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CMB: Cosmic Microwave
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A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE
AT 4080 Mc/s

In a companion letter in this 1ssue,

A. A. PENzIAS
R. W. WiLsonN
May 13, 1965
BeLL TELEPHONE LABORATORIES, INC The Astrophysical Journal 142(1965)419
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Dicke, Peebles, Roll & Wilkinson
The Astrophysical Journal 142(1965)414

COSMIC BLACK-BODY RADIATION*

One of the basic problems of cosmology is the singularity characteristic of the familiar
cosmological solutions of Einstein’s field equations. Also puzzling is the presence of mat-
ter in excess over antimatter in the universe, for baryons and leptons are thought to be
conserved. Thus, in the framework of conventional theory we cannot understand the
origin of matter or of the universe. We can distinguish three main attempts to deal with
these problems,
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A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE
AT 4080 Mc/s

Measurements of the effective zenith noise temperature of the 20-foot horn-reflector
antenna (Crawford, Hogg, and Hunt 1961) at the Crawford Hill Laboratory, Holmdel,
New Jersey, at 4080 Mc/s have yielded a value about 3.5° K higher than expected. This
excess temperature 1s, within the limits of our observations, isotropic, unpolarized, and

free from seasonal variations (July, 1964-April, 1965). A possible explanation for the
observed excess noise temperature is the one given by Dicke, Peebles, Roll, and Wilkinson
(1965) in a companion letter in this issue,
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PHYSICAL REVIEW

Letters to the Editor

UBLICATION of brief reports of important discoveries

in physics may be secured by addressing them to this
department. The closing date for this department is five weeks
prior to the date of issue. No proof will be sent to the authors.
The Board of Editors does not hold itself responsible for the
opinions expressed by the correspondents. Communications
should not exceed 600 words in length.

The Origin of Chemical Elements

R. A. ALPHER¥*

Applied Physics Laboratory, The Johns Hopkins Universily,
Stlver Spring, Maryland

AND
H. BETHE
Cornell University, Ithaca, New York
AND
G. Gamow

The George Washington University, Washinglon, D. C.
February 18, 1948

VOLUME 73,

NUMBER 7 APRIL 1, 19438

We may remark at first that the building-up process was
apparently completed when the temperature of the neutron
gas was still rather high, since otherwise the observed
abundances would have been strongly affected by the
resonances in the region of the slow neutrons. According to
Hughes,? the neutron capture cross sections of various
elements (for neutron energies of about 1 Mev) increase
exponentially with atomic number halfway up the periodic
system, remaining approximately constant for heavier
elements.

Using these cross sections, one finds by integrating
Eqgs. (1) as shown in Fig. 1 that the relative abundances of
various nuclear species decrease rapidly for the lighter
elements and remain approximately constant for the ele-
ments heavier than silver. In order to fit the calculated
curve with the observed abundances® it is necessary to
assume the integral of p,dt¢ during the building-up period is
equal to 5X10* g sec./cm3.

On the other hand, according to the relativistic theory of
the expanding universe* the density dependence on time is
given by p=10%/£2. Since the integral of this expression
diverges at £=0, it is necessary to assume that the building-
up process began at a certain time fo, satisfying the
relation:
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Smoot et al. ApJ 396(1992)L1

STRUCTURE IN THE COBE' DIFFERENTIAL MICROWAVE RADIOMETER FIRST-YEAR MAPS

G. F. Smoor,? C. L. Bennert,? A. Kocur,* E. L. WriGHT,® J. Aymon,? N. W. BoGoess,® E. 8. CHENG,?
G. DE Amici,? S. GuLkis,® M. G. Hauser,? G. Hinsuaaw,* P, D. Jackson,” M. Janssen,®
E. Karra,” T. Kersarr,? P. KeesstrA,? C. LIneweaver,? K. LoewensTeIN,” P. Lusin,®
J. MATHER,? S. 8. MEYER,? 8. H. MoseLey,? T. Murpock,'® L. ROKKE,’
R. F. SILVERBERG,® L. TENORIO,? R, WEIss,? AND D. T. WILKINSON!!
Received 1992 April 21 ; accepted 1992 June 12

ABSTRACT

The first year of data from the Differential Microwave Radiometers (DMR) on the Cosmic Backgoround
Explorer (COBE) show statistically significant (> 7 o) structure that is well described as scale-invariant fluctua-
tions with a Gaussian distribution. The major portion of the observed structure cannot be attributed to
known systematic errors in the instrument, artifacts generated in the data processing, or known Galactic emis-
sion. The structure is consistent with a thermal spectrum at 31, 53, and 90 GHz as expected for cosmic micro-
wave background anisotropy.

