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Best way to study the CB monopole frequency spectrum
‘ is to observe & map the whole sky with:

precise abgolute, relative and inter-frequency calibrations
I extreme gengitivity
Mgood resolution to identify & subtract discrete sources

VIV[\Nrnl"Zbr_l]
=

[
o
b

Mimprove data analysis with a gpectral resolution set L
according to expected spectral variations of the signal "

Hi”+ 18

105

1617

v |Hz|

1619

10‘21 1623 1625

Various experiments and observational projects dedicated to global radio signal BUT..

106}

ABSOLUTE CALIBRATION ig difficult.. on-going & future | <« .,
microwave & far-IR projects (LiteBIRD) are inherently
differential as well ag radio interferometers ® best - |
gengitivitieg & resolutions (LOFAR, SKA) £ N

Why not take advantage of the possibility of measuring the = »"|
CB spectrum by exploiting these intringically differential
designs relying only on relative and interfrequency E I ——
calibration? N \Hﬂg________ v (1]

e y ] L i A L ‘ F ol » v i W ~ & -
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The largest effect is on the dipole (/= 1) mainly attributed to the solar system barycentre motion

The peculiar velocity effect can be evaluated on the whole sky using the
complete description of the Compton-Getting effect (based on Lorentz invariance

-~ of photon distribution function #(v))

The effect is t in termg of equivalent thermodynamic temperature, Ti(v), defined as the

To(v) = : temperature of the BB having the same 5(v) @ v

k ln(l + 1/ )7()/)) Planck Collaboration 2020

} - e | L 1 A | 172 6 =~ 12236 x 103 ~ Adip / To
where '7(" np) = nv) with v = v(1 -7 - p)/(1 - 'B _) - CMB dipole direction in Galactic coord

n w> skg dlrectlon unit vector asgociated to polar [=264.021",0=48.253"

coordinates (colat) & (long) >dipole vector: e /e v =(369.82 = 0l1]) km/g
T SKA Costology S Meeiing sbad. 46 Nov Nice: Fronte velocity of the Solar System barycentre wrt the CMB
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: P Comptonization -
- 3GHz | N like
| -\ 15 6Hz -
=) _ RN N
3 ETEU R i ] o Rela{ed (mainlg)
Middle age |
- / spectral shapes for | /6 to {Le reionization
. | FF+C x/¢; e’ x/¢; yB(X)
distort param > O 1 n = Hu — —-
2.7245 - (/9 — 1) \ tanh[x/(2¢;)] X’ \ I’IY L I
| _ istory ol the universe
Early | / | , ) |
‘ : | _ Kop(z) = Kp(2)/p~"/?
2.7240 L1 1 | I 1 PR 1 PR P A/ i yB(t,X) pu— f(¢—¢1)¢ 3/2gB(x’¢)KOBdt \ OB( ) B( )/¢ !
100.00 10.00 1.00 0.10 (Cm) 0. l I

Zh d
f (¢ o ¢i)¢_3/2gB(xa ¢)KOBtexp ITZ

Zarup zo = 1 _;__ Quantify the fractional E
~ 1 TIBE xe+ u 1% exchanged in the plasma

81 e®h’n.(ny + 4ny.)
3 m(6amkT.)'/2(kT.)3
~ 2.6 x 1072¢7 2Ty /2.7K)72(1 + 2)°2C x? sec™

during the interaction Kis(2) =

zm%,
4 MM AN

(=Xelx) ;LLO

LU(x) = e | ——e

Y oy e ' TT, SKA Cosmology SWG Meeting 2024, 4-6 Nov, Nice, France




Wide envelope of
possible predictiong

B .
The 21 ¢m line corresponds to the spin-flip trangition in the ground & =y
state of neutral hydrogen o
V T R N
In cosmologqy, this signal (usually in T...) ie described as the offset of o & 2
» ° ° 142
the 21 cm Tiright from Tevs along the observed line of sight at v % 28 1 10
; T _ T ! 5 | ol high-zmax . - A
‘ T2 M (v) = > — (Z:MB (1 —e ™) 5nl($ y 2 ) = ,0/ p—1 evolve(l (Eulerian> Jensi]cg conlrast gﬁhe” 7
~ 27x (1— TCMB)(1+5 )( He) ) ; f , , , 1/
= 2/ XHi T "\ &y Jdr + H(z) dvr/dr ~ comoving gracllenjt 0][ the line 0][
1 + Z 0.15 QbthO K | Sigl’llﬁ COIHI)OI[GI[{ O{ lﬁl’le COIl’lOViIlg
10 Qi ( 0.023 )m > 2006, Phys. Rep | velocity : e —
' * - /*\\-\\ -200 X
Agcuming CMB assumed as a backlight 3
if T < - - A - —
> if T¢ < Teyp the gas seen in abgorption ~ - i A L A
" \ i ' 1
> if Tg > Teup the gas seen in emisgsion N/ S B
Note: in principle Toyp can be replaced S
by any possible background radiation S o

v negative signals up to ~ 250mK

v positive gignals up to ~ 50mK

TT, SKA Cosmology SWG Meeting 2024, 4-6 Nov, Nice, France



Important extragalactic (EG) background signal expected from the
integrated contribution of discrete sources

Large fraction resolved through galactic surveys but a residual background (observationally
diffuse) comes from faint sources below detection limitg & depends on their number countg
(very high compared to the fine reionization signatures)

Caretful analysis by Gervasi+O8 and prediction of the EG source
radio background between 0.151 and 8.44 GHz, including different detection thresholds

Extragal. Background Monopole ant. temp.

