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The Plateau de Bure ObservatoryThe Plateau de Bure Observatory

IRAM = two observatories : Plateau de Bure Array + Pico VeletaIRAM = two observatories : Plateau de Bure Array + Pico Veleta 30m30m
Three partners: CNRS, MPG, IGNThree partners: CNRS, MPG, IGN
Open to the international astronomical community Open to the international astronomical community →→ RadioNetRadioNet



IRAM’sIRAM’s expertise: pictures worth a thousand words expertise: pictures worth a thousand words 

Telescope design (~35 um), construction and operationTelescope design (~35 um), construction and operation
Receiver design and development e.g. ALMA Band7, AMSTAR(+)Receiver design and development e.g. ALMA Band7, AMSTAR(+)
HSHS--digital digital backendsbackends + LO systems e.g. Dual 4 GHz correlator+ LO systems e.g. Dual 4 GHz correlator



IRAM’sIRAM’s expertise: pictures worth a thousand words expertise: pictures worth a thousand words 

Class 100 clean room for thin film technologyClass 100 clean room for thin film technology
Complete mm/THzComplete mm/THz--wave technology laboratory wave technology laboratory 
Developments for e.g. HerschelDevelopments for e.g. Herschel



Semester Upgrade Done

W05/06 Track Extensions

FE: Band 1 and Band 3

FE: Band 2

BE: wideband correlator

FE: Band 4

W11/12 Polarization, OTF

NOEMA

W06/07

W07/08

W09/10

W10/11

W12/13

PdBI high impact upgrades



(sub)mm-interferometers worldwide
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(sub)mm-interferometers worldwide

eSMA

ALMA

CARMA
IRAM

ATCA

NRO2mm

3mm

0.4mm

0.1’’



InterferometerInterferometer Atmospheric windowAtmospheric window Ang.ResolutionAng.Resolution

ATCAATCA 3mm--------------------------------

PdBIPdBI 3mm, 2mm, 1mm, 0.8mm-------- 0.3’’

SMASMA --------------- 1mm-0.7mm, 0.4mm (0.15’’)

3mm-------.-1mm--.----.----------

1.6”

(0.1”)CARMACARMA

3mm  =  100 GHz 2mm  =  150 GHz 1mm  =  300 GHz     0.8mm = 350 GHz

Band 1Band 1

Band 2Band 2

Band 3Band 3

Band 4Band 4

Large differences !Large differences !



GrenobleGrenoble

Plateau de BurePlateau de Bure

100 km100 km
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some weather statistics (Jan 2001 >)
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Seeing < 0.50" 
Seeing < 0.25" 

2009: 80% of the observing time 2009: 80% of the observing time 
invested @ 3mm and 2mminvested @ 3mm and 2mm



Latitude : Latitude : 0505oo54’28.5”54’28.5”
Longitude : Longitude : 4444oo38’02.0”38’02.0”
Altitude :Altitude : 2560 m2560 m
RFI protection :RFI protection : terrain shielding + NRQZ (30 km) terrain shielding + NRQZ (30 km) 

Water vapor : Water vapor : 40% (<3mm); 25% (<1mm) in winter40% (<3mm); 25% (<1mm) in winter
down to 0.3mm in best winter conditionsdown to 0.3mm in best winter conditions
submmsubmm conditions ~5 % of the timeconditions ~5 % of the time

Plateau de Bure Interferometer Site



Latitude : Latitude : 0505oo54’28.5”54’28.5”
Longitude : Longitude : 4444oo38’02.0”38’02.0”
Altitude :Altitude : 2560 m2560 m
RFI protection :RFI protection : terrain shielding + NRQZ (30 km) terrain shielding + NRQZ (30 km) 

Water vapor : Water vapor : 50% (<3mm); 25% (<1mm) in winter50% (<3mm); 25% (<1mm) in winter
Weather downtime : Weather downtime : 25 25 -- 35% 35% 

Plateau de Bure Interferometer Site



Operation : Operation : 24 hrs, 365 days, service mode24 hrs, 365 days, service mode
staff @ Bure + SOG @ Grenoblestaff @ Bure + SOG @ Grenoble

Team @ site :                   Team @ site :                   6 staff members (+ 1 astronomer)6 staff members (+ 1 astronomer)
Working schedule :Working schedule : 1 team per week, every 3 weeks1 team per week, every 3 weeks

