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ing of the Universe




BSM In cosmology

VWe have been using CMB as a tool to study DM interactions:
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Spectral distortion
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» Spectral distortion to study energy exchange:
Sunyaev, Zeldovich 1969

Standard Model: J and y-distortion from electron scattering
Beyond Standard Model: energy injection from Dark Matter

Cosmic microwave background spectrum (from COBE)
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Black body spectrum —— |
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CMB secondary anisotropies

I ACDM Hu Okamoto 200
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CMB lensing



CMB secondary anisotropies

Hu Okamoto 200
* |In ACDM Dvorkin Smith 2008

Lensing
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Potential 0 o 245w o ~0.024 mmm— o 0.015

larization B-polarization
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DM Inc

In ACDM
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DM -> Gas -> CMB photon
(Energy injection into and

thermalize with SM plasma)

Tracy's talk tomorrow



Light dark sector searches

DM or Dark sector maps generally can actually look qurte different!

We can do better!



Outline

; To illustrate we will discuss an example of late |
(ﬁ time dark photon to photon conversion |

+ Dark photon example: Dalila Pirvu, Junwu Huang, Matthew Johnson
2307.15124

Dark photon conversion

- Halo model & Map
- Estimators

- Projection



Dark photon




Operator

Light sector physics
- Axion
» Dark photon (Okun 1982, Holdom 1985)
— 4 1 JT178 1 2 A7 AU UU I/
§ = |d°x _ZF Fﬂy—EmA,AﬂA +eFHF),

mHz Hz kHz MHz GHz THz eV keV

» Dark matter? :(

COBE/FIRAS

East, Huang, 2206.12432

« Mediator to the dark sector

- Low energy remnant of string theory
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Photon disa

- Photon to dark photon conversion

COBE/FIRAS

bpearance

THz eV keV

LSW-SPring-8
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Photon disappearance

- Resonant photon to dark photon conversion

DAL IS VAVAVAVANY: |

. Cosmology provides |
natural scanners |
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Photon disappearance

Resonant photon to dark photon conversion
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Absorption optical depth
1/w frequency dependence

Depends on the distribution of matter



Photon disappearance

- Resonant photon to dark photon conversion
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» Depends on the distribution of matter - o
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Dark screening from Halos

Anisotropies of P,_ ,tracks anisotropies of matter



Thomson screening (detour)

Thomson screening comes from Thomson scattering
between CMB photon with electrons.

Optical depth ¢



Thomson screening (detour)

Thomson screening comes from Thomson scattering
between CMB photon with electrons.

Density distribution In halos

Y J « Halo mass function
\VAVANA

Optical depth ¢




Photon ¢
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Contrast with SM

Absorption optical depth
1 /@ frequency dependence

Depends on the distribution of matter

Coupled to the CMB monopole!



Scattering

Following notations of Dvorkin & Smith 08 12.1566

T>°(h) ~ T(Hh)—1 ""(7)T(H)



Absorption

Following notations of Dvorkin & Smith 08 12.1566

T5¢(h) =~ T)— ™M T(R) TS0, 0) = — 1(A, @) [T+T{H)]



Photon disappearance (Halo Moc

Special thanks to Marilena for the suggestions



Photon disappearance (Halo Model)
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One Halo




One Halo

T + halo

TSR) = Tr(w, A)




One Halo

Virial Radius




Many halos

With halo mass function

T + halo

TSR = Tr(w, i)
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Sum over halo:
Following: Hill & Pajer 1303.4/726, Roy, Battaglia+ 2201.050/6
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Many halos
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%fs_zw[eV]

Monopole = Spectral distortion

Monopole: < . > —~ .

dscy
(T™) = T( _>A> »  Absorption optical depth

1 /w frequency dependence

. Dark Photon Mass ma [eV]
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Auto-correlation

« Auto-correlation

<TdSCTdSC> — T2 C;T
TSR = = Tr(w, i)
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Auto-correlation

« Auto-correlation

d d . T2TT
<T sc SC> — T C/

» Thisis in contrast with Thomson screening
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Auto-correlation

Auto-correlation

dscydsc\ _ T2 1T
(TT™) = 1°C;
This is in contrast with Thomson screen

<TscTsc> — CgT ' .

Qualitatively,

We win by T2/ CLﬂTT | Absorption VS Scatten

[
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Auto-correlation

Auto-correlation
<Tdschsc> — TZC;T
This is in contrast with Thomson screen
<TscTsc> — CgT ' .

