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Investigation on CMB monopole
and dipole using blackbody
radiation inversion

Somita Dhal & R. K. Paul*!

The COBE/FIRAS dataset is used to calculate the Cosmic Microwave Background temperature and

the uncertainty using the Blackbody Radiation Inversion (BRI) method. In this research work, the
procedure is somewhat comparable to the mixing of weighted blackbodies in the case of the dipole.
The temperature and its spreading for the monopole and dipole, respectively, are 2.741+0.018 K and
2.748+0.270 K. This dipole spreading exceeds the spreading predicted by taking relative motion into
account (i.e., 3.3x 1073 K). The comparison of the probability distributions for the monopole spectrum,
dipole spectrum, and their resultant is also displayed. It is shown that the distribution is symmetrically
orientated. We estimated the p and y-distortions by interpreting the spreading as the distortion and
found that they are of the order of 10~* and 1075, respectively, for the monopole spectrum and 1072 for
the dipole spectrum. The paper also highlights the effectiveness of the BRI method and hints at future
applications in the thermal nature of the early universe.

The existence of a universal, thermal radiation field had been predicted clearly by 1948 and was laid forgotten
until 1965'. A signal which was initially detected in 1965 was reportedly being emanated from every direction
of the sky and came to be known as CMBZ Two major contributions made by COBE/FIRAS are:—the detection
of the CMB thermal spectrum and its anisotropies’. The COBE/FIRAS detected the first thermal spectrum and
observed that the obtained experimental results are similar to the spectrum of a blackbody at T=2.728 K. After
the detection, much research has been conducted on cosmic microwave background radiation*™*°. The radiation
is first predicted to be isotropic and homogeneous but later studies proved it to be anisotropic!!-'4. The study of
CMB has put forth some noteworthy propositions on the genesis of the extensive and expansive formations in
the universe'. According to the most recent research and observations on the CMB, the radiation observed was
caused by the mixing of black bodies with different temperatures rather than a single blackbody with a particular
temperature. This causes the p and y—distortion in the CMB spectrum'®'”. Several theories have been put for-
ward for the calculation of p and y—distortion'®-*!. The most important parameters for determining the genesis
of the cosmos are temperature and CMB distortions. We can analyse the probability distribution of temperature
for the CMB since the CMB spectrum resembles a Planck spectrum. One such technique is blackbody radiation
inversion which has been proposed to solve the probability distribution of temperature?=*. A short history of
dipole measurement up to the time of the COBE satellite is reported in the paper®. After that much research
has been done on CMB dipole?’ . Recently a new blackbody inversion method is being employed to study
the monopole portion of the CMB and the temperature derived is 2.69 K with an uncertainty of 0.195 K*'. The
measured spectral distortions in that method for monopole are 1072 for p-type and 107 for y type. The values
are very imprecise than values |p|<9x 107> and |p|< 1.5 x 107° as per prior report®. In the present article, we used
the technique of Blackbody Radiation Inversion (BRI) with a choice of new distribution function to calculate the
temperature, spreading, pt and y—distortions from both monopole and dipole spectrum. The main advantage
of the present BRI technique over existing methods is its simplicity. It requires only 3 data points to produce a
probability distribution of temperature. This distribution shows how blackbodies of different temperatures are
present in the spectrum, and their contribution is measured using the weight factor. This introduces a process
of mixing blackbodies, and we observe them as y and p-distortions.

The obtained temperature for monopole and dipole with uncertainty is 2.741 +0.018 K & 2.748+0.270 K,
respectively. In this process, we found some weighting factors multiplied by the monopole formula to get the
dipole. It is shown that the process is somewhat comparable to the mixing of weighted blackbodies. Both mono-
pole and dipole spectrum intensities are reconstructed to validate the accuracy of this choice of the probability
function. The |y| and || distortions are calculated and the obtained values are of order 10~° and 107 respectively
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for the monopole spectrum. The |y| and |p| distortions values for the dipole spectrum are in the order 1072
Furthermore, this method can be used in infrared remote sensing calibration as the precise measurement tem-
perature is crucial®>*,

The article is categorized into four parts. Sections "Method" 2(a) and 2(b) describe the methodology for
obtaining the cosmic microwave background temperature and uncertainties for both monopole and dipole
spectrum respectively. Also, it describes the method of obtaining the reconstructed intensities along with y
and p distortions for both spectrums. In Section "Discussion” we discuss the implication of the result. Section
"Summary" summarizes the result.

