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The CMB: a messenger of the early universe

COBE FIRAS
Fixsen et al1996
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A CMB photons were produced by mattentimatter
annihilation a fews after the big bang.

1 A They were then thermalized in the primeval fireball.

A The expansion of the universe redshifted and diluted
these photons, maintaining the blackbody spectrum.

A To first order, the CMB must lieand in fact is a
blackbody.

A Current CMB research:

A CMB polarizationB-mode polarization expected
to be generated at cosmic inflation, a split
second after the big bang.

Huge international effort, including >100M$ for
South Pole Telescope, BicKpck & in Antarctica

A Spectral distortions of the CMdkie to non
equilibrium phenomena, at various phases
during the evolution of the universé&trategic
niche of researchopportunity for Italian
scientists to exploit the assets provided by the
Concordia station for a first implementation of a
staged effort
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The CI\/IB an almost perfect blackbody
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COBE FIRAS
Fixsen et al. 1996
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A CMB photons were produced by mattantimatter
annihilation a fewnrs after the big bang.

A They were then thermalized in the primeval fireball.

A The expansion of the universe redshifted and diluted
these photons, maintaining the blackbody spectrum.

A To first order, the CMB must lgeand in fact is a
blackbody.
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Spectral distortions of the CMB

Small departures from a perfect blackbody shape are expe«
due to well known as well as exotic physical processes; anc
provide information about processes that occurred before a
after recombination. See e.q. :

Reionization and structure formatiow¢é Otti et al., 2016
diabatic cooling of baryons and electronsh(uba and Sunyaev,
PANY
Damping of small scale acoustic modesnflationary power
spectra Chluba et al., 201
Cosmological recombination radiationbrovich, 1975Sunyaev
and Chluba 2008
Decaying and annihilating particlescharya and Kharti 20)9
X YR Ylyeé Y2NB

Current upper limits for the comptonization parameter
and for the chemical potentiainare still close to the ones
from BE/FIRAS : —

om COBE/ S Y, < 105


https://iopscience.iop.org/article/10.1088/1475-7516/2016/03/047
https://academic.oup.com/mnras/article/419/2/1294/988970?login=false
https://academic.oup.com/mnras/article/425/2/1129/1188684?login=false
https://ui.adsabs.harvard.edu/abs/1975SvAL....1..196D/abstract
https://ui.adsabs.harvard.edu/abs/2009AN....330..657S/abstract
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.043520

Spectral distortions of the CMB

Expectedf N2 Y [ /1bca ¥ X 1078 y~1.77x107°
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https://www.researchgate.net/publication/331670110_Spectral_Distortions_of_the_CMB_as_a_Probe_of_Inflation_Recombination_Structure_Formation_and_Particle_Physics

Spectral distortions at mm wavelengths

Ay, m and mixed distortions.

APostrecombinationy is the
strongest distortion at a
level®d ¢ p 1.

APrerecombinationy at least
1 order of magnitude
smaller.

Ameven smaller.

ASmooth sBectra in the mm
range, to be compared to
complex atmospheric
emission spectra.

A Atmospheric and window
emissions are the main
foregrounds for ground
based experiments.

A Atmospheric emission can
be monitored by means of
sky dips
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Absolutemeasurementpproach

A The MartinPupplettFourierTransformSpectrometeusedin FIRAS and
PIXIEhastwo input ports.

ATheinstrumentisintrinsicalIydiffer_ential, measuringhe spectrumof the y —— ::f .
differencein brightnessat the two input ports. Normallyone port looksat i ,fg%;mr

the sky the other one at aninternal referenceblackbody
A Forcalibration amovableblackbodyfills the skyport.

Sky 3
e FIRAS COSMQ
a Black / Movable
Input & Calibrator Mier
Port Al |2
output
To Detectors Port AB
>‘ L bz Beamsplitter
s
Black Sy
Body ot | T Movable
Inpu t 4t Mirror
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1.4m
Skymeasurement O @ 6 [Y () Y (DI o {p AI[O J}Q,

Calibration measurement O @ O [Y () Y (i o {p Al J}Q,


http://lambda.gsfc.nasa.gov/product/cobe/cobe_Images/firas_block_diagram.gif
http://lambda.gsfc.nasa.gov/product/cobe/cobe_Images/firas_block_diagram.gif

COSMO In a nutshell

A COSMGQs a pathfinderexperiment groundbasedin the 1m
first implementation balloorrbornein its second step. : o— >

A A cryogeni®ifferential Fourier Transform SPectromet r Cryogenic section of
comParmg_the sky brightness to an internal blackbody COSMO
(configuration similar to COBHRAS) |

A Operation from the Concordia Frendtfalian base in |
DomeC, AntarcticaAverage PVW &10um, T <60C, |
stable weather in the winter seasomrémblin et al. A&A B
2011). Atmospheric emission strongly reduced wrt mid
latitude sites. T

A High transmission band$25-175GHz(ySD®) and200-
285GHz(ySD#®) -5 GHzresolution.