The rms sky variation, smoothed to a total 10° FWHM Gaussian, is 30 + 5 uK (AT/T = 11 x 107°) for
Galactic latitude | b| > 20° data with the dipole anisotropy removed. The rms cosmic quadrupole amplitude is
13+ 4 pK (AT/T = 5 x 107°). The angular autocorrelation of the signal in each radiometer channel and
cross-correlation between channels are consistent and give a primordial fluctuation power-law spectrum with
index n = 1.1 + 0.5, and an rms-quadrupole-normalized amplitude of 16 + 4 pK (AT/T =~ 6 x 107°). These
features are in accord with the Harrison-Zel’dovich (scale-invariant, n = 1) spectrum predicted by models of
inflationary cosmology. The low overall fluctuation amplitude is consistent with theoretical predictions of the
minimal level gravitational potential variations that would give rise to the observed present day structure.
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COBE: DMR

s The COBE Differential Microwave Radiometers

Corrugated
Antennas

-—Horn Antennasss

w2 Protective
Enclosure

Calibrator

™ Switch

Frequency
L~ Converter

Amplifier
-Switch
Block
Detector
100 Hz s
Oscillator

Synchronous
| - Demodulator
b~

—_ P, ~ » . M SW'tCh
The 9.6 mm DMR receiver partiallv

partially assembled.
Ty ,‘,-.,.,..”I—,,-q ~ T oy d oy
's_;'JLLJ_lva{_-xJ cones are aniel .

- Qutput Proportional
to Brightness Difference




B1965: —#E %
(FHDRE)

m1992: ZFWBRLYD
(FHDERERDPLE)

http://lambda.gsfc.nasa.gov/product/cobe



COBEM#H A TNT=C&

s 137{BEFRICREDEEDENTFELT-
s FEEBEMEOEAFRRERDES
s CMBRERSTFEZFHRDENGEHRRT—4
ELTHEIL
s BEFEHAOBEAZEYIVIAC
s FHMEICSTHADARARIZLSERHRE
s FEHERAREOEYIT LI RN
» ANEBROEESOBERS

s (WMAPIZTUY RRUENASAD2Y IL—TFHIFIZ&B. &
U7 v hiR— L7 AR H TEHESN S




WMAP (Wilkinson Microwave Anisotropy Probe)
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The Cosmic Microwave Background as seen by Planck and WMAP
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Planck 2013 results XVI
Cosmological Parameters
arXiv:1303.5076
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7524 vs WMAP: =

Parameter

Planck
(“CMB+Lens”)

WMAP
(9-year)

Uncertainty ratio
(Planck / WMAP)

Shift
(WMAP sigma)

Fit parameters

Oph?

Q.h?

Qa

N

-

10°A%
In(10'°Ay)

Derived parameters

to (Gyr)

Ho (km/s/Mpc)
(O]

100 6.,

0.02217 4+ 0.00033
0.1186 4+ 0.0031
0.693 £ 0.019
0.9635 £ 0.0094
0.089 £ 0.032

3.085 4+ 0.057 (1.8%)

13.796 4+ 0.058
679+ 1.5
0.823 £ 0.018
1.04141 £+ 0.00067

0.02264 =+ 0.00050
0.1138 £ 0.0045
0.721 £ 0.025
0.972 4 0.013
0.089 4 0.014
2.414+0.10 (4.1%)

13.74 £0.11
70.0 £ 2.2
0.821 £ 0.023
1.0390 £ 0.0023

0.66
0.69
0.76
0.72*
2.28%

0.44°

0.53
0.68
0.78
0.29

presentation by G.Hinshaw on April 5, 2013
@ 47t ESLAB Symposium
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CMB acoustic oscillation

NASA/WMAP Science Team



Photon acoustic oscillation

= Photon fluid behavior inside cosmic horizon
= Oscillation due to pressure
= O,: monopole component of 0 T/T
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= 1. conformal time (dt=adn)

= C(n): sound velocity
= For adiabatic density fluctuations

8, (k,n) ~ A(k)cos| kr, ()]



Sound horizon scale

= comoving distance that the sound wave
propagates before cosmic time t
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Standard ruler: baryon acoustic
oscillation length

; RS - -
< O N =3
"2 s Upanioe ‘{\‘,:Q\\i‘ "
‘k& — =
PN\ T SEN
Sasl g = Yaae o

T p-< s, AePel Sy
= L% <

m nd horizon length at recombination(=c,x0.37Myr)
m F.=147 (R, h’/0.13)"% (Q, h*/ 0.024)™° Mpc

= Estimate the distance to the CMB last-scattering surface
using the above as a standard ruler
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