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ABSTRACT

Although diffuseinterstellarbands(DIBs) werediscoveredover 100yr ago,for mostof them,their origins arestill unknown.
Investigationon the correlationsbetweendifferent DIBs is animportantway to studythe behaviouranddistributionsof their
carriers.Basedon stackingthousand®f spectrarom the Pristinelnner Galaxy Surwey, we studythe correlationsbetweerntwo
DIBsat442.8nm( 442.8)and862.1nm( 862.1),aswell asthedustgrains,n arangeof latitudespanning 22 (4 < |b|< 15)
towardthe GalacticCentre(] | < 11). Tight linearintensitycorrelationscanbefoundbetween 442.8, 862.1,anddustgrains
for |b|]< 12 orE(B S V)> 0.3mag.For|b|> 12, 442.8and 862.1preseniargerrelativestrengthwith respecto the dust
grains.A systemativariationof therelativestrengthbetween 442.8and 862.1with |b| andE (B S V) concludeghatthetwo
DIBs do not sharea commoncarrier.Furthermorethe carrierof 862.1is moreabundangt high latitudesthanthatof 442.8.
This work canbe treatedas an exampleshowingthe signi cance and potentialsto the DIB researchcovering a largelatitude

range.

Key words: dust,extinction—ISM: linesandbands.

1 INTRODUCTION

After over 100yr sincethediscovery of thediffuseinterstellarbands
(DIBs) in 1919(Heger1922, over 600 DIBs havebeencon rmed
betweerD.4and2.4um (Coxetal. 2014 Galazutdinowtal. 2017h
Fan et al. 2019 Ebenbichleret al. 2022 Hamanoet al. 2022.
As a set of weak and broad absorptionfeatures,today DIBs are
thoughtto be producedy carbon-bearingnoleculeslike carbonor
hydrocarbonchains(e.g. Maier et al. 2011, Zack & Maier 2014,
polycyclic aromatichydrocarbongPAHSs; e.g. Salamaet al. 1996
Sheretal. 2018 Omont,Bettinger& Tonshoff2019, andfullerenes
andtheir derivatives(e.g.Fulara,Jakobi& Maier 1993 Cami2014
Omont2016. However, dueto the dif culties in the experimental
researcloncomplexmoleculegHardy,Rice& Maier2017 Kofman
et al. 2017 and in the comparisonbetweenthe experimental
measurementndastronomicabbservationshuckminsterfullerene

E-mail: hzhao@pmo.ac.cn(HZ2);
anke.arentsen@astro.unistrd4A)

mathias.schultheis@oca.eMS);

(Cgo) isthe rst andonly identi ed DIB carrierfor ve near-infrared
DIBs sofar (e.g.Foing& Ehrenfreundl994 Campbelletal. 2015
Walker et al. 2016 Linnartz et al. 2020, althoughsomedebates
aboutthe wavelengtimatchandtherelative strengthof thesebands
still exist(Galazutdinowetal. 20173 2021).

Besidesthe comparisorbetweenastronomicalbbservationsand
experimentafesultsjnvestigatinghecorrelationdbetweerdifferent
DIBs is alsooneof the mostimportantwaysto studythe relations
betweentheir carriersand evento nd the commoncarrier for a
setof DIBs (e.g.Friedmanetal. 2011, Ensoretal. 2017 Elyajouri
etal. 2017, 2018. Thetightestcorrelationwasfound betweentwo
DIBsat619.6nmand661.4nm(in thiswork, we cite DIBs with their
centralwavelengthén nanometrelvith very high Pearsomoef cient
(rp > 0.98; e.g. McCall et al. 201Q Friedmanet al. 2011 Kos &
Zwitter 2013 Bondar2020). But thevariationof their strengthratio
hasalso beenreportedby Kre owski et al. (2016 and Fan et al.
(20179, verifying thatonly atight intensitycorrelationis notenough
to concludea commonorigin for different DIBs. The behaviour
of the relative strengthbetweendifferent DIBs as a function of
fr, 2N(H2)/[N(H1)+ 2N(Hz)] wasusedby Fanetal. (2017 to
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studytherelativepositionsof the DIB carriers.Lan, Ménard& Zhu

