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ATHENA - L2 mission of ESA Cosmic Vision (2015-2035)

X-RAY SPECS

The European Space Agency is very close to finalizing the following line-up of large (L-class) missions.

Mission
L1
L2
L3

Name
JUICE
Athena+

eLISA

Launch date
2022
2028
2034

800+ scientist in ATHENA community

ce Telescopes and Instrumentation 2016: Ultraviolet to Gamma Ray, 99052F. Composition: ACO Team-

Study targets
The magnetic field of Jupiter’s moon Ganymede
Black holes and galaxy clusters.

Gravitational ripples from black-hole mergers.

More info at: http://www.the-athena-x-ray-observatory.eu

m SCIENCE MISSION COMMUNITY ACTIVITIES
d

NEWS & CONFERENCES

RESOURCES = OUTREACH DOC REFOSITORY

The Athena X-ray Observatory: Community Support Portal

%
| MPE, ESA and Athena Tearg

"The role of the background in past and future  "Nuclear obscuration in active galactic

X-ray missions”, by Silvano Molend| nuclei”, by Cristina Ramos Almeida and

Abstract: "Background has played an important Claudic| Riccl
role in X-ray missions, limiting the exploitation of

science data in several and sometimes Abstract: "The material surrounding accreting

supermassive black holes connects the active

alactic nucleus (AGN) with its host gal; and,
READ MORE gesides.“ Cielaid
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A revolutionary mix of science performance
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le telescope with 12 m focal length

is a sing

ATHENA

f

LERSe
R
Sttt

reach the 2m* effective area at 1 keV.
Credit: R. Willingale and ACO Team

Two X-ray detectors in the focal plane

Left: the production of a Mirror Module: ribbed wafers are stacked in an SPO module and 4 are combined in two
pairs to form a Mirror Module. Right: front view of the Mirror Assembly Medule showing the > 1000 MM required to

0.3-12. keV

ray Integral Field Uni

X-IFU - X

1.

1-15. keV

WFI — Wide Field Monitor

2.
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X-IFU, 0.3 - 12.0 keV

® X-ray Micro-calorimeter Spectrometer (XMS)

B The detector consists of an array of 3840 absorbers (TES)
B | imited FOV - 5'x 5'(goalis 7' x 7')

B Count rate capability — 1 mCrab point source with 90%

B Energy resolution: 2.5 eV at 1 keV. Cryogen free cooling techniques: 50 mK

LT . = 0 TAETERA
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JAXA three times have tried to use micro-calorimeter

B 2000 — ASTRO-E has been lost in the ocean during launch

21.09.2017, Krakow, Astrofizyka Czastek
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JAXA three times have tried to use micro-calorimeter

B 2000 — ASTRO-E has been lost in the ocean during launch

m 2005 - SUZAKU (ASTRO-EII) has lost all liquid helium, and micro-

calorimeter does not work
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JAXA three times have tried to use micro-calorimeter

B 2000 — ASTRO-E has been lost in the ocean during launch

m 2005 - SUZAKU (ASTRO-EII) has lost all liquid helium, and micro-
calorimeter does not work

® 2016 — ASTRO-H, launched on Feb. 2016, renamed as HITOMI, lost
on March 2016 due to the software mistake

ASTRO-H Science Instruments

Soft X-ray Telescope (SXT-I)
Focuses low-energy X-rays for images
and spectra

Soft X-ray Telescope (SXT-S) Hard X-ray Telescopes (HXTs)
Focuses low-energy X-rays into the SXS y Two |dent!cal telescopes focus high-energy
for state-of-the art spectral measurements A X-rays for images and spectra

Soft X-ray Imager (SXI)
X-ray camera with the widest field of
view yet flown — 38 arcminutes, larger
than the apparent width of a full moon.
Energy range: 0.4 to 12 keV

Two identical non-imaging detectors
extend the energy coverage to allow
The mission’s most highly anticipated science. AR E T ] I(S);\Xl—energ)?gamma rays
The SXS contains a microcalorimeter cooled 3 P
to —459.58 degrees F (—273.1 C), enabling the 0 <&z with the greatest sensitivity yet flown.
§ i Energy range: 60 to 600 keV

capture of high-resolution spectra through /eI
the SXT-S. Energy range: 0.3 to 12 keV

Hard X-ray Imagers (HXIs)
Two identical cameras placed at HXT
focal points. A 12-meter (39.4-foot)
Extensible Optical Bench lengthens in
orbit to correctly position the cameras.
Energy range: 5 to 80 keV

21.09.2017, Krakow, Astrofizyka Czastek
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S (counts s~ keV")

The best X-ray spectrum ever seen by human eye
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WEFI (wide field imager) 0.1-15.0 keV

B FoV 40' x 40, Energy resolution 150 at 6 keV

B Readout time of 8 ys and a count rate capability of > 1 Crab with
80% throughput

