 08 2 . 12 +  0 . 18 

Š0 . 18 1.25 ± 0.12 

12 0 .22 6 .16 0.98 225 0.75 ± 0.07 105.7 442 . 81 +  0 . 07 
Š0 . 07 1 . 97 +  0 . 16 

Š0 . 16 2.11 ± 0.12 

13 5 .51 Š 9 .18 1.61 292 0.27 ± 0.07 133.7 442 . 74 +  0 . 08 
Š0 . 08 1 . 93 +  0 . 18 

Š0 . 18 1.23 ± 0.09 

14 5 .32 Š 3 .97 1.09 249 0.70 ± 0.10 117.4 442 . 75 +  0 . 07 
Š0 . 07 2 . 10 +  0 . 16 

Š0 . 16 2.01 ± 0.10 

15 8 .93 9 .50 1.06 182 0.39 ± 0.04 126.2 442 . 66 +  0 . 09 
Š0 . 09 2 . 05 +  0 . 18 

Š0 . 16 1.24 ± 0.09 

16 9 .00 Š 4 .50 0.99 183 0.61 ± 0.11 98.2 442 . 72 +  0 . 09 
Š0 . 09 2 . 26 +  0 . 18 

Š0 . 18 1.77 ± 0.12 

17 1 .76 9 .98 1.18 146 0.59 ± 0.16 122.3 442 . 82 +  0 . 08 
Š0 . 09 2 . 05 +  0 . 18 

Š0 . 18 1.20 ± 0.10 

18 8 .91 Š 6 .86 1.04 130 0.39 ± 0.08 133.4 442 . 68 +  0 . 09 
Š0 . 09 2 . 13 +  0 . 18 

Š0 . 16 1.35 ± 0.10 

19 Š 5 .27 10 .50 1.05 212 0.25 ± 0.03 121.7 442 . 65 +  0 . 10 
Š0 . 10 1 . 86 +  0 . 18 

Š0 . 18 0.72 ± 0.08 

20 5 .87 9 .60 1.08 238 0.53 ± 0.18 127.7 442 . 68 +  0 . 08 
Š0 . 08 2 . 14 +  0 . 18 

Š0 . 16 1.40 ± 0.11 

21 8 .58 Š 10 .02 1.06 250 0.36 ± 0.06 130.4 442 . 72 +  0 . 09 
Š0 . 09 1 . 95 +  0 . 18 

Š0 . 18 0.95 ± 0.06 

22 7 .42 8 .06 1.06 104 0.46 ± 0.10 112.3 442 . 74 +  0 . 09 
Š0 . 09 1 . 94 +  0 . 16 

Š0 . 16 1.33 ± 0.09 

23 Š 0 .14 8 .98 1.10 136 0.52 ± 0.12 120.6 442 . 71 +  0 . 08 
Š0 . 08 1 . 97 +  0 . 18 

Š0 . 16 1.49 ± 0.10 

24 Š 5 .09 6 .64 1.06 177 0.42 ± 0.12 121.9 442 . 67 +  0 . 08 
Š0 . 09 2 . 18 +  0 . 18 

Š0 . 18 1.31 ± 0.10 

25 5 .12 Š 6 .68 1.08 151 0.35 ± 0.05 128.1 442 . 66 +  0 . 09 
Š0 . 09 1 . 97 +  0 . 18 

Š0 . 16 1.22 ± 0.09 

26 5 .54 Š 12 .41 0.98 185 0.15 ± 0.02 135.8 442 . 62 +  0 . 09 
Š0 . 10 1 . 98 +  0 . 18 

Š0 . 18 0.74 ± 0.07 

27 2 .47 Š 5 .12 1.06 279 0.40 ± 0.08 140.5 442 . 78 +  0 . 08 
Š0 . 08 2 . 24 +  0 . 18 

Š0 . 16 1.54 ± 0.09 

28 7 .06 Š 5 .25 1.04 179 0.54 ± 0.06 102.4 442 . 68 +  0 . 08 
Š0 . 08 2 . 25 +  0 . 18 

Š0 . 18 1.71 ± 0.13 

29 7 .39 Š 8 .16 1.07 289 0.37 ± 0.09 139.7 442 . 80 +  0 . 08 
Š0 . 08 1 . 92 +  0 . 18 

Š0 . 16 1.14 ± 0.07 

Notes. a The number of spectra used for stacking in each �eld.  
b Median E( B Š V ) ± its standard deviation in each �eld  derived from the Planck map. 
c Signal-to-noise ratio of the stacked blue-band ISM spectra. 
d Measured central wavelength in the heliocentric frame. 
e Full width at half maximum of DIB � 442.8. 
f Fitted equi v alent width of DIB � 442.8. 
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pectra. For this subsample, S /  N is mostly below 150 per pixel for
ed-band (computed between 840–880 nm) with a mean of 77 and
elow 50 per pixel for blue-band (computed between 400–410 nm)
ith a mean of 30. Thus, in this work, we only �t  and measure two
trong DIBs, � 442.8 and � 862.1, in stacked blue-band and red-band
pectra, respectively, due to the low S /  N of individual PIGS spectra
e applied a simple k-means algorithm (Lloyd 1982 ) to cluster

argets into different �elds to a v oid the possible o v erlap of observed
IGS �elds, especially in the southern footprint, and to have a cleane
election of target stars in the same ( �,  b) range, because the o v erlap
f �elds would smooth the variation of dust reddening and DIB
trength with ( �,  b). In some cases, it is also helpful for �elds with
orse quality spectra, to have a larger number of stars, such as the

eld  at ( �  0 , b 0 ) =  (9 . 91 � , Š10 . 11 � ). The clustering was completed
y the PYTHON SCIKIT-LEARN package (Pedregosa et al. 2011 ) with N =
6, and the result is shown in Fig. 1 . In the following analysis, the
IGS ‘�elds’  refer to the assigned clustered regions, which follow
ut are not exactly the same as their observational footprints. Discrete
NRAS 519, 754–766 (2023) 
ootprints are well clustered (e.g. the targets at 5 � <  b <  12 � ), while
n crowded regions, such as the targets around ( �,  b) =  (5 � , Š8 � ),
he clustered �elds may be different from the observational ones. The
entral coordinates ( �  0 , b 0 ), radius, and target number of each �eld
re listed in Table 1 . 

 F IT  AND  MEASURE  DIBS  IN  STACKED  

PECTRA 

imited by the PIGS sample size and the low S/N of individual
pectra, we choose to stack spectra in each �eld  according to their
alactic coordinates ( �  , b ) without taking the stellar distance into
ccount. Thus the DIB measured in the stacked spectra is a measur
f the average column density of its carrier toward a given sightline.
Before stacking spectra in each �eld,  the stellar component

n observed spectra are �rst  subtracted by the synthetic spectra
roviding the ISM spectra for each target. Fig. 2 shows two ISM
pectra derived from the blue-band and red-band observed spectra
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