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Outline

Let me try to put the talk in context

The most optimistic picture of dark
matter physics:
we detect it via the same VS :

: : : : The most pessimistic scenario : the dark

interaction that also determines its :

world has its own set of healthy

abundance : :

Interactions

However, it only talks to us

gravitationally.

Somewhere between these worlds lies the vast possibility that the dark world with its own
interactions is only slightly connected to us



Outline

Somewhere between these worlds lies the vast possibility that the dark world with its own
interactions is only slightly connected to us

This talk contains a proposal for the search of dark matter via absorption

of light

Absorption lines in the spectrum
of a background source

Ex, Quirky Composite Dark Matter Gives rise to anomalous features
Soileg b, Lty ZU0e s 20D (and / or spectral distortions) in the CMB



Dark Matter as a 2-level system

It is easy to model an effective dark
sector as a two level system of
states between which
electromagnetic-transitions take

place
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Strength of the coupling
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Use a compact notation
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We are interested in the territory AE < m,



Dark Matter as a 2-level system

Its a story of transition between two states - relevant

*
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Energy splitting AE = hyy = kg7

The relative dark matter population: which can be
parametrized by the excitation temperature
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Dark Matter as a 2-level system

Electromagnetic Transitions:
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Dark lines from dark matter

*

Absorption due to dark matter will yield a
dip in intensity

pact parameter

Absorber

A convenient way to represent the dip is via

optical depth
Flux in the absence of the absorber
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Dark lines from dark matter

Absorption — stimulated emission
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Area gives the total amount of absorption



Dark lines from dark matter

Turn off C

Tex 2 TCMB

>

Large Z (larger number density)

Small Z

Optical depth

Similar behavior for large
mass halos



Dark lines from dark matter

Turn on C
ny/n, increases :

Stronger absorption than
collission-less case

Tex e Thalo < TCMB

However, mass dependence
is non-trivial
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Dark forest from dark matter

Absorption from different halos at different redshifts give rise to the forest of dark-lines

*

Z3+1 Z2+1 Z1+1



Dark forest from dark matter

Absorption from different halos at different redshifts give rise to the forest of dark-lines

To simulate

Probability of intersecting a halo = fraction of the total area
occupied by the halo.

Randomly sample halo masses.

Randomly sample impact parameter with uniform probability over the

cross-sectional area.



Dark forest from dark matter

Absorption from different halos at different redshifts give rise to the forest of dark-lines

e We begin by selecting the frequency range of simulation. For an instrument sensitive in vy, to Vmax range, the
absorption lines correspond to halos in zpax = Y0/Vmin — 1 t0 Zmin = Y0/Vmax — 1 redshift range.

e We find the equiprobable bin width Av at a given v by relating it to the probability of finding a halo in redshift
bin Az centered at z = vy/v — 1. This probability is equal to the fraction of the area on the sky covered by halos
of all masses in Az redshift bin. Thus the probability of intersecting a halo in a frequency range v to v + Av is
given by,

dNy, dNy, c(1+2)? /Mmax dn
AN, = Av—" = A S el dMy, —— (2)A (M,
2 Vv “dz 7 HiE st "M, (2)A (M, 2),

where A (Mp, 2) = Trmax (Mp, 2)2 : (18)
The halo mass function dn/dM}, in co-moving units is taken from [87], My, and My,ax denote the minimum and
maximum halo mass at a given redshift respectively, and 7.« is the physical radius of the halo at which the dark

matter number density is equal to the mean dark matter number density in the Universe. We choose the bin width
Av at each v such that the probability of absorption AN, = 0.1.

— e We generate a random number from a uniform distribution in [0, 1] in each frequency bin. The bin is selected for
absorption if the random number is < 0.1.

e The absorption profile is characterized by the halo’s redshift zy, mass M}, and impact parameter p. For the selected
bin, we choose M}, from the probability distribution function of the area fraction occupied by halos of mass M, at
redshift zg,

dn
p(My, z9) MA(M;L,ZO). (19)

We choose the impact parameter from a uniform distribution over the cross-sectional area of the halo A(Mpy, z).

e We then generate the absorption profile in the halo’s rest frame using eq.(17) and map it to the observer’s frame

by transforming v, — v, /(1420).
Furlanetto & Loeb 2002
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Dark forest from dark matter

Redshift
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Dark forest from dark matter

Information from a dark forest

Take for an example:
probability of finding a line in between v — v + dv

 probability of the LOS intersecting a halo at some 7z — z + dz

dM halo

Mmin AMyato ‘\

Halo mass function

[Mmax dn (2)

Minimum halo mass at a given Z

K} Corresponds to a minimum in width of a dip (since width « 1/7},,, )