Detector Electronics

+«—— Primary Structure

Large Detector Array

Fast Detector

ICPU

Filter Wheel

Stray Light Baffle

21.09.2017, Krakéw, Astrofizyka Czgstek
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Focal plane concept by ESA

WEFI

X-IFU
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Focal plane concept by ESA

X-IFU Instrument

|X-IFU 2K & 4K coolers

ATHENA

VFI

|WFI Instrument

WFI-ICPU
: MPE
X-

IFU CryoAC-BE-Elec

X-IFU 2K & 4K coolers

X-IFU Digital-Readout-Elec " | | A U
Iy

X-IFURTU

ATHENA X-ray Integral Field Unit

X-IFU CEA-Elec

X-IFU PT-15K-Elec

X-IFU Cryo-Chain-Control-Unil

@irap

astrophysique & planétologie

X-IFU PT-15K-Elec

X-IFU PT-15K-Elec

X-IFU Instrument-Control-Unit

X-IFU JT-4K-Elec
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WFI team invited us to make

‘ 4 variants

Filter Wheel
Assembly by

Mirostaw Rataj
From CBK PAN

\®) :M, PE: W%I 21.09.2017, Krakéw, Astrofizyka Czgstek
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X-IFU team invited us to make

® Dewar door for cylinder by Bartosz Kedziora

Door powered by the spring

o,

: Astronika

--------------------------------------------- T T ..

Drive spring

Dewar interface

Lock & release

~ Locking ring

- Locking arm with roller

Lock mechanism
= with sensor and
damper

IFU

SR ’ ‘
o .
: Astronika
e space solutions here & now
ATHENA

X-ray Integral Field Unit
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X-IFU and WFI teams invited us to make

® Power distribution unit by Konrad Skup from CBK PAN

PDU Concept

LoODOWN

(OOI.WW'I

from thermal point of view to remove this heat. Assumption is it will dissipate 2.5-5W.

Note: If optimistic assumed the PDU has efficiency of 90%, then ~200W would be dissipated on PDU, may not be ainvial task
=

{ Astronika " IFU WFI

ATHENA

uuuuuuuuuuuuuuuuuuuuuu

ATHI:NAI
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ATHENA has great collaboration

B Polish ATHENA-PL scientific consortium is under construction
B \We have been invited to make satellite components
B Qur hardware development will be paid by PRODEX ESA project

B Since 2014 we have participated in about 24 meetings

More info at: http:/www.athena.camk/edu.pl

"~ M Hdvanced Tele

‘; ATHENA

POLTSH WE€BSITE

Teleskop rentgenowski ATHENA
Zespid
Znajdujesz sig na oficjalne] stronie informujgce] o uczestnictwie polskich Linki
naukowcow oraz inzynierow w budowie misji satelitarne] ATHENA. ATHENA to Spotkania
nowej generacji teleskop rentgenowski zaakceptowany przez Europejsks
Agencje Kosmiczng z planem wyniesienia na orbite w roku 2028.

Wystapienia
Publikacje
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Effective area of the ATHENA telescope

-- Athena/X-IFU — Chandra/HETG
"mmm ARCUS — XMM-Newton/RGS :
mm XARM/SXS

Effective area (cm?)
l—l
o
(WE]

Energy (kev)
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Effective area of the ATHENA telescope

- Phase 0 (completed)

- Phase A (industry studies ongoing)
- Phase B1 (Select Primes)

- Phase B2 (Select Contracts Design Update)
- Phase C (Detailed Design )
you are here
Phase D (Build S/C & Instruments) _

Next key date: Athena "adoption" in the ESA Science Program: 2020

21.09.2017, Krakéw, Astrofizyka Czgstek
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The other X-ray missions:

® HARM/SXS - new Hitomi — by JAXA

B ARCUS with gratings — 2023 by NASA

B XIPE - polarimeter by ESA — M4 mission not yet selected

B | XPE - polarimeter by NASA - selected to by launch at 2020

B eXTP - new timing and polarimetry mission — by China + ESA

21.09.2017, Krakow, Astrofizyka Czagstek
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Science scheme - The Hot Energetic Universe

® Hot Universe: How does ordinary matter assembles in large scale
structures that we see today?

® > 50 % of the baryons today are in a hot (>106 K) phase

® There are as many hot (>107 K) baryons in clusters as in stars over the
entire Universe

® Energetic Universe: How do black hole grows and shape the Universe?

® 15 % of the (luminous) energy in the Universe is from accretion

21.09.2017, Krakéw, Astrofizyka Czgstek
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The formation and evolution of clusters

® \What is the interplay of galaxy, SBH and intergalactic gas?

® \What are the processes driving the evolution of chemical enrichment
of the hot diffuse gas in large-scale structure?

® How and when did the first galaxy groups form?

WFI 100 ks 50'x50' Clusterz=1 kT =3 keV

=

Normalized Counts/s/keV
o
o

E Athena+ /XIFU 1) g ey
E XMM—Newton /PN
[ Chandra/ACIS—|
10-5| ASTRO-H/SXS

1
Energy (keV)
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The formation and evolution of clusters

® How do hot diffuse baryons accrete and dynamically evolve?
® How and when was the energy in the ICM generated?

