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LMT-50m  VS IRAM-30m



Telescope status

Telescope

@3mm
LMT-50m IRAM-30m

Location
Longitude: 97º 18' 53”

Latitude: +18º 59' 06”

Altitude: 4600m

Longitude: 3º 23’ 55.51”

Latitude: +37º 04’ 06.29”

Altitude: 2850m

Frequency rang (GHz) 85~115 83-117

Beam (“)  @115GHz 14 20

Pointing < 1” ~ 1”

Sensitivity (Jy/K) 2.2 5.9

Tsys (K) 600 (FCRAO:SEQUOIA ) 275

Efficiencies 65% 82%

Receiver
SEQUOIA 

RSR (73-111 GHz)
EMIR

http://www.astro.umass.edu/~fcrao/observer/status14m.html#SPECTROMETERS
http://www.iram.es/IRAMES/mainWiki/EmirforAstronomers


LMT-50m Receivers

Redshift Search Receiver (RSR):
73-111 GHz

four pixels arranged in a dual-beam, dual polarized configuration

noise temperatures < 50K 

wideband 38 GHz with 31 MHz (100 km/s at 90 GHz) 

The RSR was commissioned on the FCRAO 14-m telescope in 2006, and in June 2011 it 

conducted the first-light scientific demonstration observations of the LMT.

SEQUOIA:
a cryogenic focal-plane array of 32 pixels, dual-polarized 4×4 arrays

85 – 116 GHz

receiver noise of 55K in 85-107 GHz, 90K at 116GHz

SEQUOIA was the workhorse facility instrument for the FCRAO 14-m telescope for many 

years, and it will remain the largest heterodyne spectral line camera operating 3 mm 

when it operates on the LMT.

http://www.lmtgtm.org/?page_id=67
http://www.astro.umass.edu/~fcrao/observer/status14m.html#SPECTROMETERS
http://www.lmtgtm.org/?page_id=53
http://www.lmtgtm.org/?page_id=53
http://www.lmtgtm.org/?page_id=55
http://www.lmtgtm.org/?page_id=55


IRAM-30m Receivers

http://iram-institute.org/EN/content-page-58-7-55-58-0-0.html
http://iram-institute.org/EN/content-page-58-7-55-58-0-0.html
http://www.iram.es/IRAMES/mainWiki/EmirforAstronomers
http://www.iram.es/IRAMES/mainWiki/EmirforAstronomers
http://www.iram.es/IRAMES/mainWiki/Iram30mEfficiencies
http://www.iram.es/IRAMES/mainWiki/Iram30mEfficiencies


IRAM-30m

EMIR wide mode (~200kHz resolution): 

20737 channels (~4050.195MHz) centered at 5975.0MHz. 

First channel at 3950.0MHz, last channel at 8000.0MHz. 

EMIR narrow mode (~50kHz resolution): 

37275 channels (~1820.068MHz) centered at 6200.0MHz 

First channel at ~5289.990MHz, last channel at ~7110.010MHz. 

Hera wide mode (~200kHz resolution): 

5377 channels (~1050.195MHz) centered at 609.375MHz. 

First channel at 84.375MHz, last channel at 1134.375MHz.

Hera narrow mode (~50kHz resolution): 

12814 channels (~625.684MHz) centered at ~397.192MHz. 

First channel at 84.375MHz, last channel at ~710.010MHz.

http://www.iram.es/IRAMES/mainWiki/BackendsForEmirHeraMambo
http://www.iram.es/IRAMES/mainWiki/BackendsForEmirHeraMambo
http://iram-institute.org/EN/content-page-58-7-55-58-0-0.html
http://iram-institute.org/EN/content-page-58-7-55-58-0-0.html


Science

IRAM-30m

1. exploring the planetary system

2. understanding the birth and death of stars

3. investigating the chemical layout of the interstellar medium

4. disclosing dynamical and chemical properties of galaxies

5. looking into the evolution of galaxies of the local and early Universe

LMT-50m

1. Molecular Gas Distributions

2. Instabilities and Star Formation

3. Probing Physical Conditions in the Interstellar Medium

4. Large Imaging Surveys of Nearby Galaxies

5. Exploring the Galaxy with VLBI



Zoom-in



IRAC Lensing Survey

The IRAC Lensing Survey is a Spitzer/IRAC imaging survey of 47 massive clusters. 

