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Introduction to Cosmic Microwave 
Background (CMB) 
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The Significance of CMB

• It is an image of the universe at the time of recombination (baryon-
photon decoupling), when the universe was just a few hundred 
thousands years old (z~1100)

• The CMB frequency spectrum is a perfect blackbody at T=2.725 K: 
confirmation of the hot big bang model
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Discovery

1965. Arno Penzias and Robert Wilson, radio astronomers at Bell Labs 
in Crawford, New Jersey. Microwave horn radiometer first used for 
telecommunication, then for astronomy.

Cosmic Microwave Background Lecture I, S. Galli KICP-University of Chicago. ISAPP, Paris, 17 June 2015

Astrophysical Journal, vol. 142, p.419--‐421
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Accurate measurement: COBE

• Launched in 1989.
• Three instruments:
--‐FIRAS (BB spectrum)
[60--‐2880GHz],1yr
--‐DMR (anisotropies) 
[31.5,53,90GHz],4yr
--‐DIRBE (CIB) 
[infrared]

FIRAS measurements. Mather et al. (1994, 1996), Fixten1996
Peak BB() at ~160GHz.
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Accurate measurement: COBE
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Anisotropies

• At the K level, CMB anisotropies (and foregrounds)

The Planck Map
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Planck 2015
Microwave sky
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Our Experimental Work
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Low Noise 
Background (LNB) 
converter

12 
GHz

24 
GHz

• Radiometer system
• Two Black bodies (different 

temperature)

Black Body - 1 (room temperature, 32.8 ℃) Black Body - 2 (liquid nitrogen, 77 K)

The objective of this experimental work is to use a radiometer system to evaluate the 
average black body temperature of the Cosmic Microwave Background (no need to 
consider the anisotropies)
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𝑃𝑎 = 𝐺 𝜈 𝑘(𝑇𝑎 + 𝑇𝑟𝑒𝑐)Δ𝜐

𝑃𝑎 = 𝐺𝑒𝑓𝑓 (𝑇𝑎 + 𝑇𝑟𝑒𝑐)

• 𝐺 𝜈 is the antenna gain

• 𝑘 is the Boltzmann constant

• Δ𝜐 is the LNB bandwidth

• 𝑇𝑎: antenna temperature, 𝑇𝑐𝑚𝑏 + 𝑇𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒

• 𝑇𝑟𝑒𝑐: receiver temperature(power generated internally)

• 𝑇𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒: depend on the air mass along the line of sight

𝐺𝑒𝑓𝑓
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 Record output power of room

temperature and liquid nitrogen 

temperature 

 Record output power at different Zenith 

angle and Azimuth angle

 Some tips:

 Avoid sunshine by choosing 

suitable Azimuth angle

 Avoid the influence of buildings 

and mountains by choosing suitable 

zenith angle

 Use suitable angle interval
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 Calculate average value of power with same Azimuth angle to reduce error

 Relation between power and temperature:

(
𝑃𝑎
𝐺𝑒𝑓𝑓

− 𝑇𝑟𝑒𝑐) = 𝑇𝑎 = 𝑇𝑐𝑚𝑏 + 𝑇𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒

𝑃𝑎
𝐺𝑒𝑓𝑓

− 𝑇𝑟𝑒𝑐 − 𝑇𝑐𝑚𝑏 ~𝑎𝑖𝑟 𝑚𝑎𝑠𝑠

𝑇𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒 depend on air mass

 Atmospheric air mass can be estimated with Zenith angle 

(https://en.wikipedia.org/wiki/Air_mass_(astronomy) )
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 Room temperature and Liquid nitrogen temperature are used:

 24 GHz:

9.93069= 𝐺𝑒𝑓𝑓 (305.95 + 𝑇𝑟𝑒𝑐)

1.76238= 𝐺𝑒𝑓𝑓 (77 + 𝑇𝑟𝑒𝑐)

𝐺𝑒𝑓𝑓 = 0.0357

𝑇𝑟𝑒𝑐 = −27.6022

 12 GHz:

90.9406 = 𝐺𝑒𝑓𝑓 305.95 + 𝑇𝑟𝑒𝑐
91.0099 = 𝐺𝑒𝑓𝑓 77 + 𝑇𝑟𝑒𝑐

𝐺𝑒𝑓𝑓 = −3.03 × 10−4

𝑇𝑟𝑒𝑐 = −3.01 × 105
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Fit method: Second polynomial

 𝑃 = 𝑡0 + 𝑡1𝑚+ 𝑡2𝑚
2

𝑡0 = 91.28 ± 2.90
𝑡1 = −12.05 ± 4.21
𝑡2 = 3.25 ± 1.46
𝜒2 = 1.04
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Fit method: Second polynomial

 𝑃 = 𝑡0 + 𝑡1𝑚+ 𝑡2𝑚
2

𝑡0 = −1.53 ± 1.67
𝑡1 = 2.33 ± 2.41
𝑡2 = −0.57 ± 0.83
𝜒2 = 0.66
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𝑃𝑎
𝐺𝑒𝑓𝑓

− 𝑇𝑟𝑒𝑐 = 𝑇𝑐𝑚𝑏

Result of 12 GHz: (−0.000816 ± 0.291) × 106 K

Result of 24 GHz: (−0.15 ± 0.74) × 102 K
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 Wrong operation to equipment 

 Record wrong output power when do calibration

wrong value of effective antenna gain 𝐺𝑒𝑓𝑓 and temperature 𝑇𝑟𝑒𝑐

 Unsuitable angle interval and too less data point

 influence the trend of power 

 Unsuitable fit method

power while 0 air mass is not precise

 Some reasons out of control

……
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 Introduction to Cosmic Microwave Background

 Introduction to experiment about measurement of 𝑇𝑐𝑚𝑏

 Bad results and some assumptions

 Better results will be presented if we have the chance to do this 

experiment again
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