Hitomi, the Perseus Cluster
and AGN Feedback
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Hitomi Soft X-Ray Telescope

1624 reflectors 45 cm diam.
43 kg
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SXS Cryogenic System
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November 2015, Tsukuba Space Center, Japan
(photos courtesy of JAXA)
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Energy Scale

Lots of spectral dynamic range!
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Initial Operations
First de-mag to 50 mK on Day 5
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Initial projected helium lifetime > 4 years
Also demonstrated cryogen-free mode during
ground testing
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Crab

Observation vs He tank temperature
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Sequence of Event 2016.4.1

Crab nebula :. : : : Markarian205
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We are observing through the Gate Valve
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Perseus: Fe XXV (He-like) complex

5 eV energy resolution achieved in orbit, full array
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BLACK: Hitomi SXS data Hitomi Collaboration, Nature 2016

PURPLE: Hitomi SXS line response function
BLUE: Best previous spectrum (Suzaku CCD)

AD High Energy Astrophysics in the 53
2020’s and Beyond
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SXS 6x6 array = 3x3 arcmin ~60x60 kpc






‘su!'.éd.'jﬁ thick rims (6Graham+08)
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Centaurus



General implications

Energy content due to small scale motions
(turbulence) ~4%

Motions could be due to bubbles, sound
waves, sloshing, cold front, turbulence.

Gas is relatively quiet for such an active
region!

X-ray observations of clusters should be good
as cosmological probes.



Energy in "turbulence" is 4% thermal energy,
Cooling time over region is 1-2 billion yr. Take
2 billion yr, then time to replenish energy is
8x10’yr. Speed with which energy must flow
to spread over whole region is 750 km/s.

This is >>160 km/s and close to sound speed
(~1000 km/s). Turbulence can’t propagate the
energy! Therefore energy transported by
sound waves? Consistent with data (F+17).

See also talks by C Pinto and C Bambic...



Top: simulated line profiles due to the effect of the displacement velocity of sound waves in
the ICM of the Perseus cluster.
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Published Refereed Papers from the Hitomi Perseus Data

The quiescent intracluster medium in the core of the Perseus cluster (Hitomi Collab.)
Hitomi Constraints on the 3.5 keV Line in the Perseus Galaxy Cluster

Solar abundance ratios of the iron-peak elements in the Perseus cluster

Atmospheric gas dynamics in the Perseus cluster observed with Hitomi
Measurements of resonant scattering in the Perseus Cluster core with Hitomi SXS
Temperature structure in the Perseus cluster core observed with Hitomi

Atomic data and spectral modeling constraints from high-resolution
X-ray observations of the Perseus cluster with Hitomi

Hitomi observation of radio galaxy NGC 1275: The first X-ray microcalorimeter
spectroscopy of Fe-Ka line emission from an active galactic nucleus

An X-ray spectroscopic search for dark matter and unidentified line signatures in the
Perseus cluster with Hitomi (Tamura+)
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Counts 87 V!
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Abundance ratio (X/Fe)
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Most turbulence has velocity~100 km/s or less



HST Fabian+08
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other than Crab and due to energetic pa
Ferland+08/9

icles (the hot gas’)

Spectrum of these-filaments is unljke anérhmg in Galaxy,
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Future IS XRISIVI (Iaunch 2022) then
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Persewn Fe XXV Hea, 2 =« 0.017%, o, » 160 km/y
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