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high gas surface density, little star
| formation
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spatially-resolved star formation relation

Bigiel et al.
(2008;2011)
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spatially-resolved star formation relation

Bigiel et al.
(2008;2011)
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spatially-resolved star formation relation

Bigiel et al.
(2008;2011)
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spatially-resolved star formation relation

Bigiel et al.
(2008;2011)
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spatially-resolved star formation relation

Bigiel et al.
(2008;2011)
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cloud properties depend on  paws

Hughes, Meidt et al. (2013a)

enV|rOﬂmeﬂt| Colombo et al. (2014a)
CPROPS decomposition

Rosolowsky & Leroy (20006)
catalog of >71000 clouds!

inter-arm.
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cloud properties depend oN  paws

Hughes, Meidt et al. (2013a)

enV|rOﬂmeﬂt| Colombo et al. (2014a)
CPROPS decomposition

Rosolowsky & Leroy (20006)
catalog of >71000 clouds!

inter—arm .

clouds in ARM are
® brighter,
-® more massive,

- ® higher gas surface
density

(3

compared to inter-ARM

S. E. Meidt, 3D2014, March 10



cloud properties depend on
environment! the role of spiral arms

Colombo et al. (2014a)

ogleoKkispe™ spiral arms sweep up material,
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® Nuclear Bar
Molecular Ring

Dens-Wave Armms In .
Dens-Wave Amms Out \
Material Arms
Downstream

A Upstream

50 55 60 65 70 75 S e
log(M,,,/IM,,.]) — )% ' Y/

mass spectrum: G
formation/destruction N

S. E. Meidt, 3D2014, Marchi0  TOieeconiiieeme



cloud properties depend on
environment! the role of spiral arms

Colombo et al. (2014a)

) spiral arms sweep up material,
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\ ._ -cloud mass growth via collision/
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cloud properties depend on

environment! cloud ‘scaling relations’
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cloud properties depend on
environment! cloud ‘scaling relations’

size-L(CO) size-linewidth
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Role of External Pressure

Hughes, Meidt
et al. (2013a)

clouds coupled
to surroundings
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Impact of (dynamical)
environment

S. E. Meidt, 3D2014, March 10



Impact of (dynamical)
environment

® dynamical suppression/regulation of
star formation via pressure changes in
flows

® test: M51 cloud stabillity, pressure + gas motions

® mplications for universal SF relation

S. E. Meidt, 3D2014, March 10



Role of gas flows:

not all gas forms stars equally:
disk structures drive gas flows

gas flows REDUCE external pressure,
Increase cloud stability

S. E. Meidt, 3D2014, March 10



Role of gas flows:

not all gas forms stars equally:
disk structures drive gas flows

gas flows REDUCE external pressure,
Increase cloud stability

RESULT:

lower star formation rate, increase In
gas depletion time

S. E. Meidt, 3D2014, March 10



dynamical pressure
Meidt et al. (2013)

S. E. Meidt, 3D2014, March 10



Meidt et al. (2013)

S. E. Meidt, 3D2014, March 10



Meidt et al. (2013)

® Bernoulli: gas in motion,
reduced pressure

S. E. Meidt, 3D2014, March 10



Meidt et al. (2013)

® Bernoulli: gas in motion,
reduced pressure

® increased cloud stable mass (blgger before
collapse)

® fewer collapse-unstable clouds
® |ower star formation, longer Tdep

S. E. Meidt, 3D2014, March 10




Projected velocity field of M5
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Projected velocity field of M5

ofMéidt etal. # »t
Fic” (2014b) -

4‘~I -

. |
non-circular

streaming

motions!




large variations in gas

streaming motions

30F  streaming motions: magnitude VI
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Radius (arcsec)



large variations in gas
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Molecular Gas vs. UV

GALEX FUV
hite contours: CO




Molecular Gas vs. obscured SF
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Molecular Gas vs. obscured SF

PACS 70um
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GMC Stabllization in M51

what shuts off star formation?

support not from the usual suspects:

Meidt et al. (2013)

S. E. Meidt, 3D2014, March 10



GMC Stabllization in M51

what shuts off star formation?

support not from the usual suspects:

® spiral arm shear

Meidt et al. (2013)
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GMC Stabllization in M51

what shuts off star formation?

support not from the usual suspects:

® spiral arm shear

® cnhanced turbulent
motions

Meidt et al. (2013)
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GMC Stabllization in M51

what shuts off star formation?

support not from the usual suspects:

® spiral arm shear

® cnhanced turbulent
motions

e stellar feedback (little
Ha, UV, clusters <70Myr) Meidt et al. (2013)

S. E. Meidt, 3D2014, March 10
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A Quantitative approach

cloud mass spectrum gpeSOEgEWAYIY
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depletion time
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A Quantitative approach

cloud mass spectrum gpeSOEgEWAYIY
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A Quantitative approach

cloud mass spectrum gpeSOEgEWAYIY

C dN/dM «MY
stable: :unstable

WIth Vstream
pressure decreased,
stable mass raised
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407

measure from
observed kinematics

S. E. Meidt, 302014, March 10 Meidt et al. (2013)
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Scatter in star formation relation:
gas motions
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Clouds in their dynamical
environment

® clouds coupled to environment: external +
iInternal pressures similar!

S. E. Meidt, 3D2014, March 10



Clouds in their dynamical
environment

® clouds coupled to environment: external +
iInternal pressures similar!

® pressure reduced due to streaming motions
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Clouds in their dynamical
environment

® clouds coupled to environment: external +
iInternal pressures similar!

® pressure reduced due to streaming motions
® clouds stabilized, star formation suppressed

S. E. Meidt, 3D2014, March 10



Clouds in their dynamical
environment

® clouds coupled to environment: external +
iInternal pressures similar!

® pressure reduced due to streaming motions
® clouds stabilized, star formation suppressed

explains:
® scatterin Tkpc’ star formation relation

® range in depletion times between galaxies, from present-
day to starbursts and disks at high-z

S. E. Meidt, 3D2014, March 10



Star Formation Relation
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Star Formation Relation
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® (gas forms stars in a single fundamental mode

® departures from this mode due to presence of
gas motions

® clouds prevented from forming stars

S. E. Meidt, 3D2014, March 10



Star Formation Relation
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really normal??
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Irends with disk morphology

since gas motions are larger in more massive disks,
Tdep larger in more massive disks

Leroy et al. 2013
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Irends with disk morphology

since gas motions are larger in more massive disks,
Tdep larger in more massive disks

Leroy et al. 2013
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COLD GASS:
Saintonge et al. (2013)

(a) full sample

S. E. Meidt, 3D2014, March 10
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IS there a universal
cloud?
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IS there a universal IS there a mix of active +
cloud? non-active clouds?
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cloud? non-active clouds?

® conversion of gas to stars impacted by galactic
dynamics
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IS there a universal IS there a mix of active +
cloud? non-active clouds?

® conversion of gas to stars impacted by galactic
dynamics

® non-circular streaming motions suppress star
formation and lengthen depletion time
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cloud? non-active clouds?

® conversion of gas to stars impacted by galactic
dynamics

® non-circular streaming motions suppress star
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1EL G )

IS there a universal IS there a mix of active +
cloud? non-active clouds?

® conversion of gas to stars impacted by galactic
dynamics

® non-circular streaming motions suppress star
formation and lengthen depletion time

® physical interpretation for scatter in ‘Kennicutt-
Schmidt’ star formation relation + a smooth link to
high-z star formation

S. E. Meidt, 3D2014, March 10
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Impact of environment

® dynamical suppression/regulation of
star formation

® test: M51 cloud stabillity, pressure + gas motions

® mplications for universal SF relation

® Internal cloud structure

S. E. Meidt, 3D2014, March 10



Cloud lifetimes

natural limit to timescale to convert
gas in to stars

® clouds destroyed by shear, star
formation feedback

® processes can be isolated in M51

® |n one radial zone: only shear (no
feedback)

S. E. Meidt, 3D2014, March 10



Cloud lifetimes

_ natural imit to timescale to convert
radius gas in to stars
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Cloud lifetimes
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Cloud lifetimes

natural limit to timescale to convert

r?dius gas in to stars

@00000
0J0]0]0]0]0,

OCO0000O
00000

@0000O®

OCOO000O

9]0]0]0]0]0
0]0]0]0]0]e,

OCO0000O
000000

00000O

00000
>

angle Meidt et al. (2014, in prep.)

S. E. Meidt, 3D2014, March 10
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Cloud lifetimes
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Cloud lifetimes
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