Method

(a) For CMB monopole. A blackbody is defined as an object perfectly capable of absorbing all incident
radiation on it of any frequency. PlancK’s radiation law relates the intensity of radiation produced at a given
temperature to either frequency or wavelength®>.

23 1
B) = —"F5— (1)

ekt — 1

where h, T, k, ¢, v are PlancK’s constant, absolute temperature, Boltzmann’s constant, speed of light (in vacuum)
and frequency respectively. The total radiated power for the monopole spectrum can be seen as the integration
over the spectral radiance w.r.t. temperature as in Eq. (2).
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The semi-infinite integral considers all possible values of temperature. But here we have assumed that the
temperature of the blackbody varies in an interval of T to T, as the spectrum of CMB has a resemblance with a
blackbody spectrum of temperature 2.728 K.

T,
2hv3 T
Wn(v) = c—;/LdT 3)

hy
E=
T,

The section of sky observed by the telescope comprises different blackbody radiators in thermal equilibrium
with each other at a temperature T. In Eq. (2), a(T) is introduced as the probability distribution of temperature
and its dimension is = K The experimental values for W,,(v) are available®. Furthermore, using these data, the
value of a(T) can be calculated. Based on previous experimental data® the spectrum of CMB has a resem-
blance with a blackbody spectrum of temperature 2.728 K. The width of a gaussian dlstrlbutlon at half of its
maximum value is 2.350. For a reasonable choice of 6=0.8 and T=2.73 K; T,=2.73 +2 x0.8x2.35=3.67 Kand
T,=2.73-1x0.8x2.35=1.79 K. So, it is reasonable to take the range between T,=1 K to T,=6 K for consider-
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ing beyond lo.
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For mathematical appropriacy and simplicity, Gy, (v) = %Wm(v) is to be employed. G,(v) is dimension-

less. Hence,

6
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To solve this integration in Eq. (5), employing the change of variable T=T, + (T,-T,) t, Eq. (5) becomes®

T T T
Gm(v) = (T2 — T1)/ (@ =Ttk T ©
< k((T— T1)1+T1) — 1>

Recently a blackbody radiation inyersion technique is proposed®" to solve this type of integral using an analyti-
cal function a(t) =sinh (p*t).m.e ™", The measured spectral distortions in that method are 10 for p-type and
107 for y-type. The values are very imprecise than values |p1|<9x 107> and |p|< 1.5 107° as per prior report®. So,
to meet the expectation with accuracy a new analytical gaussian function is proposed in this present article as z(t).

z(t) = m.e_<(t;’+)2> 7

The nature of the probability distribution is expected to be close to Gaussian. So, a gaussian distribution is
chosen in Eq. (7). So,
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z(t) dt
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This well-motivated choice of taking z(t) as a gaussian probability density with its peak position (n), FWHM
(p) and overall amplitude (m); is to calculate the temperature and distortions with accuracy which is described
in the discussion section. Here the process of finding a((T, — T;)t + Ti) is equivalent to finding z(t). Here in
Eq. (7) m, n and p are three determinable parameters. The experimental value of G,(v) is given by,

Gm(v) = (T2 — Tn/

2hv3
Gm(v) = C—;’ % I 9)

The experimental values of I, are given®. The change of variable T =T, + (T,-T,) t is used to solve the integral
inEq. (5)and T;=1K & T, =6 Kis chosen. So,t = 1= Tl = T_l . We are intending to find the distribution a(T);
So, the probability function is written in terms of T. ﬁquatlon (7) becomes,

P (((Ts) ))

Now taking the Eq. (8) in L.H.S. and the calculated G,,(v) from Eq. (9) in the R.H.S, a set of three equations
are obtained for a corresponding set of three frequencies, which are then mathematically simulated and cor-
responding values of m, n, p is obtained. Furthermore, this process is similarly repeated for a triple set of three
more frequencies and the values are tabulated below.

