The Need for
Laboratory Astrophysics

for High-Resolution Spectroscopy

Gabriele Betancourt-Martinez, IRAP/CNRS
JACHEC 2019



The Need for

Laboratory Astrophysics

for Hig

Gab

Astro2020 Science White Paper

Unlocking the Capabilities of Future
High-Resolution X-ray Spectroscopy Missions :) S CO py

Through Laboratory Astrophysics

Thematic Areas: X Galaxy Evolution X Cosmology and Fundamental Physics

Principal Author:

Name: Gabriele Betancourt-Martinez

Institution: Institut de Recherche en Astrophysique et Planétologie (IRAP)/CNRS
Email: gabriele.betancourt@irap.omp.eu

Phone: +33 5 61 55 75 32 .
Co-authors: (names and institutions; * marked for contributing author) Hiroki Akamatsu < N RS
(SRON), Didier Barret (IRAP/CNRS), Manuel Bautista* (WMU), Sven Bernitt
(Friedrich-Schiller-Universitéit Jena), Stefano Bianchi* (Universita degli Studi Roma Tre), Dennis
Bodewits (Auburn Univ.), Nancy Brickhouse (SAO), Gregory V. Brown* (LLNL), Elisa

Costantini (SRON), Marcello Coreno (ISM-CNR, Istituto Struttura della Materia), José R.

Crespo Lépez-Urrutia* (MPIK), Renata Cumbee (NASA /GSFC), Megan Eckart (LLNL), Gary
Ferland (Univ. of Kentucky), Fabrizio Fiore (INAF), Michael Fogle (Auburn Univ.), Adam

Foster* (SAO), Javier Garcia (Caltech), Tom Gorczyca (WMU), Victoria Grinberg (Eberhard
Karls Universitdt Tiibingen), Nicolas Grosso (Aix-Marseille Univ./CNRS/CNES/LAM), Liyi Gu*
(RIKEN), Ming Feng Gu* (Space Science Laboratory, UC Berkeley), Matteo Guainazzi (ESA),
Natalie Hell* (LLNL), Jan-Willem den Herder (SRON), Jelle Kaastra (SRON), Timothy

Kallman* (NASA/GSFC), Julia Lee (Harvard Univ.), Maurice Leutenegger® (NASA/GSFC),



The Utility of
The Needfor
Laboratory Astrophysics

for High-Resolution Spectroscopy

Gabriele Betancourt-Martinez, IRAP/CNRS
|IACHEC 2019



=

S, counts s~ keV-!

o

O
&)

nat happens at high resolution...)

|

| T T T T |
A

[ Fe XXV He alpha

| — u

. SPEX )
APEC | \

. Hitomi data l !

/A f l it

- frooN gttt Jh
L 4 Ve | f 4
6?5 6.135 6?6

E, keV

Hitomi collaboration, 2018




Laboratory Astrophysics
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Two examples:

1. Charge exchange

2. Atomic oxygen calibration



(1) Charge Exchange
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(1) Charge Exchange
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EBITs + microcalorimeters:
powerful tools for CX at low energy
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EBIT data match Chandra
observation of cometa ry CX
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Counts

Benchmarking models—still have

work to do
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Use high-resolution spectra to
probe atomic physics
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Use high-resolution spectra to

probe atomic physics
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(2) Discrepancy in energy of O

Chandra LETG Spectra: Mkn421-ACIS
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(2) Discrepancy in energy of O

Chandra LETG Spectra: Mkn421-ACIS
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This isn’t new...
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Atomic O calibrated to O,
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New calibration using highly charged
ilons in the MPI-K Polar-X EBIT

EBIT Scan 095 - O_w

e = w w x w 1 w I w ] ™3
E T~E = 570.8446170 0000 ev 3
0 I 5
1] 0.1 E 3
g £ e
= g E
E C ®
S 0.0l =
o g e
i | | | | | | |
0.015F \ : \ ! \ E
0.01F T
T - 1
: i =
‘E 0.005 €
5 - | | | ®
o @]
© i ! ! ! !i | H | ! i || *5
[ I | ‘ I | I | ]

570.4 570.6 570.8 571 571.2
Nominal BESSY Energy (eV)

Leutenegger+ in prep.



New calibration using highly charged
ilons in the MPI-K Polar-X EBIT

BESSY Rate (kHz) or ALS arb. * 15
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More stories to come!



