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Abstract: | discuss whether supernovae at high-redshift can result in a detectable SZ signal at small angular scales. | also discuss various aspects of
AGN feedback on galaxy clusters.

Pirsa: 09040032 Page 1/55



AGN Feedback
Heating in Galaxy
Clusters

Peng Oh, UCSB




Collaborators

—1 4 Fular quo (UCSE gmd
student, soon
UC Santa Cruz postdoc)

Mateusz RuszkRowskL (Michigan)

Papcrs:
GUo § Oh, 2008, MNRAS, 384, 251
_quo, Oh § Ruszkowskl, 2008, Ap), 688, 859



For cosmology, we’d
like clusters to be nice
spherical cows...
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But they often contain a
beating heart...

which could affect:

O entropy and pressure
profiles
O SZ decrement, Y-paramete

O qas fractions

O Nown-thermal pressure
support: turbulence, COSMALL



....this talk:

O A wodel of AGN heating: cosmic ray
heating (but see C. Pfrommeer’s talk)

O A possitble explanation for the dichotomy
between cool core and nown-cool core
clusters (mawa spearers todasj, uncld
Babul, Bode, Nagat)



Cosmic-Ray Heating
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Although gas cooling times
in clusters are often short...

1.7 Cyr ‘I.
P
/:""1'
»
= o 4
;;‘.

o . Peterson § Fablan (2006)
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Gas does tper to cool
below ~1/3 of T vir

| caw only fit spectra if
prevent gas from cooling
below ~1/32 of ambient
temperature

universal across different
cluster temperatures
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Heating is an attractive
solution

Cluster sits in quast-
thermeal equiLLbrLum:just
\ LlLke a star!
j Also explains lack of cold
| gas/stars
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caw butld
conduction-only

wmodels Ln
hlddrostatic and

thermal equilibrivum

But: suffer fine-
tuning problems,
tend to be globally
uwnstable
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Bubbles observed Ln ICM,
filled with hot/relativistice
plasma
Maybe: entrain cold gas
padVv work
This talk: cosmie ray

heating
(Guo § Oh 2008)

3/55

Chawndra tmage, Perseus cluster



we see radio sywchrotron
EMALSSLOWN
Mar»g sourceS:Jcts,
accretion shock, SN

Provide gentle,
distributed heating



It’s been tried before...

O Authors have considered d!jwami.cm and
heating effects (via Coulomb, hadronic and
Alfven wave tnteractions)

O But CRs tn previous models did wot
successfully stop cooling flow
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A key problem: CR
transport is slow

F.=vFE. (u+vy) —nsin-VE.), (Al4)
oE.
ot

—— ("":r(- — ]_)('H. : 2 ’U,‘\) -V E{: - v - Fl‘ 13 Q (‘&15)

Diffusive and other CR transport tumescales are
Long
Leads to overpressured center with tnsufficlent
heating at outskirts (though may drive turbulent
convection: Chandrawn & collaborators)
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Our model: use bubbles to

transport CRs =ubbles disrupted by
rRayletgh-Taylor §
Kelvin-Helmholtz
tnstabilities as rise

(Also: CrRs df,-{:fusc out)
Fast way of
transporting CRs: rise
time ~ sound crossing

- "Blruggen § Kaiser (2002) time




Method

O 1D Zeus code: solve time-dependent
hydrodynamic equations + CR heating
§ transport equations

O calculate steaolgj stead Y CR spectrum,
assuming Coulomb, hadronic and

Alfven-wave energy loses (latter
dominates):

. dP.
vave — U
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O Asswme energy denstty tn bubbles Ls a
power-Law with radius (note: CR Lnjection
rate depends on gas cooling-—feedback

effect)

¥ 5 r =
L'tn;t:-hiu. i _E-'"'Iincq‘ (_) jorr > o,
D
1 &5,
= V- Poutbte ~ — - [1 ~
9 dmre or 2
veM.&® v\ """ '
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4rrg  \ ro L

