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Early-type dwarf galaxies: nature or nurture?

Most abundant galaxy population in dense environments.
Low masses and densities → environmental effects?

Primordial: origin at early stages of cluster formation,
feedback essential.

Late origin: (recent) end-products of physical mechanisms
operating in virialized clusters:

late (< 6 Gyr) red-sequence buildup at low masses.
spatial and velocity distribution.
shape, structure and kinematics.
presence of disc-like components.
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Interactions can drive galaxy transformation in clusters

Kenney et al. (2004)

Hydrodynamical interactions
(Gunn & Gott 1972; Larson+1980)

ISM-ICM ⇒ alter SFR (colours)

Gravitational interactions
(Merritt 1984; Moore+1996)

Galaxy-galaxy and galaxy-cluster
potential ⇒ alter colours and
structure

Multiple regions and time scales ⇒
degeneracy
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Interactions can drive galaxy transformation in clusters

Moore et al. (1998)

Hydrodynamical interactions
(Gunn & Gott 1972; Larson+1980)

ISM-ICM ⇒ alter SFR (colours)

Gravitational interactions
(Merritt 1984; Moore+1996)

Galaxy-galaxy and galaxy-cluster
potential ⇒ alter colours and
structure

Multiple regions and time scales ⇒
degeneracy
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Interactions can drive galaxy transformation in clusters

Treu et al. (2003)

Hydrodynamical interactions
(Gunn & Gott 1972; Larson+1980)

ISM-ICM ⇒ alter SFR (colours)

Gravitational interactions
(Merritt 1984; Moore+1996)

Galaxy-galaxy and galaxy-cluster
potential ⇒ alter colours and
structure

Multiple regions and time scales ⇒
degeneracy
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GCSs can be excellent tracers of evolutionary mechanisms

Fossil records of formation and
evolutionary processes:

? Hydro mechanisms don’t alter
GCSs properties

? Gravitational interactions
could.

To compare the properties of

Virgo dEs’ GCSs and their

potential progenitors with

simple predictions from

interaction models.
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Compilation of dEs and (potential) progenitors GCSs data

TN = Ngc/(M?/109M�) (Zepf & Ashman 1993)

ACSVCS (Peng et al. 2006, 2008), dEs with MV < −15.5.

Miller & Lotz (2007), dEs with −18 < MV < −12.5.

E, S0 and Sp from Spitler et al. (2008).
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LSB disc progenitors?
1) Constraints from GC abundance

1) A simple scaling of the M? ≈ 1010 M� LSBs simulated by
Moore+98.

2) LSB GCS similar to that of MW (Villegas+08).
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LSB disc progenitors?
1) Constraints from GC abundance

1) A simple scaling of the M? ≈ 1010 M� LSBs simulated by
Moore+98.

2) LSB GCS similar to that of MW (Villegas+08).

3) Mass loss:

? from the outside-in.
? for a given radius, Ṁdm ≥ Ṁgc ≥ Ṁdisc
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LSB disc progenitors?
1) Constraints from GC abundance

Harassment can not explain high-TN dEs.
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LSB disc progenitors?
2) Constraints from GCS metallicity (colour) distribution

Fraction of metal-rich GCs decreases towards low-mass galaxies.

Peng et al. 2006
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LSB disc progenitors?
2) Constraints from GCS metallicity (colour) distribution

More extended spatial distribution for metal-poor GCs in spirals.

MW (Bica et al. 2006)
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LSB disc progenitors?
2) Constraints from GCS metallicity (colour) distribution

Outside-in stripping would increase fred
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LSB disc progenitors?
3) Constraints from TN clustercentric distribution

How would inner dwarfs preferentially retain more GCs? (Peng+08)
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Gas-stripped dIrr progenitors?
1) Constraints from GC abundance

dIrrs from Georgiev et al. (2010)

TN (dE,N) and TN (dIrr) different at 95% c.l.

TN (dE,nN) and TN (dIrr) different at 85% c.l.
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Harassed dIrr progenitors?
1) Constraints from dEs radial distribution

No simple explanation for negative TN gradient towards outskirts.

Efficient GC stripping occurs at r . 0.2 r200 (Peng et al. 2008).

Clustercentric M? loss for harassed LMC-like dwarfs (Mastropietro+05)
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Evidences for high initial DM masses?

Clustercentric distribution →
total mass segregation?

High TN expected if universal

specific formation efficiency as

a function of total mass (e.g.,

Spilter & Forbes 2009; Georgiev+10).

Very extended spatial

distribution down to r200/5.
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What about internal mechanisms?

Biased GC formation (Peng+08)

Inner dEs form earlier → high SFR

→ high GC formation efficiency

High SFR → energy feedback →
thick systems + extended GC

distribution + baryon-dominated

inner regions.

Gas-stripping at early stages.
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Perspectives

Improve numerical simulations, vary orbits, GCSs properties,
galaxy masses...

Extend to non-nucleated and dwarfs with disc features at
different clustercentric distances → NGVS

Intra-cluster GCs? (Lee+10; Peng+11; West+11)

Spectroscopy of GC candidates (VLT+GTC)
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To conclude...

Globular cluster systems can be powerful tools for understanding
evolutionary mechanisms in high-density environments.

Skillman & Bender (1995):

”...present day dEs and dIrrs may share a common ancestor, just
as humans and apes do, but (most) dEs do not evolve from dIrrs
(or LSB discs), just as (most) humans do not evolve from apes.”
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Simulations from Aguerri & González-Garćıa (2009)

TID4 → MW-like, B/D = 1:2, only harassment.

TID2 → B/D = 1:5, only harassment.

GST1 → B/D = 1:12, harassment + ’gas’ loss (10%).

500 GCs, fred = 0.32
Metal-rich: n = 1, re = 3 kpc, some rotation.

Metal-poor: n = 3− 4, re = 8 kpc, low v/σ.
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GCS nor randomly distributed + spectroscopic confirmation
(Beasley et al. 2006)
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Summary

Gas stripping Harassment

LSB → dE Ngc too high (+bulges, thick-
ness...)

TN higher in inner regions

fblue >> fred

dIrr → dE
TN compatible at low masses Radial distribution

Too much mass loss (↓ Ngc)
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