Searching for Axion-like Particles
with Cosmic shear
and Line Intensity Maps
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What are Axion-like particles (ALPs)?

 ALPs = pseudo-scalar bosons

» BkAN 73Beyond-Standard-Model (e.g. string theory) TFES 115
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Current constraints of ALPs
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Our Idea

Testing the “darkness” of dark matter

o ALPSDEREE TR 5N DT DREIRE
m,c*=2hv — v=121x10"m_/1eV)Hz, A = 2460 (m /1eV) ' nm

e ALPs = IEEYERS, ALPsIZ KBEEEEZ KT S

o KIRBEEEICH>D THEDEREBMDONEFNETWEINZ EDIFHNIEEL

o KIE#EIED ML —1— : Cosmic shear (3E L >V X3hE)

o BFTFEDEREDIF : Line intensity mapping (IBfRiEE < v 5> 7 E#8)
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Cosmic shear (weak lensing) maps
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HSC, DES, Roman, Rubin LSST,
Euclid, ...)

APS/Alan Stonebraker; galaxy images from STScl/AURA, NASA, ESA, and the Hubble Heritage Team
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Line Intensity mapping (LIM)
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Modeling cross correlations
(WL(0))LIM(8,)) > Cyr_u(©)

» ¢(x,v) : Volume emissivity (U&7
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¥ v, = m,/(2h)

iRIE, ALPs = lEE2MB &I 5 &

['=7.556 X 107 sec™ (g,,,/1071°GeV™1)* (m,/1eV)’

vy = 1.21 x 10" Hz (m,/1eV)

T & BIEIRIE Ov/v ~ 6,,,/c ~ O(1077) at 101°M,




Modeling cross correlations

Hmlt

5 H LY REHE k() = J dy Wiens(X) 5m()(7, X)

. ARBY ICE T BALPs decayh 5 < 2F 5 1, o1 p(0) = Jd){ Ware(x, V) (1 + opm(xY 0, )())

I QDMID crit,0
dr L H (Z)

e Limberdz{liC & D, cross power spectrum

. Warp(y,v) = op(¥ — Xo) where ¥, = comoving distance to z5 = 1)/v — 1

Opm = om0, Dark matter fraction ~ 0.8

|%.% Wians f %% Wians A
CALP—K( £) = J' dy ALP()()2 lens(Y) P (—,z(%)) ~ ALP()(O)2 | ()(o) fDM N
X X X0 X0

DM & total matter®3D cross power spectrum  total matter®3D cross power spectrum



Future datasets

Vera Rubin LSST / SPHEREX

o LSST

o M FEERERIC K S ERFIRERE A
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 SPHEREXx

= 26 arcmin 2, $EA B R 8L

,wherea = 1.27, =1.02,z, = 0.50

s FHIERRIC K DRMNRBIZDK/N Y NERA

« 2 =750—-4100nm, Av/v = (41.5)7!

6.2”"

« 2 KE—RNZ{RZE : limiting magnitude = 18.5 AB magnitude (5-sigma level)

, AR (E7EILYA X) =

arXiv:1412.4872

NCP Full FOV 7°
Every day, SPHEREX completes a swath of sky *
extending in declination between the poles, | ,
and covering 1° of RA. Each R

6 months, the entire sky is
covered once. After
25 months, every
point of the sky
is covered .
4 times. | RN

Direction of Small Steps

e LVFs. The spacecraft makes mul-
RN | tiple pointings that step sources
LT Mo - . over the field of view. A full

' spectrum is obtained after 48
steps, with multiple visits over
successive orbits.

A

The detectors image the sky through

N , All Sky

SR e SN SPHEREX observes the sky with

Direction e N 6-8 large ~60° slews per orbit that
o i ; satisfy the solar and terrestrial avoid-

ance angles. In the ~12 minute period
between large slews, the spacecraft exe-
cutes 4-8 ~100 s integrations separated by
small 8.8' slews. This way, targets are observed
in all spectral channels across the detector arrays.
: Each day, the instrument completes the spectral samp-
ling of a 1° wide band in RA that was partially sampled during
the previous 6 days. Every day a new 1° swath is completed.