® \Where and when are heavy elements produced?

A2256 100ks X—IFU simulation
48™ main cluster
VO kp — z = 0.0583
L 10f
2 sub—clump
- z = 0.0528
441’“ w
n
€ Fe XXV Ka
-
=3 -
) 1
: 3
40™ = t
g 7 - 6.33 6.34 6.35 6.36 6.37
Energy [kev]
2
- g™ -
2
U JE  ATHENA+ XIFU 100 ks Fe X4V Ka ]
32;-" e | 4 = A2256 subclump '
L
> 3F ——— Thermal broadening
. Vi = 200 km 57 M!
E
3 2F Viw = 400 km ™'
26™ S . - g
£, 3
= aE ‘,ﬂﬁ{"
anard - ) d = dp A = ;Eg ?..* ﬁ& |
'8h24m i = i = e s = B PR HE== 5‘30 632 63 6-.36 633 6.40
17708 g 06 05 04 03 02 oL™ 17700 Energy (keV)

a (2000)
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Missing baryons in simulations, Suto et al. 2004

Dark Matter Galaxies,
26.8 % incl. Stars
T<10*K
Clusters WHIM
T>10'K 10°<T <10’ K
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Missing baryons

® How to detect WHIM? All atomic spectral features are narrow

® Need for high spectral resolution

ILLLASTRATION

WAVELEMETH LA
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The AGN feedback in cluster of galaxies

® How do jets from AGN dissipate their mechanical energy in hot intracluster
medium? How it affects hot gas distribution?

B Establish how AGN feedback regulates gas cooling in groups and clusters

60 arcsec (22 kpc) 10¢

—— Athena+ X-IFU !
Chandra ACIS-S

o
—
il
"
¥

Counts s™ keV™!
__l.
<f
-

=
o :
ok
T ™ B L T T T
¥
I
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10-4—L

Energy (keV)
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Astrophysics of feedback, outflows and winds in AGN

B How do accretion disks around black holes launch winds and how

much energy do these carry?

B How are the energy and metals transferred into the medium?

Disk Wind ~
UV Driven

Shielding
Gas
(Failed Wind)

X-ray
Corona

Accretion Disk

UV Radiation
10 cm 2|

SMBH <

normalized counts s-' keV-!

data
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Astrophysics of feedback, outflows and winds in AGN

® How do accretion disks around black holes launch winds and how much
energy do these carry?

® How are the energy and metals transferred into the medium?

SgrA* in quiescence (Athena+ 150 ks)

nomalizad coums 5° kev-"
10 0.0

nomalized courts 5 keV*
001 o1
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Close environment of supermassive black holes

B Fluorescent iron line profile from accreting black holes

B Black hole spin

Y

1 ev”
2x107% 4x107* Bx107* Bx107?

Line flux

Py (keV em™F s

0

Broad emission line
4

Ratio
12

Narrow emission line

~ MCG-6-30-15 XMM 7
" Fabian et al 02

Energy (keV)

10

1 " 1 L 1

4 6 8
X-ray energy (keV)
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Close environment of supermassive black holes

B Fluorescent iron line profile from accreting black holes

B Black hole spin

Power - law
emission

\

\

Accretion disk

Flux (cts/s/keV)
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hot electron
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Close environment of supermassive black holes

B Time resolved spectroscopy puts constrains on the geometry of disk and
corona

XMM-Newton

Gravitationally lensed rear side

| | L] |
2x10% 4x10% 6x10* gx10?

:ﬁﬂ:nn:ﬂ ;XH!.’U :

=
a
-
e
e
=
[l
']
[ =
L

Y .,\

Approaching side Receding side

4%10° §x 107

(s)

21.09.2017, Krakéw, Astrofizyka Czgstek



agata
Text Box
21.09.2017, Kraków, Astrofizyka Cząstek


Observatory science questions

B Solar system and exoplanets Jupiter - Athena+ X—IFU
3 - =Calilered solar A—rays .
B End points of stellar evolution |l .,L.:. T‘l"
%‘ R -:Mlle Charge exchange
s|
- Supernova remnants g
:

- I I T T T T

5 1000F 4

g - :

T 800F :

% 200 j

)
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Conclusions — ATHENA in the context of 2020s

Synergies with Athena
Matteo Guainazzi (5CI-S/ESA, ESTEC, Noordwijk, The Netherlands)
Astrophysics Mission Synergy Workshop,
Cahill Center for Astronomy and Astrophysics. March 31st, 2017

JWST BAthena

Credit: SKA, E30, NASA, CTA & ACO Team

i Astronika " lFU WFI 21.09.2017, Krakow, Astrofizyka Czastek
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Conclusions — ATHENA in the context of 2020s

Synergies with Athena
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