(2015 alsoinvestigatedthe correlationbetweenDIB strengthand
N (H1) andN(H;) for 20 DIBs at high latitudes.Neverthelessit is

hardto measureN (H1) andN(H,) in ultravioletspectreaor decipher
the positionsof H1 and H, from the radio observationsAnother
way is to explorethe spatialdistributionsof different DIBs, which

requiresthe probingof interstellarmedium(ISM) above andbelow
the Galacticplaneover alargerangeof latitudesif we would like to

getmoreinformationandconclusiondrom the correlationstudyon

differentDIBs. Mcintosh& Webster(1993 studiedthe variationof

therelativestrengthbetweerDIBs 442.8, 578.0,and 579.7asa
function of Galacticlatitudesbasedon a sampleof 65 stars.They
foundthecarrierabundancef 442.8to behighestatlow latitudes,
which agreeswith our results(seeSection5.2).

TheDIB researctbene tsfrom the arrival of largespectroscopic
suneys allowing to performlarge statisticallystudies.The 3D dis-
tributionsof the DIB carriershavebeenmappedy Kosetal. (2014
andGaiacollaboration Schultheisetal. (2022 for DIB 862.1(we
take here its central wavelengthas 862.08ehm derived in Gaia
collaboration,Schultheiset al. 2022with measurementsom Gaia
collaborationRecio-Blancaetal. 2022, andZasowskietal. (2015
for DIB 1527.3 basednthedatafrom the RadialVelocity Experi-
ment(RAVE; Steinmetztal. 2006, Gaia-DR3(GaiaCollaboration,
Vallenari et al. 2022 Gaia collaboration,Creewy et al. 2022,
andthe ApachePoint ObservatoryGalactic Evolution Experiment
(APOGEE; Majewski et al. 2017, respectively.Zasowskiet al.
(2015, Zhaoetal. (2021, andGaiacollaboration Schultheisetal.
(2022 madepreliminarystudieonthekinematicoftheDIB carriers
with the APOGEE, Gaia—ESO (Gilmore et al. 2012, and Gaia
datasets.Neverthelesgheindividual spectran largespectroscopic
suneysusuallyhavelessintegraltimethanspeci cally designedIB
observationsiesultingin alower signal-to-noiseatio (S/ N). Taking
thisinto accountstackingspectran anarbitraryspatialvolumeis a
practicaland usefulmethodto achievebetterS/ N andto precisely
measurd|B featureqe.g.Kosetal. 2013 Baronetal. 20153 b;Lan
etal. 2015.

Baseddnthesurwey data,somestudiegdevotedo theinvestigation
ontheintensitycorrelationsbetweerdifferentDIBs. Elyajourietal.
(2017 madeuseof 300spectreof early-typestarsin APOGEEto
explorethecorrelationdetweerthestrongDIB at1.5273umandthe
threeweakDIBs at 1.5627,1.5653,and1.5673um. A comparison
betweenthe DIB at 1.5273um and someoptical DIBs was done
aswell. Basedon 250 stackedspectraat high latitudes,Baronet al.
(2015h successfullglustered6weakDIBs into six groupsandfour
of themweretightly associatedith C, or CN. A data-driveranalysis
was also doneby Fanet al. (2022 for 54 strongDIBs measured
in 25 high-qualityspectraof early-typestars.And they suggestec
continuoushangef propertieof theDIB carrierdbetweerdifferent
groups.The resultsof Puspitariniet al. (2015 showeda similar
variation of the strengthwith the distanceof backgroundstarsfor
DIBs 661.4and 862.lina eld centredat(, b)= (2129 ,52.0).
But a direct comparison between 661.4 and 862.1 was
notmade.

In this work, we take advantageof the data from the metal-
poor Pristine Inner Galaxy Surney (PIGS; Arentsenet al. 2020h
which containa large numberof spectra(13235) and two strong
DIBs ( 442.8and 862.1)in its blue-bandand red-bandspectra,
respectivelyMetal-poorstarshavethe advantagehatthe DIBs are
lessor not at all affectedby stellarlines. We measurehe two DIBs
in stackedspectraandinvestigateheir relativeverticaldistributions.
In Section2, we brie y introducethe PIGSsuney. The stackingof
spectraandthe DIB measurementaredescribedn Section3. The
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Figure 1. Spatialdistribution( , b) of 6980PIGStargetspverplottedonthe
dustreddeningnapof PlanckCollaboration(2016. Coloureddotsrepresent
the targetsassignednto different elds (black circles), as a result of the
k-meanglusteringwith N = 36 (seeSection3 for details).

resultsof the intensity correlationsandvertical distributionsof the
two DIBs anddustgrainsarepresentedn Section4 anddiscussed
in Section5. Themainconclusionsaresummarizedn Section6.

