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Talk Outline:Talk Outline:

•• Historical BackgroundHistorical Background
•• The Antennae as merger archetypeThe Antennae as merger archetype
•• Previous modeling effortsPrevious modeling efforts
•• New dynamical modelNew dynamical model

–– Constructed with Josh Barnes, IfAConstructed with Josh Barnes, IfA
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Historical Background: NGC 4038/39Historical Background: NGC 4038/39

•• 1830’s: cataloged by 1830’s: cataloged by 
Herschels (NGC; Dreyer Herschels (NGC; Dreyer 
1888)1888)

•• 19211921--1922: 3 brief 1922: 3 brief 
descriptionsdescriptions
–– 1921, Bulletin of Helwan 1921, Bulletin of Helwan 

Obs., No. 21Obs., No. 21
–– 1921, Ann. Report, Mt. 1921, Ann. Report, Mt. 

Wilson Obs.Wilson Obs.
–– Perrine, 1922, MNRAS, 82, Perrine, 1922, MNRAS, 82, 

486, `Notes on Four 486, `Notes on Four 
Interesting Nebulae’, 75cm Interesting Nebulae’, 75cm 
Cordoba Telescope: “Hook Cordoba Telescope: “Hook 
extending out from a Ring”extending out from a Ring”

All note unique form; draw All note unique form; draw 
attention to proximety to attention to proximety to 
oneone--armed spiral NGC 4027 armed spiral NGC 4027 
(42’ to the SW)(42’ to the SW)

NGC 4039

NGC 4038

NGC 4027
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First description in terms of “Antennae”First description in terms of “Antennae”

Sketch from Zwicky, 1954, Ergebnisse der exakten Naturwissenschaften, 29, 344

•• 1923, Duncan, ApJ, 57, 137, 100” Hooker Telescope 1923, Duncan, ApJ, 57, 137, 100” Hooker Telescope 
at Mt. Wilsonat Mt. Wilson
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Historical Background: NGC 4038/39Historical Background: NGC 4038/39

•• 1940, Shapley & 1940, Shapley & 
Paraskevopoulos, Paraskevopoulos, 
Proc. N.A.S., 26, 35Proc. N.A.S., 26, 35
–– Description in terms Description in terms 

of “Ringof “Ring--Tail” Tail” 
structurestructure

•• 1940, Struve & 1940, Struve & 
Linke, PASP, 52, 139Linke, PASP, 52, 139
–– VVabs,emabs,em=1700 km/s=1700 km/s
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First description in terms of Tidal InteractionFirst description in terms of Tidal Interaction
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Historical Background, cont’dHistorical Background, cont’d

•• 1958, Mills, Slee, & Hill, Aus.J.Phys, 11, 3601958, Mills, Slee, & Hill, Aus.J.Phys, 11, 360
–– One of the first extragalactic systems identified as One of the first extragalactic systems identified as 

radio source radio source 
–– Used to support collisional origin of radio galaxies Used to support collisional origin of radio galaxies 

(Baade & Minkowski 1954, ApJ, 119, 206)(Baade & Minkowski 1954, ApJ, 119, 206)
•• 19621962--1975+, numerous radio studies. 1975+, numerous radio studies. 

–– 1973: Burke & Miley, A&A, 28, 379: radio source 1973: Burke & Miley, A&A, 28, 379: radio source 
centered between galaxiescentered between galaxies

•• 1966, Burbidge & Burbidge; 1970 Rubin, Ford 1966, Burbidge & Burbidge; 1970 Rubin, Ford 
& D’Odorico& D’Odorico
–– Detailed optical study; velocity field not indicative Detailed optical study; velocity field not indicative 

of a single object; supports collisional hypthesisof a single object; supports collisional hypthesis
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Birth of A Name Birth of A Name 

•• 1968, MCG notes1968, MCG notes
–– “Re:MCG “Re:MCG --0303--3131--014014

A pair (with MCG A pair (with MCG --0303--3131--
015) of very perturbed 015) of very perturbed 
interacting galaxies with interacting galaxies with 
long `antennas’ [sic]. long `antennas’ [sic]. 
Dimensions and extent of Dimensions and extent of 
the antenna 18 arcmin!”the antenna 18 arcmin!”

