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Cosmology based reviews
Big-Bang Cosmology 
Inflation 
Big-Bang Nucleosynthesis 
The Cosmological Parameters 
Dark Matter - New! 
Dark Energy 
Cosmic Microwave Background 
Neutrinos in Cosmology 
Strong team effort-from all participating authors 

Experimental Tests of Gravitational Theory 
Cosmic Rays
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Minor Changes

Most reviews underwent relatively moderate changes. 
Primary reason: new Planck results (2018). 
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Major Changes

Dark Matter

Totally new review 

Theory with new focus on DM properties and production 

Astrophysical properties and small scale challenges 

Models more broadly represented, now including dark 
photons, sterile neutrinos, rich dark sectors in addition to 
wimps and axions 

Baudis-Profumo
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Major Changes

Dark Matter

Experimental sections include: 

Accelerator Searches 

Direct Detection: current and future experiments 

Astrophysical methods (Indirect) for detection 

First year for this set of authors

Baudis-Profumo
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Major Changes

Dark Matter
Baudis-Profumo

18 26. Dark Matter

Table 26.1: Best constraints from direct detection experiments on the SI
(at high >5 GeV and low < 5 GeV masses) and SD DM-nucleon couplings.

Experiment Target Fiducial Cross DM Ref.
mass [kg] section [cm2] mass [GeV]

Spin independent high mass (>5 GeV)

XENON1T Xe 1042 4.1 ◊ 10≠47 30 [145]
PandaX-II Xe 364 8.6 ◊ 10≠47 40 [144]
LUX Xe 118 1.1 ◊ 10≠46 50 [143]
SuperCDMS Ge 12 1.0 ◊ 10≠44 46 [135]
DarkSide-50 Ar 46 1.14 ◊ 10≠44 100 [146]
DEAP-3600 Ar 2000 3.9 ◊ 10≠45 100 [147]

Spin independent low mass (<5 GeV)

LUX (Migdal) Xe 118 6.9 ◊ 10≠38 2 [149]
XENON1T (Migdal) Xe 1042 3 ◊ 10≠40 2 [150]
XENON1T (ionisation only) Xe 1042 3.6 ◊ 10≠41 3 [151]
DarkSide-50 (ionisation only) Ar 20 1 ◊ 10≠41 2 [152]
SuperCDMS (CDMSlite) Ge 0.6 2 ◊ 10≠40 2 [138]
CRESST CaWO4 - O 0.024 1 ◊ 10≠39 2 [137]
NEWS-G Ne 0.3 1 ◊ 10≠38 2 [169]

Spin dependent proton

PICO60 C3F8 - F 49 3.2 ◊ 10≠41 25 [170]
Spin dependent neutron

XENON1T Xe 1042 6.3 ◊ 10≠42 30 [193]
PandaX-II Xe 364 1.6 ◊ 10≠41 40 [194]
LUX Xe 118 1.6 ◊ 10≠41 35 [195]

26.7 Astrophysical detection of dark matter728

DM as a microscopic constituent can have measurable, macroscopic e�ects on astrophysical729

systems. Indirect DM detection refers to the search for the annihilation or decay debris from DM730

particles, resulting in detectable species, including especially gamma rays, neutrinos, and antimatter731

particles. The production rate of such particles depends on (i) the annihilation (or decay) rate (ii)732

the density of pairs (respectively, of individual particles) in the region of interest, and (iii) the733

number of final-state particles produced in one annihilation (decay) event. In formulae, the rate734

for production of a final state particle f per unit volume from DM annihilation can be cast as735
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where È‡vÍ indicates the thermally-averaged cross section for DM annihilation times relative velocity736

[27], calculated at the appropriate temperature, flDM is the physical density of DM, and N
A

f
is the737

number of final state particles f produced in one individual annihilation event. The constant c738

depends on whether the DM is its on antiparticle, in which case c = 1/2, or if there is a mixture of739

DM particles and antiparticles (in case there is no asymmetry, c = 1/4). The analog for decay is740
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with the same conventions for the symbols, and where ·DM is the DM’s lifetime.741
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Moderate Changes

Dark Energy
Updates from BOSS and eBOSS and other BAO 
measurements 

Significantly updated discussion on tensions in H0 

Weinberg-White
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Moderate Changes

Cosmological Parameters
Updated on Weak Lensing 

Significantly updated discussion on tensions in H0 

Lahav-Liddle

1. Cosmological parameters 11

Figure 1.1: A selection of recent H0 measurements from the various projects as
described in the text, divided into early and late Universe probes. The standard-
siren determinations are omitted as they are too wide for the plot. Figure courtesy
of Vivien Bonvin and Martin Millon, adapted from Ref. 28.

1.3.2. Supernovae as cosmological probes:

Empirically, the peak luminosity of SNe Ia can be used as an e�cient distance indicator
(e.g., Ref. 29), thus allowing cosmology to be constrained via the distance–redshift
relation. The favorite theoretical explanation for SNe Ia is the thermonuclear disruption
of carbon–oxygen white dwarfs. Although not perfect ‘standard candles’, it has been
demonstrated that by correcting for a relation between the light-curve shape, color, and
luminosity at maximum brightness, the dispersion of the measured luminosities can be
greatly reduced. There are several possible systematic e↵ects that may a↵ect the accuracy
of the use of SNe Ia as distance indicators, e.g., evolution with redshift and interstellar
extinction in the host galaxy and in the Milky Way.

Two major studies, the Supernova Cosmology Project and the High-z Supernova
Search Team, found evidence for an accelerating Universe [30], interpreted as due to
a cosmological constant or a dark energy component. When combined with the CMB
data (which indicate flatness, i.e., ⌦m + ⌦⇤ = 1), the best-fit values were ⌦m ⇡ 0.3 and
⌦⇤ ⇡ 0.7. Most results in the literature are consistent with the w = �1 cosmological
constant case. One study [31] deduced, from a sample of 740 spectroscopically-confirmed
SNe Ia, that ⌦m = 0.295 ± 0.034 (stat+sym) for an assumed flat ⇤CDM model. An
analysis of a sample of spectroscopically-confirmed 207 DES SNe Ia combined with 122
low-redshift SNe [32] yielded ⌦m = 0.331 ± 0.038 for an assumed flat ⇤CDM model. In
combination with the CMB, for a flat wCDM these data give w = �0.978 ± 0.059 and

August 4, 2019 09:25
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Also
Significant Update on Test of 

Gravity

Experimental Tests of  Gravitational Theory by Damour was 
expanded to included new results from LIGO/Virgo 

Review is reconstructed and grew from 15 to 27 pages!
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Future
No New Reviews or Author 

changes expected

2013 New Dark Energy 

2015 New Inflation 

2017 New Neutrinos in Cosmology 

2019 New DM/Tests of Gravity 

2019 required many small changes required from Planck 2015 to Planck 
2018.  

Major changes are not envisioned at this point.


