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SRG — observing strategy

All-sky survey (41253 deg?): continuous 4 yeasr
scan with revolution around the axis tilted

to Sun direction at ~30° per 96 minute
(=orbit)

Deep Survey and pointed observations of 3—6 years
individual objects
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SRG — observing strategy

All-sky survey (41253 deg?): continuous 4 yeasr
scan with revolution around the axis tilted

to Sun direction at ~30° per 96 minute
(=orbit)

Deep Survey and pointed observations of 3—6 years
individual objects
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Scattering in X-Ray resonant lines in the hot gas inside clusters
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Scattering in X-Ray resonant lines in the hote gas inside clusters
X-Rays are emitted in the central part and

scattered in the outer parts of the clusters

Table 2. X-ray lines with large optical depth (75 >
0.5) to resonant scattering: the Perseus cluster.

[on Energy Optical Weight of dipole
(keV) depth scattering
Fe xxi1v 1.163 0.8 0
Fe xx1v 1.168 1.6 0.5
To observes Fe xxv 6.700 3.3

Fe xxv 7.881 0.5
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Scattering in X-Ray resonant lines in the hot gas inside clusters
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Scattering in X-Ray resonant lines in the hote gas inside clusters
X-Rays are emitted in the central part and

scattered in the outer parts of the clusters

Table 2. X-ray lines with large optical depth (79 >
0.5) to resonant scattering: the Perseus cluster.

[on Energy Optical Weight of dipole
(keV) depth scattering

Fe xx1v 1.163 0.8 0

Fe xx1v 1.168 1.6 0.5

Fe xxv 6.700 3.3

Fe xxv 7.881 0.5
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Table 3. X-ray ines with larpe optical depth (7 >
0.5) to resomant scattermyg: the ME7/Virgo cooling

flow,
fon Energy  Optical  Weight of dipole
(keV depth scattering
Ovin 0.654 04 0
Ovus 0.654 0.7 0.5
Nex 1.021 03 0
Nex 1.022 1.0 0.s
Sixm I.865 p5 | i
Sixiv 2004 03 0
Sixav 2 006 1.7 0s
Sxv 2461 25 1
Sxvi 2.620 03 0
Sxvi 2623 06 05
Arxvin 3.140 08 i
Fexx 0967 0T 0.28
Fexx 0967 05 032
Fexwa 1.009 23 i
Fexxn 1.053 33 0.5
Fexxu 1.064 0.5 0
Fexxn 1.084 1.5 i
Fexxm LI29 6.2 I
Fexxm 1493 1.2 I
Fexxav 1.163 16 0
Fe vy 1168 32 0s
Fexxiv 1553 6 0S5
Pirsa: 09040053
Fexxv 6,700 1.8 1
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Table 3. X-ray lines with large optical depth (7

0.5) to resonant scattering: the M87/Virgo coeli S xvI 2.620 0.3 0
flow. S xvi 2.623 0.6 0.5
fon Energy Optical Weight of dipe Arxvi 3.140 0.8 |
(keV) depth scattering
Fe xX 0.967 0.7 0.28
Ovui 0.654 0.4 0 Fe xx 0.967 0.5 0.32
O vhi 0.654 0.7 0.5
== 1.021 0.5 0 Fe xx1 1.009 23 1
¥ &
X e = Fexxu 1053 33 0.5
Sixm 1.865 21 1 Fe xxu 1.064 0.5 0
Fe xxiu1 1.084 1.5 0.5
Sixv 2.004 0.8 0
SixIV 2 1.7 0.5 Fe xx1m1 1.129 6.2
Fe xx1m 1.493 1.2
S xv 2461 x5 1
Fe xx1v 1.163 1.6 0
S xvi 2.620 0.3 0 Fe xx1v 1.168 32 0.5
S xvi 2623 0.6 0.5 Fe xxiv 1.553 0.6 0.5

Fe Xxv 6.700 1.8 I
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Fe XXIII 1.13 keV
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>'Fe XXIV line: science

 Narrow Doppler profile

— study turbulence and bulk motions
Best line shape Gaussian fit

Line thc":rmal width
Line shape
trom stmulations
| |
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Electron is moving with velocity v in the CMB radiation field

%
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Doppler
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Quadrupole component
= Tp[1 —Buo+ B (us — '3) + .. ]

Linear polarization
TFangential component pP= 0.1 TB%

of velocity Optical depth

- = .
pmax = Bt Double scatterings also produce
40 quadrupole and polarisation
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>"Fe XXIV line: science

« Narrow Doppler profile

— study turbulence and bulk motions
Best line shape Gaussian fit

Line tllermal width
Line shape
trom simulations
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Electron is moving with velocity v in the CMB radiation field
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>'Fe XXIV line: science

» Narrow Doppler profile

— study turbulence and bulk motions
Best line shape Gaussian fit
Line thermal width

Line shape
from simulations
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Scattering in X-Ray resonant lines in the hote gas inside clusters
X-Rays are emitted in the central part and

scattered in the outer parts of the clusters

Table 2. X-ray lines with large optical depth (75 >
0.5) to resonant scattering: the Perseus cluster.