•• 1972, Toomre & 1972, Toomre & 
Toomre, ApJ, 178, 623Toomre, ApJ, 178, 623
–– First referred to as First referred to as 

“The Antennae”“The Antennae”
–– First dynamical model First dynamical model 

(also Toomre 1974)(also Toomre 1974)
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Ever Since TT72, The Ever Since TT72, The 
Antennae has been a key Antennae has been a key 
system for validating the system for validating the 

once controversial idea that once controversial idea that 
galaxies can and do mergegalaxies can and do merge
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Challenges to Collisional InterpretationChallenges to Collisional Interpretation

•• 1962, IAU 15, 194, 1962, IAU 15, 194, 
VorontsovVorontsov--
VelyaminovVelyaminov
–– Tails too long and Tails too long and 

thin to be tidalthin to be tidal

•• Refuted: 1978, Refuted: 1978, 
SchweizerSchweizer
–– Tails not as thin as Tails not as thin as 

you thinkyou think



The Antennae: A Merger Prototype J. Hibbard, NRAO                     203rd AAS Jan 9 2004

Challenges to Collisional InterpretationChallenges to Collisional Interpretation

•• 1976, 1977 1976, 1977 
VorontsovVorontsov--
VelyaminovVelyaminov
–– Not two (obvious) Not two (obvious) 

progenitorsprogenitors

B. Brandt & WIRC team
(Cornell; APOD 2002-Apr-11)
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HI contours on DSS: 
van der Hulst, 1977, PhD. Thesis

Interaction Picture reaffirmedInteraction Picture reaffirmed
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Increased importance as first member of Increased importance as first member of 
“Toomre Sequence” of merging galaxies“Toomre Sequence” of merging galaxies

•• Suggestive sequence of Suggestive sequence of 
peculiar galaxies peculiar galaxies 
representing the representing the 
concept that two spiral concept that two spiral 
galaxies can merge and galaxies can merge and 
evolve into an elliptical evolve into an elliptical 
galaxies (The Toomre galaxies (The Toomre 
“Merger Hypothesis”)“Merger Hypothesis”)

•• NGC 4038/39 is the NGC 4038/39 is the 
earliest and most earliest and most 
nearby member of this nearby member of this 
sequence. sequence. 

Laine et 
al. 2003, 
AJ, 126, 
2717

Toomre, 1977, Toomre, 1977, “Evolution of Galaxies “Evolution of Galaxies 
& Stellar Populations”,& Stellar Populations”, p.401p.401
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The Antennae is one of the best studied The Antennae is one of the best studied 
interacting galaxiesinteracting galaxies

Millimeter: Wilson et al. 2003

coolcosmosipac.caltech.edu/cosmic_classroom/multiwavelength_astronomy/multiwavelength_museum/ant.html
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Modeling History: Toomre & Toomre 1972Modeling History: Toomre & Toomre 1972

Restricted 3-body
~300 particles per disk

e=0.5, Rperi=0.5 encounter
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New HI Observation, New model (Mahoney et al. 1984)New HI Observation, New model (Mahoney et al. 1984)

HI Observations: VLA C+D-array

Restricted 3-body with prescription 
for orbital decay

200 particles per disk
e=0.9, Rperi=0.5 encounter
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First selfFirst self--consistent Nconsistent N--body Model: Barnes, 1988body Model: Barnes, 1988

Gravity treated self-consistently 
bulge+disk+halo galaxies

N=16,384 per galaxy
e=1, Rperi=0.5 encounter
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Model with gasdynamics: Mihos, Bothun, & Richstone (1993)Model with gasdynamics: Mihos, Bothun, & Richstone (1993)

Self-consistent gravity
Sticky particle hydro

Schmidt law SF prescription
Halo+disk+flat ISM galaxies

N=14,000 per galaxy
e=0.5, Rperi=0.5
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SelfSelf--consistent model with e=1: consistent model with e=1: DubinskiDubinski 19961996

Self-consistent gravity
Bulge+disk+halo galaxies

N=48,000 per galaxy
e=1, Rperi=0.35
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Modeling History: SummaryModeling History: Summary

1972, Toomre & Toomre, test particles
1988, Barnes, self-consistent

1993, Mihos et al., 
Self-consistent+gas dynamics

1996, Dubinski,
Self-consistent, 

parabolic encounter

Observations
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New HI Observation (Hibbard et al. 2001), New model New HI Observation (Hibbard et al. 2001), New model 
(Hibbard & Barnes 2004):(Hibbard & Barnes 2004):

Blue=VLA HI Observations Blue=disk particles
Hibbard, van der Hulst, Barnes & Rich 2001, AJ, 122, 2969 Hibbard & Barnes, Dec 29, 2003



The Antennae: A Merger Prototype J. Hibbard, NRAO                     203rd AAS Jan 9 2004

