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Abstract: The network of tests shows the LCDM cosmology is a good approximation to what actually happened, but that need not mean it has al the
physics relevant to cosmology back to light element formation. | will review properties of galaxies that seem to be particularly difficult to
understand within LCDM and might be pointing to still better physics.
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Hints from the nearby galaxies to a still better physical cosmology
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Three enigmatic aspects of galaxies at low redshift

| . Pure disk galaxies
2. Galaxies as island universes

3.The nearly empty Local Void
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The formation and survival of discs in a ACDM universe
Cecilia Scannapieco. '™ Simon D. M. White ' Volker Spningel’ and Pancia B. Tissera-
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AQUARIUS pure

DM halos of L*

galaxies (Springel
et al. 2008)

images by Jie
Wang, Durham
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An AQUARIUS halo of an L* galaxyat z = 3.1
(Springed et al. 2008)

Images by Jie Wang, Durham
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AQUARIUS pure

DM halos of L*
galaxaes (Springel
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An AQUARIUS halo of an L* galaxyat z = 3.1
(Springel er al. 2008)

images by Jie Wang, Durham
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Estimates of the star formation
rate and of the accumulated mass
in stars indicate half the stars had
formed at redshift in the range

>

1Jz2 3

Where are these old stars now?

Ellipticals. SO0s. and bulges of spi-
rals have old stars. in about the
right amount.

But where are the old stars in the
giant pure disk galaxies?
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JouN KORMENDY > . N1V DRORY . RALF BENDER™" . AND MARK E. CORNELL®

We mventory the galaxies m a sphere of radius 8 Mpc centered on our Galaxy to see whether giant. pure-disk

salaxies are common or rare. We Tnd that at least 11 of 19 galaxies with V.. > 150 km s’ . including M 101.

NGC 6946. IC 342 and our Galaxv. show no evidence for a classical bulge. Four may contain small classical
bulges that contribute 5—12 % of the light of the galaxy. Only four of the 19 giant galaxies are ellipticals or have

classical bulges that contribute ~ 1/3 of the galaxy light ]

We conclude that purt-ch_sk galaxies are far from rare.
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e How did the disks of spiral galaxies form? This s a complex process. like

turbulence.

Research naturally focusses on phenomenological preseriptions for star forma-
tion and its effects on the diffuse barvons.

e What is the origin of bulges of spiral galaxies? This looks looks simpler.

The evidence is that half the stars had formed bv redshift z;» ~ 2. when
in ACDM the material now in the galaxy was spread over several hundred
kiloparsecs. These old stars fell toward the center of the galaxy to form a
bulge — and certainlv not a disk

e How did pure disk galaxies avoid acquiring bulges?” This is puzzling.

The peak of star formation seems to be pretty well known. It would be better
reconciled with the peak of assembly of matter in a galaxv if assemblv were
earlier than predicted in ACDAMI. Then we could imagine the old stars in pure
disk galaxies formed in a disk that was already more or less in place at =, ..
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Where are these old stars now?

Ellipticals. SOs. and bulges of spi-
rals have old stars. in about the
right amount.

But where are the old stars in the
giant pure disk galaxies?
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Where are these old stars now?’

Ellipticals. SOs. and bulges of spi-
rals have old stars. in about the
right amount.

But where are the old stars in the
giant pure disk galaxies?
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JouN KORMENDY = . NIV DRORY . RALF BENDER"" . AND MARK E. CORNELL"

We mventory the galaxies m a sphere of radius 8 Mpc centered on our Gdld.n to see whether giant. pure-disk
galaxies are common or rare. We Tnd that at least 11 of 19 galaxies with V... > 150 km s’ . including M 101.

NGC 6946. IC 342. and our Galaxy. show no evidence for a classical bulge.

FDur may contain small classical

buiges that contribute 5—12 % of the light of the galaxy. Only four of the 19 giant galaxies are ellipticals or have

classical bulges that contnibute ~ 1/3 of the galaxy light |
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We conclude that pnrt-duk galaxies are far from rare.
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e How did the disks of spiral galaxies form? This s a complex process. like
turbulence.

Research naturally focusses on phenomenological preseriptions for star forma-
tion and its effects on the diffuse barvons.

e What is the origin of bulges of spiral galaxies? This looks looks simpler.

The evidence is that half the stars had formed bv redshift z;,» ~ 2. when
in ACDAM the material now in the galaxv was spread over several hundred
kiloparsecs. These old stars fell toward the center of the galaxy to form a
bulge — and certainlv not a disk

e How did pure disk galaxies avoid acquiring bulges? This is puzzling.

The peak of star formation seems to be pretty well known. It would be better
reconciled with the peak of assembly of matter in a galaxv if assembly were
earlier than predicted in ACDAMI. Then we could imagine the old stars in pure
disk galaxies formed in a disk that was alreadyv more or less in place at =, .
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e How did the disks of spiral galaxies form? This s a complex process. like

turbulence.

Research naturally focusses on phenomenological preseriptions for star forma-
tion and 1ts effects on the diffuse barvons.

What is the origin of bulges of spiral galaxies? This looks looks simpler.

The evidence is that half the stars had formed bv redshift z;» >~ 2. when
in ACDM the material now in the galaxy was spread over several hundred
kiloparsecs. These old stars fell toward the center of the galaxy to form a
bulge — and certainlv not a disk

How did pure disk galaxies avoid acquiring bulges? This is puzzling.

The peak of star formation seems to be prettv well known. It would be better
reconciled with the peak of assembly of matter in a galaxv if assembly were
earlier than predicted in ACDM. Then we could imagine the old stars in pure
disk galaxies formed in a disk that was already more or less in place at =, .
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NGC 6946 taken with the Large Btnﬂcu:ar :
escope ... Veirc = 210 kmfs . thetny, °
\ bnght genter .. prnues.tc}»be a pseudobulgt
" that makes-up 2.5% of the Fpand light ..
g »  The nucleys ... 0.011%.0f the Fband lghr...