For each set of frequencies, the corresponding m, n and p values are calculated and are put in Eq. (10) to
obtain four probability distributions of temperature. For each frequency set the values of m, n, p and correspond-
ing probability functions are listed in Table 1.

The average of the above probability distributions is denoted as X(T).

f(T) + v(T) + g(T) + n(T)
4

(10)

X(T) =

(11)

The figure below shows the four different probability functions along with the average function. Although the
integration range is from 1 to 6 K, for a clear view of the graph in Fig. 1 the x-scale is taken from 2.5 K to 3 K.

The average probability distribution is to be normalized in the temperature range of 1 K to 6 K. The normali-
zation constant is -

1
[EX(mydr (12)
The final normalized probability distribution of temperature is denoted as a,,(T).
am(T) = 1.016 x X(T) (13)

We calculate the ‘first order moment’ or the ‘mean normalized temperature’ for monopole and denoted as

TRl
6
TmonoPele — 1,016 / T.X(T)dT = 2.740 K (14)
1
The ‘second order moment’ or ‘spreading’ is calculated as
6
2= 1.016/ (T — 2.74)* X(T) dT = 3.493 x 10~ (15)

From this, the uncertainty in temperature o= +0.018 K.

Frequency set (x10'' Hz) | m n P Probability functions
3.402, 3.54, 3.675 21.432593364347 | 0.346933782481 | 0.005186207337232 | f(T)
2.586, 2.724, 2.859 22.407436083304 | 0.347869646661 | 0.004983003283835 | v(T)
1.089, 1.224, 1.362 30.933771151701 | 0.348954457249 | 0.003589324373322 | g(T)
1.497,1.635,1.77 15.32444593428 0.34887929187 0.007206065989433 | n(T)

Table 1. Values for various probability functions are given, and they are identified by the notations as f(T),

v(T), g(T) and n(T), which correspond to various sets of frequencies.
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Figure 1. Four different probability functions f(T), v(T), g(T) and n(T) along with their resultant X(T) are
plotted against absolute temperature.

In order to test the precision of this method for determining the probability distribution of temperature for
monopole spectrum; for various frequency v, using the calculated am(T) in Eq. (4), we were able to reconstruct
the radiation intensity. Figure 2 shows the comparison of COBE/FIRAS original spectrum data with recon-
structed data.

The values of frequency, original and reconstructed intensities are listed in Table 2.

The chi-square is calculated using the following formula®.

X = wil(R — Oy (16)

where, X2 = Chi squared.
Ri = Reconstructed set of data points.
O;= Orizginal data points.
wi=1/07 where o; denote the error on the data point.
2
The values of o are available in the paper®. The reduced chi-square (ﬁ) is calculated to be 1.55. Now, to

2
calculate the resulting temperature after mixing; this formula TTOMOPOle — T{l + (ATT) } is used!s.

44 —#— QOriginal
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Figure 2. The original input intensity data for the monopole spectrum is reconstructed using the obtained
probability distribution of temperature oy,(T). Plots of experimental and reconstructed intensities versus
frequency are shown. The figure shows a close resemblance between the reconstructed data and the original
data.
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Frequency (x10'°Hz) | Original intensity (x 107* W Hz' m~2) | Reconstructed intensity (x 10~®* W Hz™! m~)
6.81 2.00723 1.993
9.54 2.93024 2914
12.24 3.54081 3.527
17.7 3.78901 3.788
21.78 3.36278 3.373
27.24 2.48239 2.500
36.75 1.13568 1.152
4491 0.49223 0.503
51.72 0.22644 0.2329
63.99 0.04523 0.0514

Table 2. All the values of original and reconstructed intensities for the monopole are listed.

Tnme(;;’OPOIe = 2.741 K taking our result of Tyyean = 2.740K and AT =18 mK. The formula used in the literature'®
for calculating the y and p distortions is used for calculating p1 and y distortions. The pt and y distortions are

2 2
computed hereasjt = 2.8 x (2L) =1.208 x 10~%andy = 1 (4L) =2.157 x 10~° The order of distortion
p T Yy =3

in this article is consistent with the prior values of distortions reported as |u|<9x 107 and |y|< 1.5% 107°.