[on Energy Optical Weight of dipole
(keV) depth scattering

Fe xx1v 1.163 0.8 0

Fe xx1v 1.168 1.6 0.5

Fe xxv 6.700 3.3

Fe xxv 7.881 0.5
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Table 3. X-ray lines with large optical depth (7

0.5) to resonant scattering: the M87/Virgo coeli S xXVvI 2.620 0.3 0
flow. S xvi 2.623 0.6 0.5
Ton Energy  Optical Weight of dipe Arxvi 3.140 0.8 I
(keV) depth scattering

Fe xx 0.967 0.7 028
O v 0.654 04 0 Fe xx 0.967 0.5 0.32
O v 0.654 0.7 0.5

.
Nex 1021 05 0 Fe xXxi 1.009 23 1
¥

i ML e o Fexxu 1053 33 0.5
Si X1 1.865 71 1 FE XXM i %4 0.5 O

Fe xxu1 1.084 1.5 0.5
SixIv 2.004 0.8 0
SiXIV 2 1.7 0.5 Fe xx1m 1.129 6.2 1

Fe xx1m 1.493 1.2 |
S xv 2461 23 1

Fe xx1v 1.163 1.6 0
S xvi 2.620 0.3 0 Fe xx1v 1.168 32 0.5
S xvi 2623 0.6 0.5 Fe xx1v 1.553 0.6 0.5

Fe XxXv 6.700 1.8 I
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Electron is moving with velocity v in the CMB radiation field
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Scattering in X-Ray resonant lines in the hote gas inside clusters
X-Rays are emitted in the central part and

scattered in the outer parts of the clusters

Table 2. X-ray lines with large optical depth (75 >
0.5) to resonant scattering: the Perseus cluster.

[on Energy Optical Weight of dipole
(keV) depth scattering

Fe xx1v 1.163 0.8 0

Fe xx1v 1.168 1.6 0.5

Fe xxv 6.700 33 |

Fe xxv 7.881 0.5
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Yesterday Komatsu and Mason talks:

Second 1l Bullet cluster, y ~ 0.001, kTe/mc”*2 ~ 1/50 (10 keV in the whale cluster),
tau ~ 1/20, vic ~ 0.015

We could expect p~107-6 for CMB in the direction to this cluster
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Electron is moving with velocity v in the CMB radiation field
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Yesterday Komatsu and Mason talks:

Second Il Bullet cluster, y ~ 0.001, kTe/mc*2 ~ 1/50 (10 keV in the whale cluster),
tau ~ 1/20, vic ~ 0.015

We could expect p~107-6 for CMB in the direction to this cluster
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Electron is moving with velocity v in the CMB radiation field

i
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Yesterday Komatsu and Mason talks:

Second Il Bullet cluster, y ~ 0.001, kTe/mc*2 ~ 1/50 (10 keV in the whole cluster),
tau ~ 1/20, vic ~ 0.015

We could expect p~107-6 for CMB in the direction to this cluster
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Microwave Sky seen by WMAP spacecraft

s S—— S

—El —

CMB (Cosmic Microwave Background) - practically isotropic and has a black
spectrum Tiny IIl primordial anqular fluctuations are of inferest
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Yesterday Komatsu and Mason talks:

Second Il Bullet cluster, y ~ 0.001, kTe/mec”*2 ~ 1/50 (10 keV in the whaole cluster),
tau ~ 1/20, vic ~ 0.015

We could expect p~107-6 for CMB in the direction to this cluster
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Electron is moving with velocity v in the CMB radiation field
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Yesterday Komatsu and Mason talks:

Secaond Il Bullet cluster, y ~ 0.001, kTe/mc*2 ~ 1/50 (10 keV in the whale cluster),
tau ~ 1/20, vic ~ 0.015

We could expect p~107-6 for CMB in the direction to this cluster
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Microwave Sky seen by WMAP spacecraft

CMB (Cosmic Microwave Background) - practically isotropic and has a black
spectrum Tiny Il primordial angular fluctuations are of inferest
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Fic. 2. The scattering of isotropic radiation field by the cloud of electrons.