Hense Boomsma, PhD dissertation, Groningen. 2007
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Hense Boomsma, PhD dissertation, Groningen, 2007
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What are observers saving”

BULGELESS GIANT GALAXIES CHALI ENGE OUR PICTURE OF GALAXY FORMATION
BY HIERARCHICAL CLUSTERING' -

Jouxs Koamespy = Niv Drory . Ratr Bexper®'_ axp Marx E Corxeir’

classical bulges that contnbute ~ 1/3 of the galaxy light. We conclude that pure-disk galaxies are far from rare_ It
mhﬁmwmwwcmﬂfmnﬂ:wm&amdwm
Recogmition of pseudobulges makes the biggest problem with cold dark matter galaxy formation more acute: How
can hierarchical clustering make so many giant. pure-disk galaxies with no evidence for merger-built bulges?
Finally. we emphasize that thes problem 1s a srong function of environment: the Virgo cluster 1s not a puzzie.
because more than 2/3 of s stellar mass is in merger remnants.

What do current numerical analvses of galaxy formation in ACDM say?
The fntmatmnufdnkgaianes in a \CDM universe

Oscar Agertz'”. Romain Tevssier'~ and Ben Moore’

Our simulated disks span a large range of characteris-
tics: stellar disk masses are in the range M . . = 5 — 9 x
10" M., bulge masses of Myyee . =2 — 7 x 10'® M. B/D
~ 0.23 — 1.2 and gas fractions f; = 0.05 — 0.28. The disk
scale radni, ry vary from typical 4 - 5 kpc up to > 10 kpe

What are galaxy formation theorists thinking”

I expect thev'll stick with ACDM until forced from it by more manifest evidence than this.
What am I thinking”

The challenge looks serious. and would be relieved by earlier galaxy assembly.
What is the physics community thinking?
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Three enigmatic aspects of galaxies at low redshift

| . Pure disk galaxies
2. Galaxies as island universes

3.The nearly empty Local Void
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The 7 or 8 most luminous nearby galaxies have gquite

different local environments. yer they loock quite similar.
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The late merging puzzle. Large earlv-tvpe galaxies give the impression of island universes.

M. Bernardi ef al. (2006) study of
the effect of environment on the fun-
damental plane for SDSS earlv-tvpe

; galaxies. Dashed contours: galax-
] ies at higher ambient density: dotted.
- lower density.

The red hine 1s the relation

logo +02u = 05log R + constant
- that follows from the vinal theorem
] if M /L 1s constant. The scallng mdi-
cated bv the tilt of the contours rel-

ative to the red lne.

. M/L x R*

shows exceedingly hittle environmen-

tal effect.

1.8 2.0 2.2 2.4 2.6

F

Log,, o + 0.201 (p, — 19.64)
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THE DEPENDENCE ON ENVIRONMENT OF THE COLOR-MAGNITUDE REI ATION OF GALAXIES

Davib W. Hoca.' MicHAael R Branton.' Jari E BeincEsMans.” Danier | Esenstems.” Davip | ScHLEGEL
James E G Thuotay A McKay, Haxs-WarTeEr Rix." NeTa A Bageanr '

J. BRINKMANN, AND AVERY MEIKSIN'
Reverved 20063 Juwiv |{. accepred 2003 December 1. pubiished 2004 January |6

(bowdlerized)
low density (§,,,<3.0) high density (8,,4>7.0) very hugh (6,,6>50.0)

N ,=25213 e

-1 -22 -20
Moo

The local number densitv contrast is the average within a cvlinder of
radius 1A—* Mpec and half-length Sh—* Mpe in redshift space.

Pirsa: 10060024 The SDSS magnitudes and colors are measured at ~ 8% of the nom- Page 33/47
inal Petrosian magnitude. that is. well outside the half-light radius.



The late merging puzzle. In Af
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Three enigmatic aspects of galaxies at low redshift

| . Pure disk galaxies
2. Galaxies as island universes

3.The nearly empty Local Void
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The curious scarcity of galaxies in the Local Void

This is one of the 2 or 3 known LV galaxies. courtesy of Kathryn Sanonik. to be published
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Fig. | On the left: KK246. B-band DSS image.
contours are 1 9 < 10" en =+ 1.9x 10Pem -
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The curious scarcity of galaxies in the Local Void
This is one of the 2 or 3 known LV galaxies, courtesy of Kathryn Smnonik. to be published
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Fiz. 1 On the left: KK246. B-band DSS image. overlaid with HI contours. The column density
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What have we learned?

Galaxy formation is not well understood. in theorv or practice.

i

We are learning a lot about the phenomenology from observations of

distant galaxies seen as thev were when thev were voung and.

fl.:qlitl:'\ .1-.1:“':_Tnllll :-I'Jllil I.l‘fl'h-l"{"‘:.'_'_iriq M= ||: e I'.!rl'\ _L,l.:l:l..\...j.*'-" ‘_‘l;-tlr Can }J‘,

examined in much greater detail.
A central i1ssue: do the emigmatic properties of galaxies signify

A. _1L;u'1s-t.'_!ial[t- 1111111-1'.--":111111_'_* Ol rr-!l:;li*-.’k processes 1n *I.‘tlyhu'l;
‘.}L'\ SIS, OF
i Tilt' 11*'f'f:l for EH'TT' I i!-li\'*it'*

A common feature of the three enigmas [ have discussed 1s that on the
scale of galaxies matter seems to be assembled too late in ACDAL
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