(b) CMB dipole. This method is also used to calculate the temperature and spreading for the dipole spec-
trum and to compare how the spreading is changing for the dipole with respect to the monopole. The total radi-
ated power for the dipole spectrum can be seen as the derivative of spectral radiance w.r.t. temperature which is
multiplied by the dipole amplitude as in the Eq. (17).

dB
Wa(v) = Tamp ﬁ =14 (17)

where, T,,,=3.369 x 107°K.
So, by differentiating B with respect to T and multiplying T,,,, and introducing a(T) as the probability distri-
bution of temperature and taking the integral from 1 to 6 K we get,

6 oy,
2hv? [ ekt Soa(T)
Wa(v) = 2 ﬁTampdT (18)
1 (ext — 1>
Breaking down Eq. (18) we get,
ot okt
Wa(v) = — / = - Tampa(T) dT (19)
< (eﬁ—1)eﬁ—1
From Eq. (1) and (19)
6
/B(v)R(v)u(T)dT =14 (20)
1
We can say Eq. (hZO) gives the mixing of weighted Planckian or Blackbodies.
BT by
Here R(v) = ehvi”z Tymp is the weight factor. It is a dimensionless parameter.
ekT —1

Here we utilised the process of blackbody radiation inversion for finding the probability distribution of tem-
perature for superposition or mixing of weighted blackbodies. The CMB’s blackbody radiation field is inverted
using the inversion process in order to determine the distribution of temperature of the inducing medium. The
procedure is similar to that used in monopole.

So, for dipole taking the chosen probability distribution z(t); Eq. (19) can be written as,

/ k(T —"l}"w)t+T )? 2(0)
Ga(v) = (T2 = ) Tunp [ MO Tou T 2 g, e
0 (ek((Tz*Tl)HTl) — 1)

hv
e k((Ty—-T)t+T1)

and,
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3
Gq(v) = Zh—; x Ig (22)
c
The experimental values of 14 are given®. Now taking the Eq. (21) in L.H.S. and the calculated G,,(v) from
Eq. (22) in the R.H.S, a set of three equations are obtained for a corresponding set of three frequencies, which
are then mathematically simulated and corresponding values of m, n, p is obtained. Furthermore, this process is
similarly repeated for a triple set of three more frequencies and the values are given in Table 3.
For each set of frequencies, the corresponding m, n and p values are calculated and are put in Eq. (10) to
obtain four probability distributions of temperature.
The average of the above probability distributions is denoted as A(t).

x(T) + d(T) + I(T) + q(T)
4

A(T) = (23)
The four probability distributions i.e., x(T), d(T), I(T), q(T) for each frequency set along with their average
probability A(T) is shown in Fig. 3.
The average probability distribution is to be normalized in the temperature range of 1 k to 6 k. The normali-
zation constant is -

1
6 = (24)
¢ A(T)dT
The final normalized probability distribution of temperature is denoted as a4 (T).
aqg(T) = 0.996 x A(T) (25)
. V\{e calculate the ‘first order moment’ or the ‘mean normalized temperature’ for the dipole and denoted it as
1pole
TmIe)an °
6
dipole ~
Tdipole — 0,996 / T. A(T)dT =2.722K (26)
1
Frequency set (x10'' Hz) | m n P Probability functions
3.402,3.54, 3.675 1.879960727754 | 0.351772488661 | 0.056329541255 | x(T)
2.586, 2.724, 2.859 143111413211 | 0349811525032 | 0.077487885366 | d(T)
1.089, 2.586, 3.402 1.493990697668 | 0.329975168162 | 0.081457672699 | 1(T)
1.497, 1.635, 1.77 1.406770742674 | 0.347708368285 | 0.081597126116 | q(T)

Table 3. Values for various probability functions are given, and they are identified by the notations as x(T),
d(T), I(T) and q(T), which correspond to various sets of frequencies.
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Figure 3. Four different probability functions x(T), d(T), q(T) and I(T) along with their resultant A(T) are
plotted against absolute temperature. The scales are taken considering the clear view of the graph.
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The ‘second order moment’ or ‘spreading’ is calculated as,
6
o? =0.996 / (T —2.722)* A(T) dT = 0.073 27)
1

From this, the uncertainty in temperature for dipole o= +0. 270 K.

