
The low frequency spectrum of the CMB

•The CMB is a radiation which spectrum formed in an environment with high temperature
and density, when matter and radiation were highly coupled.

•Under these conditions photons’ distribution is Planckian 
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•In the primordial Universe energy density perturbations happened
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•If they happened when red-shift z >107 CMB keeps black body spectrum

•for 105< z <107 thermalization is not enough efficient and the spectrum relaxes to a 
Bose-Einstein distributionBose-Einstein distribution

1
1)(
−

= +µxe
xn

•After recombination the Universe becomes transparent to CMB which freely propagates
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•FIRAS finds a •FIRAS finds a 
wondereful Black Body 
spectrum in the 
f   frequency range 

60-600 GHz

•FIRAS can set only an
upper limit on the

T=2.725 ±0.001 K

upper limit on the
chemical potential and
on the comptonization
parameter

| | 9 * 10 5  (C L 95%) | | 15 * 10 6  (C L 95%)|µ|<9 * 10-5  (C.L.95%) |y|<15 * 10-6  (C.L.95%)



How much distortion do we expect?
Max distortion:

∆T≈20 mK

Frequency dip: 

ν ≈ 300 MHz

ΩB h 2=0.0219±0.0007

h=0.708 ±0.016 WMAP 3y
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How much distortion do we expect?
•Temperature variation is small (∆T/T = 0.7%)
•This kind of distortion is present only at low frequency
To derive the chemical potential low frequencies (ν < 3 GHz) must
be investigated

But at these frequencies 
the Galactic (sinchrotron e 
bremsstrahlung)  bremsstrahlung), 
atmospheric and terrestrial 
(RFI) contaminations are 
very importantvery important

Da PARTRIDGE, 3K: The cosmic microwave background radiation



Experimental Status quo pre 2008Experimental Status quo pre 2008

Uncertainties due to experimental
systematics and foreground removal



TRIS ExperimentTRIS Experiment





6 years to set-up plus one for absolute 
measurements

W  l d i i l  l d G A  f  i h   i h • We cooled critical components, replaced GaAs fet switches  with 
pure passive ones, we measured all the measurable and modeled 
what is impossible to measure (only the horn flare) and…

…dressed everything
with the saint’s patience...

Let’s see how:
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UERS problem: existing model were insufficiently accurateUERS problem: existing model were insufficiently accurate
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Can be integrated both for high and low
flfluxes



No problem at low fluxes

Uncertainties evaluated via MC
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Possible first detection of the 2 populationsPossible first detection of the 2 populations…
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Position difference technique

Important prior from TRIS 
high quality drift scan datahigh quality drift scan data



l f d l• We also performed MC analysis to 
derive all the parameters 
simultaneously and to get the overall 
error budget on the CMB temperatureerror budget on the CMB temperature





New data slightly shifted 
to be visibleto be visible

Results obtained by fitting the 
h i l t ti l d Yff chemical potential and Yff 

parameters simultaneously

This kind of distortion is expected in the 
case of reionization of the intergalactic 
medium (IGM). The amplitude of the ( ) p
cosmological signal depends on the 
integrated column density of ionized gas 
produced at the redshift of formation of 
the first collapsed objects and on the p j
thermal history of the IGM through the 
electrons’ temperature



Still Alive?Still Alive?



Mil C ld N t kMilano Cold Network
S parameters measurement from 50 MHz to 110 
GHz (50-75 GHz lacking)
down to 4 K (1 W @ 4K) with calibrationdown to 4 K (1 W @ 4K) with calibration 
standards at 4 K
2 2-ports or 1 4-ports device characterization

Totally oil free 
8+8 (+8+8+ ) lib d h8+8 (+8+8+….) calibrated thermometers

Can be remotely operated and data acquiredCan be remotely operated and data acquired

Ready to measure in about 6 hours



Sumitomo cold head

Leybold 13 decades pressure gauge

Turbo pump

S llScroll pump

40 cm

30 cm



TRL libr ti n p rtTRL calibration ports

TRL standards



Example: 
S11 measurements of a 
100 GHz feed array prototype 



Same line
same thermal profile
for both calibration
standards and DUT


