~_ Understanding the state of the gas
surrounding Andromeda’s black hole
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1. Detection of gas in the 120pe x 120pc central field
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&. Velocity pattern and the mnermng (0.7kpc x 0.7kpc)

3. Physical conditions c')'?fh'é"gas- |
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But very little star
formation
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0.25%9:96 Mgol/year in Ford et al. 2013
the galaxy as a whole 3 — ¥

mainly concentrated
in the main disc

=)
(=]
o
o
=
=
g
)

Declin
+

Next to the black hole: A-star cluster,
tracer of «recent star formation»
(200Myr old, 10+°Msol); Lauer+ 1993, 0
Kormendy+ 1999, Bender 2005 e et

Right Ascension (J2000)

Mumur of the black hole: gas infall? (Li+ 2011)
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Mumur of the black hole: gas infall? (Li+ 2011)
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CO(1-0) velocity field
@IRAM

R= 115000
Dv=2.6km/s
«pixelsr=9arcsec

e Regular rotating disc in CO (Nieten
et al. 2006, Neininger et al. 1998)

e Nothing strong in the central part!

--> No spiral arm, no bar, no obvious SF region,
but a big quiet black hole: 0.7-1.4 108 Msol!

(Bacon et al. 2001, Bender et al. 2005)



Head-on oOllision with M&2

2 off-centre rings @ 8uym

Inner ring: 0.7 kpc
Outer ring: 10 kpc

M32

w32

4 100.m

Kirk etal. 2014 — Off-centered inner ring




CO velocity field in the central field
IRAM surveys

Nieten et al. (R006)
M. Guélin’s courtesy

Melchior & Combes 2013,
in prep.

42™00°%0

20’ x 20° -- 4.5 kpe x 4.5 kpc
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Superimposition of 8um Spitzer
data from Block et al. (2006)
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Superimposition of 8um Spitzer
data from Block et al. (2006)
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Ionised gas velocity field: current state of the art

41°25'00"

Boulesteix et al. 1987
(Fabry-Pérot, [NII])
41°20'00"
Slits measurements:
Rubin & Ford 1971

Ciardullo et al. 1988
Saglia et al. 2010

41°15'00"

41°10'00"

New Halpha observations at Mont Megantic ,
20’ x 20’ Canada (Fabry-Perot) work in progress
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Detection

41°16'40

Ag

extinction

Melchior et al 2001
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MaSS bUdget HI data fBraun et al. OO?

Total measured mass:

>4 x 10* Msol

87% with v>-300km/s

13% with v<-300km/s

There is some molecular
gas next to the black hole
but it does not rotate.




Search for dense gas at IRAM 30m
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Courtesy : S. Viaene
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1200(2-1)
1300(2-1)
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Search for dense gas at IRAM 30m

12C0(2-1)
1SC0OR1 41°19'20"
Cl80(2-1)

PACS 100unjgld
Courtesy : S. Vi




What do we know from other data...

taUV M* Mdust SFR

Msol/Myr
I 0.B62 3.2 10°7 2.9 103 3.2
I-B 2.4 107 2.9 103 2.8
9d-4, 3.2 107 0.9 10”3 1.8
2d-b 3.2 107 0.9 103 1.5
2c-4, 1.9 3.5 10"7 1.5 10"3 1.6

One difficulty: the filling factor! Tauat=20K

beam = 11larcsec FWHM

—ad i Viaene et al. 2014



One «clump» in M31 -1

1200 lSCO 0180
Tpeak
(mK) 7 4.9 4.5
Delta v
(km/s) 69 (18) 69 69
1ICO
(K km/s) 6(1) 0.36(0.06) | 0.29(0.07)

1200/13C0 = 16.7(0.3)
1200/C180 = 20.7(0.4)
1300/C180 = 1.24(0.4)

v=-291(9) km/s
Ngs=1.2 10%lcm™=

Melchior & Combes 2011.:
CO(2-1)/C0(1-0)=0.8
--> subthermal
Tex<Tx=Taust=QR0K

Expected abundance
ratios (ISM) (4kpc -- GO)
Wilson & Wood 1994
1200/13C0 =53 -- 20
1200/C%0 =337 -- 250
1560/C20=6.2 - 12.5

--> Optically thick



What is the state of the gas®
Tg = etanr (f(Tex)-f(The)) (1-exp(-taun)) with tau>>1

Tg = etapr (f(Tex ) LR
etanr : beam filling factor
Tex : excitation temperature ; Ths: background temperature

Larson’s relations not conclusive...

