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Why study feedback in groups?

* Most galaxies are located in groups e e S 3 $

 Shallow potential wells compared to clusters | Ry 0N e
-» AGN heating may have a greater impact ' | ' Aahait .

» Environment drives interesting physics: galaxy B
interactions, gas stripping/heating L

* Selection problems: et R

 RASS biased toward X-ray bright, centrally-
concentrated groups (Eckert et al. 2011).

* Optical selection becomes unreliable for small 7 |
numbers of members (e.g., Pearson et al. 2015) o s | Gk R
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Cooling and feedback: clusters vs groups ACCEPT samle, Gavagnolo et al. (2010
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Cooling and feedback: clusters vs groups
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CLoGS: a Complete Local-volume Group Sample

Statistically complete optically selected sémple of 53 nearby groups
e within 80 Mpc
« >4 member galaxies, =1 early-type member with Lg > 3x1010 L

e Declination = -30°. (covered by VLA iiy surveys, visible from GMRT)

X-ray: XMM and/or Chandra observa
typically 20-40 ks XMM observations

Radio: GMRT 610 & 235 MHz for all groups (Kolokythas et al. 2018, 2019)
~4 hrs/target rms ~0.1TmdJdy/bm @610 I\4Hz ~0.6mJy/bm @ 235 MHz

CO: IRAM 30m or APEX for all dominant galaxies (O’Sullivan et al. 2015, 2018)
1-2 hrs/target, detecting Mu2 = 107 - 6x10° Mo ' .

S ‘o(a.ll groups (O’Sullivan et al. 2017 + in prep.)

Ho: MUSE IFU for 18 dominant galaxies (Olivares et al. 2022)
1 hr/target, 1.5” seeing . -
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CLoGS: X-ray & radio results

Detection fraction

e ~50% (26) have group-scale halos (>65kpc, Lx>1041 erg/s)
« ~30% (16) have galaxy-scale halos (Lx=1040-1041 erg/s)

« ~20% have no detected diffuse X-ray emission
Temperature range: 0.4-1.5 keV

Mass range: Msoo = 0.5-5 x 1013 Mg
Of the group-scale halos:

 ~1/3 are dynamically active (mergers or sloshing)

12 of 26 not previously identified as X-ray bright groups
of which 8 not detected by RASS

=» >40% of nearby groups excluded from previous studies?

11 (42%) host radio jet sources
[+3 more in X-ray faint systems]j
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CLoGS: thermal balance

Smaller jet systems (=50 kpc)
in thermal balance

Larger jet systems over-powered
relative to cooling

e Pecav = 100X Leool

 But there are some problem cases...
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CLoGS: problem caseg
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CLoGS: Cool gas

(updated from O’Sullivan et al. 2018)
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Cold gas: filaments and disks
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e |GrM cooling: clumps, filaments, kpc-scale disks in X-ray bright systems (pavid et al. 2017, Temi et al. 2018,
Schellenberger et al. 2020, Ruffa et al. 2019, Boizelle et al. 2020) consistent with Chaotic Cold Accretion (Olivares et al 2022)
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Cold gas: filaments and disks
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o Larger CO/HI/Ha disks/rings: found in X-ray faint systems with star forming, fast rotating BGGs,
misaligned w.r.t. stellar component (Olivares et al. 2022, Kolokythas et al. 2022, Loubser et al. in prep.).

* Tidal gas structures seen in some X-ray bright and faint systems.
12




Summary i ‘ g T .
Based on CLoGS, an optically-sglected, statistically complete sample of nearby
~ groups, including several newly detected in X-rays: |

* « Recent/ current jet activity observed in ~40% of X-ray bright groups.

¢ ~45% of JetS appear over—powered relative to coollng and In some cases are
|nﬂahnglobe |

5‘3|de the cooling region.
~» Cool gas (CO, HIj¥Sidetected in >50%#8f group-central galaxies.

*- BGGs of X-ray bright groups typi'cally host filamentary hebulae and/or kpc—
+ scale disks, consistent with gas Coollng from the IGrM.

* (Greatest cold gas masses seen in BGGs of X-ray faint groups, typlcally Ig
~ large- -scale disks. These BGGs are often fast rotators, star-forming.

-+ (Galaxy interactions can.be a significant source of cold gas for BGGs.

»
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Complete Local-Volume Group Sample (CL0oGS): Selection

485 Begin with Lyon Galaxy Group Sample (Garcia 1993)
all-sky, optically selected, cz<6500 km/s, D<80 Mpc

67

53

® >4 members

Select groups with:

o >1 early-type member with L= 3x1010L®

® Declination > -30°

->» visible from VLA, GMRT

Expand and Refine membership
o Update membership from HyperLEDA
e Use isodensity maps to reject problem cases

Filter on Richness (R = Nga with LB=1.6x1070 L)

e Exclude known clusters: R=10
e Exclude groups too small to characterize: R=1
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CLoGS: Observational data

e X-ray: (O’Sullivan et al. 2017)
Chandra and/or XMM for all 53 groups

Chandra: XMM:
7 new observations (~360ks) 27 new observations (~800ks)
25 archive observations 19 archive observations

 Radio: (Kolokythas et al. 2018, 2019)
GMRT 610 & 235 MHz for all groups (~4 hrs/target, rms ~0.1mJy/bm @610 MHz, ~0.6mJy/bm @ 235 MHZz)

« CO: (O’Sullivan et al. 2015, 2018)
IRAM 30m or APEX for all dominant galaxies (1-2 hrs/target, detecting Mu2 = 107 - 6x10° Me)

e Ha: (Olivares et al. 2022)
MUSE IFU for 18 dominant galaxies in high-richness groups (1 hr/target, 1.5” seeing)

* + |long-slit spectra, wide-field optical imaging, etc.
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