(19
Slope is free parameter, tmplicitly specifies bubble
disruption rate
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O Amount of energy lost to pdv work Ls
small, at most comparable to the bubble

dis mptiow rate

CH injectio

(pdV work caw also heat ICM, we Lgwnore Lt)

irsa: 09040032



Bottom line: it works!
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small, at most comparable to the bubble
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Bottom line: it works!
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O Amount of energy lost to pdv work Ls
small, at most comparable to the bubble

dis mptiow rate

CR injection

(pdV work caw also heat ICM, we Lgwnore Lt)
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Bottom line: it works!
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Note that CR pressure Ls much Less thawn thermeal
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No fine tuning
works (i.e., wo massive cooling flow) starting from
arbiltrarg unitial conditions (unlike other models...)

-
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>
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o

works for ra Vb@d of AGN +

Lamduction parameters works for range ofCR
avndilec



Note that CR pressure Ls much Less thawn thermeal
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No fine tuning
works (L.e., wo massive cooling flow) starting from
arbiltmnd nttial conditions (unlike other models...)

.r..r
o

works for ra wgc of AGN +

Lamduction parameters works for range DfC’R
avndiloc



Required CR
pressure gradients
OK

sSwall fraction of thermal
pressure gradient

o= | most heating s wave heating



Observational tests

jEa— ‘ L see YAMMA-YAYS from

e\ plon-decay with GLAST
—- N Ando § Nagat (2007)

Opti,cal, filaments: need source
of anomolous heating?

R Vot § Donahue (1997)



Global Stability in
Cool Core vs. Non-
Cool Core Clusters




Let’s look more closely at
fine-tuning issues for
conduction models..
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e
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< T o But it
| wown't
evolve
toward this
state L

caw have equilibrivim weodel
general...

which fits observations (solve
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...Iook at differences with AGN
feedback modgl

note short

~Pgrst, butld a background equilibrivm soluttove



I 0 000000 g0 E0  H B B B HE

...look at differences with AGN
feedback modgl

~Peyst, butld a background equilibrium soluttove



...and perform a global stability

@ B analysis
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Growth rate Ls an etgenvalue of analysis
Explore parameter space raptdly!
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Global unstable modes
suppressed with AGN!

4 L

Suppression depends on e-ﬁﬁ,cicwcg

Lagn = —fzt-lincz.
The cructal terme: feedback

= o, "
AFH?E-HI = HA*‘[“"HI} ‘1[111 = E(Tin) ,

Un
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rm CLUSTERS SwOwN % TAa Observations:
- € v 0_3 ‘Hevnz et al 2007
T e~ 001-01 el s

some observations suggest a

c o Nf0-3—0.6 L
Stronger feedback,

€min  reduced

Pirsa: 09040032 AL 200&  page 3855



Dependence on background
1 profile

Appears brmodal!
— Cool core—-stabilized:
by AGN -
— Now cool core—
stabilized by
conduction
= Intermediate
Prsa; 0904003 | temperatures wnstable



Consistent with observations
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X

Dunin § Fabtawn (2008%)
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More AGN actbxita LS Seen
LA systems with cool core
systems (shorter central

cooling time)

Shorter central

L (10 yr)

cooling trmes =2
correlate with o
younger cavittes

(107 1
41/55

E‘.n-f-fﬂrté et al (Zoo2)



More recently...

A statistically-selected Chandra sample of 20 galaxy clusters - [1.
(;as properties and cool-core/non-cool core bimodality

!u.s.-.turl R xaﬁ.ic-"um' Ewan O Sailivan~ and "c\'nr Pomman
pantien g i i - Thermally unstabie

Rty e i i B s e amawcdge WA T

Sowme more observational
support for this Pioturc!

