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General Observations
ELTs each have very strong science 
cases, impressive instrument plans
Many excellent talks, up-to-date results 
shown from that morning’s astro-ph! 
This meeting was meant to draw out the 
synergy between ALMA & ELTs
Discussion about implementing these 
synergies has been difficult
Nobody interrupted any talks….?



ALMA-ELT synergies

High spatial resolution

High continuum sensitivity

High spectral sensitivity



ALMA-ELT synergies:
High spatial resolution

ALMA’s : 0.006” FWHM at 675 GHz (B9), 
14.7 km baseline over an 8” FOV
ELT’s: ~0.008” at 1.2 μm with adaptive optics 
over 30” FOV (TMT; GMT is 20’ FOV)

FOV sizes demonstrate why these are not 
considered as “survey instruments”



ALMA-ELT synergies:
High spatial resolution

ALMA’s : 0.006” FWHM at 675 GHz (B9), 
14.7 km baseline over an 8” FOV
ELT’s: ~0.008” at 1.2 μm with adaptive optics 
over 30” FOV (IRIS IFU on TMT); GMT is 20’ 
FOV)

FOV sizes demonstrate why these are not 
considered as “survey instruments”



EGS13035123:  Spatially Resolved CO Velocity 
Field in a z~1 Disk Galaxy
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BzK 15504 z=2.38: A Thick, Clumpy & Globally 
Unstable Disk

Mdyn(<10 kpc) ~1011 M
vc=230 km/s, σ = 50 km/s, 
Rd=4 kpc, Q=0.8
SFR = 150 M yr-1, fgas~0.3

Genzel et al. 2006

SINFONI +AO (VLT): 
0.2” (1.6 kpc) resolution

Hα K-cont.

BzK15504 z=2.38



Brunella Nisini  INAF-OAR             E-ELT-ALMA workshop ESO Garching   26-March-
2009

1mm continuum
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Protostellar  jets
Class 0 (Av > 100 mag)

- molecular flows
- tracers:CO,SiO

Class I (Av ~ 20-50 mag)
-molecular and 
atomic flows

-tracers:  H2, FeII
Gueth et al. 1998

•How the jets are launched and collimated

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

•Which is the initial heating process
Codella et al. 
2008
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Brunella Nisini  INAF-OAR             E-ELT-ALMA workshop ESO Garching   26-March-
2009

Velocity structure as a test for ejection models
ALMA and ELT may provide a unified picture

Santiago-Garcia, 
Tafalla  et al. 2007

IRAS04166+2706
SiO 2-1 
HV

20”
PdB

CO 2-1 
LV

Romanova et al. 
2009

H2 and 
slow FeII

Fast FeII

ISAAC 
spectroscopy of 
class I jets

HH 34

slit
H2 2.12um

Garcia Lopez, Nisini et 
al. 2008

> 100 AU

LVC

HVC

velocity

< 100 AU
Disk-wind 
model
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Jet dynamics:Questions: RequirementPresenza di due componenti a bassa e alta velocita’: similitudine tra class I/OLVC in class I potrebbe essere quello che resta del vento poco collimato che crea la cavita’ negli outflows di Class O



ALMA-ELT synergies:
High spectral resolution

ALMA’s : 3.8 kHz, or 0.003 km/s at 345 GHz 
(B7), R ~ 108

ELT’s: HROS (TMT), CODEX (ELT) optical 
eschelle spec’meter, R ~ 50,000, 150,000



Current constraints: 
Intriguing but 
controversial
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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?

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.





ALMA-ELT synergies:
High sensitivity

ALMA’s : ~200 μJy in 60 s (16 GHz BW) at 
345 GHz (B7)

ELT’s: EPICS or PFI, imaging at high 
contrasts of 106-9 for planet detection



EGPs - ALMA Direct Detection

Expected flux density at 345 GHz:

18

F345  =  6 X 10−2  T  
RJ

2

Dpc
2    [μJy]

Distance (pc) Jupiter Gl229B Proto-Jupiter

1 12 130 59000

5.7 .36 4.1 1820

10 .12 1.3 590

120 .0008 .009 4.1

Details in Butler, Wootten, & Brown 2003





Weighting Functions

20



ALMA-ELT synergies:
High resolution and sensitivity!

can utilize large apertures and instrumental 
sensitivities of ALMA & ELTs for 
breakthroughs in new areas….

Circumstellar disks
High-Z universe



Probing the inner disk regions...

