Decaying ALPino dark matter

as a solution to small scale issues

ALP: Axion-like particle, ALPino: fermionic partner of ALP
SALP: bosonic partner of ALP
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Small-scale issues

Galactic matter distribution is difficult to explain in the cold dark
matter (CDM) model
- missing satellite problem

- observed number of dwarf spheroidal galaxies is ©(10)times
smaller than the prediction

- low-surface brightness galaxies show ~ 2 times smaller inner
rotation velocities than the prediction

Complex astrophysical processes may explain them
- gas heating from ionizing photons

while subgrid physics is unconstrained...




Small-scale issues - alternatives to CDM

Galactic matter distribution is difficult to explain in the cold dark
matter (CDM) model
- missing satellite problem

- observed number of dwarf spheroidal galaxies is ©(10)times
smaller than the prediction

- low-surface brightness galaxies show ~ 2 times smaller inner
rotation velocities than the prediction

Alternatives to CDM are intriguing

- warm dark matter (WDM)
™M~vdm — (9(1) keV

Ogidm /M = O(l)ch/g




Late decaying dark matter |

Q,h* ~ Qh* - CDM in large scale structure formation

missing satellite problem

V., ~20km/s— evaporate dark matter from small-size halos

[ =40 Gyr, Vi= 100 km/s | T7% 10 Gyr, V= 20 km/s

Wang et al., PRD, 2014




Late decaylng dark matter Il
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Lyman-a forest test

Lyman- a forests probe Mpc-scale matter distribution at z = 3
decay fraction-14% atz=3, 62% at z =0 for I'"! ~ 10Gyr
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Late decaying dark matter simultaneously explains the
small-scale issues and Lyman- a forests data




Supersymmetric ALP model

ALP: (almost) massless and harmless
— good candidate of the light decay product

minimal Kéhler potential (X | X|*|S|*/M2 )
+ sequestered super potential W > 1Z(XY — %) + W(S)

= |14+ 0 (mdyf?) |

ALPino mass is
degenerate with
gravitino mass

WD kXQQ 12

1-loop contribution = Am; = ———my),
k~0.1 =V, ~20km/s (47)

integrating out Q = W4 > —/2g,5 A WyWy —/2g,, A WIW¢

hypercharge superfield hidden confinement
— ALPino production gauge field
— ALP-photon conversion — ALP mass




ALPIino decay into gravitino + ALP

3
700 TeV 20km/s \°
~ 10 Gyr
ng Vi

ALPino/gravitino mass
determined to be sub-PeV!

PeV-scale MSSM particles = m;, ~ 125 GeV




ALP production from LOSP decay

PeV-scale lightest ordinary supersymmetric particle (LOSP)
decays into ALPino W.; D —1/2g,5 A WWj

— too large relic density ,

< Mosp > for Py T |ike wino

fo ~13
YloSp ~ 4 x 10 eV >

mlosp
700 TeV )

<>

ng

Yobs ~ 6 x 1071 (

Freeze-out before reheating — dilution

T\ Miosp \ 22 [ 700TeV \
C
y,~YP [ R} 7 ~570GeV | —2
P\ T, 1 PeV m;




Monochromatic ALP flux

ALPino decay into gravitino + ALP
— monochromatic ALP flux with

~

m
700 TeV

2
, 4P, 2 2
E; T ~ 2 X 10°MeV/cm~/s/sr

for I';! ~ 10Gyr

Vi
20km/s

E, \°{700TeV
47 GeV m,

-
[=0-360", |b| =8-90°, AE=20GeV @

Fermi-LAT gamma-ray flux _, d*®;"
E
' dE,dQ

~ 6% 107*MeV/cm?/s/sr
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ALP-photon conversion

ALP-photon conversion in Galactic magnetic field

Wep O — \/z_gaB A WWp
— (adiabatic) conversion rate

2 4 2
7 107%eV 8ay 2 E,
P, (s,Q) ~2x10
4 m, 10-13GeV-1 47 GeV

N\ /

3.x107° 4.8x1074 7.6x1073 1.235 c(I); 1.5x1074 2.8x107* 53x1074 1.x1073

. 2 4 2 .
decay + conversion | &g g MeV/em'/sistl I direct decay




Summary and future works

Late decaying dark matter w/ I'"! ~ 10Gyr and V, ~ 20km/s
- unchange the CDM success in large-scale structure formation
- alleviating small-scale issues while evading Lyman-a forest test

— more dedicated study and further tests are needed

ALPino — gravitino + ALP

- ALPino/gravitino mass m ~ 700 GeV

- ALPino produced by the decay of the frozen-out LOSP

- monochromatic £ = mV, ~ 47 GeV gamma-ray flux

through ALP-photon conversion

- unigue morphology essential to differentiate this scenario
from the baryon feedback as a solution to small scale issues

— non-adiabatic photon-ALP conversion and more optimized
analysis of Fermi-LAT data are worth investigating
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Thank you for your attention
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Backup slides
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Lyman- o forest test for WDM

Likelihood

Lyman- a forests probe Mpc-scale matter distribution at z ~ 4
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Small scale crisis |
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When N-body simulations in the ACDM model and observations are
compared, problems appear at (sub-)galactic scales: small scale crisis

missing satellite problem

N-body (DM-only) simulations

| | | | |
ACDM satellites
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Small scale crisis Il

cusp vs core problem
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N-body (DM-only) simulations in the ACDM model —
common DM profile independent of halo size: NFW profile

xXTr

(84

Observations infer cored profile
in the inner region rather than
cuspy NFW profile
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Small scale crisis Il

too big to fail problem
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MW-like halos
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N-body (DM-only) simulations in the ACDM model —
~10 subhalos with deepest potential wells in Milky Way-size halos
do not host observed counterparts (dwarf spheroidal galaxies)




Caveat on WDM
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what is called the thermal warm dark matter
conventionally! |

The WDM particles follow the Fermi-Dirac distribution fwom = -7 1
and have two spin degrees of freedom. d3p
The temperature is determined PWDM = MWDM X 2/ (QW)SfWDM
to reproduce a given (observed) DM mass density

3
fora given WDM mass: o = ;2 _ (WWDM) Iwpm
T 94 eV T,

The constraint is often reported in terms of an lower bound on the WDM
mass like mwpwm > 3.3 keV

but

The implicitly assumed temperature: (M)S 00 <Qwarmh2) ( keV >

T, 0.12 MWDM

The early decoupling (before the electroweak phase transition)

is NOT ENOUGH to reproduce the assumed temperature 9-wom _ 4
g*,u

The conventional warm dark matter is COLDER than yours.

< The lower bound in your warm dark matter mass is




missing satellite problem in MDM models

the conventional WDM mass

Schneider, MNRAS, 2015

Along this line, MDM
\ likely resolves the missing satellite
problem

Enough satellites

F'warm = 025

0.4 0.6
f=%vpm/ (Qwpnm + o)

0.8

ratio of warm component to the whole DM mass density

-resonant
Ile neutrino
7 keV

arm — 0.5

Let us take two benchmark lines corresponding to

smaller and larger MW masses
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Lyman- o forest test (continued)
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direct constraints from

—

SDSS Lyman- a forest data

Non-linear matter power spectra
- fitting function for WDM
- semi-analytic model for late-decaying dark matter




Parameter space
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