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Characterizing the background and PSF enables the study of...
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High Energy X-rays identified with Eta Carinae
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Cas A

Continuum

Grefenstette+ 14,16
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Supernova Remnant W49B:
Physics of Shocks
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Supernova Remnant W49B:
Physics of Shocks
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NGC 253: Effect of all SNRs
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NGC 253: What we do detect: XRBs

NuSTAR
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High Mass donor Low Mass donor
BH or NS BH or NS

U . @ NuSTAR

X-ray emitting binaries

Cataclysmic Variables
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The Andromeda Galaxy, M31




Orbit of neutron star
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U . @ NuSTAR

Interlude:

Why is this science “hard”?
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Overcoming
technical
challenges

Reflection Type: Double Upper Lower

U . @ NuSTAR
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Galactic fields are crowded: stray light common
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White dwarf binary population in the Galaxy
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Stray light
from the
Cosmic X-ray
Background
(CXB)
dominates
other

components
from 3-20 keV
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Absolute CXB measurement constrains AGN pop.
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Constraining sterile neutrino dark matter
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Characterizing the background and PSF enables the study of...

Stars
(Eta Car)
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How are particles heated & accelerated during a merger?

Bullet
Cluster
gas flow
f
B ———
B ———
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Conflicting evidence so far: bow shocks
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How are particles heated & accelerated during a merger?

Bullet
Cluster
gas flow
B ———
B ———
B ———
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Abell 2163
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Abell 665: another Mach~3 shock

10° Fr—— T
- H: | | :
Chandra i W . B
' byt |
~150 ks e | Wmﬁ*&ﬂﬁ |
8 49 : Wiy |
S +i++¢+ |
r | . 1 |
oy . Region| | Region II ‘PI Region Il
@ ' |
P Ty
0.7 - 2 keV - g w0 . . "*“*HL ;
"3 : | :}) 2
| 4
| | +\ ]
I o
. Eart ) |
16} o |
- I s I
- 14 - : Ao - : C
" : s " | (> Projected
i | eprojecte
= | I o—1 7 Do
. g 10} ' I |
° | ! |
5 A |
g ° +— |
915 kpc s o : |
" ) | | {m
300 . | ;
. el | | i
! * . . < |
Dasadia+ 16 TE T DU T
500 1000 1500 2000

Radius (kpc)

U . @ NuSTAR September 13, 2019 — Daniel R. Wik — INAF IASF-Milano



Abell 665: Chandra-only vs. NuSTAR-only
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Suggestive, but need to add PSF modeling

Shock front

Vankayalapati+ in prep.

U . @ NuSTAR

September 13, 2019

Temperature Profile
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Abell 2146 NuSTAR Observation (260 ks)

3-5 keV 6-10 keV 10-20 keV Temperature Map

KT (keV)
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U

NuSTAR data reject high kT of upstream shock

@ NuSTAR

September 13, 2019
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Same method applied to the Bullet Cluster
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Bullet Cluster: resulting temperature comparison

Chandra SB Chandra KT Chandra kT NuSTAR kT

8 10 12 keV 14 16 keV 18 20
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Insufficient statistics in the Mach~3 region

U _ @ NuSTAR
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Perseus

NuSTAR observations Abell 2256
of extended clusters

Coma
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Ophiuchus Cluster Core: Merger-generated Mini-halo?
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Ophiuchus Cluster Core: Merger-generated Mini-halo?
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Ophiuchus Cluster Core: Merger-generated Mini-halo?
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Introduction

Galaxy clusters are the largest virialized systems in
the observable universe, and measurements of their
masses are used to determine cosmological
parameters Methods for measuring these masses
are sensitive 1o disturbances in the intracluster
medium (ICM), so clusters with relaxed ‘cool cores’
(CCs) are preferred, as they indicate a lack of
recent merger activity. However these CCs tend 10
be accompanied by radio minihalos, the source of
which is still unknown. One formation theory is that
turbulence induced by a merging subcluster
accelerates an existing population of refativistic

electrons. producing radio synchrotron emission
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New, more subtle, stray light

9.72

Temperature (keV)

3.28

0.01 —j?xgv 7.56

6.84

m
= =3\ .
2 19 +¢

2 b

| i1 :
| —— WWWW’W !