2 PIGS

ThePIGS(Arentseretal. 2020h a, 2021) is anextensiorof thePris-
tine surwey, which useshe metallicity-sensitie narrow-bandCaHK
Iter onthe Canada-France-Hawaii-Telescq@FHT)to searchor
andstudythe mostmetal-poorstars(Starkenburgetal. 2017). PIGS
aimsatobtainingspectrdor themetal-poosstaran theGalacticbulge
andstudyingtheir kinematics(Arentseretal. 20203, aswell asthe
chemicabnddynamicakvolutionof theinnerGalaxy(Arentseretal.
2020h 2021 Sestitcetal. 2029). ThePIGStargetsvereselectedvith
amagnituddimit of 135< G < 16.5magfor Gaia (GaiaCollabo-
ration2018 or 14.0< g < 17.0magfor Pan—STARRSIChambers
et al. 2016, and an reddeninglimit of E(B SV) 0.7 magfrom
Green et al. (2018. Most of these targets (88 percent) have
[Fe/ H] < S$1.0dex, with a peakaroundS1.5dex and a tail down
to $3.0dex (Arentsenetal. 20208). Thetargetswereobservedith
AAOmega+ 2dF on the AAT, obtainingsimultaneoushlue-band
(370-550hm, R 1300) and red-band(840-88thm, R 11000)
spectra.

Thespectravereanalysedvith theFERRE code whichsimulta-
neouslyderivedeffective temperaturessurfacegravities,metallici-
ties,andcarbormabundances:ordetailsontheanalysisseeArentsen
etal. (20201. In the original analysis boththe observecandmodel
spectrawere normalizedusing a running mean.For this work, we
performa re-normalizatiorof the original observedandbest- tting
syntheticspectraisingthe t-continuumtaskin thePYTHON specuTILS
packageA third and fth orderChebysheypolynomialwasusedfor
red-bandandblue-bandspectrarespectively.

Thereare13235PIGSspectraobservedetweer2017and2020,
of which we makeuseof 6980 of them, distributedinto 36 elds
(seeFig. 1), with /N> 50 measuredetween840-88hm and
Ter < 7000K, whichassurethequalityof theobserve@andsynthetic

1IFERRE(Allende Prietoet al. 2008 is availablefrom http://github.com/cal
lendeprieto/ferre
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Table 1. Fieldinformationand tting resultsof DIB 442.8in the blue-bandstackedSM spectra.

Field 0 bo radius N2 EBSV)P S/NC dterr FWHMS:er® EW, t err
Nr @) @) @) (mag) (nm) (nm) QY