T T T V‘n]: T 7 : T T T T T 7T YT T Y. T T T T Y.‘ ﬁ
dash: same estimates with an

increase of 2 in the differential N-
counts at faint flux densities

LOFAR Boodtes image support a flattening of differential number o
counts N'(v) @ 1.4 GHz below =100p4Jy (Prandoni+ 18) & N
@ 0.15 GHz below =1mJy (Retana-Montenegro+ 1&) 3 |

UI[CGI‘{: source

Suggest an increage in N'(V) of a factor of ~ 2 at the faint flux | nblblion
°, o . ° . E, 10° -~ subtraction reduce
dengities and a ~30 % increase in the EG radio background @ = 1,0

= Smax = 50 nJy (typical limite of ultra deep ref SKA continuum surveys planned) o ;; ; FC: (A - .95 M) i
- Smax = 18 nJy (number counts down to flux densities fainter than the threshold can F Res Buck :“S”(A 151 mK)

~N-4 | -
10 Res Back P(D) Uncert

L i 1 .ll.‘lll

be investigated through P(D) methods) | e

: Back _~ —2.65 o/ 8 ) AL | | v (GHz)
T " (v)=~A(v/GHz) | ,‘ fSS"_“"‘SN’(v)dS i SRRCUTHUSTUTRTIOTIATITTEL U ) - (GH) TT & CB 2019

TT, SKA Cosmology SWG Meeting 2024, 4-6 Nov, Nice, France




FORMALISM

_ . T N Y@ ’ |
obgerved 91gnal map th (v, 11, B) = In(1 + 1/(77(V 7 B))BB/dlst) [ZamZJ[a[m(v B Ym0, ), 1, = TO(I + Z)
s

Cx = hv/(kT,) T redshift invariant dimensionless frequency CMB IEd Sipe e

\ | effective temperature

Expand b e, B B =T, " 0.0.9.8) 1, spherical harmonics &

adopt a reference system with the z axis parallel to the obgerver velocity

Y2,m(9,9) are the spherical harmonics related to the agsociated Legendre polynomials

P, (cosf) & ae.m (v, B) contain information on the background spectrum and the
obgerver velocity

the igotropy of the background monopole implies that when zZ H D TiB/dwt depends

only on colat. 6 but not on long. ¢ ~ only the @¢,m terme with m=0 do not vanich

Thug }/E,m((gp ¢) s Pém(COSH) I ren()rmalized i"}’(cos 9) = \ 2f4+ 1 (€ —m)!
n (C+m)!

P} (cosb). |

agsociated Legendre polynomialg C—
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Differential dipole signal (T,

n) at 100 MHz — 1% or 3" patch, LOFAR & SKA—low sensitivity
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Differential dipole signal (T,,) at 100 MHz — Northem hemisphere
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Differential dipole signal (T,,) at 10 GHz — 1°' or'3° 'potf:h, SKA—mid 'Senlsiti\'/ity'
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CONCIUSIONS

v« CB monopole v gpectrum — key understand many phygical, cosmological & astrophygsical

processes @ different cosmic epochs
e Abgolute measurements of the gpectrum is standard & most accurate way
Ve BUT precise absolute calibration is needed
v Differential methods on precise inter-v calibration are promiging: by uging low ¢ pattern (mainly
dipole) could significantly improve current limits w/o precise abgolute calibration
measurements
v« Observations @ extreme sengitivity/resolution, differential method can be extended to sky

patches — interferometric observations — SKA

v« SKA v coverage jointly offered by low- & mid- is particularly suitable for Z1cm redshifted line,
radio background, FF signals & (depending on models) of the FFZCompton dominance transition

7,/\<



CONCIUSIONS 11

Subtracting sources with different detection thresholds would help to clarify to what
extent the radio EG background could be ascribed to EG sources or if is of intringic
cosmological or diffuse origin

Contribute to answer about level & origin of the radio EG background, still controversial
Collecting many patcheg would improve the statistical information & Galactic
foreground subtraction

Degpite an intenge theoretical and experimental effort over the past decade EG radio
background obs @ multiple v < 10 GHz are not understood in terms of known
radiosources and may represent a sign of new physics (Caputo+ 23)



