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What	else	do	we	know?	

•  Small	scale	anomalies	
– Core-cusp	problem	

– Mass	deficit	of	clusters	
•  Galac/c	clusters	have	mass	deficit	in	the	inner		O(10)	kpc	region.		

Newman,	Treu,	Ellis,	Sand,	Astrophysics	J.	765,	25	(2013)	



Checklist	for	a	successful	DM	model	

•  Relic	abundance	( )	
•  Direct	detec/on	(	)	
•  Indirect	detec/on	(	)	
•  Collider	constraints	(	)	
•  Large	scale	structure	(	)	
•  Stellar	bounds	(	)	
•  Core-cusp	problem	( )	
•  Cluster	mass	deficit	(	)	
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The	Lagrangian	

•  		

•  Three	free	parameters:			

L = LQED
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Core-cusp	problem	fixes	mD	

•  Dwarf	galaxy:		
– 108	solar	mass	

– Core	size	500	pc	
– V	~	10-4	

nD ⇠ 1

(2⇡)3
4⇡m3

Dv3F
3

MDG

mD
⇠ 4⇡R3

DG

3
⇥ nD

mD ⇠
"
(2⇡)3MDG

(RDGvF )3

✓
3

4⇡

◆2
#1/4

= 240 eV ⇥
✓

MDG

108M�

◆1/4 ✓ RDG

500 pc

◆�3/4 ⇣ vF
10�4

⌘�3/4



Core-cusp	problem	fixes	mD	

•  Dwarf	galaxy:		
– 108	solar	mass	

– Core	size	500	pc	
– V	~	10-4	

•  		

•  		

70 eV< mD < 400 eV
L.	Randall,	J.	Scholtz,	J.	Unwin,	Mon.	Not.	Roy.	Astron.	Soc.	467,	no.	2,	1515	(2017)	

245 eV< m D < 305 eV
B.G.Glimore,	R.	Peschanski,	arXiv:1806.07283	



1.		

2.							Plamson	decay		

Freeze-in	mechanism	
L.	J.	Hall,	K.	Jedamzik,	J.	March-Russell	and	S.	M.	West,	
JHEP	1003,	080	(2010)	doi:10.1007/JHEP03(2010)080	

e+e� ! ��̄

Photon	gets	a	“mass”	



The	Large	scale	structure	

•  		

•  200	eV	will	be	too	hot	and	will	erase	the	large	
scale	structure.	

• We	need	to	cool	them	down.	

hEki! ⇠ T
X

mD > 5.3 keV



Self-replica/on	

•  		

•  If	the	interac/on	is	strong	enough	a	new	
thermal	equilibrium	can	be	reached.	

• We	need	to	calculate	the	total	energy	transfer.	
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Freeze-in	(revisit)	

•  	Energy	transfer:	 d
dt
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Freeze-in	(revisit)	

•  	Energy	transfer:	

•  Assuming	dark	thermal	equilibrium:	

d
dt
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The	relic	abundance	

•  			

mD ! 200 eV , mB " 1 GeV
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Fix	kappa	
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Full	Boltzmann	equa/ons	

Replica/on	term	
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Checklist	

•  Relic	abundance	(✔)	

•  Direct	detec/on	(✔,	too	light	and	κ	is	too	small)	

•  Indirect	detec/on	(✔,	too	light)	

•  Collider	constraints	(✔,	κ	is	too	small)	

•  Large	scale	structure	(				)	
•  Stellar	bounds	(				)	
•  Core-cusp	problem	(✔)	

•  Cluster	mass	deficit	(				)	



Large	scale	structure	

⇢� = ⇢matter MaCer	has	no	pressure!!	

We	calculate	the	migra/on	distance	of	DM	before	
radia/on-maCer	equality.	

teq		



Free	streaming	length	

•  			
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With	scaCering	

•  ScaCering	turns	free-streaming	into	Brownian	
mo/on,	migra/on	distance	much	shorter.	

•  Collision	rate	

•  		

•  		
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Stellar	constraints	

•  Energy	loss	to	the	dark	side	can	change	the	
evolu/on	of	stars.	

•  Inside	the	stars	is	thermal	plasma.	(NR)	

•  Change	the	dispersion	rela/ons	
– Transverse	
– Longitudinal			

! 2 ! k2 = ! 2
p

! = !p (k < !p)



Stellar	constraints	

•  “Photon	decay”	

• We	need	stars	with	large	density	and	high	
temperature.	
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Stellar	constraints	

•  Red	giant	stars:	
– 		

•  Horizontal	branch	stars:	
– 		

•  Sun:	(not	very	useful	here)	
– 		

•  Dark	radia/on	<	10%	of	the	luminosity		

TC ⇡ 8.6 keV , !p ⇡ 20 keV

TC ⇡ 10 keV , !p ⇡ 5 keV

TC ⇡ 1 keV , !p ⇡ 300 eV
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J.	Redondo	and	G.	Raffelt,	JCAP	1308,	034	(2013)	



Stellar	constraints	

•  Supernovae	
– 		
– 			Stronger	constraint	in	large	mV	region	
– 			We	reinterpret	the	constraints	on	dark	photon	
and	milli-charged	par/cles.	

TC ⇡ 20 MeV , !p ⇡ 10 MeV

J.	H.	Chang,	R.	Essig,	S.	D.	McDermoQ,	arXiv:1803.00993	



Stellar	constraints	
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Cluster	mass	deficit	

•  Can	be	solved	if	DM	has	a	σT/mD	≈	0.1	cm2/g	
self-scaCering	cross	sec/on.	

•  In	this	model	

M.	Kaplinghat,	S.	Tulin,	H.	B.	Yu,	PRL	116,	no.4,	041302	(2016)	



The	numerical	results	
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The	numerical	results	

Cluster

Dwarf

Stellar

Lyman-�

�D = 2 �EM

0.05 0.10 0.50 1
0.75

1.00

1.25

1.50

1.75

2.00

mD (keV)

m
V
(M
eV

)



Checklist	

•  Relic	abundance	(✔,	freeze-in	mechanism)	

•  Direct	detec/on	(✔,	too	light	and	κ	is	too	small)	

•  Indirect	detec/on	(✔,	too	light)	

•  Collider	constraints	(✔,	κ	is	too	small)	

•  Large	scale	structure	(✔,	self-scaCering,	colder)	

•  Stellar	bounds	(✔,	luckiness)	

•  Core-cusp	problem	(✔,	Pauli	exclusion	principle)	

•  Cluster	mass	deficit	(✔,	0.1	cm2/g	self-scaCering)	



Summary	

• We	proposed	a	DM	scenario	which	generates	
the	relic	abundance	and	sa/sfies	all	the	known	
constraints.	

•  It	may	solve	the	core-cusp	problem	of	dwarf	
galaxies	and	the	mass	deficit	problem	of	
clusters.	

•  Detailed	simula/on	is	s/ll	needed.	
•  Unfortunately,	no	signals	from	direct,	indirect	
and	collider	searches.		