Background sources behind these clusters are significantly magnified due to the 

gravitational lensing effect, while keeping their surface brightnesses at the same level.

probe the high-redshift Universe with three main scientific objectives:

1. Characterizing z > 6 galaxies

2. Supporting Herschel & IRAM-PdB/ALMA Lensing surveys

3. Searching for z > 6 supernovae



Large Imaging Surveys of Nearby Galaxies

Galaxies grow larger and more 
massive by a series of mergers and 
acquisitions of smaller galaxies 
and gas clouds from their 
surroundings. 
Therefore, environment plays a 
critical role in the mass growth 
and star-formation history, as 
well as the future fate, of all 
galaxies.

Young et al. measured CO (1-0) 
emission in over 300 galaxies 
using the FCRAO 14 m telescope to 
characterize the molecular gas 
content in galaxies of different 
Hubble types.



Large Imaging Surveys of Nearby Galaxies

LMT will conduct imaging surveys of molecular gas 
tracers such as CO for a large sample of nearby 
galaxies representing different galactic 
environments, as in the Coma cluster. 

Comparisons of CO emission with the HI and Spitzer 
infrared images should reveal the relationship 
between the large scale cold gas and stellar 
structures, the gas distribution, and star 
formation activity. 

During the first few years of operation the LMT 
will image CO emission in hundreds of galaxies 
with sub-kpc spatial resolution out to a distance 
of 100 Mpc. Spatially resolved analysis of gas and 
dust properties in statistically significant large 
samples of diverse Hubble types and environments 
will be conducted using these data.



HERACLES, THINGS, SINGS

The HERA CO-Line Extragalactic Survey (HERACLES) is a Large Program that used the 

IRAM 30-m telescope to produce sensitive CO J=2-1 emission maps from 48 nearby 

galaxies with 13” angular resolution

HERACLES covered an area in each target out to the optical (B-band) edge. It was built 

to complement THINGS, SINGS, and associated surveys and to advance knowledge on 

star formation from molecular gas, the assembly of molecular clouds out of atomic gas, 

the distribution of matter (dark, light, stellar, and gaseous) in galaxies, and the dynamics 

and structure of the interstellar medium.

The HI Nearby Galaxy Survey (THINGS) is a Large Program that used the VLA to perform 

21-cm HI observations of 34 nearby galaxies with 7” angular and 5 km/s velocity 

resolution.

The Spitzer Infrared Nearby Galaxies Survey (SINGS) is a Legacy Program observed 75 

galaxies. The galaxies are composites created from data taken by IRAC at 3.6 and 8.0 

um with 1”.5 and 1”.9 angular resolution, and MIPS at 24 um with 6” angular resolution.

http://www.cv.nrao.edu/~aleroy/HERACLES/Overview.html
http://www.mpia-hd.mpg.de/THINGS/Overview.html
http://irsa.ipac.caltech.edu/data/SPITZER/SINGS/summary.html




Molecular Gas Distributions

The distribution and abundance of dense 

interstellar matter plays a critical role in 

determining the morphology and evolution 

of galaxies. Stars predominantly form in 

GMC.

Giant Molecular Clouds (GMC)
Size: 10~50pc

Mass: 10^4~10^6 Msun

LMT
The angular resolution: ~20pc (nearby 

Galaxy, eg: M31, M33) 

The LMT will hence be able to map the 

location and kinematics of dense molecular 

clouds in several hundred nearby spiral 

galaxies, and to study cloud formation and 

dissipation as they pass through the shock 

fronts within galactic spiral arms.

