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Die Geschichte des Universums auf einer Folie 
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Gesamtschau der Nuklidhäufigkeiten: 
4He, 2H, 7Li 

Vorhersage und Beobachtung 
stimmen einigermaßen überein für 
diese drei Nuklide! 
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Vorhersage und Messung:  
4He, 2H, 7Li 

NS61CH03-Fields ARI 14 September 2011 11:45

experiments pin down the baryon density. The most recent seven-year WMAP data release gives

η = (6.19 ± 0.15) × 10−10 11.

—a 2.4% measurement!

2.4. Assessing Standard Big Bang Nucleosynthesis: the Lithium
Problem(s) Revealed
Prior to WMAP, BBN was the premier means of determining the cosmic baryon density.
Standard BBN has one free parameter, η, but three light elements—deuterium, 4He, and 7Li—have
well-measured primordial abundances. Thus, the problem is overdetermined: Each element ideally
selects a given value of η but, allowing for uncertainties, actually selects a range of η. If the different
ranges are concordant, then BBN and cosmology are judged successful, and the cosmic baryon den-
sity is measured. This method typically specifies η to within a factor of approximately two (61, 62).

The exquisite precision of the CMB-based cosmic baryon density suggests a new way of as-
sessing BBN (9, 10). We exploit the CMB precision by using ηWMAP as an input to BBN. Doing
so removes the only free parameter in the standard theory. Propagating errors, we compute like-
lihoods for all of the light elements. Figure 5 shows these likelihoods (30), which are based on
WMAP data (63). Also shown are measured primordial abundances (discussed above).
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Figure 5
Comparison of big bang nucleosynthesis (BBN)+WMAP predictions and observations. Shown are the
likelihood distributions for light-element abundances. The blue curves represent the theory likelihoods
predicted for standard BBN through the use of the cosmic baryon density determined by WMAP (63). The
yellow curves represent the observational likelihoods based on primordial abundances (see Section 2.2). The
dotted curves represent the observational likelihoods for different analyses of abundance data; the difference
between these and the yellow curves gives a sense of the systematic errors. Note the spectacular agreement of
the ratio of deuterium to hydrogen and, in contrast, the strong mismatch between 7Li theory and data,
which constitutes the lithium problem. Reproduced from Reference 30.
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Blau = Vorhersage, basierend auf CMB 
 
Geld = Messung 
 
Gepunktet = Messung, mit anderem 
Auswerteverfahren 

(B. Fields, Annu. Rev. 
Nucl. Part. Sci. 2011) 

Lithium-(7-) 
Problem der 
Kosmologie 
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Entdeckung der Mikrowellen-Hintergrundstrahlung 1965: Penzias, Wilson (1) 

•  Radioantenne zur 
Untersuchung der 
Mikrowellenemission 
der Galaxis 

•  Messung bei λ = 7 cm 
•  Nobelpreis 1978 
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Entdeckung der Mikrowellen-Hintergrundstrahlung 1965: Penzias, Wilson (2) 



Slide 7 
Daniel Bemmerer | 8. Vorlesung 09.06.2015 | Kosmologie und Astroteilchenphysik | http://www.hzdr.de 

Isotropie und Anisotropie, gesehen mit COBE 1992: Smoot, Mather (1) 

•  COBE = COsmic Background Explorer 
•  Satellit, schaltet atmosphärische Absorption 

aus 
•  Perfektes Schwarzkörper-Spektrum  

(besser als z.B. Sonne) CMB 

Sonne, zum 
Vergleich 
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Isotropie und Anisotropie, gesehen mit COBE 1992: Smoot, Mather (2) 

10-3 Dipol-Anisotropie 

10-5 kosmische 
Anisotropie 

Doppler-Effekt aus der Bewegung von 
COBE relativ zum Mikrowellen-
Hintergrund 

Nobelpreis 2006 
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Anisotropie, gesehen mit WMAP  
•  WMAP = Wilkinson Microwave Anisotropy Probe 
•  Orbit um L2-Punkt der Sonne 
•  Verbesserte Winkelauflösung 

7 Jahre Statistik mit WMAP (2010), 
Galaxis und Dipolbewegung 
subtrahiert 
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Planck-Satellit 2013: Power-Spektrum des Mikrowellen-Hintergrunds 
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Planck-Satellit 2013: Power-Spektrum des Mikrowellen-Hintergrunds 

Planck Collaboration: The Planck mission
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Fig. 19. The temperature angular power spectrum of the primary CMB from Planck, showing a precise measurement of seven acoustic peaks, that
are well fit by a simple six-parameter⇤CDM theoretical model (the model plotted is the one labelled [Planck+WP+highL] in Planck Collaboration
XVI (2013)). The shaded area around the best-fit curve represents cosmic variance, including the sky cut used. The error bars on individual points
also include cosmic variance. The horizontal axis is logarithmic up to ` = 50, and linear beyond. The vertical scale is `(`+ 1)Cl/2⇡. The measured
spectrum shown here is exactly the same as the one shown in Fig. 1 of Planck Collaboration XVI (2013), but it has been rebinned to show better
the low-` region.
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Fig. 20. The temperature angular power spectrum of the CMB, esti-
mated from the SMICA Planck map. The model plotted is the one la-
belled [Planck+WP+highL] in Planck Collaboration XVI (2013). The
shaded area around the best-fit curve represents cosmic variance, in-
cluding the sky cut used. The error bars on individual points do not in-
clude cosmic variance. The horizontal axis is logarithmic up to ` = 50,
and linear beyond. The vertical scale is `(` + 1)Cl/2⇡. The binning
scheme is the same as in Fig. 19.

8.1.1. Main catalogue

The Planck Catalogue of Compact Sources (PCCS, Planck
Collaboration XXVIII (2013)) is a list of compact sources de-

tected by Planck over the entire sky, and which therefore con-
tains both Galactic and extragalactic objects. No polarization in-
formation is provided for the sources at this time. The PCCS
di↵ers from the ERCSC in its extraction philosophy: more e↵ort
has been made on the completeness of the catalogue, without re-
ducing notably the reliability of the detected sources, whereas
the ERCSC was built in the spirit of releasing a reliable catalog
suitable for quick follow-up (in particular with the short-lived
Herschel telescope). The greater amount of data, di↵erent selec-
tion process and the improvements in the calibration and map-
making processing (references) help the PCCS to improve the
performance (in depth and numbers) with respect to the previ-
ous ERCSC.

The sources were extracted from the 2013 Planck frequency
maps (Sect. 6), which include data acquired over more than two
sky coverages. This implies that the flux densities of most of
the sources are an average of three or more di↵erent observa-
tions over a period of 15.5 months. The Mexican Hat Wavelet
algorithm (López-Caniego et al. 2006) has been selected as the
baseline method for the production of the PCCS. However, one
additional methods, MTXF (González-Nuevo et al. 2006) was
implemented in order to support the validation and characteriza-
tion of the PCCS.

The source selection for the PCCS is made on the basis of
Signal-to-Noise Ratio (SNR). However, the properties of the
background in the Planck maps vary substantially depending on
frequency and part of the sky. Up to 217 GHz, the CMB is the

27
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Zur Interpretation des ersten Peaks im Power-Spektrum 