Dark forest from dark matter

Information from a dark forest

_A L[ Sensitive probe of the halo
— '\A\K\/ mass function at low halo
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Dark Matter as a 2-level system
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Transitioning dark matter also leaves :
complementary imprints on CMB as :
well v
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Dark Matter as a 2-level system

Electromagnetic Transitions:
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Global absorption from Dark Matter
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T,. determines the relative population of two states
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T, — Ty, it collision dominates

T,. — T.yp it radiative transition dominates



Global absorption from Dark Matter
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At high redshift collision dominates: T, — T}, < Ty, : absorption begins
As DM number falls, radiative transitions take over: absorption disappears



Mod. Kompaneets Eqn for CMB

Electromagnetic interaction of DM brings it into contact with baryonic-photon plasma

gl I ii0 on iz -
e O 22 Bz, ° (” o e) + (Kir + Kac) = ; — [1 — n(e® — 1]
e Zz :

Double-Compton +

Compton scattering Bremsstrahlung

injected spectra by dm e = hv/(kpTe).



CMB distoruons from dark matter

DM inelastic collisions AE = 10"%eV
survive here
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CMB distortions from dark matter

Low collision rate/H, low transition energy
-> T, freezes out -> no absorption
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Constraintology



Constraintology: Direct-detection

Inelastic scattering: magnetic

10!
moment of dark matter interacts
- S 101
with the magnetic field of electron oy
trong lines
causing y-y™ transition. 10-3F .
) 107°F -
elastic scattering: Charge radius of b 11073
: : i
dark matter interacts with the 1077¢ =
2 3 -
electric field of electron. 109 | | I s
10=7 107* 10°T 107 10*
e Included XENON10, XENON100, Dark-Side, AFE (eV)

SENSEI, CDMS-HVeV etc..

We considered many many more constraints — from early universe to late
universe — a lot of them are model-dependent

= [ am pretty sure there exists many more!



Dark forest from dark matter

Detectability of dark forest

Spectroscopic experiments in optical
and radio wave bands can detect dark
forest!

Line width is independent of dark
matter self interactions.
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Conclusion

The proposal is to look for dark matter via forest in the spectrum of strong
sources — carries non trivial information of LSS, dark matter interactions etc.

[t often accompanies distortion in the CMB spectrums - sometime competing and
sometime complementary

Hunting for dark lines/forest and distinguish from the ones due to visible
transitions is challenging — though there are “deserts’ - where it is relatively
easy.






Proof of principle model
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Modeling dark transitions

Scaling the hydrogen atom parameters

AEPM : m :
- 5 = . = hf e
Radiative coupling: AR)M~62< AE&I) (—) ALy
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Global absorption from Dark Matter

Global absorption feature gets contribution
from dark matter + bremsstrahlung

* Specific intensity into brightness temperature

2
= I/
b 2k, Y
dl,(v) T,(v) dT)( hv | dty,(x)
- — S + (—T v +T)
dz 14+z | o) kg (eksTe(2) — 1) dz s+ 1
Redshifting DM transitions Bremsstrahlung
No approximation made New term not present in the

between 7,7, and 1,z standard 21 cm cosmology




Constraintology
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Constraintology: Milky Way

Binding energy (keV)

10° 10-1
— CMB

10" —  Milky Way 10-17
10~ &g 10-19
107° :/;bw\ 10-2L
107 » —— DM cooling 10~ — Bullet cluster
10— 0 : : 6 105 — DM emission o —  Milky Way

1(1)\/Iass oflc(i)ark malt(t)er (ke\/l)o . 10° 107 10' 00 10 100 107 10* 10°

Mass of dark matter (keV) Mass of dark matter (keV)



< 00
o
E
= 0.2
(D]
O,
g
D]
= 04
z
4
=
0.6
O
=
£ 08
=
[

~1.0

Frequency (MHz)

_ 0.0870
_ 0.0790 2
g
_ 0.0710 =
<
jan}
.-
_ 0.0631 =
99 % CI
-=-- EDGES bést fit Mo.0551
50 100 150 200

0.0870

0.0790

0.0710

I rm.s.(K)

.

Residua

0.0631

0.0551

10°T10° 10T 102 45 6.2 7.9 9.6 10-T10° 107 102 10710710 1400 2500 3600
mx (I\IGV) T* (K) QA ai Zgat

FIG. 11: The viable parameter space of the dark matter model shown as points in the 2-D plots for fifteen
combinations of different model parameters. The color shade of each sample point is represented by the r.m.s. value
of the residual when the EDGES data is fitted with the the EDGES foreground model + dark matter signal of the
sample.



