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What is Quenching?What is Quenching?
An evocative term describing morphological transitions in galaxies 

from gas-rich to gas-devoid. 
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Not Just the Local GroupNot Just the Local Group

Geha et al. 2012
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~LMC to~LMC to
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Not Just the Local GroupNot Just the Local Group

Wetzel et al. 2013

SDSS dwarfsSDSS dwarfs

~1 Gyr ~1 Gyr 
“ Quenching Time”“ Quenching Time”
from first harassment 

to no cold gas

~LMC to~LMC to
~SMC~SMC
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Density-Morphology OutliersDensity-Morphology Outliers

Spekkens et al. 2014

~Rvirial ~Rvirial 
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Density-Morphology OutliersDensity-Morphology Outliers

Spekkens et al. 2014

~Rvirial ~Rvirial 

LMC*

SMC*

*Approximate  ratio computed 
from McConnachie 2012
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What is Quenching?What is Quenching?
An evocative term describing morphological transitions in galaxies 

from gas-rich to gas-devoid. 

Field DwarfsField Dwarfs 
dwarf Irregular 

Satellites Satellites 
dwarf Spheroidal

RAM Pressure?

Tidal Stripping?
Star Formation?

SN Blowout?

Dolphin et al. 2005
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NGC5821NGC5821

Look to Extra-Galactic StreamsLook to Extra-Galactic Streams
In the same way that we find more stream morphologies in In the same way that we find more stream morphologies in 

Extragalctic Searches, we can also find more dwarf morphologies.Extragalctic Searches, we can also find more dwarf morphologies.

NGC4631NGC4631

See Martinez-Delgado et al. 2010

NGC4651NGC4651
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NGC5821NGC5821

Look to Extra-Galactic StreamsLook to Extra-Galactic Streams
In the same way that we find more stream morphologies in In the same way that we find more stream morphologies in 

Extragalctic Searches, we can also find more dwarf morphologies.Extragalctic Searches, we can also find more dwarf morphologies.

NGC4631NGC4631

See Martinez-Delgado et al. 2010

NGC4651NGC4651

All in partnership with an 
incredible, global Amateur Amateur 

Astronomy NetworkAstronomy Network led by D D 
Martinez-DelgadoMartinez-Delgado (Heidelberg).



April 13, 2015
Rachael L. Beaton

Satellites & Streams in Santiago

NGC 5387NGC 5387

SDSS Discovery ImageSDSS Discovery Image

Beaton et al. 2014
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SDSS Discovery ImageSDSS Discovery Image GreyscaleGreyscale: VATT R ~3 hours

Color:Color: BlackBird Observatory 
(BBO)

Beaton et al. 2014
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NGC 5387NGC 5387

SDSS Discovery ImageSDSS Discovery Image GreyscaleGreyscale: VATT R ~3 hours

Color:Color: BlackBird Observatory 
(BBO)

GALEX +  BBO OpticalGALEX +  BBO Optical

Beaton et al. 2014
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The OpticalThe Optical
VATT - RVATT - R Stel lar StreamStel lar Stream

Beaton et al. 2014

Observable Physical

(B-V) ~ 0.79(B-V) ~ 0.79
i.e., redi.e., red

~360~360˚̊ around around
++

Rapo ~ 17 kpcRapo ~ 17 kpc
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The OpticalThe Optical
VATT - RVATT - R Stel lar StreamStel lar Stream

Beaton et al. 2014

Observable Physical

(B-V) ~ 0.79(B-V) ~ 0.79
i.e., redi.e., red

~360~360˚̊ around around
++

Rapo ~ 17 kpcRapo ~ 17 kpc

Int-Old Int-Old 
Stellar PopsStellar Pops

tacr ~200-500 tacr ~200-500 
MyrMyr

Progenitor Progenitor 
~10~101010 Msolar Msolar

Stream Stream 
~10~1088 Msolar Msolar
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The OpticalThe Optical
VATT - RVATT - R Blue OverdensityBlue Overdensity

