S

PhotobyAIexanderAndrewsUnsp]ash ESaRs e e g Sl

ln mlcrolensmg of axmn clumps
PRD 104 (2033123012 JCAP 01 (2018) 037

EnucoD Schlappacasse -
U"lverSlty Of JyvaSkyIaL&nvers| I »e|s|nk| (H|P) =

HELSINKI
INSTITUTE OF
PHYSICS

Dark sectors cﬂstropartlclqnhysms University of Jyvaskyla &
ASTRMARK 2021 {0 December) University of Helsinki (HIP) -

With the collaboration of Kohé&iujikura (RESCEMparkHertzberg (Tufts U,)I\/Iasahide(amaQUChrlﬁTech



QCDAXion in a nutshell | -

A Awiderangeof astrophysicabbservationsare well
explainedoy includingcolddarkmatter (CDM)pPeebles2015).
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A A populardarkmatter candidates the QCDaxion PGboson
associatedvith SSBf "Y(p) , which wasintroducedasa

possiblesolutionof the strongCPproblempecceandQuinn,1977) .

A Theaxionfield acquiresa massafter the QCDphasetransition, ¢
andthen beginto actasaform of CDMpreskilet al. 1983.

-7 (Pagner2019) +=

A GroundbasedexperimentsasADMX(Asztalcet al. 2010

A Extensivelyxionsearching A FRBandaxionminiclustergTkache2015
A Transientradio emissionfrom axionphoton conversionduring neutron

star-ultracompactminihaloencountergNurmi, Schiappacass¥anagida2021)
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DARK MATTER AXION CLUMPS 3

A We are interestedin BEMf axions

Standard formation during (Sikivieand Yang, 2009)
radiation domination

On small scales axions can gravitationa
thermalize leading to a type BEC

y

M ~ 107" M,y

Condensate aghort rangeorder driven by attractive
interactions gravity+ self interactions

(Guth, Hertzberg, and Prescfieinstein, 2015)

A In the effectivetheory for axionsthey canbe describedby a real scalarfield %¢ o) with a smallpotential
w ® comingfrom nonperturbativeQCDeffects

A AroundCPpreservingzacuum
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A In the non-relativisticregime we can rewrite the real axionfield in terms of a complex
Schrodingefield|
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AThedynamicsofr IS givenby the standardnon-relativisticHamiltonian
T oD L & [ (ehD), droppinghighoscillatingerms)
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(Gut_h, Hertzberg, and Presctleinstein, 2015; ) "Gi . Tfe[feat e e
Schiappacasse and Hertzberg, 2017) O ¢ Qo Qo lo e

A"O carriesaglobal5 p symmetry © [ Q associatedvith aconservedarticlenumber

U Qar “(e) (e)

BEC State of minimum energy ated N(spherically symmetry)
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SPHERICALLY SYMMETRIC CLUMP CONDE

W | describes the radial profile
* describes the correction to the frequengy

A Gravity will inevitably cause a homogeneouscondensateto fragment into an inhomogeneousfield
configuration locallythis leadsto the formationof BECG:lumps

A Thetrue BEQyroundstateis guaranteedo be sphericalysymmetric (i) wi Q

A Thetime independentfield equationfor a sphericallysymmetriceigenstates
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SPHERICALLY SYMMETRIC CLUMP CONDE 6
A —  1rto obtainconditionsfor stationarysolutions

e

ExponentiaLinearAnstaz A Forany(chudupthere ate two branchesof solutions
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SPHERICALLY SYMMETRIC CLUMP CONDE ¢

A We computethe maximummassandthe minimumclumpsizefor axionclumpsasfollows

O xp& pm UO(( )(¢ ) (=)
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A A simplemanipulationallowsusto express U HY of anyclumpas
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Gravitational Microlensing (PBHS)

Star

-
¥ " ,.‘
Light

A Theimageof a backgroundstaris distortedwhena massivecompactobject

MACHO

passegloseto its line-of-sight Thetime varyingamplificationof the brightness

of the sourcestaris calleda microlensingevent

A Massivecompactobjectscanbe constrainedoy usingthe microlensing

eventsreported from different surveys=) SubaruHSC & ERE2Ssurveys
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