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VELOCITY DISPERSIONS IN THE COLD ISM
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Cool gas tracing motions of the hot phase
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Perseus
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Velocity power spectrum In Perseus
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e |arger V on smaller kK —> consistent with cascade turbulence

injec

k, arcsec-!

e 70 km/s < V1k< 200 km/s on scales 6-30 kpc (within central 200 kpc)

* V higher towards the center —> power
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Velocrities In a cluster sample
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XRAY & OPTICAL
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Resonance scattering in
optically thick lines

No turbulence turbulence
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Flux

Turbulent anc

for gas motions on small
spatial scales we expect
significant line-of-sight
velocity dispersion G,
resulting in line
broadening, but no
centroid shifts

bulk motions

Flux

it the spatial scale of
motions Is large, then
we expect significant
centroid shifts



Japan Aerospace
Exploration Agency

with a
contribution of
other |apanese
universities and

Institutes

Hltoml (ASTRO'H) Néf

- . ‘ R o ’ y o
O _ e ¢ s’ o . .

ISAS/JAXA

/-esa

with a
contribution of
other US/EU
universities and
Institutes



S, counts s~ keV-!

O

Hitomi (AS TRO-H) Observation

X-ray spectrum of the core of the Perseus cluster
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Hitomi collaboration, Nature, 2016
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First Direct Velocity Measurements

line broadening
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First Direct Velocity Measurements

line shifts
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X-ray Spectrum of Perseus Galaxy Cluster Measured by Resolve
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The circumgalactic medium and baryon cycling




HUBS Mission Design ..o s

see h

e High-resolution X-ray spectrometer

e Energy range: 0.1-2 keV

e Detector: TES microcalorimeter array

« Main array: 60x60, energy resolution 2 eV @ 1 keV

« Central array: 12x12 smaller pixels, energy resolution

0.6 eV @ 1 keV
e High-throughput X-ray telescope
e Collecting area > 1000 cm?
e Field of view ~ 1 deg?

« Angular resolution < 1’

tp://hu

0s.phys.tsinghua.edu.cn/

Hot Universe Baryon Surveyor




Diffuse X-ray Explorer (DIXE) HUBS Pathfinder

Slide from Sifan Wang,

see http://hubs.phys.tsinghua.edu.cn/ 7

An experiment proposed for the
China Space Station (CSS)

e Energy range: 0.1-10 keV

e Energy resolution: <6 eV @ 0.6 keV
e Field of view: 10° (collimated)

o Effective area: 0.5 cm?

e Grasp: 50 cm? deg?

e Observing mode: scanning survey

e Period of operation: 2027-2029

Bring high-resolution X-ray
spectroscopy to the whole sky!

DIXE payload

<100mK

0.8K

Optical filters

Detector assembly

® TES microcalorimeter 10x
® FDM readout

® Magnetic shield

= ® Suspension system

Two-stage ADR

10 array

JT Cryocooler

Pulse Tube Cryocooler

Cryostat

H. Jin et al. 2023
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https://www.lem-observatory.org/

-mission Mapper - L

B I I I | I I I I I I | I |
v Milky Way foreground LEM1Ms -
- ﬂ/ CGM emission, z=0.01 )
. i OVIIH ovil ffovi Fe XVII oviil i
¢ | )] | |
2 ﬁ ” |
c i CCD resolution ﬂ i
%)
1

Photons/m?/s/keV
=)

10

- ———
-~

[y
o
] 1 I 1 1

Luminosity (arb. units)
o

-
————————
-4

————————————————————

1

—————————————_—————_

- - - ———

! | 1 ! il
20000 40000

O 1 1 1]

! 1 1
60000

80000

Time [s]

! 1 !
100000

120000




LEM vs. future spectroscopy missions

Energy band, keV 0.2-2
Effective area, cm?
0.5 keV .......... 1500
6 keV .......... 0
Field of view 30"

Grasp* at 0.5 keV - <0.001

75"

Angular resolution 15"

Spectral resolution 1eV,2eV

Detector array, pix 118x118"™

* orasp = effective area x field of view, 10° cm? arcmin?

0.4-12

£10[0

/7 eV

6bxb

0.2-12 0.2-7 0.2-2
6000 14000 500
2000 0

5° 5° 60"
0.12 0.35 1.8
5" 1 1 60"

2.5 eV 3 eV 2 eV

50x50" 300x300 60x60

** equivalent square  Tfuture concepts