First detailed match to both morphology and kinematics, First detailed match to both morphology and kinematics, 
using realistic galaxy models and starting conditionsusing realistic galaxy models and starting conditions

Self-consistent gravity
disk+bulge+halo 

galaxies
N=35,000 per galaxy

e=1, Rperi=0.5

e=0.5 orbit
(elliptical)

e=1 orbit
(parabolic)
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Time EvolutionTime Evolution

System made first pass ~220 Myr ago; will merge in ~40 Myr

1 million 
particle
simulation 
of best 
fitting 
parameters
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33--dimensional structure of The Antennaedimensional structure of The Antennae
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33--dimensional structure of The Antennae dimensional structure of The Antennae 
may help explain some outstanding puzzlesmay help explain some outstanding puzzles

Young star clusters
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Our new model is an important step Our new model is an important step 
for increasing our understanding of for increasing our understanding of 

this merger archetypethis merger archetype

•• First model which matches both the observed First model which matches both the observed 
shape and motions of The Antennae tidal shape and motions of The Antennae tidal 
features in detail. features in detail. 

•• Parabolic orbit much more plausible starting Parabolic orbit much more plausible starting 
conditioncondition

•• Time evolution can be compared to data from Time evolution can be compared to data from 
star clusters/populationsstar clusters/populations

•• 33--d structure can help us understand some d structure can help us understand some 
outstanding puzzlesoutstanding puzzles
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HST study of 
Optical 
Substructure in 
Tidal Tails

N4038/9, N3256 
N3921, N7252
WFC VI
13 orbits
P.I. Charlton

Kniermann et al. 
AJ, submitted

N4038 TDG 
WFC UBVI
11 orbits
P.I. Hibbard

Saviane et al.
AJ, submitted



After correcting for background contamination, After correcting for background contamination, 
only one tail shows significant population of only one tail shows significant population of 

compact sources compact sources 

Knierman et al. 2004, AJ, in press

NGC 4038 S NGC 3256 W
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NGC 4038 TDG Candidate. NGC 4038 TDG Candidate. 

HST: Saviane, Hibbard & Rich, AJ, submitted
HI: Hibbard, van der Hulst, Barnes & Rich, 2001

N

E

HST WFPC2 HST WFPC2 TruecolorTruecolor (V,V+I,I) (V,V+I,I) 
with HI contourswith HI contours



Star Cluster concentration in TDG Candidate Star Cluster concentration in TDG Candidate 
in the S tail of NGC 4038in the S tail of NGC 4038

Location of Tail Star Clusters
Saviane, Hibbard & Rich, AJ, submitted

Tail star clusters compared to 
SSCs in inner regions: smaller, 

more irregular
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The Occurrence of Young Stars within Tidal The Occurrence of Young Stars within Tidal 
Debris has been Noted for Some TimeDebris has been Noted for Some Time

Young StarsDwarf



ReRe--discovered discovered 
in the early in the early 
1900’s1900’s

Termed “Tidal 
Dwarf Galaxies” 
(TDGs)
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Observed structures span a large range of sizes

Outstanding Questions:
On what scales (if any) are these structures bound?
Is this an evolutionary sequence?
Are these “Tidal Dwarf Galaxies” (TDGs) robust entities?
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Under many TDG evolutionary scenarios, optical Under many TDG evolutionary scenarios, optical 
TDGsTDGs should have gaseous precursorsshould have gaseous precursors

•• Use distribution and Use distribution and 
kinematics of kinematics of 
moderate resolution moderate resolution 
HI observations to HI observations to 
estimate dynamical estimate dynamical 
nature of gaseous nature of gaseous 
substructure substructure 

VLA observations of NGC 4038/9: 
Hibbard, Barnes, van der Hulst & 

Rich, 2001
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HI observations reveal a wealth of structure within the tails. HI observations reveal a wealth of structure within the tails. 
(resolution ~10"(resolution ~10"--20", 20", ∆∆vv=5.2 km/s)=5.2 km/s)
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VLA B-array HI Mapping of NGC 4038/9
FWHM  = 4.5”x4.0”

= 415x370pc
Tspin = 120 K
NHI,peak = 3x1021 cm-2

MHI        = 1x107 Mo

σσHIHI = 5 km/s
Rhalf = 500 pc
Mvir = 3x107 Mo

Some regions may be bound, but on smaller scales

Compare C+D Array:
Tspin =  40 K
NHI,peak = 1.4x1021 cm-2

MHI         = 2.4x108 Mo 

σσHIHI = 13 km/s
Rhalf = 3.2 kpc
Mvir = 1x109 Mo

Hibbard & Higdon, in preparation


