The CMZ Asymmetries: Feeding or

Feedback?
Or Small Number of Bound Clouds which Resist Tidal Shear?
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Central Molecular Zone (CMZ)

Denser, more turbulent than disk GMCs: M . ~ 2 -5 x 107

o

Stlgr Formation Rate (SFR): ~ 0.04 to 0.1
M,y
Infall Rate from Disk: ~ 1M, yr1
-  The Two Asymmetries:
Gas & dust: > 3/4 at POSITIVE Ilongitude, + velocity

24 m sources: > 2/3 at NEGATIVE longitude

Short orbit times & Shear: t .. ~ 3 Myr R 5 ../ Vaookms
(1 to 10 Myr)




Asymmetries:

Feedback disrupted quadrant of CMZ?

Compact 24 um sources a sheared super star cluster?
MYSO (t < 0.1 Myr)
O/B stars (Compact Hll regions)
Post-Main-Sequence (3 to 30 Myr old stars
(Jang & An+ 2022)
Dissociate, “puff-up” a CMZ sector?

Recent Infall of GMC along one bar dust lane ?
Bania’s Clump2 (G3.3), G1.3, G5, ...

Small number of >10¢ M, GMCs ?

remc < Rugar = Romit (Mgye / 2 M, )13

N(H) > 1.3x10* V2., R2,.  (cm?3)



N(H,) from Herschel Hi-GAL 24 um
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1.3 GHz continuum




3 mm continuum
Compact Hll region LSR radial velocities from
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-24 to -20 km/s
-31 to -37 km/s
-38 to -44 km/s
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Feedback?

Blow out a sector of the CMZ?

The Feedback Ladder
Progression of ever stronger stellar feedback impacts

Protostar Outflows

FUV/heating
EUV/ionization
Stellar winds
Radiation pressure
Dynamic interactions / mergers
Post-M.S. outflows
SNe
Accreting stellar mass NS, black holes

Feedback failure => High SFE, bound clusters?



Stellar Feedback in the CMZ

OB stars
Myos, cmz ~ 2-5 x 107 M, Vs ~ 10 - 20 km/s
Meue ~10°-¢M_, Ryme ~3 - 10 pc
Self-gravity (1 GMC) ~3 x10°° to 10°? erg / GMC
(Ec ~ GM2/R)):
Molecular binding energy
(Emot =~ My [4.8 eV1/um,,) ~3 x 10%° erg / GMC

Energy to disrupt 105-¢ M, GMC: ~ 105'-32erg

Energy to disrupt 10’ M, of CMZ : ~ 10°2-33 erg

(0]

To eject from R, , pc to infinity: ~ 10°° erg

Cl\ﬁﬂpbles stall: Need B + Cosmic Ray pressure to eject from
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Magnetized CMZ Models (Tress+ 2023)

t=195.59 Myr
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Petkova 2023; Longmore+ 2026)



Milky Way bar-shock / leading-edge dust lanes (Sormani, Bar
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Asymmetric Feeding?

X, to x, orbits in Bar Models

Asymmetric Infall (GMCs) => Asymmetries?

“Wiggle instabilities” in bar shocks (leading-edge
dust lanes)?
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Summary

Asymmetries:
Gas-dust: 3/4 at Positive longitude & velocity

24 m compact sources: 2/3 at Negative longitude

MYSO (t < 0.1 Myr)
O/B stars (Compact HIl regions)

2022) Post-Main-Sequence (3 to 30 Myr old stars (Jang & An+

Feedback disrupted quadrant of CMZ?
Dissociate, “puff-up” a CMZ sector?

Recent Infall of GMC along bar dust lanes?
Bania’s Clump2 (G3.3), G1.3, G5, ...

Small number of >10¢ M, GMCs ?

Feme < Riigal Foame = Rorpit (Mgme / 2 Mgal)1/3






uestions:

Infall rate from R ~ 3 kpc? ~1M_/yr? (Tress+ 2020)

Why so asymmetric? (t ... 100, ~ 3 Myr)

Stochastic infall? (Sormani+ 2018) Starburst
feedback ?
Star Formation Rate: ~0.04 - 0.1 M_/yr ? (Sormani+
2020)

Quasi-periodic bursts ~ 30 -50 Myr ? (Armillotta+
2019, 2020)

Negative-longitude 24 um sources?

Conveyor-Belt? (Kruijjsen, Longmore 2015, 2019)

Where Does Most Gas Go?

Stars or Ejected ?

SNAL L., . _® g EHg gy



Galactic Ecology: Star Formation & the Interstellar
Medium

Spiral Density Waves
~ Infall

Coronal

Magnetic Fields
7
Dust

Evolution ~==aii >

KineticEnergy

Hil Regions
OB Associations
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Multiple protostellar jets:
HH 24 group in Orion_ 4
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Post-Main-sequence |
Ou4 (Corradi 2014)
_In Sh2-129

Feedback: .

.

WR stars, LBVs, RSGs, "'
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Post-Main-sequence Feedback:
WR stars, SNe neutron stars BHs

L

Galactic Center Bubble: 8 m 70 m 350 m
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