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New	fronAers	for	DM	



DARK	MATTER	ISSUES	
•  No	direct	or	indirect	detecAon	of	DM	
•  Beyond	SUSY,	CDM:	sub-GeV,	axions…	
•  Primordial	black	holes:	known	physics		
•  Dwarf	galaxy	“anomalies”		as	dark	ma'er	probes	
•  Customized		dark	ma'er	opAons:	SIDM,	scalar	DM…	
•  Distant	luminous	quasars	and	massive	galaxies	
•  The	Milky	Way	galaxy		as	a	DM	probe	



DARK	MATTER		2019	
NO!	 NO!	

NO!	

NO!	

The	Beacom	+2019barrier;	coherent	neutrino	interacAons	

Leane	+	2018	 Baer	2014	

parAcle	cross-secAon	

parAcle	mass	



Dwarf	galaxies:	latest	γ-ray	bound	on	annihilaAon	

Oakes	2019	

20	dwarfs:	allows	DM	window	

Oakes	2019	

Fermi		+	HAWC	+	HESS	+	MAGIC	+	VERITAS		



PBH can do it! 

DARK	MATTER:		plan	B	
	γ-rays		(GC,	M31,	dwarfs…)																																																		à				not	ruled	out	:	>100GeV	WIMPs			

more	opAons:			theory,	3.5	keV	xray	line																												à		subGeV,	axions,	sterile	nus	...	

known	physics,	tuned	iniAal	condiAons					à					primordial	black	holes												



SimulaAon	 Galaxy	

three	dwarf	galaxy	issues:		
numbers,	2big2fail,	cores	
	
	

Boylan-Kolchin	+	2011	
Trujillo-Gomez	+	2016	

Schneider	+	2016	



New	physics	moAvated	by	dwarf	issues	
	
warm	dark	ma'er	eg	sterile	neutrino	of	7	keV	
scalar	field	dark	ma'er:				λ	de	Broglie		~	dwarf	core	size	
self-interacAng	dark	ma'er:	σ	~		1	cm2/gm	
	
Can	solve	some	but		rarely	all	of	the	problems	

Complex	baryonic	physics	explains	all?	

Diversity	inevitable	with:	
Supernova	feedback	
Environment:	ram	pressure	stripping/Adal	heaAng	
Star	formaAon	prescripAons	
Massive	black	hole	feedback	

Resort	to	numerical	simulaAons	
But	resoluAon	is	limited	



how	robust	are	simulaAons?	



Vogelsberger	2019	



model	parameters	if	you	don’t	trust	simulaAons	
	try	semi-analyAc	modelling?	

	GALACTICUS				
		Benson	2012	



								SHARK		
semi-analyAcal			model	

Lagos		et	al.	2018	



Ultradiffuse		dwarf	galaxies	that	are	deficient	in		dark	ma'er	



New	physics?																																											Or	not?	

Perhaps	just	a	minibullet	cluster?	
	
Gas	atoms	collide,	DM	parAcles	do	not	
	
Star	formaAon	is	at	low	efficiency	
	
High	density	massive		clumps	form	in	cloud	collisions:	bright	globular	star	clusters	

Madau	+	2019	

relaAve	velociAes	

gas	masses	



criAcal	density	of		>10	MsunPBHs	destroys		
ultradiffuse	dwarf	galaxies	
but	can		they	survive	with	fewer	PBHs?			

Brandt	2016	



Baryonic	soluAons	
involving	1%	PBH	

Boldrini	+	2019	

(LIGO	–compaAble	PBH	fracAon	



Baryonic	soluAons	involving		
DM	substructure	mergers	

Boldrini	+	2019	

Diversity	reconciled	



Habouzit	2016	

Black	hole	seeds	are	needed:	eg	massive	PBH	

Habouzit	2016	

	DM	fracAon	<	0.0001%	PBH	needed	



Is	there	a	high	z	crisis?	
galaxy	seeds	may	be	needed		

	
Wang	+	2019	

DATA	

SIMULATIONS	

ValenAno	+	2019	



Dark		ma'er	

Baryons	

DM	not	well		constrained	in	inner		MWG	

Back	to	our	galaxy	
GAIA	2018:	precise	distances	to	a	billion	stars	

	
NesA	&	Salucci	2013	



Dark	shards	

10	10	MDM
sun			and	106	M*sun		

some	9	Gyr	ago	
	
mulAple	Adal	stream			
wraps	in	halo	

S1		
S2	

O’Hare		+		2019	Myeong		+	2017	



		FERMI	galacAc	center	γ	excess	
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INTEGRAL	511	keV	line	excess	

~	1037	ergs/s	

Macias	+	2018	

	~	1037	ergs/s	
		Macias	+	2018	

~	104		faint	MSPs?			
	Or	~	100	GeV		WIMP	annihilaAons?					

Central	Molecular	Zone	

Ba'ersby	+	2017	

Low	mass		XRBs?	

Molecular	ionizaAon	source?	



ζH	~	10-17	s-1 
Hydrogen	ionizaAon	rate	

Voyager1	

1	AU	
caveats:	
local	bubble?	
local	reacceleraAon?	
exoAc	origin?	

Too	low!	
Voyager	1	at	130	au	

There	is	an	unknown	source	of	low	energy	cosmic	rays	 Cummings		+	2016	

Collaborators:	
M.	Boudaud	
D.	Neufeld	
M.	Stref	

near	solar	circle	



	it	gets	worse!		

Phan+	2018	

CMZ	

Voyager	1	

Low	energy	cosmic	rays	do	not		
penetrate	dense	molecular	clouds		

protons	

electrons	

Voyager	1	

Voyager	1	



A:	weakly	annihilaAng		dark	ma'er	clumps	
moAvated	by	GC	concentraAon	+	ultracompact	DM	minihalos	
Need	~105		sources	in	inner	300	pc			for		few		M	sun	UCMHs	per	GMC	

	
B:	hadronic	jets	from	LMXRBs		(WDsàMSP)	
moAvated	by	lepton	jet	interpretaAon	of	511	keV	line		
and	MSP	interpretaAon	of	FERMI	GCE	(Bartels	+	2018)	
	
C:		Local	acceleraAon	eg	via	turbulence	in	GMCs	
	
dark	ma'er	or	astrophysical	sources!	
	
	

Three	alternaAves	
dense	molecular	gas		~1049	ionizaAons	s-1	à	~1038	erg	s-1	vs	1037	erg	s-1		for	FERMI	GCE/	511	keV		

Need	10%		GeV	hadrons	and	MeV		leptons			+	90%	sox	hadrons	or	leptons		



ISSUES,		to	be	conAnued	

•  No	direct	or	indirect	detecAon	of	DM	
•  Beyond	SUSY,	CDM:	sub-GeV,	axions…	
•  Primordial	black	holes:	known	physics		
•  Dwarf	galaxy	“anomalies”		as	dark	ma'er	probes	
•  Customized		dark	ma'er	opAons:	SIDM,	scalar	DM…	
•  Distant	luminous	quasars	and	massive	galaxies	
•  The	Milky	Way	galaxy		as	a	DM	probe:		GCE	γs,	511keV,	ζH2	