VLBI @ 3mm :                   VLBI @ 3mm :                   5 days sessions, twice a year5 days sessions, twice a year
1mm intercontinental planned (+ ALMA)1mm intercontinental planned (+ ALMA)

Plateau de Bure Interferometer Observatory



The Plateau de Bure Interferometer

= ensemble of 6 antennas +
6 receivers + 12 delay lines +
2 correlators

Correlator



Plateau de Bure Interferometer Observatory

Antennas :Antennas : 6, 6, CassegrainCassegrain TypeType
Collecting area :Collecting area : 177m177m22 x 6 = 1060mx 6 = 1060m22

Surface panels :Surface panels : 176, aluminum176, aluminum
Surface accuracy :Surface accuracy : 35 35 -- 50 50 µµmm
Aperture efficiency :Aperture efficiency : 0.65 @ 230 GHz 0.65 @ 230 GHz 
Primary beam :Primary beam : 21” @ 230 GHz 21” @ 230 GHz 
Pointing / tracking RMS : Pointing / tracking RMS : 1.5” / 0.2”1.5” / 0.2”
Wind speed (max) :Wind speed (max) : 14 14 m/sm/s



8 m

15 m



SMA (16%)SMA (16%)

ALMA (64%)ALMA (64%)



RECEIVERSRECEIVERS



Closed cycle Closed cycle cryocoolerscryocoolers no liquid He refillsno liquid He refills
SIS mixers in fullSIS mixers in full--height waveguide          wideband, height waveguide          wideband, 
allow USB or LSB operationallow USB or LSB operation
Fully reflective optics          lower lossFully reflective optics          lower loss
New DesignNew Design higher density, better EMI control, higher density, better EMI control, 
simplified wiringsimplified wiring

Tuneless mixers and Tuneless mixers and LOsLOs for band 4          simplified for band 4          simplified 
frequency tuning and switchingfrequency tuning and switching

PdBI State of the art receiver technologyPdBI State of the art receiver technology
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ItemItem ValueValue NotesNotes

RF bandsRF bands

19 19 –– 2626 Atmospheric phase correctionAtmospheric phase correction

1 = ALMA Band 31 = ALMA Band 3 80 80 –– 117117

2 = ALMA Band 42 = ALMA Band 4 129 129 –– 174174

3 = ALMA Band 63 = ALMA Band 6 200 200 –– 269269

4 = ALMA Band 74 = ALMA Band 7 277 277 –– 371371 Fall 2010Fall 2010

RF responseRF response SSBSSB LSB or USB Image Gain <LSB or USB Image Gain <--10dB10dB

IF bandIF band 4 4 –– 8 GHz8 GHz

PolarizationPolarization Dual linearDual linear Circular also possibleCircular also possible

Observing modeObserving mode Single frequencySingle frequency
Dual polarizationDual polarization

Second band in standbySecond band in standby
Potential for Dual freq, Dual Potential for Dual freq, Dual polpol

PdBI Receiver CapabilitiesPdBI Receiver Capabilities

117.271113.271105.271101.271

111.271107.271103.27199.271 119.271115.271

LO = 109.271 GHZ

USBUSBLSBLSB

FSKY

IF1IF1

2 4 6 8 10 1212 10 8 6 4 2



Gim < 0.05 achieved

in mid part of IF band

Optimized for center of IF bandOptimized for center of IF band
Usually better than 10dB over 50% of IF bandUsually better than 10dB over 50% of IF band

PdBI Receiver Image RejectionPdBI Receiver Image Rejection

XXdBdB = 10*log10(Gim)= 10*log10(Gim)



Band3Band3
12 mixers12 mixers

(June 2010)(June 2010)

Band2Band2
12 mixers12 mixers

(June 2010)

Band1Band1
12 mixers12 mixers

(June 2010)(June 2010)
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Noise Power

The output power of a …

… Resistor :

… Receiving System :

Antenna System Temperature



Antenna System Temperature
is the temperature of the equivalent blackbody observed by the 

antenna

30 – 50 K

> 30 K

~ 3 K

< 10 K
< 10 K

@ 100 GHz



and the               Antenna Temperature

to an ideal antenna located outside the atmosphere.

