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Bailout Plan: $2.5 Trillion and a Strong U.S. Hand

By EDMUND L. ANDREWS and STEFHEM LABATON
FPublished: February 10, 2008

B COMMENTS
WASHINGTON — The White House plan to rescue the nation’s i
financial system, announced on Tuesday by Timothy F. Geithner, the
Treasury secretary, is far bigger than anyone predicted and envisions
a far greater government role in markets and banks than at any time

since the 1930s.
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Administration officials committed to 2iif SHARE

flood the financial system with as
much as $2.5 trillion — $350 billion of
that coming from the bailout fund and
the rest from private investors and the
Federal Reserve, making use of its
ability to print money.
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ALMA:-ELLIF SYyRergies:
HIghispatial reseluton

= ALMA'S 2 0.006% F\WHMIat 675 GHZ (BY);
147 km RaSEelinEIGVET: clil} " FOV

= ELT’s: ~0.008% at ds2ium Withladaptive optics
over 80" FOVA(TIMIFGMIHiS 201 FOV)
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ALMA:-ELLIF SYyRergies:
HIgh Spatialireselutoen
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EGS13035123: Spatially Resolved CO Velocity
Field in a z~1 Disk Galaxy

100 km/s Mgos~4x10"° Mo, , M~ 2x10" Mg, f

gas

0.2

pa 22
b o .
4 B . A
- t ‘ (25 kpc) -
4

; CO 3-2 & I-band CO 3-2 vels & I-band
IRAM PdBI CO(3-2) @2mm



BzK 15504 z=2.38: A Thick, Clumpy & Globally
Unstable Disk

Ha'

0 65 +130 +200 +400(£130)

Myn(<10 kpc) ~10"" M, SINFONI +AO (VLT): g BEKISH04z=238
v,=230 km/s, g = 50 km/s, 0.2” (1.6 kpc) resolution, l
R,=4 kpc, Q=0.8

SFR =150 M .yr?, f,..~0.3

gas

Genzel et al. 2006
: Ha _ - K-cont.



= Protostellar jets

Class O (Av > 100 mag) Class I (Av ~ 20-50 mag)
-molecular and
- molecular flows e A

- tracers:CO, SiO

-tracers: H,, FelIl

. —— 1mm continuum

Davis et al. 2006

‘How the jets are launched and collimated

‘How angular momentum is transferred
from the accretion disk to the jet

IR | -Which is the initial heating process
Si0 2-1 PdB
Codella’eT al.

~2008

Brunella Nisini INAF-OAR E-ELT-ALMA workshop ESO Garching 26-March-
207D 0
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= Velocity structure as a test for ejection models
ALMA and ELT may provude a unlfued plcTur'e

Romanova et al.
2009

ISAAC
spectroscopy of

' Iﬂ(( (DLM“E?O&I .

_ #f/

-300-200-100 IU 100 200 -.’-ZCIL'J-ISEI 0 100 ét‘m . .
Velocity (km/s) Velocity (km/s Disk-wind
model

Offset (arcsec)

H2 2.12tm[*

Brunella Nisini INAF-OAR E-ELT-ALMA workshop ESO Garching 26-March-

200D 0
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Jet dynamics:
Questions: 

Requirement

Presenza di due componenti a bassa e alta velocita’: similitudine tra class I/O
LVC in class I potrebbe essere quello che resta del vento poco collimato che crea la cavita’ negli outflows di Class O


ALMA=ELLIFSYRErgIEes:
HIgNISPECialrEseIution
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Ubachs et al. (2007):
s Au/p = (+2.5+£0.6)x105 at z~2.8. % ]’

Current constraints: - R i
Intriguing but gl
controversial
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sensitivity coefficient K,

Instrument N, Zabs Aafa [10°7] Reference

HIRES 30 05-16 -1.100 0.400 Webb et al. (1909) - +—a—— ]
HIRES 49 05-35 -0.720+0.180 Murphy et al. (2001a) A Revisited -
HIRES 128 0.2-3.7 -0.543 +0.116 Murphy et al. (2003) o here -
HIRES 143 02-42 -0.573+0.113 Murphy et al. (2004) = j_ A
UVES 23 0.4-2.3 -0.060 + 0.060 Chand et al. (2004) e E
UVES 1 1151 -0.040+0.190 + 0.270 Quast et al. (2004) - [ |
UVES 1 1839 +0.240 +0.380 Levshakov et al. (2005) — 5';,’ —e—
UVES 1 1151 +0.040 +0.150 Levshakov et al. (2005) - <| e g
UVES 1 1151 +0.100 + 0.220 Chand et al. (2006) |- B e .
HARPS 1 1151 +0.050 + 0.240 Chand et al. (2006)  + E o =
UVES 1 1.151 -0.007 +0.084 (+ 0.100) Levshakov et al. (2006) - Sl 1 e
UVES 1 1.839 +0.540+0.250 Levshakov et al. (2007) - l, | —@—i| |
UVES 23 04-23 -0.640 +0.360 This work E —e—i 4

-156 -1 -05_ 0 0.5
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Current constraints on those numbers are intriguing but also controversial. Observations using HIRES on Keck and UVES on VLT have lowered dalph(a)/a to 10^-6 range, while there are claims of detected changes, most of the more recent results are consistent with non detection. Ubach et al. claimed a four sigma detection of chagen in mu, but this is being challenged on technical grounds as well.