M33
14M



Molecular Gas Distributions
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The LMT will hence be able to map the 

location and kinematics of dense molecular 

clouds in several hundred nearby spiral 

galaxies, and to study cloud formation and 

dissipation as they pass through the shock 

fronts within galactic spiral arms.

M33
14M

IRAM
The angular resolution: ~40pc



IRAM-30m: HERM33ES

Dust Temperature SPIRE 250μm + CO (J=2-1)

4.1e20 

2.2e20

3.0e20



Probing Physical Conditions in the ISM
In galaxies, HCN, HCO+, and CS can 
directly trace the higher densities gas 
conditions.

LMT can investigate the variation of 
molecular gas conditions as a function
of radial position within a galaxy. 
These conditions can be directly 
compared to local star formation rates 
and efficiencies to assess the 
regulatory processes within galaxies.

M33
14M

M82

http://www.lmtgtm.org/?page_id=67
http://www.lmtgtm.org/?page_id=67


Probing Physical Conditions in the ISM

optical and ultraviolet astronomers have 
successfully exploited the absorption of light 
from distant bright sources passing through 
foreground gas clouds to learn about the 
nature of the warm and hot gas within and 
surrounding galaxies.

The LMT increases the number of available 
target sources to several thousands, and the 
frequency agility of the LMT instruments is 
extremely well suited for absorption system 
searches and detailed follow-up investigations. 
physical properties of the ISM: gas density, 
temperature, and chemical abundances.
In addition, such general properties of the 
universe as the in situ cosmic microwave 
background temperature and the value of 
fundamental atomic constants can be explored.



Processes of Star Formation

LMT can rapidly image both molecular line and thermal dust continuum 
emission provides powerful tools to study the global cloud dynamics, the 
development of massive cores and pre-protostellar condensations from the 
low density substrate, the gravitational collapse of material onto the 
central object and circumstellar disk, and the protostellar wind phenomenon. 

The low geographic latitude of the LMT site enables studies of more distant 
star-forming regions within the molecular ring of the Galaxy and the 
Galactic Center region, where the interstellar gas conditions are more 
extreme that than those found in the solar neighborhood.



Processes of Star Formation

The dynamics of a cloud plays a pivotal role in setting the time interval over which the cloud can 

produce stars and the mode (clustered or distributed) in which stars are generated. 

A high-resolution view of a nearby molecular cloud reveals a web of filaments, shells, and high 

density cores that attest to a complex dynamical state. 

The observed complexity is produced by expanding motions from HII regions and stellar winds, 

and the interplay between magneto-turbulent pressures and the self-gravity of the cloud. 

Determining the relative roles of the magnetic field, turbulence, and wind-driven shocks is a 

central goal of molecular cloud studies and the subject of a spirited debate amongst theorists 

within the astronomical community.

Wide-field imaging of molecular line emission will 

provide a wealth of dynamical information, since 

both small- and large-scale structure of the cloud 

will be recovered by the LMT. The spatial variations 

of velocity and column density are fossil records of 

the dynamics that can be compared to model 

predictions of cloud structure. 

Moreover, with the dual polarization of the LMT 

heterodyne systems one can detect and image the 

Zeeman Effect in molecular clouds to examine the 

spatial variations of the magnetic field.



IRAM-30m: W43 HERO 

W43 HERO (Hera/EmiR Observations) is a large program of IRAM-30m. The program aims at 

investigating the distribution of the mid-density molecular gas in W43, one of the most active star 

forming regions in the Milky Way (Motte et al. 2003).

The aim of the W43 HERO Program is two-fold: study 

the dynamics of the molecular gas over a square degree 

region centered on W43 with unprecedented spectral 

resolution (~0.1 km/s) using the 13CO (2-1) and C18O (2-

1) line transitions, and investigate the physical and 

chemical conditions of the densest clouds at the center 

of the complex using the spectral signatures of 

molecular high-density tracers.

