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CARMA: Caltech, Berkeley, Illinois, Maryland



(Altitude 16,600 feet)

Chajnantor Observatory
www.astro.caltech.edu/chajnantor

Cosmic Background Imager (CBI)Cosmic Background Imager (CBI)







Cosmic Background Imager

CBI Discoveries: Total Intensity -- anisotropies on the scale of galaxy clusters and superclusters
damping tail, high-l excess.                    Polarization -- small-scale anisotropy.

Other CBI Results: Total Intensity -- independent confirmation of ΛCDM model & constraints
on key parameters based on high-l.         Polarization -- small-scale phase relative to TT.
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QUaD - first 6 months
Ade et al
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(Strategic Alliance for the Implementation of New Technologies)
13 Partners: (MoU signed 1 December 2005)

Caltech
Chicago
Columbia
Jet Propulsion Laboratory
KEK (High Energy Accelerator Research Organization) - joined January 2008
Manchester University
Max Planck Institute for Radio Astronomy (Bonn)
Miami University
Oslo University - joined August 2007
Oxford University
Princeton
Rutherford Appleton Laboratory - joined January 2006
Stanford
(Cambridge would like to join)

Primary Objective: Develop and exploit new technologies for studying CMB and 
foregrounds at frequencies up to 2 THz at present site and on Cerro Chajnantor summit 

SAINTSAINT





CBI2 Results:
1) Primordial Anisotropies
2) SZE:
30 Clusters observed thus far, including Bullet Cluster, comparison with weak lensing, SUZIE,
properties of massive clusters, etc.

Observations of Galactic Objects:
1) Anomalous emission:
LDN1622 Casassus et al. 2006, ApJ, 639, 951
HII Dickinson et al, 2007, MNRAS, 379, 297
Rho Oph Casassus et al. 2007, MNRAS 382, 1607
Casassus et al. 2007, MNRAS 382, 1607
W40, M78, LDN1780, LDN1622, Rho Oph Dickinson et al. 2008, in prep



To observe the B-mode polarization we 
have to increase the number of detectors 

by a factor 100

E-mode



Previous Generation 90 GHz X-YPolarimeter

1”

New Generation
MMIC Polarizer

Todd Gaier
Mike Seiffert
Charles Lawrence
Erik Leitch

Kieran Cleary (Moore)
Joey Richards (Moore)
Tony Readhead
Martin Shepherd

~$40K and 50 hours for checking
characterizing, etc.

~$500 and automated assembly
and test, completely scaleable,

making MMIC Arrays possible 

Monolithic Microwave Integrated Circuits (MMICs) are advancing rapidly
in a powerful collaboration between Northrop Grumman and JPL



QUIET-Q/U Imaging ExperimenT (The search for signals from inflation @10-38 s)

91-element feed (phase 1)
~1000-element feed (phase 2)

Caltech & JPL    Berkeley    Chicago    Columbia    Miami    Max-Planck   Oxford    Princeton    Stanford

Q & U are measured simultaneously
with a single module

1”

Chajnantor Observatory 5080 m

QUIET will use
the CBI mount
with new optics



CARMA
for surveying with MMIC arrays it will outperform ALMA

GBT 100 m

CCAT 25 m
IRAM 30 m Bonn 100 m Sardinia 64 m

NGST has recently made very significant advances in

short gate (35 nm) InP, and also Sb-based HEMTs

100nm InP Model
Noise

35nm InP Model Noise

100nm InP Noise Meas

MMIC arrays and MMIC array spectrographs, with ~1000 detectors, will revolutionize GHz-THz astronomy over the next 
decade, in continuum and spectral line observations, and on single dishes and interferometers.  During this period, thanks to 
Moore’s Law, we expect to develop the capability of correlating the signals from ~1000-element interferometers over 30 
GHz bandwidths, and we can then use interferometry for B-mode cmb observations.

Shown here are some of the instruments on which we are 
already collaborating to deploy JPL/NGST MMIC arrays

Model Predictions

These devices will be revolutionary , 3QL up to 100 GHz and 5 QL at 150 GHz
CMB Measurements: S-Z interferometric arrays, polarization (ground and space)
MMIC Array Spectrometers: focal plane arrays for galactic mapping

and high z identification- OVRO, GBT etc
Focal Plane Arrays for Interferometers: increase mapping speed by n

for large area surveys 
Earth Science Instruments: all weather sounding,

atmospheric chemistry with limb sounding



Owens Valley Radio ObservatoryOwens Valley Radio Observatory

Renaissance of activity on the valley floorRenaissance of activity on the valley floor



(Alliance for International Microwave and Monitoring Surveys)
Partners:

Caltech
Cambridge
Jet Propulsion Laboratory
Max Planck Institute for Radio Astronomy (Bonn)
Stanford
VERITAS
UNM

Bristol University
Manchester University
Miami University
Oxford University

AIMMSAIMMS



40 M GLAST Program: Max-Moerback, Stevenson, Weintraub, Pearson, Romani, Blandford,
Zensus, Taylor, Browne, Wilkinson, Kus, Cotter, Readhead (Associate Scientist)

Caltech, Stanford, MPIfR, Oxford, Manchester, Torun

Gamma-ray Large Area Space Telescope
GLAST (launch date >16 May 2008)

• GLAST is expected to spur a re-invigoration of AGN (especially 
Blazar) science
– Many thousands of sources to be measured
– large AΩ allows study of blazar variability probing jet physics
– good sensitivity probes to high redshift, may allow EBL studies
– From EGRET, the vast majority of these sources are powerful jet-

dominated radio emitters.



