Unbilased Conskrainkt ko the mass in

axiton-lilkke darke makter models.

AXCGFM, D. Marsh, 2. Pearrubia & L. Urefla 2016
MNRAS stx194-1/arXiv:1609,08% 86

Alma Gonzalez
CONACY T/ UMi;versi;Ev of Gruana juato

alma .qonzalez@fisica ugtomx

hitp: /fisicaugtomx/~gfm/

CoSmO17


mailto:alma.gonzalez@fisica.ugto.mx?subject=

Axion-like Dark Matter (a.ka. SEFDM, BECDM, FuzzyDM,
etc...)

Dark Matter is described by a scalar field. Can be coupled to the
SM: ej. Axion for QCD. Or it can be only coupled gravitationally:
Ultra-Light axion. Axion like particles can also appear in String
theory.

g ?t' L M.aFO? & Most recent review o
Urenia 2002, P. Sikivie and

Yang, 2009. Marsh &Silk the ?Mﬁbj@-@&f H. LO\V}"‘; J.
2013, Shive et. al 2014, and Ostriker, S. Tremaine,

many others. Edm}&rd Wi&&am O\T’Xi\i’:

ULAS allows a field representation; one speci&es
a field potential. Here V(p) = m:¢°



MOTIVATION

Ulkra Light Axion Dark Matter, can
provide, or may be not, a solution to the
small scale issues. In any case, so far it is
a compelling candidate to be the DM, as
any CDM, worth to be tested .



Missing Satellite “problem” since 2000's
o N-Body Simulations of only CDM predicts much
more substructure than observed.

o Observational problem: Determine the precise
number of satellite galaxies. Luminosity below
detection bhreshold, non-complete samples, cte.

& Theoretical prcz«bi&m What mwalkees a halo not ko
hos%/produ&:e stars so that they are undetectable, Or
else, what inhibits the creation of small halos?

“Is theres a missing satellite problem
with CDM ¢ The answer is likely to 3
not i the era of DES and LSST”
Harqgis ek, al 2014



Cusp Vs Core “Frabtem” since 2000%

o N-Body Simulations of only CDM predicts cusp density
profi,tes (down to simulation resolution). Some galaxy’s
observations present evidence for a core profile.

o Boaryonic effects are very important, two effects
compite: Contraction Vs Feedback. Some groups find
cores, some obthers find cusps, in simulations of

‘DM""BOd'jOV\S« Sawala et al. 2016; Zhu et al. 2016, Perarrubia et al. 2012 , Read et al.
2016

o Some DM candidates predicts core profiles (ignoring
baryonic effects), jwhat is the final density profile in
the presence of barions?.



Cusp Vs Core status: No consensus
Deqeneracies between different

effects makes not trivial to recover the “true” density

Z TO“fuﬁ'.« In dSph’s, a strong degeneracy with

Rotation curve fitting and its fatal attraction ta cores in
realistically simulated galaxy ovbservalions

stellar orbital anisotropy. (more later)
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arXiv: 1108.2404v3

- In disk/irregular Galaxies:
- Gas pressure effect in the center.
- Projection effects

- Finite Spatial  arXiv: 1602.07690v1



UL-Axion DM at larqe scales

The mass of the
scalar field sets a
cub—-off in the
mMass power
spectrum. Which
means less ko no

structure formed
below cub-off

Conskrainks L. Urefla & AXGM, JICAP 2016 Scale
_ 924 ” Matos & Urefia 2002, 2009. Marsh &Silk 2013,
Mq > 10 eV cme Hlozek et al. 2015

My = 20 107 %leV ijqtpka Armengaud et. al.2017, Irsic et al. 2017

LS < L9« 10 %%eV Marsh & Pop 2018

Mg ~ 3.7 — 9.6 X 10~%*eV calabrese & Spergel 2016



UL-Axion DM hal
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2 free parameters per halo + free
amiso&rayv‘
we treab the axion mass as universal
Fparame&en



m, <0.4x 1072V
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Cosmology
N New unbiased conskraint in axion DM
model, from dSph's kinematics, is in
tension with previous analysis of
gataxv kinematics,

97.5%
7

rFosterior

0.1

(0?) —fit
Jeans analysis : 8 classical dSphs |

A, VERY, simple calculation of
the wnumber of substructures
shows that with this wass the

ULA-DM suffers o cabch 22
problem. Needs of simulations
to be confirmed.,




c’x.‘SEk s kinematics &
cownsktrainks ko Axion DM
"WQaSS



Dwarf Spkeroi;dat CGralaxies & Axion Dark Makker
L. ~ 10°L
i © Y. = 100 — 1000

ko réprociuce
< 0, >~ 10km /s Kinematics with only
stellar ﬁompanem&

We only observe one component of the velocity
dispersion along the line of sight.

6 — O lsoEropic

6 Now-iscpéropaia Nok Mefzessaritv
consktank ami,so%ropj



dSph’s kinematics: Constraints to axion DM

Stars and the Jeans eqn. .28z e remare

Relate DM mass, to stellar dist. v and velocity anisotropy B:

1 d (V(’U?))+2'B<Ug> o G@

—_ . Integrate density
v dr

r r2

Assume constant B and Plummer profile for stars:

V('r) — 3{3; 1 21572 * 'neas,'ed for c‘Spfs.a;jz
e [+ (7/rhai)?]%/ WK

= Projected |.0.s. velocity dispersion with B as free param.

(%)= I(RJ / ar'v(r) M () (P~ (B, By )

DATA Projection

From Plumn

Walker et
al (2009)
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Solitbon+NFEFIW halo model Jounk/Individual
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What is wrong? Density Profile Vs Anisotropy

Test: Apply Jeans analysis using the axion demsi? ero&t@.

to simulated qalaxies with different density protiles and
Lsotropy,

Fornax Mock (Jeans Analysis)
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— Analysis of galaxy mock with the ﬁorresPoncing
density profile, returins a biased resulk.

- We tend to recover a different axion mass evein when
a cusp (large axion mass and large central ciew\si;&v) Ls
the densiby ercﬂfite of the simulated galaxy,
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We tend to recover a large core radius (Y0.3 r_sol)
even when a true density profile of the simulated
galaxy have no core (NFW).
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Then what?... review another observable

Wallker #£Perarrubia
2011
Use wass eskimalor

Fornax -

2.8 3

log,, [Rpael (PC)

We propose to «@Ompu&e the wmweain vai.oaiﬁv
d&spevsmm as
Jo oms(R)I(R)R'dR'
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Aqain, we test both estimators in

sv&\Ehe&C daka. Iso%rc)pic mMoCkes
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Nown-isotropic mock data
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NOw QF?FJLE@.d to real daka

Fornax & Sculptor ({o?,) — Fit)
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~ual remaries

o The galactic scales are very
promising to find constraints
fo DM candidates. Need ko be m, <0.4% 102 eV
careful about degeneracies i This work: of ) Analysis
d | = = Thiswork : Jeans Analysis
and consider the dynamical | S
inkeraction bebween DM and

Barjoms.

o Cownstraints ko Axion Mass
using ciSF?k’s cawn be Mghi.j
biased. We F.'rc:-[oosed a
mebthod to exbract unbiased
cownstraints,
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o Our Limit for the axion mass
is ot the edge of
&ompa&ibiti&v with other
observables.
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