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ΛCDM	-	Hierarchical	structure	forma(on	
Lacey	&	Cole	(1993)	
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Aquarius	simula9on	

CenA	ellip9cal		
(Crnojevic´	+	16)	

M31	spiral		
(Richardson	+	11)	

Milky	Way		
(Belokurov	+	06)	



Hierarchical	assembly	at	small	galaxy	scales	
DM	halos	and	sub-halos	have	the	same	rela9ve	
abundance	of	substructures		
(Diemand	+	08,	Nature	454,	735	)		

MW	halo		

Sub-halos		

	Groups	of	only	dwarfs	(S(erwalt	+	17	)	
(see	also	loose	associa(ons	of	LG	

dwarfs	by	Tully+	06)	

“kinema9cal	stream”	in	AndII,	
with	107	M★		(Amorisco	+14)	

-	Cold		
-	Hot		

NGC	4449	(Mar9nez-Delgado	+	12;	Rich	+	12	)	

See	talks	by	Sacchi	and		
Cignoni	for	the	SFH	



First	evidence	of	mul(ple	merging	at		
very	low	galac(c	scales:	DDO	68	

•  D		≈	13	Mpc	
•  	Lynx-Cancer	Void		
•  Z	≈	1/15	Z¤	
•  M*	≈	108	M¤ 

HST/ACS		V-	Hα-	I	image	(GO	program	11758	-	PI	Aloisi)	



First	evidence	of	mul(ple	merging	at		
very	low	galac(c	scales:	DDO	68	

(Cannon	+	14)			DDO	68	C	

H	II	regions	
stars	

See	talk	by		
Elena	Sacchi		



New	LBT	/	LBC	imaging	of	DDO	68	(PI	Annibali)	

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

•  Annibali	et	al.,	ApJ	826,	L27,	2016:	
							DDO	68:	A	Flea	with	Smaller	Fleas	that	on	Him	Prey	

Large	Binocular	Telescope	@	Mt	Graham,	Arizona	



N-body	simula(ons	of	DDO	68’	s	system	
•  Collisionless	N-body	code	by	Nipo(,	Londrillo	&	CioL	(2003)	

Mtot	≈1010	M¤	;	T	sat:	Mtot/10;	S	sat:	Mtot/150	
	

S	sat	
T	sat	

main	

observed	 simulated	

Annibali	+	16:	



	
•  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	forma9on	at	small	galaxy	scales	and	the	
connec9on	between	SF	and	accre9on	events	(PI	Annibali).	

SSH:	The	Smallest	Scale	of	Hierarchy	Survey	

	
•  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;	
•  with	distance	from	Tip	of	the	RGB;	
•  with	HST	–	WFPC2/ACS/WFC3	data;		
•  with	low	foreground	ex(nc(on	(AV<0.5);	
•  with	morphological	type	T≥	6	(late	spirals	and	irregulars);	
•  with	magnitudes	-11	<	MB	<	-19	
•  with	apparent	major	axis	(2a)	in	the	range	1-15	arcmin.	

•  Surface	brightness	limit:	
•  Where	stars	resolved	down	to	1	≈	mag	below	TRGB	à	μr≈32	mag	arcsec-2	
•  Otherwise	à	μr≈29	mag	arcsec-2	

	
	