Magn.sph.
accretion
0.02 AU

Dust 
inner rim
0.07 AU

Habitable zone
0.5 - 2 AU

Outer disk

T Tauri star

Hubble Space Telescope

8-10 meter Telescope

Mid-IR VLT interferometry

(sub-)mm interferoNear-IR VLT interferometry

ELT imaging(!) and spectroscopy

ELT spectro-astrometry

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



Disk around pre-main sequence stars

Isella, Carpenter & Sargent 2009   CARMA

ageMass accretion

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

The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

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

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

R=25000
Keck-NIRSPEC

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

inclination

Tex~1000 K



Spectro-astrometry at milliarcsec resolution
20

 A
U

Pontoppidan et al. 2008

Keplerian disk model
CRIRES Spectro-astrometry

< 1 mas RMS @ λ/Δλ = 100,000

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



Iye et al. 2006
Kashikawa et al. 2006
Ota et al. 2007

Ly α Galaxy LF at z>6

• Neutral IGM has extended GP damping wing → attenuates Ly α emission line
• Detectability of Ly α galaxies as markers of IGM optical depth

– Reionization not completed by z~6.5
– fHI ~ 0.3 - 0.6 at z~7
– Overlapping at z=6-7?

z=6.96

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. 



Reionization Topology with Lyα Emitters
• Ly α emitter could provide sensitive probe to 

reionization history, especially during overlapping
– Evolution of LF (constrain fHI)
– Clustering

Distribution of Lyα emitters
over 3’ FOV

McQuinn et al.
Angular correlation of Lyα emitters Neutral → Ionized
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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

QSO @ z=9.4Magellan 8hrs

GMT 8hrs

F λ
F λ

Lyman-α redshift

Wavelength (μm)

X.Fa
n

• 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

Presenter
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.







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

[CII] line

Need Band 5!
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Discussion Sessions
Q1: Which ELT instruments and/or ALMA 

upgrades would be needed to produce 
a major impact in disks and at high-Z?

A1: for disks, ELTs need high R opt/IR 
eschelle spectrometers; for high-Z, 
need MOS (GMACS): AO is critical
for disks, ALMA needs longer 
baselines; for high-Z, need Bands 1 and 
5.



Discussion Sessions
Q2: What are the main scientific synergies in 4 defined 

areas of research? 

A2: I) Fundamental physics, cosmology:
- constants, high-Z galaxies
ii) Galaxy and ISM Evolution:
- galaxy mergers at Z ~ 2-3+
iii) SF from EoR to present:
- disk charcterization
iv) Solar Systems near and far:
- planet detection (direct, indirect)



Discussion Sessions
Q3: Do the communities overlap enough? 

A3: Some, but not enough!  Tendency to get stuck with 
the familiar, especially without incentives ($$$) to 
branch out
- workshops certainly help, especially ones targeted 
to specific science drivers that demonstrate the utility 
of other community instruments
- cross-fertilzation of committees can help
- why not hire some people from the other community 
on your faculty???



Discussion Sessions
Q4: What instrumentation will reinforce the synergies? 

A4: Didn’t I answer that for Q1?  >:-(   ELT needs high-
contrast imagers for planets, and IFUs for galaxy 
mergers; ALMA needs more antennas



Discussion Sessions
Q5: Formal connections made to allow simultaneous 

proposals?

A5: Not sure…probably good to have staggered 
deadlines so that results of one competition could be 
folded into the next one, probably up to community 
input
- perhaps incentives needed for large, “boring” 
projects since they are important?



Discussion Sessions
Q7: Which survey programs should be planned WRT location of 

ELTs to enable synergies?

A7: duh…an ELT should be in the south for maximal synergy with 
ALMA.  Putting 3 ELTs in the south is probably a bad idea.  

Having ELTs with the same instruments (at first) also probably a 
bad idea…  (TMT has selected its already…)

Large programs are probably worthwhile at a small level during the 
early days of each facility.  Doesn’t lock up time for a small 
cadre of people, and allows usage to grow.  Also, instrument will 
only improve with time!



Discussion Sessions
Q8: Should ALMA systematically prepare follow-up 

targets for the ELTs?

A8: not really addressed but loads of targets will 
probably be discovered in the ~6-8 years between 
ALMA early science and ELTs first lights.  I suspect 
“systematic” observations will come more from 
dedicated wide-field surveys though…remember 
“ALMA not a survey instrument”



Discussion Sessions
Q9: What ALMA upgrades will most fully exploit synergy 

with the ELTs?

A9: God, this again?  Haven’t I already answered this in 
Qs 1, 2 and 4?  Man, I wonder what time it is back 
home…holy christ I’m tired.



Discussion Sessions
Q10: Are there possible synergies in terms of data 

standards, VO tools and post-pipeline analysis?

A10: YES.  A VO-standard format will make using data 
between facilities much easier, helping communities 
grow.  Also good to have “common interfaces for 
models”.  Useful tools written by the community 
should be made available to the project.

Optical community can learn from 3D visualization and 
analysis tools being developed in radio wavelengths:
- Karma, 3D slicer for visualization
- “dendrograms” for analysis



Learnin’ From Each Other
Can the projects learn from each other and if so in what 

area?

- International cooperation leads to better instruments
- Level 1 science case to guide development
- Enforcing ease-of-use for planning tools AND data 

products
- Software that is easy to understand and that are 

continuously improved
- Accessible archives that are continually re-developed
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