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The Plateau de The Plateau de BureBure ObservatoryObservatory

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, construction and operationTelescope design, construction and operation
Receiver design and development e.g. ALMA Band7, AMSTARReceiver 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. SMA, HerschelDevelopments for e.g. SMA, Herschel
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The Plateau de Bure Interferometer

Plateau in the French Alps at an altitude of ~2550m
Staff access by helicopter and ground transport ~ 1 weekStaff access by helicopter and ground transport ~ 1 week
NonNon--stop operationstop operation





ANTENNASANTENNAS



8 m

15 m



Number of antennas?Number of antennas?



RECEIVERSRECEIVERS



State of the art receiver State of the art receiver 
technologytechnology

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





Receiver capabilitiesReceiver capabilities

ItemItem ValueValue NotesNotes

RF bandsRF bands

19 19 -- 2626 Atmospheric phase correctionAtmospheric phase correction

11 80 80 –– 117117

22 129 129 –– 174174

33 200 200 –– 267267

44 277 277 –– 371371 Fall 2009Fall 2009

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

IF bandIF band 4 4 –– 8 GHz8 GHz Available at FE/BE interfaceAvailable at FE/BE interface

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



Band1 Beams : vertical Band1 Beams : vertical vsvs horizontalhorizontal
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Image rejectionImage rejection

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



System temperaturesSystem temperatures

PWVPWV GG ηη TrecTrec ττ TsysTsys

100 GHz100 GHz 33 0.020.02 0.950.95 3232 0.070.07 7777

150 GHz150 GHz 33 0.020.02 0.920.92 3535 0.100.10 113113

230 GHz230 GHz 11 0.020.02 0.870.87 5050 0.070.07 141141

350 GHz350 GHz 11 0.020.02 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 1985)1985)



System temperatures @ 350 GHzSystem temperatures @ 350 GHz

PWVPWV GG ηη TrecTrec ττ TsysTsys

350 GHz350 GHz 11 0.010.01 0.840.84 6060 0.270.27 336336

350 GHz350 GHz 33 0.010.01 0.840.84 6060 0.800.80 10001000

Winter values:  Winter values:  TambTamb=273K,  A=1.4 =273K,  A=1.4 airmassairmass

ATM (ATM (CernicharoCernicharo 1985)1985)



ATMOSPHEREATMOSPHERE



Weather @ Weather @ PdBPdB

PWV : down to 0.3 mm in winter timePWV : down to 0.3 mm in winter time

SubmillimeterSubmillimeter observing conditions ~ 30 days / yearobserving conditions ~ 30 days / year

Wind : up to 60 Wind : up to 60 m/sm/s

Time scale : 4Time scale : 4--5 days5 days



WinterWinter

SummerSummer

WinterWinter

SummerSummer

Winter = November to April          Summer = May to OctoberWinter = November to April          Summer = May to October

PWV @ Plateau de PWV @ Plateau de BureBure





SOMESOME

STATISTICSSTATISTICS



Institutes requesting observing time on the IRAM 
interferometer

Where is the IRAM community from?Where is the IRAM community from?

More than More than 500500 users from all over the world users from all over the world 





Institutions statisticsInstitutions statistics

2.72.7



PdBI Science DriversPdBI Science Drivers

Science Drivers   2005 >Science Drivers   2005 > Allocated Allocated 
TimeTime KeywordKeyword

Galaxies @ highGalaxies @ high--z : LBG, SMM, ERO, RGz : LBG, SMM, ERO, RG 30%30% ““CSF history”CSF history”

Nearby Galaxies : Spirals, (Nearby Galaxies : Spirals, (U)LIRGsU)LIRGs

YSO : YSO : PrestellarPrestellar Clouds Clouds →→ TT--TauriTauri StarsStars

Evolved StarsEvolved Stars

Chemistry, Solar System, …Chemistry, Solar System, …

““dynamics + structure”dynamics + structure”30%30%

30%30%

5%5%

““SF + evolution”SF + evolution”

““mass loss”mass loss”

5%5%

VLBIVLBI 10 days10 days



2 sessions every year = 2 weeks2 sessions every year = 2 weeks

VLBA  = HN, NL, FD, LA, PT, KP, OV, MK, [SC, BW]
EUROPE = EF, MH, ON, PB, PV

Global 3mmGlobal 3mm--VLBI ObservationsVLBI Observations



Science StatisticsScience Statistics



Star Formation @ highStar Formation @ high--zz

▪▪ C[II] @ 158 umC[II] @ 158 um
▪▪ Is produced in Is produced in PDRsPDRs →→ UVUV--radiationradiation
▪▪ Tight C[II]/Tight C[II]/1212CO correlationCO correlation
▪▪ Tracer of SF in SB galaxies Tracer of SF in SB galaxies →→ PDRsPDRs ~ 40% ~ 40% MMGasGas

▪▪ J1148 detected @ z =6.42 (!)J1148 detected @ z =6.42 (!)
▪▪ 850 um opens the C[II] window 850 um opens the C[II] window →→ 4 < z < 64 < z < 6

