111
SZ effects with ALMA
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SZ effect: the standard lore

The SZ Effect
Inverse Compton Scattering

BEFORE § e N AFTER
|./'

‘o /,‘/"-—r N o »" ."»./‘/t\’
-

(=]
(=]
of CMB photons by IC electrons =
N 2 3‘ Galaxy Cluster
e Halo SRR R B
e s TR |
T8 0 ) o 6 D 0 S0 S NS 9 5.5 90 S VWS P G S P 0 5 .5 e TR b e e e S T C N el G e s b S A 5 S SN ‘g ? X g
Iovs + Algy 5 ; ¥ (X) ]
1)
3
™ 0.1 F
3 z f ]
7 e E 0.01 £ \ =
NYANVAVAVAVAVTT ™ % \ ]
VAVAVAVAVAVIIT ‘ \ ]
T T [l] T T 0_0010 , P R N A Li R R S ullo ity 7
Radio ] Infrared I Ultraviolet] Gamma Rays I el
Microwave Yisible X-Rays Cosmic Rays
Av 4 kT,
B thermal, non-rel. e = 2
14 m,C



The origin of the SZ effect

Non-coherent Compton Scattering
Fall-out effect of the Cold War

1957 A.S. Kompaneets publishes his s
Compton scattering Fokker-Planck
equation

on 1 0 ,/0n N
: — 5 £z <— + I + //_)
o re 0x ox

(derived by A.S. Kompaneets in Soviet Union' ~1950
but was classified due to bomb research until 1956)

1969 Ya. B. Zel’dovich & R. Sunyaev
derive the SZ effect
(i.e., applied the Kompaneets eq.
for a thermal intracluster plasma)




SZ effect: ...more than basics
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SZE: general derivation

Intensity change AI(z) = 2“?33;"2) yg(x)

} Pdr. ‘/ k‘ spectre|11 shape

electron “Pressure” depends 911 .elec.trons
energy distribution

m{,,r2

in thermal case
JP.Lh = nekBTe —> MaSS

Note: redshift not involved = detectability independent of redshift
(provided that the angular resolution 1s appropriate)



SZE: other sources

Kinematic SZE AT =V,




Sources of SZ

Galaxy clusters AGN jets/cavities Dark Matter
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Astrophysical relevance

Galaxy clusters AGN jets/cavities
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The e distribution in clusters

COMA. + hot gas + + DM halo
T=8.2 keV
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The SZE from various e* pops.

Colafrancesco 2007
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SZE: ALMA v-coverage
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SZE & cavities In clusters
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SZE in DM halos

A structure with:

* Hot gas

- DM
* Distant & V_
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SZE in DM halos

A structure with:

* Hot gas

DM
* Nearby (V.= 0)
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SZE in DM halos
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SZE in DM halos
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CMB maps & DRACO
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The cluster 1ES0657-556

Gas clump A) - Gas clump B)

T =14 keV
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The SZ,,, from 1ES0657-556
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Isolating SZ,, at ~223 GHz
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SZE science: requirements

10 I I I | I
& &
10— o Xty |5 Y-ray —
&
- 5 3 .
MRO

g 4 B
§ 10 CHANDRA
2 XMM-
2 100 /Newton N
<
: 1 =
L 10~ | Con-X —
5 P
2 1021 INTEGRAL
[H]
a4

10°

10"+

100+

i | | | | |

10° 10° 10° 10° 10° 10! ap® ! 10%
Frequency (GHz)

Resolution: 1”7 - 10’
Av =10 -500 GHz