How much will measurement improve?

5(Aa/o) [10-8]

0.8

0.6

VLT/UVES (e=17%)

—R ~ 50k

----R~ 150k

VLT/ESPRESSO (e=20%)

Effective mirror diameter [m]

M. Murphy
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This plot by Michale Murphy shows how much high resolution spectroscopy using the ELTs will improve the measurement on alpha. With the CODEX instrument, the same instrument propose to be used by the Hubble expansion experiment, there wojuld be an order of mag improvement in sensitivity to alpha evolution. Although we don’t have any a priori theory about what the variablity might be, it will certainly clear up the controversy among current generation of measurement.


Absorption lines

More sensitive to cold gas along l.os.
with ALMA 100 times more background sources
explore:
* abundances & chemistry as function of z
o Teme(z)
* Hubble constant through time delay btw two
lensed images
* variation of fundamental constants:
¢ fine structure constant
¢ me/mp
* proton gyromagnetic ratio

(Kaluza-Klein, Superstrings, compactified
extra-dimensions)

Doublets/multiplets: O(10-)
Radio advantage: high spec. res., cold narrow
lines

Problem: kinematical bias
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ALMA:=ELLIFSYyRErgies:
HIGRISENSILVILY

o [
= ALMAS =200 Iy 60is ({6 GHZ BWW) at
345G H 47 M

'

= ELT's: ERICS or PFJ.I,nimaging atnigh
contrasts efi 105 ferplanet detection
M | '
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EGPs - ALLMA Direct Detection

Expected flux density at 345 GHz:

R2
Fys = 6 X 10 2 D_; L2y ]
pC
Distance (pc) Jupiter GI1229B Proto-Jupiter
1 12 130 59000
5.7 .36 4.1 1820
10 12 590
120 .0008 .009 4.1

Details in Butler, Wootten, & Brown 2003

18



Imaging a planet, the last frontier...

010

00

< SPHERE (VLT, 2-m telescope), 2011
= Young self luminous exo-planets

< Angular separation; 0.1 <o <1 arcsec
< Contrast (Near Infrared): 104 - 10

4 EPICS (E-ELT, 42-m telescope),
% Mature gas giant and massive rocky exoplanets
< Angular separation: 002 <o < | arcsec
< Contrast (Near Infrared) H: 107 - 10-°

ESOALMAELT 2009

HE 8799 Planetary System
{Sept. 2008)

e}

- (26/27)



Weighting Functions

CH, Cloud

Pressure (bar)

H,5 Cloud

MH,SH Cloud

Liquid H,0 Cloud

I I I I | I
0.0 0.2 0.4 0.6 0.5 1.0 50 100 150 2o Z50 o0 350

MNormalized Weighting Function Temperature 20




ALMA:ELSIFSYREIGIES:
HIghi reselution ana Sensitivity!
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Probing the inner disk regions...

=L sogciro-asirorrigiry

=L T imaging(!) arid sogciroscooy

Near-lR VLT interierornetry  (suo-)mrrn inierfero
T Tauri star Micl-IR VLT iniarferormnsiry
3-10 meier Telascops

Fluoole Soace Telascoos

Outer disk

Dust Habitable zone

Magn.sph. : :
accretion nonge?r ;\ILT 0.5-2AU

0.02 AU

Note: ALMA can only image lines outside ~10 AU; ELT inside 10 AU



Disk around pre-main sequence stars

'Ir‘_‘- w 7y

Isella, Carpenter & Sargent 2009 CARMA

-1.5 -1 05 0

Mass accretion Logt, M
8 tpamgy (Myr)

= Constrain masses +
sizes of disks, velocity
patterns of outer disks,
level of turbulence, ...

Q: how do disks and stars
co-evolve?

See also Dutrey, Guilloteau, & Simon,
Ohashi et al, Kitamura et al , Qi et al,
Andrews & Williams, ....