1 6.66 5715 114 259 037 0.05 1455 442765588 1.995218 1.10+ 0.08
2 §294 1104 1.09 257 0.31+ 0.05 1047 44271319 2015218 0.93% 0.09
3 8.96 637 110 236 057+ 0.09 1190 44279535 1.83518 1.53+ 0.09
4 620 $1397 100 196 0.14% 0.02 119.7 442545010 2075318  0.73£ 0.10
5 322 $330 098 224 066%0.10 89.7 4426805 21821  1.98+ 0.16
6 §4.59 863 1.00 104 0.26+ 0.06 101.7 442535210 2235220 0.99+ 0.11
7 3.86 1000 1.09 135 0.40% 0.10 935 442775583 2.035218 1.13+ 0.10
8 $ 364 529 1.02 180 0.68+ 0.09 112.6 4427350% 2085218  1.84% 0.10
9 991 $1011 111 99 032+ 0.07 1414 44271090 24050%  1.13+ 0.09
10 §822 1031 111 185 0.29+ 0.04 1225 44252520 2005218  0.92% 0.09
11 353 §745 095 203 0.33+ 003 1288 4426505 2124018 1.25+ 0.12
12 0.22 616 0.98 225 0.75+ 0.07 1057 44281277 1.975018 211+ 0.12
13 551 5918 161 292 027+ 0.07 1337 44274588 1.93(218 1.23+ 0.09
14 532 §397 109 249 0.70% 0.10 117.4 442755057 2105018 2.01% 0.10
15 8.93 950 1.06 182 0.39+ 0.04 126.2 44266505 2055318  1.24+ 0.09
16 9.00 5450 0.99 183 0.61x 0.11 982 4427258 2.265218 1.77+ 0.12
17 1.76 998 1.18 146 059+ 0.16 122.3  44282,0%8 2.055218 1.20+ 0.10
18 891 5686 1.04 130 0.39: 0.08 1334 4426805 2.13§218 1.35% 0.10
19 §527 1050 105 212 0.25+0.03 121.7 442655219 1865218  0.72 0.08
20 5.87 960 1.08 238 0.53% 018 127.7 4426805 21401 1.40+ 0.1
21 858 $1002 1.06 250 0.36 0.06 130.4 44272583 1.955018  0.95+ 0.06
22 7.42 806 1.06 104 0.46+ 0.10 112.3  4427452%° 1.94£018 1.33% 0.09
23 So0.14 898 110 136 052 0.12 120.6 442714358 197518 1.49+ 0.10
24 §5.09 664 106 177 0.42+ 0.12 1219 44267505 21891  1.31+ 0.0
25 512 $668 108 151 0.35: 0.05 1281 44266505 1975018  1.22+ 0.09
26 554 $1241 098 185 0.15+ 0.02 1358 4426259 198518 0.74+ 0.07
27 247 §512 106 279 0.40% 0.08 1405 44278588 2.24£018 1.54+ 0.09
28 706 $525 104 179 0.54% 0.06 102.4 44268558 2.255018 1.71+ 0.13
29 739 $816 1.07 289 037+ 009 139.7 442805098  1.92t01  1.14+ 0.07

Notes?The numberof spectrausedfor stackingin each eld.

PMedianE (B S V) # its standardieviationin eacheld derivedfrom the Planckmap.
CSignal-to-noiseatio of the stackedblue-bandSM spectra.
dMeasurectentralwavelengthin the heliocentricframe.

€Full width at half maximumof DIB  442.8.

fFitted equivalentwidth of DIB  442.8.

spectraFor this subsampleS/ N is mostly below 150 per pixel for
red-band(computedbetween840-88hm) with a meanof 77 and
below 50 per pixel for blue-bandlcomputedbetween400—-41hm)
with ameanof 30. Thus,in this work, we only t andmeasurgwo
strongDIBs, 442.8and 862.1,in stackedblue-bandandred-band
spectrarespectivelydueto thelow S/ N of individual PIGSspectra.
We applied a simple k-meansalgorithm (Lloyd 1982 to cluster
targetsinto different elds to avoid the possibleoverlapof observed
PIGS elds, especiallyin thesoutherrfootprint,andto haveacleaner
selectiorof targetstarsin thesame(, b) range becaus¢heoverlap
of elds would smooththe variation of dustreddeningand DIB
strengthwith (, b). In somecasesit is alsohelpful for elds with
worsequality spectrato havea largernumberof stars,suchasthe
eld at( o, bp) = (9.91, $10.11). The clusteringwascompleted
by thePYTHON scikiFLEARNpackagéPedregosatal. 2011 with N=
36, andtheresultis shownin Fig. 1. In thefollowing analysisthe
PIGS' elds’ referto the assignectlusteredregions,which follow
butarenotexactlythesameastheirobservationalootprints.Discrete

MNRAS 519, 754-766(2023)

footprintsarewell clusterede.g.thetargetsat5 < b< 12 ), while
in crowdedregions,suchasthe targetsaround(, b)= (5, $8),
theclusteredelds maybedifferentfromtheobservationabnesThe
centralcoordinatey o, bp), radius,andtargetnumberof each eld
arelistedin Tablel.

3 FIT AND MEASURE DIBS IN STACKED
SPECTRA

Limited by the PIGS samplesize and the low S/N of individual
spectrawe chooseto stackspectrain each eld accordingto their
Galacticcoordinatey , b) without taking the stellar distanceinto
accountThusthe DIB measuredh the stackedspectras ameasure
of theaveragecolumndensityof its carriertowarda givensightline.

Before stacking spectrain each eld, the stellar components

in observedspectraare rst subtractedby the synthetic spectra,
providing the ISM spectrafor eachtarget.Fig. 2 showstwo ISM
spectraderivedfrom the blue-bandandred-bandobservedspectra,
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