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The Cosmological
Baryon Conundrum
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Take for examlalc our own Milkg Wag:

M =4-6 xlO]O M :1017'
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This is 3 - 4 times the observed mass.
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The Standard Picture

s 2/30f the bargons cool Forminga Milkﬂ Wag mass of

10 , ,
O S WIS what is observed.

* Supernova feedback is invoked to blowout half of the
Milkg Ways while not clestroging the thin disk.

* Numerical simulations consis’centlg fail to create such

massive winds. ( )

Is there anotlﬂer solution?



Cooling and Fragmentation in
Astrophysical Plasmas

* A cooling Plasma IS hgclrodgnamica”g unstable
( )

* Higher clensitg regions will cool faster, becoming
denser and therefore cooling faster. Low Aensitg
regions won't cool as quicklg, will exl:)ancl into the space
left 59 the high clensitg regjons, thus decreasing their
densitg and the rate that theg cool.

* Oneends up with a two Phase medium of low clensitg

ho’c £as and warm c:loucls.
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Constraints on the Cloud Mass

Jeans Mass
Conduction
Evaporation

Ram Pressure
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Cloud-Cloud collisions

Clouds will move around in the halo until
theg collide or lose energy from ram

pressure. Onlg then will thcg merge with
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High Velocity Clouds

HI clouds detected around

our galaxg not associated

with the disk.

Their velocit9 clisl:)ersion IS
minimized it Plottecl relative to

the Galaxy.

Theg have tgl:)ical angular
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* 1o have a tgpical size of 0.5 degz our

ClOUClS WOU'Cl ﬂCCCl to have a mass OF

6

e solar masses.

358 ; ; 10
> Wltlﬁ thls mass therc IS a total omc 2310

solar masses in clouds O Q00 cloucls.



Quasar Absorption Systems

* Warm gas IS seen around other SHIBXiCS as quasar

absorption sgs’tems.

* Stuclging the correlation between CIv systems and
galaxies Chen et al. coon found that for sightlines
within 97 |<l:>c of a galaxg 67% show a CIV system. While
outside this distance onlg 6% do.
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The Luminosity Function

The Luminositg Function shows a slﬁarp cutoff

around the Milkﬂ Wags luminositg.

However, there is no feature in the corresponding

dark matter halo mass function.
Semi~analgtic models Put this feature in bg hand.

Multi~Phase cooling seems to Predict this cutoff

natura“g.
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Other Implications

» Clouds may retain their angular momentum sol\/ing the

disk size Problem seen in numerical simulations.

+ Ifthe cloud mass is Iarger than the Jeans Mass the
cloud may co”apse and form dwarf galaxu with no dark

matter.

* Clou&s may contribute to the substructure seen in

strong gravitational Iensing.
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Summary

o When £as cools we exl:)ect a two Phase

medium to arise.

* Jo survive warm CIOUCIS must have mMassces

8

OF lO5 ~- 10 solar masses.

500 get the observed Milkﬂ Wag mass
6 . 8

cloucls must have masses 01C [Q==10)



« TJo match the observed Properties of

high Vclocity clouds requires cloud
6

masses of 5-7x10 solar masses.

o A similar range of cloud masses is
needed to Produce quasar absorlz)tion

systems.



N g lrresPcctive of the cloud mass, the hot
low clensitg core sets an upper limit on
the amount og mass that can cool omc

11 2
el (Q) solar masses explammg tlnc

éxponential cutoff in the Luminositg

function.



Conclusion

Warm cloucls omc tlﬁe right mass range

(B-7 x 106) explain the mass of the Milkﬂ
Way, the high Velocitg clouds, QSO
absorption systems and the |uminosit9

function, Just so...