Beaton et al. 2014

Observable Physical

(B-V) ~ 0.28(B-V) ~ 0.28

i.e., bluei.e., blue

1'' diameter1'' diameter

(B-V)o ~ -0.04(B-V)o ~ -0.04
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The OpticalThe Optical
VATT - RVATT - R Blue OverdensityBlue Overdensity

Beaton et al. 2014

Observable Physical

(B-V) ~ 0.28(B-V) ~ 0.28

i.e., bluei.e., blue

1'' diameter1'' diameter

Young Young 
Stellar PopsStellar Pops

~1 kpc ~1 kpc 

~10~1077 Msolar Msolar
(B-V)o ~ -0.04(B-V)o ~ -0.04
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The FUVThe FUV
GALEX - FUVGALEX - FUV Blue OverdensityBlue Overdensity

Observable Physical

1'' diameter1'' diameter

38% of Total38% of Total
UV Flux from UV Flux from 

NGC5387NGC5387

Beaton et al. 2014

FUV FluxFUV Flux

FUV FluxFUV Flux



April 13, 2015
Rachael L. Beaton

Satellites & Streams in Santiago

The FUVThe FUV
GALEX - FUVGALEX - FUV Blue OverdensityBlue Overdensity

Observable Physical

1'' diameter1'' diameter

Booming Star Booming Star 
FormationFormation

~1 kpc ~1 kpc 

38% of Total38% of Total
UV Flux from UV Flux from 

NGC5387NGC5387

Beaton et al. 2014

FUV FluxFUV Flux SFR ~ 2 SFR ~ 2 
Msolar yearMsolar year-1-1

FUV FluxFUV Flux
< 400 Myr < 400 Myr 

Stellar Stellar 
PopulationsPopulations
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Optical SpectroscopyOptical Spectroscopy

Observable

Beaton et al. 2014Beaton et al. 2014Beaton et al. 2014
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Optical SpectroscopyOptical Spectroscopy

Beaton et al. 2014Beaton et al. 2014

ObservableObservable PhysicalPhysical

12+log(O/H)=8.0312+log(O/H)=8.03

HHαα Flux  Flux 

HHαα EqW EqW

AAV,INTV,INT = 0.35 = 0.35
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Optical SpectroscopyOptical Spectroscopy

Beaton et al. 2014Beaton et al. 2014

ObservableObservable PhysicalPhysical

12+log(O/H)=8.0312+log(O/H)=8.03

SFR ~ 2 MSFR ~ 2 Msolarsolar yr yr-1-1

~SMC Metallicity~SMC Metallicity

HHαα Flux  Flux 

HHαα EqW EqW < 10 Myr < 10 Myr 
PopulationsPopulations

AAV,INTV,INT ~ 1 ~ 1
““ near side”  of near side”  of 
the galaxy diskthe galaxy disk

~1000 OV Stars in ~1000 OV Stars in 
1 kpc volume1 kpc volume



April 13, 2015
Rachael L. Beaton

Satellites & Streams in Santiago

What do we have here?What do we have here?

Beaton et al. 2014

Star formation coincident with a stellar stream –  Star Formation in 
the Disk? Or in the progenitor of the stream?



April 13, 2015
Rachael L. Beaton

Satellites & Streams in Santiago

What do we have here?What do we have here?

Beaton et al. 2014, in prep.

Star formation coincident with a stellar stream –  Star Formation in 
the Disk? Or in the progenitor of the stream?

LMC

NGC4449

LMC

SMC

NGC5387A
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N-Body + Arepo ModelN-Body + Arepo Model

Beaton et al. 2015 (in prep.)

Log(Ste llar Su rface D
ensity )

Log(Ste llar Su rface D
ensity )

RainbowRainbow = Stellar Density
WhiteWhite = 'Young' Stars

Able to reproduce qualitatively all of our inferred properties with a single interaction.Able to reproduce qualitatively all of our inferred properties with a single interaction.
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N-Body + Arepo ModelN-Body + Arepo Model

Beaton et al. 2015 (in prep.)

