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Problems	on	small	scales

• Cusp	Core Oh +11

𝜌 ∝ 𝑟%
Observations:	“CORE”

Simulations:	“CUSP”
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• Cusp	Core

• Missing	Satellites

• Too-Big-To-Fail

Simulations:
most	luminous	satellites	∈most	massive	DM	subhalo

Observed:
stellar	dynamics	inconsistent	with	dense	subhalos
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Solve	CP	
violation

Suppress

Matter	PS
Quantum	
effects

Non	thermal	
species

Very	light	
𝑚 ∼ 10/00𝑒𝑉

Why Ultra-light	Axions?
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Linear	and	z
independent	theory

1D	simulations



Simulating	an	Ultra-light	boson	field

Linear	simulations
Definition	on	mass	range



Simulating	an	Ultra-light	boson	field

Non	linear	simulations
Full	wave	solvers



Simulating	an	Ultra-light	boson	field

SPH!
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• Faster wrt	full-wave	solvers (SPH)

• Whatever	self-interaction	possible	through	𝑃(𝜌)

• Multiple DM and mixed	DM	species	allowed

• All	the	cool	stuff	Gadget3 can	do	are	inherited
(Modified	Gravity,	Dark	Energy,	Baryonic	Physics)

AX-Gadget
Nori	M.,	Baldi M.,	in	prep
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d𝑓 𝑞 	𝒅𝟑𝒙
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𝑉T = 𝑀/𝜌T is	not	constant!

In	SPH	what	is	constant	is:

𝑀	 = 𝜌T𝑉T

Zhang	et	al,	arXiv:1611.00892

𝛻Q = 𝛻
𝛻0 𝜌�

𝜌� !
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Simulation

10	𝑀𝑝𝑐 side	box
256~ particles
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Linear	𝒌𝒒(𝒎, 𝒛) of	50%	suppression

50%
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Initial	Conditions

• Strategy	1:
• Dynamics:	QP
• Initial Conditions:	CDM

• Strategy	2:
• Dynamics:	NO	QP
• Initial Conditions:	FDM

• Strategy	3:
• Dynamics:	QP
• Initial Conditions:	FDM

FDM	IC

CDM	IC No	QP

QP

CDM+QP FDM FDM+QPCDM
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CDM CDM	+	QP

FDM	+	QPFDM
𝑚00 = 1/ 2�

𝑧 = 3



Initial	Conditions

𝑧 = 49

𝑧 = 3



Performance

CDM+QP FDM FDM+QPCDM

10 1 2.52

= 12.3	𝜇𝑠/𝐶𝑃𝑈

= 3.5	ℎ/	1024	𝐶𝑃𝑈	



Lyman-Alpha	Forest

SDSS	III	(BOSS)	- Lyman-alpha	team



Lyman-Alpha	Forest

Attempt	to	constrain	on	a	linear	level	𝑚�
with	the	1D	power	spectrum
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Lyman-Alpha	Forest

Full	hydrodynamic	simulation	with
Cooling and	Star	Formation	mechanisms

(Nori	M.,	Murgia R.,	Baldi M.,	Viel M.	in	prep)

Attempt	to	constrain	on	a	linear	level	𝑚�
with	the	1D	power	spectrum

Kobayashi	+17



Dark	Matter



Gas



Stars



AX-Gadget	(Nori	M.,	Baldi	M.,	in	prep.)	module

implemented	through	SPH for	FDM	models

QP	is	relevant in	FDM	models,

at	least	for	scales	under	~𝟏	𝑴𝒑𝒄

Good	agreement	with	predictions	from	full	wave-solvers

in	suppressing	small	scales,	Lyman-Alpha	constraint	soon!

(Nori	M.,	Murgia	R.,	Baldi	M.,	Viel M.,	in	prep.)

Better	performances!

One	loop	over	N	more	wrt	hydro-simulations	with	Gadget3		

Conclusions



Thank you
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