Walter et al. 2007Walter et al. 2007

MaiolinoMaiolino et al. 2005et al. 2005

J1148+5251 @ 257 GHzJ1148+5251 @ 257 GHz

PdBI on Jan 29, 2007PdBI on Jan 29, 2007



Gas Excitation Conditions @ z > 1Gas Excitation Conditions @ z > 1

Molecular Lines:Molecular Lines:

▪▪ 1212COCO(11(11--10) (!) detected @ z = 410) (!) detected @ z = 4
▪▪ 1212CO @ highCO @ high--z traces warm gas and dustz traces warm gas and dust
▪▪ Limits on Limits on virialvirial mass   +  mass   +  αα(M/L(M/L’’) ) →→ MMGasGas

▪▪ 850 um 850 um →→ 1212COCO--SED @ z = 2.5SED @ z = 2.5

▪▪ Detected: Detected: HCN, CN, HNC, HCOHCN, CN, HNC, HCO++, C[I], C[I]
▪▪ Planned:  HPlanned:  H22CO, HCO, H22O, O, ……
▪▪ 850 um 850 um →→ complements the MLcomplements the ML--SEDsSEDs

APM 08279+5255APM 08279+5255

Weiss et al. 2007Weiss et al. 2007



IC 342 @ 146 GHz IC 342 @ 146 GHz GG Tau @ 267 GHz GG Tau @ 267 GHz 

Rodriguez/Rodriguez/SchinnererSchinnerer et al. in prep.et al. in prep.

C configurationC configuration

PiPiéétutu et al. in prep.et al. in prep.

A+C configurationA+C configuration



PdBI’sPdBI’s SENSITIVITYSENSITIVITY





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)



SMA (16%)SMA (16%)

ALMA (64%)ALMA (64%)





Antenna        Local OscillatorsAntenna        Local Oscillators

CorrelatorCorrelator

Seeing    TransparencySeeing    Transparency

ATMOSPHERE (SITE)ATMOSPHERE (SITE)

INSTRUMENTAL PERFORMANCEINSTRUMENTAL PERFORMANCE

InterferometricInterferometric Efficiency (Efficiency (JyJy/K)/K)

ReceiversReceivers



PdBI’sPdBI’s antenna efficiencyantenna efficiency

22 22 JyJy/K @ 95 GHz                          26 /K @ 95 GHz                          26 JyJy/K @ 154 GHz/K @ 154 GHz





Antenna        Local OscillatorsAntenna        Local Oscillators

CorrelatorCorrelator

Seeing    TransparencySeeing    Transparency

ATMOSPHERE (SITE)ATMOSPHERE (SITE)

INSTRUMENTAL PERFORMANCEINSTRUMENTAL PERFORMANCE

ReceiversReceivers



System NoiseSystem Noise

PWVPWV GG ηη TrecTrec ττ TsysTsys

100 GHz100 GHz 33 0.020.02 0.950.95 3232 0.070.07 7777

150 GHz150 GHz 33 0.020.02 0.920.92 3535 0.100.10 113113

230 GHz230 GHz 11 0.020.02 0.870.87 5050 0.070.07 141141

350 GHz350 GHz 11 0.020.02 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 1985)1985)





CARMACARMA IRAMIRAM
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ATCAATCA





PdBI’sPdBI’s SPECTRAL SPECTRAL 
CAPABILITIESCAPABILITIES



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



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

L01, …, L08L01, …, L08 : one visibility spectrum per scan (45 sec or 60 sec): one visibility spectrum per scan (45 sec or 60 sec)

C01, …, C08C01, …, C08 : one spectral averaged visibility per time unit (1 sec): one spectral averaged visibility per time unit (1 sec)

L01L01

C01 = < L01>C01 = < L01>



CorrelatorCorrelator ModesModes
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 correlator accepts only 2 quarters ; max ∆∆B = 2 x 1 GHzB = 2 x 1 GHz

linear polarization : H and/or V, but no crosslinear polarization : H and/or V, but no cross--productsproducts

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



PdBI’sPdBI’s SPATIAL RESOLUTIONSPATIAL RESOLUTION

ANDAND

FIELD OF VIEWFIELD OF VIEW
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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..

Orion is close (< 45Orion is close (< 45oo) to the Sun from May to July) to the Sun from May to July



Array configurationsArray configurations

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

KarastergiouKarastergiou et al. 2006et al. 2006

AB AB configconfig 3mm3mm 2mm2mm 1.2mm1.2mm 0.8mm0.8mm

400 pc400 pc 350 AU350 AU 250 AU250 AU 150 AU150 AU 100 AU100 AU

z = 5z = 5 5000 pc5000 pc 3000 pc3000 pc 2000 pc2000 pc 1500 pc1500 pc

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



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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BN/KL - 12.5 um - Keck Telescope 
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Orion BN/KL 0.3” @ 12.5 um (Keck)Orion BN/KL 0.3” @ 12.5 um (Keck)





UVUV--PLANEPLANE
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