Cloud is invisible
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Fic. 2. The scattering of isotropic radiation field by the cloud of electrons.

Cloud is invisible
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spectrum Tiny Il primordial anqular fluctuat
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Solar/Earth abundance
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* HFS transitions are possible only in

— |Isotopes with nuclear spin /> 0
« “He has zero nuclear spin
- All x-elements (1°0, 2*Mgq. etc) have zero nuclear
spin
» Lines are especially sensitive to isotopes other

than
x-elements

— lons with ground state electronic momentum J
>0

s * F1@VING one electron around nucleus (three, five, ...,
ate )



 Observations of a HFS line determine

— Plasma temperature, due to ionic
abundance

— |Isotopic composition

e | BE}

14-MN VIl 1
25'*-"‘3 x —
29-5j Xl -~

57-Fe XXV --——-
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Line parameters

* Frequency determined by nuclear charge

Z. maanetic moment and sbin /-

8u o’Z’m,
AEHF,S':gT* 3 mp*(.{-l-l/Q)Ry

« Steep dependence on Z implies shorter
wavelength for high-Z ions
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Line parameters

« Spontaneous decay rate A is

A(F%F—l):HLIA(F—I%F)Z

= —F 1 =¥ 1}
= 1078910~ oy - (1) S
 Meaning even sharper dependence on
nuclear charge

« This makes high-Z ion HFS lines
competitive to the 21 cm line, despite much
—wdOWEr abundances



« Two ways to overcome this

— Observe from height of ALMA (5100 m),
where zenith transmisson reaches 30-50%

— Observe objects with redshift z> 0.15
(Sunyaev, Churazov 1984)

* Qur initial motivation was to choose the latter
way

— To study if the HFS line of '“N VII may help in
detection of the warm-hot intergalactic
medium (VWHIM)

Pirsa: 09040053
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Line brightness temperature. uK

Isotope A, mm N157B CL
BCVI  3.8740(8) 4 [13]
UN VII  5.6519(11) 700] [400]
170 VIII  1.0085(2) 0.8 0.08
BMg X 6.680(4) 15] [14
27TA1 X1 1.2060(7) 50] [40
296i XII  3.725(2) 30] 3.0
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>'Fe XXIV line: science

 Narrow Doppler profile

— study turbulence and bulk motions
Best line shape Gaussian fit
Line thcrmﬂ width
Line shape
from simulagiﬁﬁs
0L 3 |

(R |
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>"Fe XXIV line: clusters’of" "«
galaxies

* lon abundant
at about 2
keV

» Temperature
N
Intracluster
medium

— Central

temperature
s s decrement




CO rotational levels
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Frequency dependence — Av/v_ =107%
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Spectral resolution — CO 1-0 line — 30 GHz
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Spectral resolution — CO 1-0 line — 30 GHz
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Frequency dependence — Av/v_ =10"°
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100-shell hydrogen atom and continuum
CMB spectral distortions

e S ] ]

15 spiit

o T T ] T T |
— free-bound emission

—— sum of all

o4
|

e

[Jm*s! Hz' sr']

v

Al
=
i

-~ -~ bound-bound ransitions + Is spectrum

—»

PRURG CONL, we—— T :

Paschen conl, =t "'

HArackelt gont,—————

Balmer cont,

,ﬁ”“ I
': A

=
i
A

Chiuba & Sunyasv, 2006, AZA, 458, L29
Pirsa: 09040053

10 [0}
v [GHz]

1K)

bound-bound & 2s:

- at v=1GHz: distinct
features

- slope ~ 046

free-bound:

- only a few features

distinguishable

- slope~06

Total:

- fb contributes ~30%
and more

- Balmer cont. ~90%
- Balmer: 1+ per Hl
- intotal 5 per Hi
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100-shell hydrogen atom and continuum
Relative distortions
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Wien-region:

- L , and Zs distortions
are very strong
-  but CIB more dominant

@ CMB maximum:

- relative distortions
extremely small
- strong v-dependence

RJ-region:

- relative distortion
exceeds level of ~107

below v ~ 1-2 GHz

- oscillatory frequency
dependence with ~10
percent-level
amplitude:
hard to mimic by
known foregrounds
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o Scan over frequency
instead of angular
coordinate!!!

angular fluctuations fa)
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