We refer the System Temperature

Noise Power

Astronomical 
Signal



PWVPWV GG ηηeffeff TrecTrec ττ TsysTsys

100 GHz100 GHz 33 0.050.05 0.950.95 3232 0.070.07 7777

150 GHz150 GHz 33 0.050.05 0.920.92 3535 0.100.10 113113

230 GHz230 GHz 11 0.050.05 0.870.87 5050 0.070.07 141141

350 GHz350 GHz 11 0.050.05 0.840.84 6060 0.270.27 336336

Winter values:  Winter values:  TambTamb=273K,  A=1.4 =273K,  A=1.4 airmassairmass ATM (ATM (CernicharoCernicharo, , PardoPardo))

PdBI System TemperaturesPdBI System Temperatures



TsysTsys (K) = Freq (GHz)(K) = Freq (GHz)

2mm3mm

5mm

5mm

3mm
PWV = 2mm

PdBI System TemperaturesPdBI System Temperatures

PardoPardo et al. 2007et al. 2007





Antenna        Local OscillatorsAntenna        Local Oscillators

CorrelatorCorrelator

Seeing    TransparencySeeing    Transparency

ATMOSPHERE (SITE)ATMOSPHERE (SITE)

INSTRUMENTAL PERFORMANCEINSTRUMENTAL PERFORMANCE

ReceiversReceivers



Antenna        Local OscillatorsAntenna        Local Oscillators

CorrelatorCorrelator

Seeing    TransparencySeeing    Transparency

ATMOSPHERE (SITE)ATMOSPHERE (SITE)

INSTRUMENTAL PERFORMANCEINSTRUMENTAL PERFORMANCE

Single Dish Efficiency (Single Dish Efficiency (JyJy/K)/K)





Antenna        Local OscillatorsAntenna        Local Oscillators

CorrelatorCorrelator

Seeing    TransparencySeeing    Transparency

ATMOSPHERE (SITE)ATMOSPHERE (SITE)

INSTRUMENTAL PERFORMANCEINSTRUMENTAL PERFORMANCE

Interferometric Efficiency (Interferometric Efficiency (JyJy/K)/K)

ReceiversReceivers





Antenna        Local OscillatorsAntenna        Local Oscillators

CorrelatorCorrelator

Seeing    TransparencySeeing    Transparency

ATMOSPHERE (SITE)ATMOSPHERE (SITE)

INSTRUMENTAL PERFORMANCEINSTRUMENTAL PERFORMANCE

ReceiversReceivers





mmmm--interferometers : a comparisoninterferometers : a comparison



ANT1 ANT2

SINGLE-DISH  (Total Power)INTERFEROMETER

(Visibilities)

Baseline Diameter≈≈

∆Τ∆ΤPP
(A(A11,,φφ11))

(A(A22,,φφ22))



Temporal coherence function

t

Correlation coefficient:



Temporal coherence

Correlation coefficient:



An interferometer 
measures the temporal coherence of the 
incoming wavefront

Correlator



B12

ANT1 ANT2

EARTH ROTATION 
~300 m/s

OBSERVING FREQUENCY = FOBSERVING FREQUENCY = FH=0H=0

EAST-WEST BASELINE

SOURCE TRANSITSOURCE TRANSIT



B12

ANT1

ANT2

EAST-WEST BASELINE

EARTH ROTATION 
~300 m/s

SOURCE RISES   FSOURCE RISES   FH<0 H<0 > F> FH=0H=0 > F> FH>0 H>0 SOURCE SETSSOURCE SETS

DEPENDS ON THE SKY POSITIONDEPENDS ON THE SKY POSITION

SOURCE TRANSIT



Geom
etrical Delay

Geom
etrical Delay

IF 4IF 4--8 GHz8 GHz IF 4IF 4--8 GHz8 GHz

Master FrequencyMaster Frequency

Phased  Phased  
~1875 MHz~1875 MHz

Optical FiberOptical FiberHiQHiQ CoaxCoax



L01L01

L02L02

L03L03

L04L04L05L05

L06L06

L07L07

L08L08

NB NB -- CorrelatorCorrelator



NBNB--Correlator ModesCorrelator Modes
http://www.iram.fr/IRAMFR/TA/backend/cor6A/index.htmlhttp://www.iram.fr/IRAMFR/TA/backend/cor6A/index.html