Here also to test the precision of this method for determining the probability distribution of temperature for
the dipole spectrum we reconstructed the dipole spectrum with our calculated 04(T) from Eq. (25) and plotted
against frequency along with the original intensity. Also, the values of original and reconstructed intensities for
the dipole spectrum are listed in Table 4. |

Using Eq. (16) the reduced chi-square (ﬁ) is calculated to be 1.41.

. 2
The resulting temperature after mixing for dipole; dipole _ 1 +<¥> ]=2.748 K. There are several black-

new

bodies at various temperatures. The blackbodies are mixed together, which distorts the original spectrum. Using

the same formula as in monopole; the order of p and y distortions are calculated as 2.7x 1072 and 1.3x 1072
respectively.

A graphical comparison is done between o,(T) and ag(T) and their resultant value L(t) = %(xm (T) + %ocd (T).

Discussion

The process of increasing the energy of radiation due to the encounter of electrons of hot galaxy clusters with
CMB photons is called the inverse Compton effect. The Comptonization Parameter y explains how inverse Comp-
ton scattering affects the CMB. Due to the doppler shift of the CMB, the signals appear as a frequency-dependent
distortion of the temperature dipole”. But here we have not considered the distortion due to the relative motion
between the galaxy and CMB. We calculated the dipole temperature and distortion due to the mixing of black-
bodies. This means the mixing of blackbodies has some contribution to dipole along with the doppler shift.

The value of deviation AT = % T = 3.3 x 1073 K where T=2.728 K and v=370 km/s. The dipole is reveal-
ing the solar system appears to have a velocity of approximately 370 km/s relative to the local group of galaxies
that implies that the local group of galaxies has a velocity of about 630 km/s relative to the rest frame of the
universe® This small deviation in temperature (3.3 x 107 K) is due to the doppler shift due to the velocity of the
observer w.r.t the universe. But here we get the deviation as+0.270 K. Beyond T +0.018 K there is a contribu-
tion from the dipole.

Figures 2 and 4 validate the method as the reconstructed intensities closely match the original intensity. It is
evident that this method and choice of probability distribution function can faithfully reconstruct the original
data. Figure 5 shows the comparison graph taken in our chosen range and the distribution is symmetric for
monopole and dipole.

Here we have used the data set of COBE/FIRAS which has limited sensitivity and can measure the distortions
up to 107° orders. Two upcoming projects PIXIE* and PRISM*’ aim to obtain the distortions more accurately
with 10°-10* times better sensitivity than COBE/FIRAS. The better sensitivity will be able to measure the small-
scale fluctuation more significantly which will be able to give a clearer view of the origin of our expanding
universe.

Summary

In this paper, from both monopole and dipole spectrum, the probability distribution of temperature is obtained
by employing blackbody inversion method. The temperature and its uncertainty are calculated by using the prob-
ability distribution of temperature. We also sought to reconstruct the monopole and dipole intensity by using
the probability distribution of temperature. The concept of mixing weighted blackbodies is well interpreted. The
spectral distortions like y and p are calculated and found to be in the order of 107 and 10~* respectively for the
monopole spectrum and 1072 for the dipole spectrum respectively. The method of BRI can also be extended for
studies related to chemical potential and the fundamental properties of photons and radiation.

Frequency (x10'° Hz) | Original intensity (x 10 W Hz' m~?) | Reconstructed intensity (x 10~ W Hz ' m2)
6.81 4.58 4.27
9.54 7.70 7.50
12.24 11.06 10.69
17.70 15.34 15.28
21.78 16.45 16.28
27.24 14.90 14.8
36.75 9.10 9.04
4491 4.92 4.77
51.72 2.75 2.52
63.99 0.45 0.68

Table 4. All the values of original and reconstructed intensities for dipole are listed.
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Figure 4. The original input intensity data for the dipole spectrum is reconstructed using the obtained
probability distribution of temperature ag(T). Plots of experimental and reconstructed intensities versus
frequency are shown.
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Figure 5. Probability distribution of temperature from a monopole, dipole and their results are plotted against
temperature.
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The data sets used and/or analysed during the current study are available from the corresponding author upon
reasonable request.

