
Galaxy clusters
as

cosmological probes



Basics of cosmology

• Hubble constant

v = H0 r

h = H0

100 km s−1 Mpc−1

• critical density ρcrit = 3H2

8πG

• density parameter Ωi ≡ ρi
ρcrit

Ωm = 8πG
3H2ρ ΩΛ = Λ c2

3H2 Ωk = −k c2

H2

Ω ≡ Ωm + ΩΛ + ... = 1− Ωk
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Cosmologies

Cosmology Ω Ωm ΩΛ Ωk w0 wa

SCDM 1 1 - 0 - -

OCDM < 1 < 1 - > 0 - -

ΛCDM 1 ≈ 0.3 ≈ 0.7 0 −1 -

XCDM 1 ≈ 0.3 ≈ 0.7 0 6≡ −1 -

CPL 1 ≈ 0.3 ≈ 0.7 0 6≡ −1 6≡ 0

p = wρc2

w(a) = w0 + wa(1 + a)
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Possible deaths of the Universe

Ωm ΩΛ w k Universe death

> 1 - - > 0 closed "Big Crunch"

1 - - 0 flat "Big Freeze"

< 1 - - < 0 open "Big Freeze"

0.3 0.7 −1 0 flat "Big Freeze"

0.3 0.7 > −1 0 flat "Big Freeze"

0.3 0.7 < −1 0 flat "Big Rip"
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Observable parameters

• Hubble constant H0

• gas fraction fgas = Ωb

Ωdm

• baryonic density Ωbh
2

• dark energy parameters ΩΛ, w0, wa

• CMB fluctuations σ8, ns, As
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Galaxy clusters I

• virial radius Mvir = 4π
3
r3

vir∆cρc ∆c = 200, 500, 2500

• enclosed mass
- relaxed clusters

• gas fraction fgas

- hot clusters (kT > 5 keV)

6 / 9



Galaxy clusters I

• virial radius Mvir = 4π
3
r3

vir∆cρc ∆c = 200, 500, 2500

• enclosed mass
- relaxed clusters

• gas fraction fgas

- hot clusters (kT > 5 keV)

MHE(< r) = − rkT
Gνmp

(
d lnn
d ln r

+ d lnT
d ln r

)

6 / 9



Galaxy clusters I

• virial radius Mvir = 4π
3
r3

vir∆cρc ∆c = 200, 500, 2500

• enclosed mass
- relaxed clusters

• gas fraction fgas

- hot clusters (kT > 5 keV)

MHE(< r) = − rkT
Gνmp

(
d lnn
d ln r

+ d lnT
d ln r

)

6 / 9



Galaxy clusters I

• virial radius Mvir = 4π
3
r3

vir∆cρc ∆c = 200, 500, 2500

• enclosed mass
- relaxed clusters

• gas fraction fgas

- hot clusters (kT > 5 keV)

MHE(< r) = − rkT
Gνmp

(
d lnn
d ln r

+ d lnT
d ln r

)

6 / 9



Galaxy clusters I

• virial radius Mvir = 4π
3
r3

vir∆cρc ∆c = 200, 500, 2500

• enclosed mass
- relaxed clusters

• gas fraction fgas

- hot clusters (kT > 5 keV)

6 / 9



Galaxy clusters II

• local abundance & evolution
- scaling relations

• clustering
N(> M) = f(M, z)

• XSZ distances
- X-ray observations

- Sunyaev-Zeldovich effect

E(z) = H(z)
H0
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Cosmological constraints
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Quiz!

Go to www.menti.com

and use the code 81 88 20 1
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