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Lets start with an very old slide on the hidden secondaries

Primary CMB ONLY
Un-filtered

Primary CMB + 
Some secondaries

4 arc-min filter

Primary CMB 
+  secondaries

2 arc-min

Primary CMB + hundreds of 
SZ sources (galaxy clusters)

10 arc-sec filter

Correlations in each object : 
Poisson Cl
Correlation between objects : 
Clustering Cl subha @ TIFR



The 3 main goals of future CMB research

1.  Search for primordial B-mode  (Ground/Space)

2.  Early Universe Spectral Distortions  (Space)

3. Secondary CMB anisotropies (Ground/Space)
mainly thermal Sunyaev-Zel’dovich (SZ) effect

kineHc Sunyaev-Zel’dovich (SZ) effect
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Scattering of photons by non-thermal electrons
1. For sca8ering with rela;vis;c electrons with Lorentz factor g, an electron of energy e get boosted to g2e

2. In this case, the spectral distor;on is a func;on of the electron energy distribu;on

3. The CMB spectrum is where 

4. The CMB distortion is 

This equation can be recast in the form, to include a y-parameter (as before)

For us

à We need the electron pressure to calculate y
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The non-thermal distor7on spectrum
5. The pressure from relativistic electrons is

( Here,                              ) 

6.  The number of CMB photons up-scattered is given by

The total number of photons are conserved, so integral P(t,p)dt = 1

7. The up-sca8ered photon spectrum, in the frequency bin (x, x+Dx)  is given by
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Non-thermal SZ -vs- Thermal SZ

Mroczkowski etal, 2020 
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Bottomline - we can measure nth-SZ with precision …
(i.e we can jointly fit for ap and pmin)
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So now we have a unique non-thermal SZ spectrum…

Spectrum can explicitly tell us about energy slope aP and energy 
cutoff pmin
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So now we have unique non-thermal SZ spectrum…

Spectrum can explicitly tell us about energy slope aP and energy 
cutoff pmin

We now need a source.
A) Clusters have thermal and kineDc SZ. What about

non-thermal SZ from clusters?
Bad idea: Thermal SZ highly dominates 
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So now we have unique non-thermal SZ spectrum…

Spectrum can explicitly tell us about energy slope aP and energy 
cutoff pmin

We now need a source.
A) Clusters have thermal and kineDc SZ. What about

non-thermal SZ?
Bad idea: Thermal SZ highly dominates 

B) Giant radio cocoons/lobes
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The first observed CMB distortion from a Radio Lobe
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Malu etal, Nature 2017



The first observed CMB distor7on from a Radio Lobe
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Malu etal, Nature 2017

Other than SZ, this source, of course, has an observed radio luminosity



Radio Luminosity and Non-thermal SZ
from a radio lobe
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Radio Luminosity and Non-thermal SZ
from a radio lobe

We can model
Leahy & Williams 1984

Reynolds & Begelman 1997
Kaiser etal 1997

Kaiser & Alexander 1997
Nath 2010
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So, here is a radio galaxy 
with its lobes/cocoon 

Our model has to give  its 
evolu7on in size, pressure, luminosity. 
And match with observa7ons

subha @ TIFR



A cartoon for RG modeling 

The non-thermal plasma
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Observationally, for most long lived
Axial ratio is roughly 2.

One can show this in theory as well



We can model
Leahy & Williams 1984

Reynolds & Begelman 1997
Kaiser etal 1997

Kaiser & Alexander 1997
Nath 2010

The same population  non-thermal electrons scatter CMB to give CMB distortion and
emit synchrotron radiation .

The electrons have power law distribution                                        with some low energy cutoff

The electrons loose energy doing pdV work, synchrotron and Compton cooling etc

The magnetic field energy and electron energy densities are partitioned [f(ap)]
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The coupled RG evolu7on…
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For finite Jet lifeDme

(Luminosity, CMB distortion and Number density)

Low energy electrons are important and survives



We have radio lobe tracks in the LR – yNT plane
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EACH TRACK IS FOR DEFINITE SIZE OF THE RADIO LOBE FOR PARTICULAT ap AND pmin

The addiHonal info from CMB unique fixes the radio lobe model!



“Why, sometimes I've believed as many as six impossible things before breakfast.”

- Lewis Carroll, Alice in Wonderland

Sometimes, they might even work out!

https://www.goodreads.com/work/quotes/2933712


The many paths to Hubble Constant
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with
distance ladder

without
distance ladder

2015
1964 ?

1979?



H0 without distance ladder – using galaxy clusters ( 1978+)
Need both SZ + Xray observations (+ temperature)

Under certain assump;ons (like sphericity, smooth profile, etc), observing the same cluster in SZ and X-Ray

Physical size

dA (z) =  -----------------------------------
Physical size (estimated)

Angular size (observed)

(White & Silk 1978)

subha @ TIFR



Fast forward to 2022

Lets try to get Hubble with radio bubble ! 



Back of the envelope calcula7on -

Radio synchrotron power:
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Given aP and pmin (spectral shape will give this)



Back of the envelope calculation -

Radio synchrotron power:

nth-SZ distor5on
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Given aP and pmin (spectral shape will give this)



Back of the envelope calculation -

Radio synchrotron power:

nth- SZ distortion

Therefore: 
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Given aP and pmin (spectral shape will give this)



Size estimate for the only radio lobe with measured LR & SZ
Observed:
Radio power & SZ distorHon
Possible redshi]:  z = 0.3

Observed region:   2 arc-min
Beaer resoluHon data needed

ap = 3.2  (from radio spectral index at
2.1 and 9 GHz)

pmin = 3+  (ICS into x-ray)

EsHmated physical size:
approx 1000 +300 

-200  Kpc
(error from uncertainty in LR)
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dA with clusters vs single dA from radio lobe
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This is just a proof of concept !
Error-bars are simplistic.

Bias is not taken.



A single new esBmate of H0
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This is just a proof of concept !

We need better data



Dark Energy probes with dA(z)  – an immediate list



Many other interesting science with nth-SZ…

THANK YOU
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It will be important to subtract this  signal if one has to use all 
the promise of the µ-distortion to probe early Universe physics 
(a holy grail of future CMB) 

An example - global
mean CMB distorHon



AddiJonal slides…


