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ÅAwiderangeof astrophysicalobservationsarewell

explainedby includingcolddarkmatter (CDM)(Peebles,2015).

ÅApopulardarkmatter candidateis the QCDaxion: PG-boson

associatedwith SSBofὟρ , which wasintroducedasa

possiblesolutionof the strongCPproblem(PecceiandQuinn,1977) .

ÅTheaxionfield acquiresa massafter the QCDphasetransition,

andthen beginto actasa form of CDM(Preskillet al. 1983).

ÅExtensivelyaxionsearching

2
QCD-Axion in a nutshell

(Pagner, 2019)

Å GroundbasedexperimentsasADMX(Asztaloet al. 2010)

Å FRBandaxionminiclusters(Tkachev2015)

Å Transientradio emissionfrom axionphoton conversionduring neutron
star-ultracompactminihaloencounters(Nurmi, Schiappacasse,Yanagida,2021)
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ÅWeareinterestedin BECof axions:

ÅIn the effectivetheory for axions,theycanbe describedby a realscalarfield‰●ȟὸwith a smallpotential
ὠὥ comingfrom nonperturbativeQCDeffects.

ÅAroundCPpreservingvacuum:

ÅForthe standardQCDaxion
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3
DARK MATTER AXION CLUMPS 

On small scales axions can gravitationally 
thermalize leading to a type of BEC

Condensate of short rangeorder driven by attractive 
interactions : gravity+ self interactions ‗ὥ

(Guth, Hertzberg, and Prescod-Weinstein, 2015)

(Sikivieand Yang, 2009)

‎ ρȡ ὠὥ ά Ὂ ρ ÃÏÓϳὥὊ
‎ ρ σά ά Ⱦά ά πȢσ(Grilliet al., 2016)



ÅIn the non-relativistic regime we can rewrite the real axion field in terms of a complex
Schrodingerfield‪:

‰●ȟὸ
ρ
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ÅThedynamicsof‪isgivenby the standardnon-relativisticHamiltonian:

‪●ȟὸḺά ‪●ȟὸ, droppinghighoscillatingterms)

Ὄ Ὄ Ὄ Ὄ

ÅὌ carriesa global5ρ symmetry‪ᴼ‪Ὡ associatedwith a conservedparticlenumber
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BEC : State of minimum energy at fixed N (spherically symmetry)

(Guth, Hertzberg, and Prescod-Weinstein, 2015; 
Schiappacasse and Hertzberg, 2017)
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ÅGravity will inevitably cause a homogeneouscondensate to fragment into an inhomogeneousfield
configuration: locallythis leadsto the formationof BECclumps.

ÅThetrue BECgroundstateisguaranteedto besphericallysymmetric: ‪ὶȟὸ ɰὶὩ

ÅThetime independentfield equationfor a sphericallysymmetriceigenstateis
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5SPHERICALLY SYMMETRIC CLUMP CONDENSATES ɰὶdescribes the radial profile
‘describes the correction to the frequency

(Schiappacasse and Hertzberg, 2017)

Exponential-Ansatz
Sech-Ansatz
Numerical

Farfield region (►O Њ) : Identical to the structure of the time 
independent SchrÏdinger equationfor the hydrogenatom under 

replacement Gά NᴼὩ

Near field region (►O ) :Corrections from self-interactions 
become important. There are no know full analytic solutions.
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Åaxion-gravity-self-interactinggggsystem

6SPHERICALLY SYMMETRIC CLUMP CONDENSATES

Exponential-Linear Anstaz

. 4“᷿ ȿ‪ὶȟὸȿὶὨὶ
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ÓÉÎÇÌÅÐÁÒÁÍÅÔÅÒ2

ENRICO D. SCHIAPPACASSE ςAstroDark2021 KAVLI IPMU ςON MICROLENSING OF AXION CLUMPS

3ÃÁÌÅÌÅÎÇÔÈ
ÖÁÒÉÁÔÉÏÎÁÌÐÁÒÁÍÅÔÅÒ

Å πto obtainconditionsfor stationarysolutions

Å Forany(ὥȟὦȟǿὧ) thereate two branchesof solutions

Ὑ
ὥ ὥ σὦὧὔ

ὦὔ

State of minimum energy at fixed ὔ
(spherically symmetry) 



7SPHERICALLY SYMMETRIC CLUMP CONDENSATES
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ÅWecomputethe maximummass,andthe minimumclumpsizefor axionclumpsasfollows:

ὓ ρͯȢς ρπ ὓἄ ɇ Ȣ
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ÅAsimplemanipulationallowsusto express ὓ ȟὙ of anyclumpas

Ås system ὓ Ὑ ‌ὓ Ὑ )

Ὑ Ὑ ♪ᶰ ȟ



ÅTheimageof a backgroundstarisdistortedwhena massivecompactobject

passescloseto its line-of-sight. Thetime varyingamplificationof the brightness

of the sourcestar iscalleda microlensingevent.

ÅMassivecompactobjectscanbeconstrainedbyusingthe microlensing

eventsreportedfrom different surveys.

8
Gravitational Microlensing (PBHs)
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SubaruHSC & EROS-2 surveys
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