SPHEREX has
a highly repetitive
observing cadence
which keeps in step
with the 1° per day
orbit precession. The
sky is observed with uniform
coverage, plus two fields at the

celestial poles are observed deeply. v



« SPHEREXTOFELIELRR © Ha: 656.28 nm,

Olll: 500.7 nm
o« FURIRRDEBHEICAD Z S /RALPS
0.5 <m, [eV] < 3.5
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Relevant redshift ranges
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Power of cross correlations

| [LSST x SPHEREx at Ay =3.0x10° nm
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Astro. source modeling

based on a halo model

+ estimates of mean
intensity
(arXiv:1711.09902)

LIMD B HHE TIEXKAEREFEDESHEH / LIM - LSS DEEHE I ALPsD Y —F IR



Expected signal-to-noise ratio (S/N)

¢ Ui U< Vpae COS/N

(S/INY = ) Cap_&;|v) cov™! Cupp_ (|1

e Carp_p I g%,}, & D

8.
(S/N) = ] — [ Al
I upp(f max) g ay;/,upp(f max)
. 1eVALPs &5, g, ~ 0107 GeV~' =
5

S
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» ALPs with 1 eV and g,,, ~ O( 107" GeV~! can

explain the DM abundance and inflation
(Daido+2018)
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Expected upper limits of ALP decays
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1-sigma Fisher circles

LSST x SPHEREx
18000 deg?, Aobs = [750, 4100] nm
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Can we apply this to Subaru HSC?

NBO21DT—F IFLUTDEEICRRENH S

e m, ~2.6—-3eV

o1z U, HAOERED S 5 9~ B redshift ~ 0.4
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e BEELVHaXK{AEDhost halo mass7i & ?

narrow band & IRRZM A P -5

TWABHSCD IR H

F—HRH3IFE. BEIEW (ERARREEE

FA)

respoinse

0.5

dewer

. window

i1

6000

8000 10%
A A]



Summary and future prospect

« Axionlike particles (ALPS) (3 ZE#EE R Z B X 2B TILK FENTFE
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HEAMEEZ SR 0

+ LSST x SPHEREXTU T O FE L0 TR
% ﬁ LSST x SPHEREx
C 10712
» Null detectionTH IS, g, < 10711 GeV~lfor 0.5 < m, [eV] < 3.5
107 MUSE
. my,=1eV,g,, =10""GeV~' DALPshWIE, Am, = 0.2eV THIRATAE o , , ,
1 2 3 4

ALP mass m,[eV]
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 HSC wide layer x deep layer¢. Z D=

» cosmic shearlc Z 72 BIBHIFFFITHL (Fl = (Fgalaxy biasH 7E L < 5 L)

» Galaxies at lower redshifts (e.g. 2MASS, SDSS) TH T=Z % / FRASEIZ D IR /v
5DRETHTES (e.g. AKARI?)




Extra slides
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log of SFR (M yr—}

« SFRMmass, redshiftiik7E % (&, semi-analytic galaxy modelHh 55| F

(Guo+2013; arXiv:1206.0052) v 711 09905

» Fisherf#4T TI&, mean intensity D#i&E(Enuisance parameter& U TRk S BT T




AN EFY TN DR E TRERBIES(ICA D

SIAT T )L Z R (Hirata & Seljak 2004)
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Impact of intrinsic alignments (l1A)
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ALP miracle?
Daido+(2018), arXiv:1710.11107

Small-scale structure HDM constraint on
constraint on ALP CDM ‘thermalized ALP
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Viable model of ALPs for dark matter
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Constraints of lifetime of decaying DM

LSST x SPHEREX (Mg = [750,4100] nm)
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