Log(Ste llar Su rface D
ensity )

Log(Ste llar Su rface D
ensity )

RainbowRainbow = Stellar Density
WhiteWhite = 'Young' Stars

Blue Overdensity

Observed
Stream

Able to reproduce qualitatively all of our inferred properties with a single interaction.Able to reproduce qualitatively all of our inferred properties with a single interaction.

Fainter
Stream –

hints in image, 
but not detected
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Gas after Satellite Passage?Gas after Satellite Passage?

Siegel et al. 2007
ACS Globular Cluster Treasury

Sagittarius dSph in the 
background of M54

Sagittarius dSph has extended star formation history –  despite multi-Gyr Sagittarius dSph has extended star formation history –  despite multi-Gyr 
interaction and multiple disk passages at ~13 kpc.interaction and multiple disk passages at ~13 kpc.

Star Formation HistoryStar Formation History
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Gas after Satellite Passage?Gas after Satellite Passage?

Siegel et al. 2007
ACS Globular Cluster Treasury

Sagittarius dSph in the 
background of M54

Sagittarius dSph has extended star formation history –  despite multi-Gyr Sagittarius dSph has extended star formation history –  despite multi-Gyr 
interaction and multiple disk passages at ~13 kpc.interaction and multiple disk passages at ~13 kpc.

Star Formation HistoryStar Formation History
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End-Game for this Merger?End-Game for this Merger?

Beaton et al. 2015 (in prep.)

  NGC5387 Model; t=1.8 GyrNGC5387 Model; t=1.8 Gyr

Forms stars for another passage

“ Quenching Time”  ~ 1 Gyr

Dwarf is unbound by ~1.8 Gyr 
from falling in or ~1.5 Gyr from 

first signs of harassment
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End-Game for this Merger?End-Game for this Merger?

Beaton et al. 2015 (in prep.)

  NGC5387 Model; t=1.8 GyrNGC5387 Model; t=1.8 Gyr

Remnant of an infalling disk galaxy.

Great Southern StreamGreat Southern Stream

Ferguson et al. 2002
Fardal et al. 2008, 2010

Gilbert et al. 2009
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A unique event? Kind-of.A unique event? Kind-of.
…  …  but only in the sense (1) that all satellites & streams are both similar & different due but only in the sense (1) that all satellites & streams are both similar & different due 

to initial conditions and (2) this is a quick phase of satellite evolution.to initial conditions and (2) this is a quick phase of satellite evolution.

Jay Gabany; BlackBird Observatory (BBO)

Beaton et al. (in prep.)
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Intermediate Populations in M31Intermediate Populations in M31

Beaton et al. (in prep.)
Hamren et al. (in prep.)

M31AGES; NOAO Survey; PI: Beaton & GuhaThakurta M31AGES; NOAO Survey; PI: Beaton & GuhaThakurta 
See K. Hamren Poster!See K. Hamren Poster!    

LMC –  SAGE (courtesy of M. Boyer)LMC –  SAGE (courtesy of M. Boyer)
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Intermediate Populations in M31Intermediate Populations in M31

Beaton et al. (in prep.)
Hamren et al. (in prep.)

M31AGES; NOAO Survey; PI: Beaton & GuhaThakurta M31AGES; NOAO Survey; PI: Beaton & GuhaThakurta 
See K. Hamren Poster!See K. Hamren Poster!    
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SummarySummary
● Extragalactic systems let us probe and explore the fullfull 

morphological parameter space for streamsstreams and satellitessatellites.
● We can start to probe the quenching timescalequenching timescale –  a brief but 

important phase of satellite evolution –  that sets how gas is 
expelled or taken into the parent halo (and then rains onto disk).

● Inferences from external galaxies, allow us to better interpretbetter interpret 
Local Group mergers and pose testspose tests to expand our to expand our 
understanding.

● We are probing the local quenching timescales with resolved resolved 
stellar populations in Andromedastellar populations in Andromeda (see poster by K. Hamren).


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