Qualitatively,

We win by TQ/CKTT

However (TICT9¢Y g4




Cross-correlation

Absorption optical depth
1/w frequency dependence

Depends on the distribution of matter

Coupled to the CMB monopolel!

Correlated with LSS



Cross-correlation

Cross-correlation with LSS survey
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Cross-correlation

Cross-correlation with LSS survey

<Tdsc >_ Cm'g

. No suppression of CZT

Scales as €2 |

(BSM X SM) type operators
(CMB x LSS)



Cross-correlation

ross-correlation with LSS survey
dsca \ _— gttt
T™%,) =TC;
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Cross-correlation

« (Cross-correlation with LSS surve
dsca \ __ mrss
T SCTg> — CTT
- CMRB alone!?
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- Bispectrum:
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Cross-correlation

« (Cross-correlation with LSS surve
dsca \ __ mrss
T SCTg> — CTT
- CMRB alone!?
<TdscTsc — CTT CTTT
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- Bispectrum:
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Cross-correlation

Cross-correlation with LSS survey
<Tdsc > _ Cng
CMB alone!

d _ o IT et
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Bispectrum:
(TIeTT) = TCITCT" Enhanced by T
Scales as &?

Suppressed by 71!
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Projection & Analysis

Absorption optical depth

1/ frequency dependence

Depends on the distribution of matter

Coupled to the CMB monopolel!

Can be separated from the primordial CMB
Correlated with LSS



Frequency dependence

(Taken from Planck website)



Frequency dependence

(Taken from Planck website)



Frequency dependence

(Taken from Planck website With respect to CMB frequency spectral



ILC cleaning

CMB Temperature Units
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Credit: Fiona & Colin

Analysis ongoing with Fiona McCarthy, Dalila
Pirvu, Colin Hill, Keir Rogers and Matt Johnson



ILC cleaning




ILC cleaning




ILC cleaning

Dark screening map CMB map

1/w % Blackbody Blackbody
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Questions about the details: Keir Rogers



ILC cleaning
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Six orders of magnitude of
reduction of the noise with 54!
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Summary
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hank you!

| Effect of Dark Se 1
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Thank you!

2024 Cosmology Tenure Track Faculty Position

Job type: Faculty

Have questions?

Apply Now \
Contact

Amanda Ferneyhough

D Posted: Application Deadline: January 1, 2024

Perimeter Institute is a leading global centre for fundamental research in theoretical physics.
Home to more than 150 resident researchers and 1,000 visiting scientists each year all working to
unlock nature’s most profound secrets hidden deep inside the atom and far across the universe.
Perimeter's research efforts include condensed matter theory, cosmology, mathematical physics,
quantum fields and strings, quantum foundations, quantum gravity, quantum information, and
particle physics.

Visit www.perimeterinstitute.ca for more information and to view the list of Perimeter Institute
researchers.

Questions shall go to Kendrick Smith or Neal Dalal



Back up



CMB Temperature Units
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reduction of the noise with 54!



power spectrum of unconstrained ILC map (30 GHz)
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—— Power spectrum of (30 GHz/nu)-component **in Planck data**
107 { —— Power spectrum of (30 GHz/nu)-component in **simulated Planck data**
—— Power spectrum of (30 GHz/nu)-component in **simulated CMB+Planck noise-only data (NO FOREGROUNDS)**
Power spectrum of (30 GHz/nu)-component in **simulated CMB+CMBS4 noise-only data (NO FOREGROUNDS)**
—— Theory curve from Dalila at w = 30GHz, e =2 x 1077
—— Theory curve from Dalila at w = 30GHz, =5 x 1077
107° T T {
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breakdown of galactic contributions to power spectrum in simulations

—— Full simulated power spectrum
— Instrumental noise contribution
—— sum of all FG auto components (gal auto + CMB auto + tSZ auto + CIB auto + radio auto)
—— sum of all auto components (instrumental noise + sum of all FG auto components)
—— sum of all gal auto components
gal total x gal total
—— dust x dust
—— synch x synch
—— ame x ame
—— free x free

Credit: Fiona McCarthy
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Optical depth map ..
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ensity profiles!
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How to go to other masses?

Shrinking the uncertainties of electron
density profile beyond the Virial radius
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How to go to other masses?
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Linear Regime
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AXIon case
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Beyond CMB



Frequency scaling

Dark photon: P x 1/w

Axion: P x w

Though CMB is the best measured, going to higher
or lower frequencies might be better in the future!
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Reionization X-ray heating Lya coupling

2lcm & LIM

Intensity Mapping Experiments
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