[ralierdd Concheclion supgross on Taciorn

RAILS (fye)

found in CC clusters whereas the flatter slope population are all non-CC clusters. We explore

the role of thermal conduction in stabilizing the ICM and conclude that this mechanism alone

1s sufficient to balance cooling in non-CC clusters. However, CC clusters appear to form a
Piree: 090 istinct population in which heating from feedback is required in addition to conductich.”*
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Open Questions

what determines the final state a cluster
relaxes toward (fastest dccagiwg
eLgenfunction)?

O =D stmulations

How to get gas to black hole--is Bowndl
accretion the whole story? (outflows,
angular momentum, hot vs. cold
accretion)
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O

Open Questions

what determines the funal state a cluster
relaxes toward (fastest deca Hiwg
eLgenfunction)?

O =D stmulations

.

How to get gas to black hole--is Bowndl
accretion the whole story? (outflows,
angular momentum, hot vs. cold

accretion)



Note that CR pressure Ls much Lless thawn thermeal
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€ ~ 0_3 (Hewnz et al 2007

-

—— e I

some observations suggest = 8

c oc Nf0-3—0-6 ‘
Stronger feedback,

€min  reduced
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s Observations:
\170: )9 53 =i € v 0_3 Heuaz et al 2007

some observations suggest = 8

c oc Nf0-3—0-6 < © ‘
Stronger feedback, =

€min  reduced
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O

.

Open Questions

what determines the funal state a cluster
relaxes toward (fastest decagiwg
eLgenfunction)?

O =D stmulations

How to get gas to black hole--is Bondl
accretion the whole story? (outflows,
angular momentum, hot vs. cold
accretion)
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O How to distribute heat LsotropicaLng:
deoagiwg turbulence, S‘PLWWLWQjets...?

0O Bubble stabi,LE,t!j: at what rate are bubbles
disrupted? ‘Magwetic shielding’, CR
diﬁusivitg, ete....

O Topology of magetic freld Lines: could
hot/cold core clusters be two aspects of the
same phenomenon, viewed at different
tlmes?
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0O How to distribute heat E.sotropical,l.gj:
dccagiwg turbulence, s]aiwwingets...?

O Bubble stabE,Li.tH: at what rate are bubbles
disrupted? ‘Magwetic shielding’, CR
diﬁusivitg, ete....

O Topology of magetic field Lines: could
hot/cold core clusters be two aspects of the
same phenomenon, viewed at different
tlmes?



The Bottom Line

O Coswmic ray heating can be tmportant tn
clusters—risiing bubbles (eventally
disrupted) provide a fast means of
transporting them

O gGlobal stability analysis fast way of
exploring parameter space. Predict: (L)
mintmal level of heating effictency, (i)
bimodal central temperatures
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O

Open Questions

what determines the final state a cluster
relaxes toward (fastest dccagiwg
eLgenfunction)?

O =D stmulations

O

How to get gas to black hole--is Bowndl
accretion the whole story? (outflows,
angular momentum, hot vs. cold
accretion)



More recently...

A statistically-selected Chandra sample of 20 galaxy clusters - [1.
(:as properties and cool-core/non-cool core bimodality

k..mml R x.m-.ir:"um * . Ewan O Sailivan~ .a.n..t"‘"cer Ponrman
: P IR o = R e = . mdw mb
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Some more observational
support for this pi.oture!

[ryplired omcheclion supoross on laciorn
' )

Rachus (lup)

found in CC clusters whereas the flatter slope population are all non-CC clusters. We explore

the role of thermal conduction in stabilizing the ICM and conclude that this mechanism alone

is sufficient to balance cooling in non-CC clusters. However, CC clusters appear to form a
Pirse: 090%istinct population in which heating from feedback is required in addition to conductic>**°



Note that CR pressure Ls much Less thawn thermeal
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But they often contain a
beating heart...

which could affect:
O entropy and pressure
profiles
O SZ decrement, Yy-paramete
O qas fractions

O Nown-thermal pressure
support: turbulence, cos MALC
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