
  

Science with CMB Spectral Distortions

J.Chluba
(Johns Hopkins University)

Astro-ph 1405.6938



  

TODAY

Spatial anisotropies
Spectral shape



  

Blackbody radiation

Rayleigh-Jeans Wien

Planck

Specific Intensity



  

Energy injection in BB

● (remember: uniform adiabatic expansion of the Universe leaves BB unchanged)

● Just add energy to photon field (ex: shift the frequency)

● Keeping the BB need to change the number of photons such that

● Necessary but not sufficient: need to specify how the added/missing photons are distributed in 
energy

● Keeping BB after energy injection need:

– Changing the photon number + Redistributing photon energy

● In the early universe this is done by :

– Compton scattering with e- (energy redistribution,, Thompson just isotropize)

– Double compton + Bremsstrahlung (changing photon number)

Was enough time from the creation of the distortion until today to fully restore Was enough time from the creation of the distortion until today to fully restore 
the BB shape below any observable levelthe BB shape below any observable level



  

How does it work ?   Boltzmann eq.

Com
pt

on
 sc

at
te

rri
ng

Dou
ble

 co
m

pt
on

 sc
at

te
rri

ng

Bre
m

ss
tra

hlu
ng

Te evolves with time

Adia
ba

tic
 co

oli
ng

 (e
xp

an
sio

n)

Compton cooling
e- cool (1+z)^2 , photons (1+z)
but photons heat e-  (10^9 ph/e-)
Dominant for z>200

f*(Ne,Yp) : correction due to rapid thermalization 
of baryons and e- by Coulomb scattering



  

DC+BR works
Photons is BB
Just a T increase

Inject energy at z
K works
ph+e- interact
Photon is BE
-type distortions

No more K
y-type distortions

e- cool



  

y–type, -type and I-type distortions

● 2 E5 < z < 2 E6 : photons and electrons in thermal equilibrium

– Photon BE with a x dependant chemical potential:

– Because DC and BR decoupling times depend on photon energy

– For low energy photons x<<1 , a blackbody is quickly established

– While for high energy photons x>>1 , the photon spectrum stays BE

– Approx: 

● 200 < z < 1.5 E 4 : injected energy is not thermalized, just transfert energy between 
photons and electrons via CC (SZ distortion at low z, high Te)

–

– Also generated by BB mixing: 

● But there is no sharp transition, but a spectral distortion will depend on the “amount” 
of comptonization (compton parameter): 1.5 E4 < z < 2 E5



  

Spectral shape

PIXIE, PRISM(?)COBE 95% CL



  

Physical mechanisms that lead to spectral distortions



  

Dissipation of small-scale perturbations
Photon free streaming smooths small wavelength acoustic waves (Silk damping)



  

Dissipation of small-scale perturbations



  

Energy release by decaying particles
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Energy release by decaying particles



  

Cosmological recombination radiation

~ 5 photons / hydrogen atom

Line recombination:



  

1968 : Kurt, Zeldovich, Sunyaev & Peebles

~ 
19

68



  

1975 (Dubrovitch) → importance of (n,n-1) transitions
2006 – 2008 → full recombination spectrum

2006 - 2008



  

Requested accuracy for Planck

New code
COSMOREC
By J.Chluba

Add detailed effects

> 2010



  

Importance of recombination



  

Predicted recombination spectral distortion

Very sensitive to energy release during recombination
Check our understanding of recombination physics
Independent path to measure baryon density, Yp
Unexpected phenomena during recombination



  

CMB Spectral Distortions Summary
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