W43 is located at the connection of the spiral arms and 

bar where circular and elliptic orbits intersect and 

molecular clouds are expected to collide. At a distance 

of ~6 kpc and a mass of ~107 solar masses, W43 has all 

the prerequisites to be studied in detail. The interest of 

the W43 region and its molecular clouds has already 

been proven in projects by Schuller et al. 2009 

[ATLASGAL], Molinari et al. 2010 and Bally et al. 2010 

[Hi-GAL]).



Processes of Star Formation
Two distinct modes of star formation in molecular clouds

Distributed star formation: small (0.1 pc), low mass (1-10 Msun), dense (10^4 
molecules per cm-3), isolated cores that typically form a single star with low to 
moderate mass. The Taurus molecular cloud is the prototypical example. It is a 
basic mode. 
Clustered star formation that are less well understood or defined: larger (0.5-1pc), 
more massive (10^3 to 10^4 Msun), denser (10^6 molecules per cm-3), and more 
inhomogeneous. Such regions have the capacity to produce 100 to 1,000 stars and are 
almost the only sites of massive star formation. These massive cores are bright 
both in spectral line and thermal dust continuum emission and are often associated 
with compact or evolved HII regions. 

The LMT will produce definitive descriptions of massive cores in the interstellar 
medium of the Milky Way. 
Mapping of the thermal dust continuum emission will reveal the column density 
distribution of material and identify protostellar objects within the massive cores, 
complementing the mid-infrared measurements from the Spitzer Space Telescope. The 
local dynamics and chemistry of the massive core will be determined by imaging of 
spectral line emission that directly traces the dense gas. 
Such complementary measurements will define the coupling of the dynamics to the 
protostellar condensation.



Processes of Star Formation

The actual formation of a star results from the gravitational collapse of a 

dense parcel of gas within a molecular cloud. 

In the earliest phases of star formation, protostellar objects are highly 

obscured in a cocoon of dust and gas, and hence, are not observable with 

optical or infrared telescopes. However, mm-wave observations can 

penetrate the dust and provide spectral evidence for infall motions in 

protostellar regions. 

Such measurements have placed important constraints on the infall velocity, 

angular momentum, and density profile of a protostellar core. 

However, the sensitivity of current systems limits one to the latest stages of 

protostellar collapse, when the infall radius is large and the velocities small. 

The larger collecting area of the LMT will enable astronomers to study the 

properties of protostellar collapse at earlier stages. Moreover, the resolution 

and imaging capability of the LMT can more readily distinguish motions 

associated with infall from the rotation and outflowing motions that may also 

be present.



Astrochemistry



Chemical Survey of Sun-Like Star-Forming Regions

to address the question of our “chemical origins”, namely to understand the 

chemical evolution of the matter during the long process that brought it from 

prestellar cores (PSCs) and protostars to protoplanetary disks, and ultimately 

to the bodies of the Solar System. 

We propose to carry out an unbiased spectral exploration of a carefully 

selected sample of template sources, which cover the full formation process 

of solar-type stars. This will provide a full census of the chemical species 

present in the gas neutrals (including complex organic species), anions, and 

cations, down to abundances as low as ∼ 10^−12 wrt H2. 

A complete modeling will allow to determine the physical and dynamical 

conditions of the targets.

IRAM-30m



Chemical Survey of Sun-Like Star-Forming Regions



Chemical Survey of Sun-Like Star-Forming Regions



Stellar Mass Loss: 
How Evolved Stars Return Mass to the Galaxy



solar-system planetesimals & planets

TW Hydrae
176 light-years

http://hubblesite.org/newscenter/archive/releases/2013/20/
http://hubblesite.org/newscenter/archive/releases/2013/20/
http://hubblesite.org/newscenter/archive/releases/2013/20/