A Uses fast detectors (multhode KIDs;=60ns) so that
fast skydipsare continuously performed to measure and
reject atmospheric emission and its slow fluctuations.

A The FTS is cryogenically coole@K@
A The reference blackbody can be tuned2&-4 K;

A A continuous andast (few secondsinterferogram scan
IS achieved via a voiamil actuator.

A Severall(°x1(° sky patches are observed wilh ﬁ e
resolution, in the Southern sky and with varying levels of
galactic signals.

A In100days of integratiorin the Antarctic winter, they
SDcan bé detected abs.

Pam S0

Credit ;: G. Blessandro



Frequency range of Al LEKID detectors Coping With atmospheric emiSS|0n

extremely cold and dry ! Bustill hasto copewith some atmospheriemission

optical depth

fluctuationsfrom the monopoleof the skybrightness

oor e oo mmewy | A fast spinning wedge mirro(>600 rpm!) steers the boresight direction on a circle’, iR@iameter, scanning &

0 100 200 300 400

requency (crz) | fange of elevations (and corresponding atmospheric optical depths) while the cryogenic interferometer

the optical path difference.

1.00
| L COSMAQuill operate fromthe Concordia Frenchalian base irbomeC (Antarctica thé¢ best siteon Earth,
[ 0.5 PWV

>0 COSMQusesfast detectors KID3 and fastelevationscango separateatmosphericemission and its longerm
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PT tilt =40° PT tilt = 20 PT tilt=0 PT tilt =10°
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Combination of spatial and spectral modulations
to extract the spectral distortions signal




Here the spinningflat is rotating
fast,changinghe elevation

Copin Iwithatmpgghenc emission
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scanof the FT$novingmirror.
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| | From these data we can extract
'! with different sampling several
interferograms, corresponding to
different elevations.
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fractional error on best fit y

Naive simulations
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Measured Signal (W/cm?/sr/cm

Coping with atmospheric emission

5x107'°F | E
4x1077 F e= 30+10° E
3x107'°F . . =
- From the interferograms at different -
- elevations, we retrieve the spectral -
2%10~10F brightness versus optical depth. :
: Assuming a cosec(e) law we can 1
- extrapolate the sky brightness cleaned
1x107"°F from atmospheric emission, for each —
= frequency In the covered band. 1
— B, (4.7cnT?) ]
O @&— l L L . e

0.00 0.05 0.10 0.15 0.20

1 — exp(—tau) @ 4.7 cm™’
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A Cryogenioperationc frictionlessdesign to

Tz heat oo Variable Delay Lirfer the FTS

A Based on a powerful voice coil with steel
flexure blades support, to move one roof
mirror. up to 0.2 cm/s.

A Voice coil delivered, assembly built.

A Eddy currents in moving cailipport
minimized by means ofdelectriccoill
support.

A Electronics developed (E. Marchitelli)

Roof
mirror

e B o
4 [ Roof ~ mirror
- mirror (back) ‘ mount



Cryogenic Roof Mirror Transport Mechanism

A Based on harmonic steel flexure blades supporting a large voice coil

A Drive electronics based on digital generator, DAC, current pump, coil, LVDT sensor, ADC, digital PID feedback loc
A Auxiliary NIR FP interferometer for precision position readoutr@#)l procured.

A Measured performance (@room temperatLi
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Credits: E. Marchitelli
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Reference Blackbody

A parabolic cavity providing an
emissivity very close to unity
Thermal gradients <1mK (FEM
simulation in Comsol Multiphysics,
assuming a single compact element)
Ray-Tracing simulations have been
performed to maximize of the # of
reflections with the absorbing
coating (Emerson & Cuming CR-
110)

HFSS simulations provide a residual
reflectanceofp p m @ 120 GHz
A prototype of the calibrator has
been assembled

Credit; L.Mele

External
Al mould

Teflon master mould to
shape the absorbing
coating