BandwidthBandwidth ModeMode ChannelsChannels SpacingSpacing

320 MHz320 MHz DSBDSB 2 x 642 x 64 2.5 MHz2.5 MHz

160 MHz160 MHz SSBSSB 1 x 1281 x 128 1.25 MHz1.25 MHz

160 MHz160 MHz DSBDSB 2 x 1282 x 128 0.625 MHz0.625 MHz

80 MHz80 MHz SSBSSB 1 x 2561 x 256 0.312 MHz0.312 MHz

80 MHz80 MHz DSBDSB 2 x 2562 x 256 0.156 MHz0.156 MHz

40 MHz40 MHz SSBSSB 1 x 5121 x 512 0.078 MHz0.078 MHz

20 MHz20 MHz SSBSSB 1 x 5121 x 512 0.039 MHz0.039 MHz



correlator accepts only 2 quarters ; max bandwidth = 2 x 1 GHzcorrelator accepts only 2 quarters ; max bandwidth = 2 x 1 GHz

eight (8) correlator units : 20 … 320 MHz (40 KHz … 2.5 MHz)eight (8) correlator units : 20 … 320 MHz (40 KHz … 2.5 MHz)

BandBand
(MHz) (MHz) 

EffectiveEffective
(MHz)(MHz)

Channel Channel 
(MHz)(MHz)

∆∆v (100 / 230)v (100 / 230)
(km/s)(km/s)

320320 2000 2000 2.52.5 7.5 / 3.37.5 / 3.3

1.9 / 0.81.9 / 0.8

0.9 / 0.40.9 / 0.4

5 / 125 / 12

160160 10001000 0.60.6 9 / 259 / 25

500500

SensivitySensivity (100 / 230) (100 / 230) 
((mJymJy after 1 hr) after 1 hr) 

8080 0.30.3 12 / 3512 / 35

A 4 GHz RF but …A 4 GHz RF but …



L09L09

L10L10

L11L11

L12L12

WB WB -- CorrelatorCorrelator



ItemItem ValueValue NotesNotes

CorrelatorCorrelator

1 = Narrow Band1 = Narrow Band 8 Units : 20 8 Units : 20 –– 320 MHz320 MHz Freq.resFreq.res : 0.039 : 0.039 –– 2.5 MHz2.5 MHz

2 = Wide Band2 = Wide Band 4 Units : 2 GHz 4 Units : 2 GHz Freq.resFreq.res : 2 MHz Fixed: 2 MHz Fixed

IF bandIF band 4.2 4.2 –– 7.8 GHz7.8 GHz IF processor limited IF processor limited 

PolarizationPolarization Dual linearDual linear Full Stokes in 2011 Full Stokes in 2011 

PdBI backends

line searches (@ high redshift)line searches (@ high redshift)
improved relative line intensity calibrationimproved relative line intensity calibration
sensitive continuum             sensitive continuum             calibration, polarization, calibration, polarization, 

spectral index spectral index 



GuélinGuélin et al. in prepet al. in prep

spect.coverspect.cover. = 3.6 GHz . = 3.6 GHz 
chan.samplchan.sampl. = 20 MHz . = 20 MHz 
integra.timeintegra.time = 3.6 hrs = 3.6 hrs 

r.m.sr.m.s. = 0.66 . = 0.66 mJymJy

3.6 GHz in each polarization3.6 GHz in each polarization

line searchesline searches

Narrow Band Correlator Units (up to 8)Narrow Band Correlator Units (up to 8)



GuélinGuélin et al. in prepet al. in prep

spect.coverspect.cover. = 3.6 GHz . = 3.6 GHz 
chan.samplchan.sampl. = 20 MHz . = 20 MHz 
integra.timeintegra.time = 3.6 hrs = 3.6 hrs 

r.m.sr.m.s. = 0.66 . = 0.66 mJymJy

3.6 GHz in each polarization3.6 GHz in each polarization

improved relative improved relative 
line intensity line intensity 
calibrationcalibration

2% of continuum2% of continuum

ThumThum et al. in prepet al. in prep

line searchesline searches



L01L01

C01 = < L01>C01 = < L01>

Each correlator unit produces Line and Continuum data:Each correlator unit produces Line and Continuum data:

L01, …, L12L01, …, L12 : one visibility spectrum per SCAN (mostly 45 sec): one visibility spectrum per SCAN (mostly 45 sec)

C01, …, C12C01, …, C12 : one spectral averaged visibility per RECORD (1 sec): one spectral averaged visibility per RECORD (1 sec)

BandwidthBandwidth ModeMode ChannelsChannels SpacingSpacing

20 MHz20 MHz SSBSSB 1 x 5121 x 512 0.039 MHz0.039 MHz

320 MHz320 MHz DSBDSB 2 x 642 x 64 2.5 MHz2.5 MHz









Visibility = (A,Visibility = (A,φφ))



