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ACDM - Hierarchical structure formation

Lacey & Cole (1993)
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Hierarchical assembly at small galaxy scales

DM halos and sub-halos have the same relative
abundance of substructures
(Diemand + 08, Nature 454, 735 )
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First evidence of multiple merging at
very low galactic scales: DDO 68

D =13 Mpc
Lynx-Cancer Void
7%1/152,

M. = 105 Mg

HST/ACS V- Ha- Timage (GO program 11758 - Pf Aloisi)




First evidence of multiple merging at
very low galactic scales: DDO 68
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New LBT / LBC imaging of DDO 68 (Pl Annibali)

* Annibalietal., ApJ) 826, L27, 2016:
DDO 68: A Flea with Smaller Fleas that on Him Prey

sl A WS
Q«— DDO68C '
.

10 new HST/WFC3 orbits
approved in Cycle 24 (Pl Annibali)-
scheduled for Dec. 2017




N-body simulations of DDO 68’ s system
Collisionless N-body code by Nipoti, Londrillo & Ciotti (2003)

M,.; =1019Mg ; T sat: M,,/10; S sat: M, /150

observed simulated
b c

main
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u (mag/arcsec?) Annibali + 16:



SSH: The Smallest Scale of Hierarchy Survey

Two-year Strategic Program with LBT/LBC (approved in 2016) to get
deep wide-field imaging in g and r of = 50 local late-type dwarfs to
study the hierarchical formation at small galaxy scales and the
connection between SF and accretion events (Pl Annibali).

The sample was selected from the Updated Nearby Galaxy Catalog of
Karachentsev + 13 (D<11 Mpc) according to the following criteria:

» galaxies in the northern hemisphere;

e with distance from Tip of the RGB;

* with HST — WFPC2/ACS/WFC3 data;

* with low foreground extinction (A<0.5);

* with morphological type T> 6 (late spirals and irregulars);
e with magnitudes -11 < M; <-19

e with apparent major axis (2a) in the range 1-15 arcmin.

Surface brightness limit:
* Where stars resolved down to 1 = mag below TRGB = p,=32 mag arcsec™
* Otherwise 2 1,29 mag arcsec?



SSH: The Smallest Scale of Hierarchy Survey
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SSH Survey
S P KK P )

UGC1281 014932.0 323523 -16.7 R26 NGC 4163 121209.1 361009 3.0 -13.7
R4 KK 16 0155 20.6 275715 4.7 -12.1 R27 UGCA 276 1214579 361308 3.2 -11.8
R5 KK 17 02 00 09.9 284957 4.7 -11.2 R28 NGC 4214 121538.9 361940 2.9 -17.1
R6 NGC 784 020117.0 285015 4.9 -16.1 R29 UGC 7408 122115.0 454841 7.0 -16.0  YES
R7 KKH 37 0647 45.8 800726 34 -11.6 R30 NGC 4395 122548.9 333248 4.6 -17.7  YES

R31 UGC 7577 1227409 432944 2.7 -14.4
R32 UGC 7605 122838.7 354303 4.4 -13.5
R33 UGC 7866 1242151 383012 4.6 -14.6

R11 UGC4305 081904.0 704309 34 -16.7  YES R34 UGC 8320 1314279 455509 4.3 -15.1

R12 UGC4426 082828.4 415124 103 -15.2 R35 NGC 5204 132936.2 582506 4.6 -16.6

R13 UGC4459 083407.2 661054 3.6 -13.1  YES R36 NGC 5238 1334425 513649 4.2 -143  YES
R14 UGC5139 0940323 711056 3.8 -13.9  YES R37 UGC 8638 1339194 244632 4.3 -13.1

R15 NGC2976 094715.3 675500 3.6 -16.7 R38 UGC 8651 133953.8 404421 3.0 -13.0

R16 KDG 61 095703.1 683531 3.6 -12.8 R39 UGC 8760 135050.6 380109 3.2 -13.1

R17 UGC5364 095926.4 304447 0.7 -11.3 R40 NGC 5477 140533.3 542740 6.8 -15.0  YES
R18 NGC 3077 1003 20.6 684404 3.8 -17.5 R41 UGC 9128 141556.5 230319 2.2 -12.3

R19 UGC5456 1007 19.6 102146 3.8 -14.3 R42 UGC 9240 1424434 443133 2.8 -14.0

R20 UGC5666 102821.2 682443 4.0 -17.3 R43 NGC 6503 174927.1 7008 40 53 -17.8  YES
R21 UGC5692 103035.0 703707 4.0 -14.4 R44 NGC 6789 191642.1 635817 3.0 -14.3

R22 uGcCe541 113328.9 491414 3.9 -13.6 R45 UGC12613 232836.2 144435 0.8 -12.1 2/3

R23 NGC3738 113548.8 543126 4.9 -16.5  YES
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NGC 2366: Color—Magnitude Diagram
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NGC 2366: Color—Magnitude Diagram
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NGC 2366 — D=3.2 Mpc, M;=-16
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NGC 2366 — MAP of the resolved
RGB STARS




SSH: Concluding Remarks and Perspectives

e About 10 targets observed during the first year of the
survey. .. HOPE TO BE MORE LUCKY DURING NEXT YEAR!!!

* At completion, SSH will provide:
» statistics on number and mass of satellites/streams
around dwarf galaxies
» dependence with environment

* N-body simulations to infer properties and timescales of the
interaction events

* Galaxy Star Formation History from HST/LBT color-magnitude
diagram = CONNECTION BETWEEN SF AND INTERACTION







First evidence of multiple merging at
very low galaxy scales: DDO 68
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Predictions for satellite abundance

Dooley et al. 2016
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DDO 68: CMD of stars resolved with HST/ACS

24 |-

Mpgq4w

26 |-




DDO 68: CMD of stars resolved with HST/ACS
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DDO 68: CMD of stars resolved with HST/ACS
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DDO 68: Stellar populations from HST/ACS

Density maps for different age bins

CMD of stars resolved with HST

Age < 20 Myr 20 <Age <100 Myr
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