Received: 16 August 2022; Accepted: 22 February 2023
Published online: 27 February 2023

References

. Partridge, R. B. 3 K: The cosmic microwave background radiation (Cambridge University Press, 1995).

. Penzias, A. A. & Wilson, R. W. A measurement of excess antenna temperature at 4080 Mc/s. Astrophys. J. 142, 419-421 (1965).

. Smoot, G. F COBE observations and results. AIP Conf. Proc. CONF 981098 Am. Inst. Phys. 476, 1-10 (1999).

. Thaddeus, P. The short wavelength spectrum of the 2037 microwave background. Annu. Rev. Astron. Astrophys. 10, 305-334 (1972).

. Weiss, R. Measurements of the cosmic background radiation. Annu. Rev. Astron. Astrophys. 18, 489-535 (1980).

. Fixsen, D. J. et al. The cosmic microwave background spectrum from the full COBE FIRAS data set. Astrophys. J. 473, 576-587
(1996).

. Fixsen, D.J. et al. The temperature of the cosmic microwave background at 10 GHz. Astrophys. J. 612, 86-95 (2004).

8. Fixsen, D. J. The temperature of the cosmic microwave background. Astrophys. J. 707, 916-920 (2009).

AU WD

~

Scientific Reports|  (2023)13:3316 | https://doi.org/10.1038/s41598-023-30414-4 nature portfolio



www.nature.com/scientificreports/

9. Hinshaw, G. et al. Nine-year Wilkinson microwave anisotropy probe (WMAP) observations: Cosmological parameter results.

Astrophys. ]. Suppl. Ser. 208, 19 (2013).

10. Aghanim, N. et al. (2020) Planck 2018 results. I. Overview and the cosmological legacy of Planck. Astron. Astrophys. 641, Al.

11. Hanany, S., Jaffe, A. H. & Scannapieco, E. The effect of the detector response time on bolometric cosmic microwave background
anisotropy experiments. Mon. Not. R. Astron. Soc. 299(3), 653-656 (1998).

12. Smoot, G. E. Nobel lecture: Cosmic microwave background radiation anisotropies: Their discovery and utilization. Rev. Mod. Phys.
79, 4 (2007).

13. Hu, W. & White, M. CMB anisotropies: Total angular momentum method. Phys. Rev. D. 56(2), 596 (1997).

14. Lucca, M., Schoneberg, N., Hooper, D. C., Lesgourgues, J. & Chluba, J. The synergy between CMB spectral distortions and aniso-
tropies. J. Cosmol. Astropart. Phys. 2020, 02 (2020).

15. Boughn, S. & Crittenden, R. A correlation between the cosmic microwave background and large-scale structure in the universe.
Nature 427, 45-47 (2004).

16. Khatri, R., Sunyaev, R. A. & Chluba, J. Mixing of blackbodies: Entropy production and dissipation of sound waves in the early
universe. Astron. Astrophys. 543, A136 (2012).

17. Tashiro, H. CMB spectral distortions and energy release in the early universe. Prog. Theor. Exp. Phys. 6, 06B107 (2014).

18. Chluba, J. & Sunyaev, R. A. The evolution of CMB spectral distortions in the early universe. Mon. Not. R. Astron. Soc. 419,
1294-1314 (2012).

19. Cabass, G., Melchiorri, A. & Pajer, E. u distortions or running: A guaranteed discovery from CMB spectrometry. Phys. Rev. D.
93(8), 083515 (2016).

20. Abitbol, M. H., Chluba, J., Hill, J. C. & Johnson, B. R. Prospects for measuring cosmic microwave background spectral distortions
in the presence of foregrounds. Mon. Not. R. Astron. Soc. 471, 1126-1140 (2017).

21. Chluba, J. et al. New horizons in cosmology with spectral distortions of the cosmic microwave background. Exp. Astron. 51,
1515-1554 (2021).

22. Kirsch, A. An introduction to the mathematical theory of inverse problems (Springer, 2011).

23. Li, H. Y. Solution of inverse blackbody radiation problem with conjugate gradient method. IEEE Trans. Antennas Propagt. 53(5),
1840-1842 (2005).