Owens Valley Radio Observatory
40 Meter Telescope

Monitoring ~1000 northern “CGRaBS” sources
Twice per week --> Once per day D Wood





Jorstad, Marscher, et al. Ap.J. 556, 738, 2001

Quote from Abstract: “Our analysis . . .  
suggests that the γ-ray events occur in the 
superluminal radio knots.  This implies that the 
γ-ray flares are caused by inverse Compton 
scattering by relativistic electrons in the parsec-
scale regions of the jet rather than closer to the 
central engine.”



Partners:
Caltech
IRAM
Michigan
MPIfR
Shanghai
Torun

ATCA
Metsahovi

Radio Rapid Response NetworkRadio Rapid Response Network
(RRRN)(RRRN)



C-BASS
C-Band All-Sky Survey
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Collaboration

• Caltech: Northern survey, OVRO antenna, 
backend and data acquisition

• Oxford University: Feed optics, receiver and 
polarimeter, cold loads

• Manchester University: Low-noise amplifiers
• South Africa (Rhodes University and the 

Hartebeesthoek Radio Astronomy Observatory): 
Southern survey



Antennas

JPL 6.1m being disassembled for move to 
OVRO (March 2008)

7.1m antenna in South Africa



C-BASS
• Image the whole sky at 5 GHz (“C 

band”).
• Both brightness and polarization.
• Broad-band (1 GHz) correlation 

polarimeter and correlation radiometer. 
• Two telescopes: one in California, and 

another in South Africa. 
• Resolution 0.85 deg,  sensitivity < 0.1 

mK/beam rms in Stokes I, Q, and U.
• Completion in 2010 to support Planck 

analysis.



Science Goals
• First survey of diffuse Galactic emission 

at a frequency low enough to be 
dominated by synchrotron radiation but 
high enough to be uncorrupted by 
Faraday rotation effects. 

• Enable accurate subtraction of 
foreground contaminating signals from 
higher-frequency CMB polarization sky 
surveys, including WMAP and Planck. 

• Major resource for studying the 
interstellar medium and magnetic field of 
the Galaxy.



Ku-Band All Sky Survey (KuBASS): Readhead (PI),
Gundersen, Grainge, Hobson

Caltech, Cambridge, Miami, Stanford, Rhodes







The Long Wavelength Array



The Long Wavelength Array (LWA)
An LWA Station State of New 

Mexico, USA

20-80 MHz tuning range (at least)

Baselines up to 400 km for (also possibly to OVRO)              
resolution [8,2]’’ @ [20,80] MHz

53 “stations” - mJy-class sensitivity

Each station is an array of dipole-like elements in 
100 m diameter aperture for FOV = [8,2]



Motivation
• The LWA will open one of the last and most poorly explored regions of the 

EM spectrum below 100 MHz – a prototype instrument for probing the 
Dark Ages

– Multi-beam, multi-frequency array
– Key science drivers include Cosmology, Acceleration physics,  Plasma 

Astrophysics, & Solar and Space Weather Physics, ionospheric physics
• Exploration of the Transient Universe
W Possible new classes of sources
W Magnetar Giant Flares
W Extra-solar planets
W Prompt emission from GRBs

• The LWA will provide the high spatial and temporal resolution needed to 
understand the ionosphere

– Multi-beam provides multiple pierce lines

• Even the first LWA station LWA-1 can do exciting science



LWA-1 Transient Science:
Known Galactic Examples

• Consider GCRT J1745-3009 (Hyman et al. 2005)
– Bursts: ~ 1 Jy at 330 MHz, ~10 minutes duration

• If coherent (S α λ6) – up to 104 boost at 74 
MHz

– LWA-1 Detectability
• 5 min, 8 MHz, 74 MHz: 1σ ~63 mJy
• Situation 10X worse towards GC

– Tsys ~104 K towards GC, Ae down by 2X
– 1σ ~0.6 Jy; ≥ 5σ detection if α ≤ -1

• Consider recent eruption of SGR 1806-20
– ~ 0.5 Jy at 240 MHz
– α ~ -2.1 => 5 Jy at 74 MHz – lasts for many days
– 1 hr, 8 MHz, 74 MHz: 1σ~0.4 JyÎ >12 σ detection

• These known cases look very feasible
– Especially considering leverage in ¿*t space

GCRT J1745-3009

~10 minute bursts 
every 77 minutes –
timescale implies 
coherent emission

LWA-1 can do exciting transient work!





The Frequency Agile Solar 
Radiotelescope (FASR)

NRAO/AUI
Berkeley
Caltech

NJIT
Obs. de Paris
Univ Maryland
Univ Michigan

Endorsed by the Decadal Surveys
The Astronomy & Astrophysics Decadal Survey

The Solar and Space Physics Decadal Survey ranked 
FASR as the number one small (<$250M) project



FASR at Night
• Source monitoring (flux spectrum)
• Radio transients – e.g., XRBs, recurrent 

novae 
• RISS/DISS/extreme scattering events
• Foreground sources
• Coherent emitters
• Jovian emissions



FASR-LWA Synergy

Numerous science synergies!

– Transients
– AGN
– Shock formation & propagation
– Coronal energy release & electron acceleration
– Solar wind magnetic field, waves, turbulence

• FASR C and LWA could cross-calibrate over 50-80 MHz
• LWA could be an important adjunct to FASR B and C 

night time science

0.01              0.10           1.00             10.00      100.00
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