Assumptions:
1. Standard abundances of the ISM :
Xoo=R2.8 103 (Bergin et al. 1995)

. Ts/etapr = 3-10K (--> filling factor)

Comparison with (non-LTE) RADEX
simulations (van der Tak et al. 2009)
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RADEX simulations (van der Tak et al. 2009)
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RADEX simulations (van der Tak et al. 2009)
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Results

wue | 18CO(2-1)  2C0(2-1) | C80(2-1)
etars | [0.7-3]102 @ [0.5-1.8]10%  [0.5-1.7] 10°®

Neo ' r1585.57108 [0.4-1.6] 108 [0.8-2.9] 10%7

(cm*®)
(cnxfrZS) [0.1-7.1] 10* [0.06-2.2] 10® [0.03-1.3] 10°
tau [290-1600] [88-550] [31-1100]

I’(ngp [120-23 10%] = [600-79 103] [117-21 103]

Same feeling factor for 2CO and C180%

13C0O depletion?? (e.g. Casoli et al. 1992)
Henkel et al. 2014 : '**CO/*2C0O= ~CO/C*80=100 %
Dayvis 2014 : excitation conditions?



Two other dense clumps

MBLI(R) 1200 1500 HCN HCO+ v=-402(3) km/s

Nz2=1.9 103lcm?

Tpeak
(mK) 146 4.6 3 3.6
Delta v
(km/s) 6L (12) 62 29(7) 60(10)
ICO Expected isotope &
(K km/s) 9.6(0.5) 0.30(0.06) 0.08(0.02) 0.23(0.04) abundance

ratios (ISM)
Wilson & Wood 1994

MBII-B(1) 1200 1500 HCN  HCO+ Bergin et al. 1995

Tpeak
1 1 A .
(mK) 38 3 6 3.6
Delta v
36(2 36 3:2(8 65(10
(km/s) (&) (&) ) v=-473(4) km/s
1CO Ngo=1.1 10=~lem~=

(K km/s) 5.3(0.2) 0.48(0.04) 0.21(0.04) 0.56(0.04)

--> Optically thick
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M31I(2)

etapr
Nco

(cm*)

I1H2
(cm?®)

tau

Leclump
(pe)

M31I-B(1)

etaps
Nco

(cm*)

NH2
(cm?)

tau

Pelump
€9)

12C0O(2-1)
[1.5-5.4] 10
[1.3-4.6] 10"
[0.2-8.9] 103
[25-160]
[0.8-120]

1200(2-1)

[1.4-5.0] 103

[0.7-2.7] 1018

[0.03-1.6] 102

[90-550]

[27-4.9 107]

Results

13C0(2-1)
[0.5-1.7] 10
[0.5-1.7] 107
[0.06-1.1] 103
[15-100]
[20-3 107]
13C0(2-1)
[1.3-4.8] 103
[1.5-5.4] 10%7
[0.2-6.3] 103
[25-190]

[70-10 103]

HCN(1-0)
[0.3-1.1] 10
[0.4-1.5] 1015
[0.02-1.0] 108
[20-260]
[0.35-80]
HCN(1-0)
[0.6-2.2] 103
[1.1-4.1] 108
[0.05-3.6] 10%
[60-680]

[3-700]

HCO+(1-0)
[0.4-1.4] 103
[0.9-3.1] 104
[0.07-4] 10*

[9-95]
[0.7-150]

HCO+(1-0)
[0.5-1.9] 103
[0.3-1.2] 10
[0.02-1] 10%

[30-300]

[11-2.6 10%]



summary

e Detection of molecular gas close to the
black hole (>4 10* Msol), not in rotation

e Velocity pattern compatible with multiple
components & inner ring

e Detection of dense gas - <anomaly» in 1°CO
- possible depletion ¢
- post-(small) starburst triggered by
frontal collision with M32%






