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Abstract

We present the first results of an ALMA spectral survey of strong absorption lines for common interstellar species in
the 2=0.89 molecular absorber toward the lensed blazar PKS 1830—211. The dataset brings essential information on
the structure and composltxon of the absorbing gas in the foreground galaxy. In particular, wcﬁndabbor thIl over

inclination 1s intermediate and that we sample velocity gradients or streaming motions in the disk plane, that the
molecular gas has a large vertical distribution or extraplanar components, or that the absorber is not a simple spiral
galaxy but might be a merger system. The number of detected spccies is now reaching a total of 42 different species
plus 14 different rare isotopologues toward the SW image, and 14 species toward the NE line-of-sight. The abundances
of CH, H,O HCO™* HCN, and NH3 relative to H, are found to be comparable to those in the Galactic diffuse medium.

Of all the lines detected so ar ‘toward PKS 1830—211, the groun-state ine 0 ortho-water has the ccpest asorptlon

We argue that ground:state lines of water have the best potential for detecting diffuse molecular gas in absorption at

high redshift. B LA &
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2. Observation and data reduction

- ALMA Cycle 0 (2012. April ~ June)

* 4 tunings

100 GHz (B3), 250 GHz (B6), 290 GHz, 300 GHz (B7)

- spw width: 1.875 GHz
* 0.488 MHz width x 3840 channels
* beam size ~ 0.5” (B6, B7),2” (B3)
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3. Inventory of species
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- Y35 T4 lines /| GHz

SWTIZALMAIC & D CH, H,CI', NH, A & S G 5T 42 1 14FEDRMAFTES 1R

NETIEAEET14%E (ALMATILC, CH, CO, H,0, H,CI", NH,h'new-detection)

30 GHz OFIFHH27 DIRIIRIEZ 1R (I line / GHz, Band 3ICBRHLIZ 2 lines / GHz)

Toward the SW image

latom H @ COn)

2 atoms CH ", OH ¥, cO ®=™ 13co ™, ¢s @™, ¢¥g 1), gig Ukmm), 29gi0 (km), 30610 (™) N§ %), g0 (bmm) go* (¥

3 atoms NH2 (n,), Hzo (’hn)’ H2l7o (n)’ CzH (ekmn)’ HCN (aefkmn), HllicN (efkmn), HCISN (fkmn)’ HNC {aefkm),
HN13C (efkmn.)’ HISNC (fkmn)’ N2H+ (ak), Hco+ (aefkmn), H1300+ (aefkmn), HCISo+ (fkm)’ HCI70+ (fkmn)’
HCO (*¢mm) HOCH kmn) H,8 () H,*8 () H,Cl1t ) HL%Clt ) HCSt (™) C,8 (B

4 atoms NH3 (ghn), H200 (cek), 1—C3H (k), HNCO (km), HOCO+ (m), HzCS (k)

5 atoms CH,NH %™ ¢.CyH, ™ 1.C3H, %, H,CCN *®) H,cCO ®, C,H %), HO4N (e7km)

6 atoms CHzOH *'™) CH3CN *™ NH,CHO ™

7 atoms CH;;NHQ (km)’ CH;;CQH (km)’ CH;CHO (k)

Toward the NE image

latom H'Y ¢ ™

2 atoms CH ", OH ¥ coO ™

3 atoms H,0 ™, C,H *») HCN (Fkmn) HNC R HCOt (efkmn) H,C1+ ()

4 atoms NHj (™ H,CO *

5 atoms c¢-C3Hs, (k)




4. Analysis of absorption line profiles
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4.1.Velocity components

.« FERDS 0 kmis (SW), -147 km/s (NE)IZFI S T W e

+ ATCA (Muller+11) Tl& -300 km/s, -224 km/s, +170 km/sDIRFE K7 % 1 H

.« ALMATI&, SWT 0 km/s (very broad), +170 km/sZ &1 (H,O, HCO", HCN)

-« IRIARD IR H¥face-onfE & T 5 EKFERY (5.1. TEim)
- H, column density ~ 3-4 x 10" cm” (Galactic diffuse component 0D
« +170 km/s DAL &, HI absorption T DX LD LY

. HI column density < 10" cm™ = Z DA EHFHXECH

« NETIZE -224 km/s ICH0Z . -240 ~ -120 km/s DEIC Z 8D EERD

Z &R (H,0)

=300 km/s D EX7 IESWINE & 6 |Cnon-detection

. ATCATHRH U9 (HCO (1-0), HCN(1-0)) (Espurious?

