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a prototype fossil group

D = 95 Mpc

LX = several x 1042 erg/s

Δm12 = 2 mag

the end product of 

assembly by mergers

è expected to be 

è relaxed and undisturbed

recent cosmological simulations:

rejuvenated fossil system 

by renewed infall

growth of a massive galaxy may 

continue

(e.g., Kanagusuku et al. 2016)

case study: NGC 1132



Diffuse image of NGC 1132

0.5-2 keV

point source removed/filled

exposure corrected

smoothed with Gaussian σ=3.5” 

è edge to the East, 

è sharp discontinuity  

smoothed with Gaussian σ=10” 

è asymmetric, 

è extended toward the West



2D temperature map of NGC 1132





Disturbed hot halo in a fossil group ?

observed features
• cold front to the East at r ~ 10 kpc
• extended halo toward the West
• possible shock front to the East at r ~ 20 kpc

What could disturb the hot halo in a fossil group?

possible origins of the disturbed hot halo
• sloshing (needs a nearby companion)
• ram pressure (needs a bigger environment)
• nuclear outburst (predicts a temperature increasing toward the center)
• minor merger with a small impact parameter 

consistent with cosmological simulations
consistent with possible optical shells (Alamo-Martinez et al. 2012)

deeper observations necessary
è the paradigm of the fossil system as relaxed/undisturbed needs to be revised



XMM-Newton data

larger effective area and larger field of view (compared to Chandra)

Allow to explore the diffuse outskirts
Global properties from the entire system

(e.g., hot halo at the outskirts, DM profiles, MVIR ...)  

Allow to measure reliable abundance maps 
2D mapping (SB, 2D T-map, 2D Fe-map)
Fe – hard to determine, but critical to many science topics

(e.g., chemical enrichment, density/entropy/mass profile ...)

(See also Poster #303 by Nazma Islam)



D = 51 Mpc
LX = 1043 erg/s
one of the most luminous local groups

On a large scale, the hot halo is smooth 
and circularly symmetric

(Kawaharada et al. 2009; Sun et al. 2003)

case study: NGC 1550

Chandra                                   XMM-Newton

Temperature maps Fe maps



Why T profiles look different? Summary

• Chandra Galaxy Atlas

1st version of 70 ETGs released  (Kim et al. 2019)
The data products can be viewed and downloaded from

http://cxc.cfa.harvard.edu/GalaxyAtlas/v1/

Will improve with feedback

• X-ray Galaxy Atlas

XMM-Newton data are being analyzed in the 2nd version
Fe map and outskirts
Radial Profiles (All but T depend on the Fe profile)

http://cxc.cfa.harvard.edu/GalaxyAtlas/v1/
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The previous work by Diehl & Statler (2008)
4 years of Chandra data
54 ETGs (with 36 T-profiles)
4 T-profile types (hybrid-bump, positive, negative, quasi-isothermal)

This work 
15 years of Chandra data
70 ETGs (with 60 T-profiles)
6 T-profile types (3 new, hybrid-dip, double-break, irregular; no isothermal)



hybrid-bump                       hybrid-dip                       double-break
26 (43%)                            14 (23%)                               4 (7%)

positive                                 negative                               irregular
5 (8%)                                   8 (13%)                                  3 (5%)

NGC 3402

Radial Temperature Profile



IC 1860 NGC 533

Break

hybrid-bump

66% (17 / 26) – presence of a 2nd inner break 



Compare Bumps and Dips

2D KS test – null hypothesis prob = 4 x 10-8

Bump and Dip – two distinct features



Compare Bumps and Dips



Compare Bumps and Dips

Slope = 0.3 ± 0.1



hybrid-bump + double-break : 30 (50%)



hybrid-bump

with a 2nd break

double break

hybrid-dip

Positive



Universal T-profile ?

T-Bump 

at 35 ± 20  kpc

(~0.04 RVIR)

Dip or inner break 

at 3 ± 2 kpc     

(~0.006 RVIR)

hybrid-bump + double-break : 30 (50%)

+ hybrid-dip       : 44 (73%)

+ positive           : 49 (82%)

exception

negative type, irregular : 11 (18%)

T ~ r 
0.3±0.1



ETGs                                                      Clusters

T-Bump at 

~0.1 RVIR
cool core

non-cool core

cool core

non-cool core

In CC – NCC dichotomy,   most ETGs (82 %) belongs to CC,

with a positive T gradient (slope ~ 0.3) between ~3 kpc (dips) and ~35 kpc (peaks)

Q. Is the hot core opposite to the cool core?   No.  HC may or may not exist inside CC ETGs.  
What makes the hot core?

Q. Is it possible that a hot core also exists in the center of CC clusters? Yes, but less likely.

Q. Are all hot halos in ETGs with positive T gradient cooling like CC?
No. Only a small fraction show signs of cooling from hot gas (e.g., CO, [CII])

Q. Are exceptional cases (negative type) more disturbed like NCC? 

Not always. NGC 6482, the most clear case, is a fossil group with a relaxed hot halo.

è ETGs are more complex than clusters as AGN/stellar feedback effects are more pronounced!



The Hot Core

43% (26 out of 60) host the hot core (HC) with !TC < 0
hybrid-dip 23%  + double-break 7 % + negative 13%

RMIN = 3 ± 2 kpc (~ Re)     inside RMAX (x 1/10)

17 out of 26 hybrid-bump has a 2nd break at RBREAK ~ RMIN
è could have internal heating sources

The hot cores are usually found in small systems (lower TGAS and LX,GAS)
è The fraction of the hot core could increase significantly in a 

complete sample.

Previous known cases:
NGC 4278 (Pellegrini et al. 2012)
NGC 4649 (Paggi et al. 2014)
NGC 4552 (Machacek et al. 2006),
NGC 777,  NGC 5982 (O’Sullivan et al 2017)



What makes the hot core?

Stellar feedback
AGN feedback
Gravitational heating



old gE

Stellar feedback

What makes the hot core?   possibly related to recent star formation.
could be a common features for low mass systems 
where stellar feedback can be most effective and visible



The End ....