SSH:	The	Smallest	Scale	of	Hierarchy	Survey	

RESOLVED		
FROM	GROUND	 UNRESOLVED		

FROM	GROUND	



RUN	 NAME	 RA	 DEC	 			D	
Mpc	

MB	 LEGUS	 STATUS	 RUN	 NAME	 RA	 DEC	 D	
Mpc	

MB	 LEGUS	 STATUS	

R1	 UGC	685	 01	07	22.4		 16	41	02		 4.7		 -14.3	 YES	 COMPL	 R24	 NGC	3741	 11	36	06.2		 45	17	01		 3.2	 -13.1	

R2	 UGC	1249	 01	47	29.9		 27	20	00		 7.4	 -18.1	 YES	 COMPL	 R25	 UGC	6817	 11	50	53.0		 38	52	49		 2.6	 -13.6	

R3	 UGC	1281	 01	49	32.0		 32	35	23		 5.1	 -16.7	 2/3		 R26	 NGC	4163	 12	12	09.1		 36	10	09		 3.0	 -13.7	

R4	 KK	16	 01	55	20.6		 27	57	15		 4.7	 -12.1	 R27	 UGCA	276	 12	14	57.9		 36	13	08		 3.2	 -11.8	

R5	 KK	17	 02	00	09.9		 28	49	57		 4.7	 -11.2	 R28	 NGC	4214	 12	15	38.9		 36	19	40		 2.9	 -17.1	

R6	 NGC	784	 02	01	17.0		 28	50	15		 4.9	 -16.1	 R29	 UGC	7408	 12	21	15.0		 45	48	41		 7.0	 -16.0	 YES	

R7	 KKH	37	 06	47	45.8		 80	07	26		 3.4	 -11.6	 R30	 NGC	4395	 12	25	48.9		 33	32	48		 4.6	 -17.7	 YES	

R8	 UGC	3755	 07	13	51.6		 10	31	19		 6.7	 -15.9	 COMPL	 R31	 UGC	7577	 12	27	40.9		 43	29	44		 2.7	 -14.4	

R9	 NGC	2366	 07	28	54.6		 69	12	57		 3.2	 -16.2	 COMPL*	 R32	 UGC	7605	 12	28	38.7		 35	43	03		 4.4	 -13.5	

R10	 UGC	3974	 07	41	55.4		 16	48	09		 8.0	 -16.0	 COMPL	 R33	 UGC	7866	 12	42	15.1		 38	30	12		 4.6	 -14.6	

R11	 UGC	4305	 08	19	04.0		 70	43	09		 3.4	 -16.7	 YES	 R34	 UGC	8320	 13	14	27.9		 45	55	09		 4.3	 -15.1	

R12	 UGC	4426	 08	28	28.4		 41	51	24		 10.3	 -15.2	 R35	 NGC	5204	 13	29	36.2		 58	25	06		 4.6	 -16.6	

R13	 UGC	4459	 08	34	07.2		 66	10	54		 3.6	 -13.1	 YES	 R36	 NGC	5238	 13	34	42.5		 51	36	49		 4.2	 -14.3	 YES	

R14	 UGC	5139	 09	40	32.3		 71	10	56		 3.8	 -13.9	 YES	 R37	 UGC	8638	 13	39	19.4		 24	46	32		 4.3	 -13.1	

R15	 NGC	2976	 09	47	15.3		 67	55	00		 3.6	 -16.7	 R38	 UGC	8651	 13	39	53.8		 40	44	21		 3.0	 -13.0	

R16	 KDG	61	 09	57	03.1		 68	35	31		 3.6	 -12.8	 R39	 UGC	8760	 13	50	50.6		 38	01	09		 3.2	 -13.1	

R17	 UGC	5364	 09	59	26.4		 30	44	47		 0.7	 -11.3	 R40	 NGC	5477	 14	05	33.3		 54	27	40		 6.8	 -15.0	 YES	

R18	 NGC	3077	 10	03	20.6		 68	44	04		 3.8	 -17.5	 R41	 UGC	9128	 14	15	56.5		 23	03	19		 2.2	 -12.3	

R19	 UGC	5456	 10	07	19.6		 10	21	46		 3.8	 -14.3	 R42	 UGC	9240	 14	24	43.4		 44	31	33		 2.8	 -14.0	

R20	 UGC	5666	 10	28	21.2		 68	24	43		 4.0	 -17.3	 R43	 NGC	6503	 17	49	27.1		 70	08	40		 5.3	 -17.8	 YES	

R21	 UGC	5692	 10	30	35.0		 70	37	07		 4.0	 -14.4	 R44	 NGC	6789	 19	16	42.1		 63	58	17		 3.0	 -14.3	

R22	 UGC	6541	 11	33	28.9		 49	14	14		 3.9	 -13.6	 R45	 UGC12613	 23	28	36.2		 14	44	35		 0.8	 -12.1	 2/3	

R23	 NGC	3738	 11	35	48.8		 54	31	26		 4.9	 -16.5	 YES	

SSH	Survey	



A	gallery	of	SSH	images	.	.	.		

UGC	685		D=4.7	Mpc	NGC	2366		D=3.2	Mpc	UGC	12613		D=0.8	Mpc	

UGC	1249/NGC	672		D=7.4	Mpc	 UGC	1281	D=5.1	Mpc	 UGC	3974	D=8.0	Mpc	

23’	



NGC	2366	–	D=3.2	Mpc,	MB≈-16		

LBT	g	MOSAIC	

INDIVIDUAL	STARS	ARE	RESOLVED	!	



NGC	2366:	Color–Magnitude	Diagram		
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	RGB	(>	1	Gyr)	

NGC	2366:	Color–Magnitude	Diagram		



NGC	2366	–	D=3.2	Mpc,	MB≈-16		

LBT	g	MOSAIC	



NGC	2366	–	MAP	of	the	resolved		
RGB	STARS		



SSH:			Concluding	Remarks	and	Perspec(ves	
	
•  About	10	targets	observed	during	the	first	year	of	the	
survey.	.	.	HOPE	TO	BE	MORE	LUCKY	DURING	NEXT	YEAR!!!	

	
•  At	comple(on,	SSH	will	provide:	

Ø  sta(s(cs	on	number	and	mass	of	satellites/streams	
around	dwarf	galaxies	

Ø  dependence	with	environment		

	
•  N-body	simula9ons	to	infer	proper(es	and	(mescales	of	the	
interac(on	events		

	
•  Galaxy	Star	Forma9on	History	from	HST/LBT	color-magnitude	
diagram	à	CONNECTION	BETWEEN	SF	AND	INTERACTION	





First	evidence	of	mul(ple	merging	at		
very	low	galaxy	scales:	DDO	68	

	DDO	68	C			

	≈	40	Kpc			

HST	



Predic(ons	for	satellite	abundance		

Frac(on	of	dark	mauer	halos	that	host		
luminous	satellites	at		z=0	

M*	≈	3	108	Msun	

Dooley	et	al.	2016	



DDO	68:	CMD	of	stars	resolved	with	HST/ACS	

Sacchi	+	16	



DDO	68:	CMD	of	stars	resolved	with	HST/ACS	

PARSEC	iso	-	Z=0.0004	
	(Bressan+12)	
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DDO	68:	CMD	of	stars	resolved	with	HST/ACS	
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Sacchi	+	16	
		

CMD	of	stars	resolved	with	HST	

Density	maps	for	different	age	bins	
		

DDO	68:	Stellar	popula(ons	from	HST/ACS	


