Towards 3D mapping of the
Central Molecular Zone

Traversing the Galactic Centre in Space and Time
IAU Symposium 405, 20th May 2026
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e Diffuse gamma-ray emission in
correlation with gas mass.

: l e (Gas being illuminated due to

cosmic rays (CRs).
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New H.E.S.S report (submitted)

see R. Terrier’s talk!



Motivation
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What is the 3D CR energy density distribution?




What is the 3D CR energy density distribution?

3D CMZ
gas




Molecular gas dataset Work reported in

45m NRO SEDIGISM - APEX °CO, J=2—1

Wco 13C02-1

12C0O, J=1-0

3C0O, J=1-0
e Downsampled to 0.02 deg

e Applied baseline correction
e Foreground/disk separation

using clustering
C'80, J=1-0



https://arxiv.org/pdf/2503.17472

Molecular gas dataset Work reported in
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—— Gong et al.(2020) rescaled, Z = 2.5,7 = —0.7

Applied correction for
the turbulence



https://arxiv.org/pdf/2503.17472

Work reported in
Gasmass W  toN_,

Bertram et al.(2016

Bertram et al.(2016
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Work reported in
Gasmass W  toN_,

Fraction of H, in the total N, (HI 21 cm from ATCA)
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Gas mass in solar masses.

e gas mass in the disk contributes to
25-60%

e ~ 10% contribution from the atomic
phase toward the CMZ
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https://arxiv.org/pdf/2503.17472

i Work reported i
CR energy density, w, ork reported in

e CMZ w_,is found to be twice higher compared to previous results.

\' — (st ,” E.S q 2016) H.E.S.S. 2016 corrected
ACO ASLe (. 15.0.0. £ )

Xeg = Cste (H.E.S.S. 2016)
Xuon = Cste (H.E.S.S. 2016)

Weg from new gas mass
=fit _ ¢ .CMZ
“("[; = fomz wei R T F fDisk WeR

CMZ - -3 Wip
: o ‘ w =0.054eVem™ —=
Ny, (this work) CR Wipe

wosk = 0.004 eV em ™3

-
o
7o
0

-

Disk

' ‘ ' 75 l()(l 123 150 175
125 150 175 200 Projected « 1\1(111“[ j

1.5\(Ly(= Ey)\{10° M,
Wer(2 101;',,)20.018(—)( ! "))(

nn J\ 103 erg/s M

200


https://arxiv.org/pdf/2503.17472

3D CMZ and gamma-ray ohservations
(Work in progress)




New Fermi-LAT and H.E.S.S. data

Gas maps with atomic+molecular phases.
Foreground/background separation.
Separate the gas map into molecular clouds.




New data
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Work in progress

Fitted CMZ cloud positions

Two approach:

e Fit the position of the clouds by
assuming CR energy density
profiles:

o A/r
o + additional CR sources

e Fit the CR profile by assuming a
CMZ mass distribution model.
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Both the atomic gas and the disk gas components have
non-negligible contributions to the observed gas emission towards
the GC.

The CR energy density increases by a factor of two after applying the
disk-CMZ separation.

30 molecular clouds were clustered + a shortlist of 11 clouds.

What is next: gamma-ray analysis of Fermi-LAT and H.E.S.S. data
for a 3D CMZ and CR distributions.

Thank you'
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Separation of structures in velocity

1. Detection of emission lines
2. Decomposition in a linear combination of Lorentzians and Gaussians

pV =nL+0-nG

h the height, ¢ the width
and vo the velocity of the central line

Example of HI profile and its decomposition.
cf. Quentin Remy 2016
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Foreground separation using clustering

Agglomerative clustering
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But how to measure their distance?

The Galactic Centre

A Far Cloudet

A Near Cloudet

. - Diffuse Continuum Emission
Line of Sight

A Deep OH Absorption Line
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