Hot gas in inner disks

CO v=1-0 band at 4.7 um in disks around Herbig stars
Low-J High-J

f - R=25000

ol J‘-L. = ANBEE  Keck-NIRSPEC
MWC 758 — J<9 [=—1J>25 ‘

| T, ~1000 K

inclination

=
ps |
=
(=
.5
(=]
o
(&
N
_—
g
3
= |
=
e}
=
(e}
(& ]
|
F
3
=
S’

Blake & Boogert 2004
Brittain et al. 2003, 2007
100 -100 100 Najita et al.2003

Velocity (km/s)

Excitation by collisions (inner few AU) and resonant fluorescence (larger R)



Spectro-astrometry at milliarcsec resolution

CRIRES Spectro-astrometry

Keplerian disk model 47 pm CO v=1-0

20 AU

-
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t
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ey
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%
Bae
+
—

Lad
=
g

-
=
[ 3
[ 3]

-10
—-20 -10 ©¢ 10 20
Velocity [km/s]

<1 mas RMS @ A/A\ = 100,000

- Can locate gas down to 1 AU scale
- ELT can image kinematics directly down to few AU with IFU

Pontoppidan et al. 2008



Ly a Galaxy LF at z>6

Age of the Universe (Gyr)

25
:é 2t ! TRCOLAE ] 0'?? 0'?1 0'|75
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9,600 9,650 9,700 9,750 9,800 S E E 5
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€5 F ERI
I e et al 2006 % :I | I N T [N I B | | | I N T [ I | | N N Y T [ I | B g
y : g 5 6 7 8

Redshift

Kashikawa et al. 2006
Ota et al. 2007
* Neutral IGM has extended GP damping wing — attenuates Ly a emission line
* Detectability of Ly o galaxies as markers of IGM optical depth
— Reionization not completed by z~6.5
— f,,~0.3-0.6 at z~7
— Overlapping at z=6-77?


Presenter
Presentation Notes
This is the state of art: the highest spectroscopically confirmed galaxy is at z=7, the limit of optical surveys. But even a few objects at those redshift is already interesting. Ly alpha galaxies provide a useful probe of reionization, because a neutral IGM will have extended GP damping wing which will rapidly attenuates the intrinsic Ly alpha emission from galaxies when reionziation begins to set in, even if the overall galaxy density evolves smoothly. This might very well be what the recent Subaru results on z~7 galaxies are telling us. But this is also the limit of current telescopes: only two galaxies are known at this redshitt. 


®

Relonization Topology with Lyo Emitters
* Ly a emitter could provide sensitive probe to
reionization history, especially during overlapping

— Evolution of LF (constrain f};)
— Clustering

Distribution of Lyo emitters
over 3’ FOV

x=7

SDF Fl'hotolnetric

D —

S —

—+—F—t+—t+7 t
1.4 sq. deg. FoV Photometrnic
=02

swd

1 (Mpe/h) i e 52 Bvep Fns
. . Neutral — lonized
Angular correlation of Lyo emitters

McQuinn et al.
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Presentation Notes
What you can do with them, if you can find all these Ly alpha galaxies? Many theoretical work in the last few years strongly suggest that the Ly alpha galaxy distributions provide the most sentitive probes to reionization history, especially during the crucial stage when the individual HII regions are overlapping and the IGM are experiencing a rapid phase transition. This is essentially due to the same IGM GP damping wing absorption that we discussed a moment ago, so Ly alpha galaxies are used as markers of IGM optical depth. One can use the evolution of LF to measure average neutral fraction of the IGM, clustering and higher order statistics to map the topology of reionization.


Probing the Neutral Era with ELT
Quasar/GRB Spectroscopy

Lyman-a redshift

- Magellan8hrs QSO @ z=9.4 X.Fa

+ - GMT 8hrs

| V1\};1velength (u;:; b
* High resolution, moderate (R~5000) resolution
spectroscopy of bright quasars/GRBs will allow
determination of reionization, using
— optical depth measurements
— distribution of dark absorption troughs
— sizes of quasar HII regions
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Presentation Notes
Complementary to the Ly alpha survey is the old fashion spectroscopy of high-redshift discrete sources, being quasars, or as we will learn more this afteroon, GRBs. Here is a simulation that I made for the GMT science case should that even with ground-layer correction, how much detail one can probe with a high-z quasar, if there are wide-field surveys that can find these objects. Here it is important to keep in mind that the direct GP optical depth measurement can only probe the very late stage of reionization before HI completely saturate the spectra, but people are working hard on inventing new, sensitive statistics to probe the more neutral era, which will be combined with Ly alpha measurement to probe the evolution of HI.
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Z2=6.4.

zenith transmission [%]
g

C C NCON

o

Far-IR Cooling lines at high z shifted into observable windows

100 m

L 1 HD

430um  350um

\ ) {

pwv=0.2 mm

pwv=0.2 mm

500 1000

frequency [GHZ]

1500




[CII] will (almost) make our day at z>7

Band 10 (787-950 GHz)
Band 9 (602-720 GHz)

[CIl] line

Band 6 (211-275 GH2) | 1, | | IEIRRERNERGER

I | LTI i
NN ‘

Band 4 (125-163 GHz) i il

Band 3 ( 84-119 GHz)

Need Band 5!

Q 0.7cm (40-50 GHz)
Ka 1.0cm (26-40 GHz)

10
Redshift
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DISCUSSION Sessions
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