- IRUNHERERE D ATCAELHIERF (20105F) K DFX > 22

Line/Continuum

0.95

1

0.98

0.96

0.98

0.96

iﬁ’]@abundance%f}im)
4 Y m‘
L ~ \ff gl
N q[ L
[ i ettt Hanon,olo,i
[ ~ 'm/nm\f
.V II'-
f
- | HCO® 2-1 7]
% ————
0 ks ., A %MVN Mo
| +170 km/s ]
N ' HCN 2-1 7]
2 PN ST SR S SN R SR W SN SN SN N S S SN S S S
0 50 100 150 200 250

Heliocentric velocity (km.s™')



4.2. The absorption along the SVV line-of-sight

4.2.1. Saturation and continuum source covering fact
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4.2. The absorption along the SW line- of S|ght
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4.3.
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4.5.

4.4, Relative abundances

ime variation of the line profiles

Integrated opacity? [Abundances relative to H, ]

Species  f.(SW)”  f.(NE° o SW blue wing?  SW line center” SW red wing/ NE?
(cm~?km™'s) (kms™') (kms™") (kms™") (kms™')

CH 0.95 1.00 2.3E+13 238 [3.5E-08]° 21.17[3.5E-08)° 2.07[3.5E-08]° 2.07 [5.2E-08]
H,0O 0.95 1.00 6.3E+12" 11.76 [4.7E-08] sat. [-] 10.27 [4.8E-08] 7.21 [5.0E-08 |°
HCO* 0.91 1.00 2.1E+12 7.08 [9.5E-09] sat. [-] 4.59 [7.1E-09] 2.55 [5.9E-09]
HCN 0.91 1.00 3.5E+12 5.15 [1.2E-08] sat. [-] 2.86 [7.4E-09] 1.03 [4.0E-09]
NH: 0.95 1.00 1.2E+13* 1.22 [9.3E-09] 23.32 [2.0E-08] 0.51 [4.5E-09] 0.19 [2.6E-09]
CO (4-3) 0.93 1.00 7.8E+15 4.37 [2.2E-05] sat. [-] 1.39 [8.0E-06] 0.65 [5.5E-06]
CO (5-4) 0.95 1.00 1.5E+16 2.69 [2.6E-05] sat. [-] 0.57 [6.2E-06] 0.28 [4.6E-06]
CI 0.93 1.00 7.6E+17 0.60 [2.9E-04] 22.32 [1.2E-03] 0.36 [2.0E-04] 0.22 [1.8E-04]
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4.5. Time variation of the line profiles
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>. Discussion
5. 1. On the wide velocity spread of the absorption profiles
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5.2.Water as a tracer of mo\ecu\ar gas In absorp’uon

..............................................

Ten=50 K, ny,=200 em ° Tyn=200 K, ny»=200 em >
1 ;_°"p__—__‘_—“—~—-—_~________§_—~:F_°”ﬂ__—‘_‘-“-—~——~—__________§_—_:
+ HOIRED T D z {RFMEZRADEX T T [ : ::

- T, = 50,200 K/ n(H,) =200, 2000 cm-3
Galactic diffuse gas®DabundanceZ {R 7€

Tn=50 K, ny,=2000 em "~ | T =200 K, Nyo “2000 cm °

© T(CO) ERELEH

Optical depth (log scale)

* T(para-H,O)[FIFIF—E T. FBlIC T(CO)W
T( )&k DE L

* H,O lines: high-zC Ddiffuse gasPDtracer & b_Cfi._,\EI’J o 1 > 3 4 0 E 2 3 4
Redshift
% < Dhigh-z galaxies TI& H Optical depths of H,O, CO, as a function of z
- @D CO & RFL EDintensity[CET 5
N tnplet
* H, column densityZH,O lineDHMNSHEETE D <« T_(H,0) ~Towe ortho

+ fc72 UH,O lineh'saturate U TE 59 fractional abundanceD—7E & IR E
(Galactic dlffuse gas C(FEDRIRYICHERR

singlet
para H

+ ortho-H,O (I,,-1,, 557 GHz): ALMA Bands’&5 0.1 <z < 5.6 CTELAIPIEE

+ para-H,0H z > |2 TEUAIFIEE — ortho-paratb HBIETE %

- ALMADRRE R S, L Dsubmm galaxiesNEREFREBZRD 53



6. Summary and conclusions
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