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A Trail of Dwarf Galaxies

A Newly Discovered Analog of DF2 & DF4

NGC 1052-DF2 and -DF4 are two ultra-diffuse galaxies (UDGs) that Based on archival imaging from DECalLS"/,

have been reported as deficient in dark matter and associated with FCC 224 in the Fornax Cluster has been 32 { 777 Fecaza starlight Er
the same galaxy group. Traditional models for dark matter deficient identified as an interesting UDG and shows a e GCcandidates
galaxies (e.g., tidal stripping and tidal dwarfs) seem unable to top-heavy GC luminosity function similar to 231 Mg
simultaneously explain the other unusual properties of DF2 and DF2 and DF4. We use newly obtained HST _ Lo .‘,.:'= -
DF4, especially their overluminous globular clusters (GCs). observations of FCC 224 to study its GC o “ I .
e s , system and diffuse light. = .., - B

Recent findings'" suggest that DF2 and DF4 are part of a large S twe,  Ron o pas ome s o e Tl R R ‘
inear substructure of dwarf galaxies that could have been formed e | """ S """""""""" Lo The 12 GCs identified exhibit hi ghly 3 | .F7 ‘...E:::“:’:,::'- '.i.'
from a high-velocity head-on encounter of two gas-rich galaxies, e e s e T ' - homogeneous F475X-F814W colors, merely s :,j':i'r- =
nown as a bullet dwarf collision2! e 0.04 mag bluer than the diffuse starlight. Py 3 e

| L Similar results found in DF2 and DF4P!. This o e g NT
Based on new observations from the Hubble Space Telescope | suggests FCC 224 has a single-burst star - 0“5 - L !

(HST), combined with existing imaging from the u band to e i e s 2o formation history, also confirmed with our
mid-infrared, we test the bullet dwarf scenario by studying the . | TE o e e stellar population inference using Prospector®

morphologies and stellar populations of the trail dwarfs.
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. : - : - e - . . Left: HST pseudo-color image of FCC 224, with the identified GCs circled. The four outermost GCs are also the faintest in the
‘ ! re 1
B e | ] ' s | ' by Comblnlng brOad-band |magln9 and sample — an indicator of mass segregation.

| Keck/ KCWI SpeCtrOSCOpy_ FCC 224 has a Right: Color—magnitude diagram of objects detected with SExtractor!”), with highlighting GC candidates within 2 effective radii.
The vertical dashed line represents the F475X—F814W color of the galaxy's diffuse starlight, which is only slightly 0.04 redder

maSS-WGighted dage of 10 Gyr and meta”|C|ty than the 7 brightest GCs. The GC color spread is also only 0.02 mag, suggesting a single-burst formation scenario.

Position Angle Alignment Stellar Population [M/H] of —1.25 dex.
The position angles of on-trail dwarfs show striking On-trail dwarfs are significantly older and metal-rich in
alignment to the trail itself, not likely a random resuilt. their stellar populations compared to off-trail dwarfs. Globular Cluster Luminosity Function Globular Cluster Size
. On-trail dwarfs have similar ages of ~ 8 Gyr within
Such an alignment seems expected from the bullet dwarf ncertainties. rouahlv consi tgnt with th g ward - | | |
collision scenario. After the collision, the gas clumps may - 08, TOUgN'y ConsIStent W © backwa Similar to DF2 & DF4, FCC 224 also has a top-heavy Difterently from the big GC sizes of DF2 & DF4, FCC
. : : eXtrapOIathn time of DF2 and DF4’s orbits (~ 6 Gyr) GC IUmanS|ty funCtlon, with very few faint GCs. The 224 (GCs are svstematicallv smaller (mean size 3.2 pc
be stretched along the collision direction, and the newly mover maanitude is ~1 maa brighter than od
1] . ” L . . ~ . o . .
formed dwarfs may show the same “stretching” (position These stellar population results are also expected in the . NIt J VY an expecied as than the expected sizes (by 35%) given its low mass
- s a Fornax cluster galaxy, and ~0.2 mag fainter compared and low surface brightness!'¥l. Considering these GCs
angle) along the tralil. bullet dwarf collision theory. The newly formed dwarfs ‘o DE2 & DE4 _
— : may get quenched rapidly due to strong feedback, while : are also overluminous, they are unusually compact.
74 frens normal dwarfs in the group would have extended star If the turnover magnitude were normal, FCC 224 would =CC 224 exhibits both similarities and differences with
o —o— formation (thus younger). The progenitor galaxies of the have to be at a much closer distance of 12.5 Mpc, DF2 & DF4. It is not clear if the theoretical models for
e sadikans o ‘oce3 collision may already be enriched in metallicity, so the Clearly differing from our distance estimate based on DF2 in the literature explaining the top-heavy GC
o~ newly formed dwarfs have higher metallicity than the surface brightness fluctuations (18.1 Mpc). uminosity function can fit the overcompact GCs found in
normal dwarfs. Mig1a,0 [Mag] =CC 224. More theory work is needed on this topic.
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() Bright Galaxies = o ? Left: The distribution of GC size and F814W absolute magnitude of FCC 224, DF2!">11 DF4!'"l and
On:trail dwarf _3g ™ _4 _5 0 5 4 ' ' ' ' ' Left: The FCC 224 GCLF. The GCLFs of ACSFCS low-mass galaxies® (M_ > -19) and DF2 & low-mass (M, > -19) ACSFCS galaxies'®. The size distributions of each group of GCs are shown on
RCP30 2 O;\f-tral_l Dwa rfs Mass-weight Age Aty [Gyr] = e DF4['% are overplotted, and they are normalized to have the same total GC number as FCC 224. the right side (red solid line for FCC 224, green dashed line for DF2, green dotted-dash line for DF4,
8.8+« —O0— . rai owars IR =y Right: The distribution of the GCLF turnover magnitude p and width o in z,, band (ACS F850LP) and gray dotted line for ACSFCS galaxies).
41.0 408 406 404 40.2 40.0 398 39 6 Right panels: The distribution of mass-weighted age t,, and metallicity [M/H] of on-trail dwarfs, filter for FCC 224, DF2 & DF4, other UDGs in the literature!'":'2'3], jow-mass ACSFCS and Right: Mean GC sizes and size scatters of FCC 224, DF2, DF4, and each ACSFCS galaxy, corrected
RA [deg] off-trail dwarfs and MATLAS dwarfs®. The red dashed line is the best-fit linear relation for trail ACSVCS galaxies!®. The Ay and Ao mean the values after removing the dependence on the host for the GC size dependence on the host galaxy properties!'!.
aarIes
Sky positions of on-trail dwarfs and off-trail dwarfs, with isophote position angles represented by the dwarts. - o _ _ galaxy luminosity ™.
direction of the line segment through each galaxy. The shading around the line segments represents Left panel: The distribution of A[M/H] and A{,, (metallicity and mass-weighted age relative to the
the uncertainty. Most of the trail dwarfs align parallel to the trail itself (gray dashed line). The non-trail mass trend we fit) for on-trall dwarfs and off-trail dwarfs. The dark red solid square and blue open Ref _
dwarfs are also preferentially aligned in the same direction, although with a lower significance. square represent the medians. _ _ _ 1.e eJaer?lggEI;um P et al. 2022a. Nature. 605. 435
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observations (especially on dark matter,

Stellar population | similar age along the | a range of ages a range of ages ... distance and velocity) and theoretical
trail v work are needed!
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