24. Chen, N. & Li, G. Theoretical investigation on the inverse black body radiation problem. IEEE Trans. Antennas. Propagt. 38,
1287-1290 (1990).

25. Jieer Wua, Yu., Zhoua, X. H. & Chengb, S. The blackbody radiation inversion problem: A numerical perspective utilizing Bernstein
polynomials. Int. Commun. Heat Mass Transfer. 107, 114-120 (2019).

26. Lineweaver, C. H. (1997) The CMB Dipole: The most recent measurement and some history. Proc. XVIth Moriond Astrophys. Meet.
Gif-sur-Yvette pub., 69-75

27. Meerburg, P, Meyers, D. ]. & Engelen, A. V. Reconstructing the primary CMB dipole. Phys. Rev. D. 96(8), 083519 (2017).

28. da Silveira Ferreira, P. & Quartin, M. First constraints on the intrinsic CMB dipole and our velocity with Doppler and aberration.
Phys. Rev. Lett. 127(10), 101301 (2021).

29. Kamionkowski, M. & Knox, L. Aspects of the cosmic microwave background dipole. Phys. Rev. D 67(6), 063001 (2003).

30. Erdogdu, P. et al. The dipole anisotropy of the 2 micron all-sky redshift survey. Mon. Not. R. Astron. Soc. 368(4), 1515-1526 (2006).

31. Konar, K., Bose, K. & Paul, R. K. Revisiting cosmic microwave background radiation using blackbody radiation inversion. Sci.
Rep. 11(1), 1-9 (2021).

32. Sakurai, Y., Matsumura, T., Katayama, N., Kanai, H., & Iida, T. (2018) Development of a cryogenic remote sensing thermometer
for CMB polarization experiment. 29th IEEE Int. Symp. Space THz Technol.

33. dela Fuente, L., Aja, B., Villa, E. & Artal, E. Calibration of a polarimetric microwave radiometer using a double directional coupler.
Remote Sens. 13(11), 2109 (2021).

34. Beiser, A. (2008) Concepts of modern physics, Tata McGraw-hill edition, Twentieth reprint, 313

35. Choudhury, S. L. & Paul, R. K. A new approach to the generalization of Planck’s law of black-body radiation. Ann. Phys. 395,
317-325(2018).

36. Hogg, D. W,, Bovy. J.,and Lang. D. (2010) Data analysis recipes: Fitting a model to data. Preprint arXiv:1008.4686 .

37. Balashey, S. A., Kholupenko, E. E., Chluba, J., Ivanchik, A. V. & Varshalovich, D. A. Spectral distortions of the CMB dipole. Astro-
phys. ]. 810(2), 131 (2015).

38. Fixsen, D. J. et al. Cosmic microwave background dipole spectrum measured by the COBE FIRAS instrument. Astrophys. J. 420,
445-449 (1994).

39. Kogut, A. et al. The primordial inflation explorer (PIXIE): A nulling polarimeter for cosmic microwave background observations.
J. Cosmol. Astropart. Phys. 2011, 25 (2011).

40. Andre, P et al. (2013) PRISM (Polarized radiation imaging and spectroscopy mission): A white paper on the ultimate polarimetric
spectro-imaging of the microwave and far-infrared sky, arxiv:1306.2259,

Acknowledgements

The authors are grateful to department of Physics, Birla Institute of Technology, Mesra, Ranchi for allotting a
great research environment during the research work. The authors would like to thank Koustav Konar for his
great help and support. Authors also thank Manu Priyadarshani for her help. The authors are also grateful to
Balendu Pathak and Soumen Karmakar for encouraging in our research.

Author contributions
S. Dhal has performed the analysis, computational work and wrote the manuscript with text and figure. R. K.
Paul conceived the idea, wrote the manuscript & analysed the overall work for final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to R.K.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2023)13:3316 | https://doi.org/10.1038/s41598-023-30414-4 nature portfolio


http://arxiv.org/abs/1008.4686
http://arxiv.org/abs/1306.2259
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023)13:3316 | https://doi.org/10.1038/s41598-023-30414-4 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Investigation on CMB monopole and dipole using blackbody radiation inversion
	Method
	(a) For CMB monopole. 
	(b) CMB dipole. 

	Discussion
	Summary
	References
	Acknowledgements


