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Shimwell+15

X-ray emission 
(hot gas)

Contours: radio 
synchrotron 

(rel. e- & B fields)

Inverse Compton 
(IC) Scattering
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Low frequency radio observations are a perfect 

match for hard X-ray IC searches

B  -1/2
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160 Million K (14 keV)

Power Law 
Inverse Compton 
Emission

small 
B

large 
B

Inverse Compton measurements give you the average 
strength of the magnetic field in the intracluster medium

0.1 uG

3 uG

Far UV—>|<—“Soft” X-ray—>|<—“Hard” X-ray—>
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Estimated IC fluxes of the Coma Cluster

Wik+09,10
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Past Detections of Non-thermal Components

Ota+13
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Hitomi had the potential to approach B~uG 

Bartels, Zandanel, & Ando 15
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NuSTAR: Order of Magnitude Improvement in Sensitivity
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Harrison+13 Wik+14

Up to 10x lower than Suzaku HXD-PINA few times larger than Suzaku HXD-PIN

PSF: 18” FWHM, 58” HPD
Field of View: 13’ x 13’
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Past Detections of Non-thermal Components

Ota+13
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Sample of NuSTAR Observations

Abell S753

Abell 665

Abell 2163Abell 2256

Coma Cluster

Also the Cygnus A cluster, the Abell 754 shock, Abell 523, RX J1437 (not yet observed), and 
Ophiuchus (unfortunately already observed)

Bullet Cluster
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Motivation for Choosing the Bullet Cluster

Ajello+10

XMM EPIC-pn Swift BAT

B ~ 0.16 uG
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3-8 keV

Background

IC upper limit 
B > 0.2 uG

Bullet Cluster: No IC Detection

Wik+14
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Bullet Cluster: No IC Detection

2T model preferred 98.8% 
(92.4%) of the time

index = 1.86

index(free) = 2.4

Wik+14
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Coma Cluster: Center
(the most well-studied galaxy cluster)

3-10 keV 10-20 keV

20-50 keV

0.4-7.2 keV

XMM

1T fit

resolved kTs ~ 10-20% hotter 
than in ~1 keV telescopes

limit on IC less constraining 
than Suzaku/Swift limits (due 

to restricted FOV) Gastaldello+15
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Abell S753
(one of the brightest relics, in the lowest kT cluster host)

NuSTAR 3-20 keV

XMM-Newton 
0.4-7.2 keV

Sarazin+ in prep
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4–25 keV

Background-
subtracted and 
Exposure-corrected

Global 
Spectrum

(T+IC)
Background

IC

Telescope A & B data

APEC

Abell 2163
(the hottest Abell cluster)

Preliminary Analysis

(passed to a gullible student)
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Ophiuchus Cluster
(most nearby cluster in the constellation of Ophiuchus)

XMM-Newton 
0.4-7.2 keV

Nevalainen+09
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XMM-Newton 
0.4-7.2 keV

Ophiuchus Cluster
(most nearby cluster in the constellation of Ophiuchus)
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Background-subtracted 
and Exposure-corrected

4–25 keV
Shock

Abell 665
(next strongest shock after that in the Bullet cluster <or>

strongest shock in an Abell cluster)

Chandra

Extended halo 
or relic out 

here?

Dasadia+16
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gas flow
slower flow 
away from 

shock
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Markevitch 06

Chandra Measurements
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Chandra (black)
NuSTAR (colors)

Analysis of Abell 665 shock will be comparatively trivial, but 
care must still be taken

Wik+ in prep.

NuSTAR temperatures could tell a different story.
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JAXA mission concept 
                   Or use the FORCE Luke! 
NuSTAR area with15” HPD. Or Both.

Make another NuSTAR, but better! 
HEX-P: more area + 15” HPD 
                     NASA Probe concept

What’s next?
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Story not over, but has a Game of Thrones-esque feel…

Abell S753

Abell 665

Abell 2163Abell 2256

Coma Cluster

Also the Cygnus A cluster, the Abell 754 shock, Abell 523, RX J1437, and Ophiuchus

Bullet Cluster
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Spatial Modeling

8-12 keV

12-18 keV

18-25 keV

rates all tied by kT

shock region

Energy (keV)

Ra
te

too hot

too cold

just right

Chandra
norm.

NuSTAR
constraints
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