i |
sty St

+
i

—_—_——
g

#4

i tlt

L
L
—1 k&

' L ' ' L | ' ' L ' ' L L L ! L ! L ! |
3 10 20 a0 3 10 o

U _ @ NuSTAR September 13, 2019 — Daniel R. Wik — INAF IASF-Milano 48



Fogused Rays | Scattéred Light

Coma Cluster i

o
=
o
.
00
~N

C
O
et

(V]
=
¥

@
-

27:45:00

13:00:00 59:00 12:5 7:00
Right ascension

September 13, 2019 Daniel R. Wik INAF IASF-Milano



Potential to address calibration

limiting factor for cosmology

1;2 : ¥ ' 'l (:)() l 1 | | | l | | | ! g
Table: Anders & ( 1000 NuSTAR
Band: 0.7 - 7.0 ke s :
10l Ny : frozen to LAL \\\ 10_1 N ;
AN 0 =
E /S vV 'Il S _, - g
gl O / ‘n ; S \‘ = 3
— ;‘ {‘, NS -2 ’ §
> . SN’ (i / / ~ 1 O -Q -é
] ¥ MOS1 8 6 P e s =
= 6/ ® MOS2 - | M z g
:)2(: < .f":;.; ~1 . 3 = 3 X ; —;
= 2 [ ACIS—] \ L | clusters=
wi=t B3 =
8 \,,“' - 4 ' +WMAPS
v -4 .
LJ | 10 _CC) clusters
al

lllllllllllllllllllllllllllll

10'5 | O
Ll 0.80 0.8

Schellenberger+ 20 1 10 Jahoda+ 2019
Energy (keV)

U . @ NuSTAR September 13, 2019 — Daniel R. Wik — INAF IASF-Milano




Future Proposed Hard X-ray Missions

Make another NuSTAR, but better!

HEX-P: more area + 15” HPD
NASA Probe concept

/ JAXA mission concept
'/ Or use the FORCE Luke!
d NuSTAR area with 15” HPD. Or Both.

U . @ NuSTAR September 13, 2019 — Daniel R. Wik — INAF IASF-Milano

o1



Take aways

e NuSTAR is great for measuring, and spatially resolving, high temperature gas in
galaxy clusters

* kTs largely agree, but NuSTAR tends to produce less extreme temperatures
e |C emission: no detections yet

e Abell 2163: strong limits rule out previous IC estimates

e A665, A2146: underway, no indications of IC
e Shock measurements: not yet definitive, but strong promise

* Abell 665: somewhat favors electron shock-heating

e Abell 2146 & Bullet cluster: more work needed, but may be limited by
NuSTAR'’s resolution

U _ @ NuSTAR September 13, 2019 — Daniel R. Wik — INAF IASF-Milano

52



00

» XU - LN
o ", temperature jump ~ |
=
T
(|
=1
S =
H
i
S o |
o q
: o
g | ) N B
4 XMM-Newton NN - Chandra ‘
ﬁ 2:0 | 1:0 | 1:00:0 | 9:0 | 58:00 | 1:57:0 o 01:00 13:00:00 59:00 12:58:00
Right ascension Right ascension
S
4
o 3 _
o = 5
8% L L ]
-+
& [
- & I : i i 1 { ]
E _ IHW | H i |' I"il"!l"”l 'l!. ";. Hm ) | HﬂfH» ++——
q AL L L
NuSTAR" 1]
0100 | 3:00:0 | 59:0 " 58.00 2:57:0 N E;ner;y(1£2V) »

Right ascension

U _ @ NuSTAR September 13, 2019 — Daniel R. Wik — INAF IASF-Milano



Abell 2256: kT (and IC?) features
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Ways this work can help with XRISM analysis

The NUSTAR-XRISM synergy is excellent:

I’m trying to hire a - both have order 1 arcmin PSFs

person to do exactly - bandpasses overlap but combine for a much broader total bandpass

this, right now! - both require similar tools/techniques to deal with PSF-mixing
If you or someone Galaxy cluster science does not require simultaneous observations!
you know Is - assuming scattered light can be dealt with, current mosaics can be

interested In such combined with future XRISM observations

work, please let me - as Hitomi demonstrated so well, NuSTAR’s survival until XRISM’s

know! launch Is not guaranteed; better to begin deep, Legacy-class surveys

of likely XRISM targets ASAP!
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Systematics in galaxy cluster KT measurements
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