B12

Projected 
B12

Baseline Bij : distance between two antennas

Projected Baseline Bij : distance between two 
antennas as seen from the sky

Array Configuration : layout of the antenna stations

ANT1

ANT2



B12

Projected 
B12

ANT1

ANT2

Primary Beam

Synthesized Beam

uv-Plane



B12

Projected 
B12

ANT1

ANT2

Primary Beam

20”

Synthesized Beam

1”

Plateau de Bure @ 1mm

C configuration = 200m



B12

Projected 
B12

ANT1

ANT2

Primary Beam

20”

Synthesized Beam

1”

Plateau de Bure @ 1mm

Minimum projected baseline = 15m
SHORT SPACINGS          30m Telescope



∆

∆θ

ANT1

ANT2

θ

PTC

Phase  ≡ Position
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ANT2

θ







B1

Super-Synthesis or Earth Rotation Synthesis
is the technique by which the elements of an 

interferometer sweep out the aperture of a large 
telescope 

zenith
pole
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Array configurationsArray configurations

A @ 230 GHzA @ 230 GHz AB @ 230 GHzAB @ 230 GHz

KarastergiouKarastergiou et al. 2006et al. 2006

ConfigurationsConfigurations DD CC BB AA

MonthsMonths Apr Apr –– NovNov
Mar Mar -- AprApr
Nov Nov -- DecDec

Jan Jan -- MarMar Jan Jan -- MarMar

ResolutionResolution
@ 230 GHz@ 230 GHz

3”3” 0.3”0.3”

Design: 4 configurations, optimization 20Design: 4 configurations, optimization 20oo decldecl..



PdBI’s AB configurations @ 230 GHz
Three Examples

Orion @ Orion @ --55oo W51N @ 14W51N @ 14oo S140 @ 63S140 @ 63oo

∆∆tt 8 hrs8 hrs 9 hrs9 hrs 10 hrs10 hrs



PdBI’s AB configurations @ 230 GHz
Three Examples

Orion @ Orion @ --55oo W51N @ 14W51N @ 14oo S140 @ 63S140 @ 63oo

∆∆tt

DD 400 pc400 pc 8300 pc8300 pc 910 pc910 pc

”” 0.70” x 0.41”0.70” x 0.41” 0.51” x 0.45”0.51” x 0.45” 0.47” x 0.40”0.47” x 0.40”

8 hrs8 hrs 9 hrs9 hrs 10 hrs10 hrs



Three ExamplesThree Examples

AB @ 230 GHzAB @ 230 GHz

AB @ 230 GHz

Orion @ Orion @ --55oo W51N @ 14W51N @ 14oo S140 @ 63S140 @ 63oo

TT

DD 400 pc400 pc 8300 pc8300 pc 910 pc910 pc

”” 0.70” x 0.41”0.70” x 0.41” 0.51” x 0.45”0.51” x 0.45” 0.47” x 0.40”0.47” x 0.40”

8 hrs8 hrs 12 hrs12 hrs 24 hrs24 hrs

observing efficiency ~60%observing efficiency ~60%
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ANT2

θ

PTC





ANT1

ANT2

θ

PTC

∆Az

∆Ay











Limited accuracy of baseline measurements
Limited stability of an antenna station
Thermal load on the antenna structure
Atmosphere
Time and delay errors
Precision in the calibrators absolute position 

Sources of phase errors







FrequencyFrequency 80 to 271 GHz 80 to 271 GHz (371 GHz in 2010) (371 GHz in 2010) 

BandwidthBandwidth 3.6 GHz both polarizations, 3.6 GHz both polarizations, backshortbackshort tuningtuning

Spectral resolutionSpectral resolution 39 KHz (50 39 KHz (50 m/sm/s @ 230 GHz) @ 230 GHz) –– 3600 MHz3600 MHz

Angular resolutionAngular resolution 0.3” 0.3” –– 3” @ 230 GHz3” @ 230 GHz

Short Short spacingsspacings 30m telescope30m telescope

Continuum flux sensitivityContinuum flux sensitivity 0.6 0.6 mJymJy/beam in 1 min @ 100 GHz/beam in 1 min @ 100 GHz

Dynamic rangeDynamic range 1:100 (spectral), 1:50 (imaging) @ 100 GHz1:100 (spectral), 1:50 (imaging) @ 100 GHz

PolarizationPolarization all crossall cross--products (2011), sequential modeproducts (2011), sequential mode

PdBI in a Nutshell


