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Motivation

Get to know the real time efforts and dedicated 
measurements at APEX currently in use.!

To share the latest developments of the APEX 
calibration plan.!

Will only cover the APEX facility instruments: 
SHeFI, LABOCA and SABOCA
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Introduction

The quality of scientific data depends on the 
accuracy of the absolute intensity calibration.!

The data needs to be calibrated. !

Uncertainty in the calibration must be 
determined.
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SHeFI Calibration Plan

Swedish Heterodyne Facility Instrument (SHeFI)!

Four single-pixel heterodyne receiver!

Central frequencies of 230, 345, 460 and 1300 
GHz
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SHeFI Calibration Plan

SHeFI calibration plan HET230 & HET345!

Results and analysis available online !

http://www.apex-telescope.org/heterodyne/shfi/calibration/!

Intensity calibration stability!

Strong spectral lines in several sources over the whole frequency 
range.!

Observations performed in regular basis during technical time.!

Monitor the calibration stability as function of time and frequency
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SHeFI Calibration Plan
SHeFI HET230 (APEX-1)

12CO(2-1)  
LSB

12CO(2-1)  
USB

CS(5-4)  
LSB

CS(5-4)  
USB

13CO(2-1)  
LSB

HCN(3-2) 
USB

H2CO(3-2)  
LSB

CH3OH(5-4)  
LSB

OMC1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

WB947 ✓ ✓ ✓

IRAS16293 ✓ ✓ ✓ ✓ ✓ ✓ ✓

M17SW! ✓ ✓ ✓ ✓ ✓ ✓

G34.3 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

IRC+10216 ✓ ✓ ✓ ✓ ✓ ✓

L1551-IR ✓ ✓ ✓ ✓ ✓

O-Ceti ✓ ✓ ✓

IRAS15194 ✓ ✓ ✓

OH231.8 ✓ ✓ ✓ ✓

CRL2688 ✓ ✓ ✓ ✓ ✓ ✓

N207IR ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

CRL618 ✓ ✓ ✓ ✓

NGC6334I ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
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SHeFI Calibration Plan
SHeFI HET345 (APEX-2)

12CO(3-2)  
LSB

12CO(3-2)  
USB

13CO(3-2)  
LSB

13CO(3-2)  
USB

C18O(3-2)  
LSB

CS(6-5)  
LSB

CS(7-6)  
LSB

HCO+(4-3)  
USB

HCN(4-3) 
USB

H2CO(5-4)  
USB

CH3OH(7-6)  
LSB

OCS304  
LSB

OCS304  
USB

OMC1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

WB947 ✓ ✓ ✓ ✓

IRC+10216 ✓ ✓ ✓ ✓ ✓ ✓ ✓

M17SW ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

IRAS16293 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

G34.3 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

L1551-IR ✓ ✓ ✓ ✓ ✓ ✓ ✓

OH231.8 ✓ ✓ ✓ ✓ ✓

O-Ceti ✓ ✓ ✓ ✓

IRAS15194 ✓ ✓ ✓

CRL2688 ✓ ✓ ✓ ✓ ✓ ✓

N207IR ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

CRL618 ✓ ✓ ✓ ✓ ✓ ✓

NGC6334I ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
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SHeFI Calibration Plan
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SHeFI Calibration Plan

�9



SHeFI Calibration Plan
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SHeFI Calibration Plan

Monitoring of normalised parameters!

Source-independent data!

Better detect time-variations of the measured 
parameters for the various frequencies.
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SHeFI Calibration Plan
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SHeFI Calibration Plan

SHeFi Sideband response.!

USB vs LSB observations (Both tunings should 
give identical results). !

We monitor the line ratios USB/LSB for some 
lines over the band, to detect problems with the 
receiver or the calibrator software. 
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SHeFI Calibration Plan
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SHeFI Calibration Plan

Frequency stability.!

Monitor the stability of our complete LO system, 
from Doppler shift calculation to backend properties.!

Through the line-width monitoring we can detect 
any extra broadening, e.g. because of LO frequency 
fluctuations. !

WB947 suits the needs for this type of monitoring  
(narrow emission, Gaussian)
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SHeFI Calibration Plan

What’s new in the SHeFI calibration plan ?!

SHeFI usage and performance monitor!

Monitoring of the used frequencies!

Monitoring of Trec performance over the 
band in time.
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SHeFI Calibration Plan
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SHeFI Calibration Plan
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SHeFI Calibration Plan

SHeFI Reference Spectra Database.!

Reference spectra for line calibrators as well as 
line pointing sources (HET230, HET345 and 
HET460)!

Available at:  
http://www.apex-telescope.org/heterodyne/
shfi/calibration/database/
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SHeFI Calibration Plan
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SHeFI Calibration Plan

The calSpec(src,line) function!

Observes a calibrated spectrum on a calibrator, either in the 
current configuration, or using a standard Calibration Plan 
setup and line.!

OMC1, IRC+10216, and SGRB2(N)!

Use line=‘current’ to observe the calibration source using the 
‘current’ spectral setup (line, velocity)!

No need to retune and point on calibration source!!

Note that you should have a reliable pointing and focus
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SHeFI Calibration Plan
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OMC1 / HET230!

214 - 250 GHz!

June 2011 - December 
2013 (More than 2 
years of data)!

Bonus track: Line 
survey of calibration 
sources for free!
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LABOCA Calibration plan
LArge BOlometer CAmera.!

Array of 295 channels, arranged in 9 
concentric hexagons around a central 
channel.!

It operates in the 870 μm (345 GHz) 
atmospheric window.!

Angular resolution is 18.6″ (HPBW)!

Field of view is 11.4′!

Available since May 2007
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Intensity calibration!

Zenith opacities!

Absolute calibration scale!

Calibrators (primary & secondary)!

Pointing and focus!

Beam shape and angular resolution!

Array parameters!

Results and analysis available online at  
http://www.apex-telescope.org/bolometer/laboca/calibration/
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LABOCA Calibration plan

http://www.apex-telescope.org/bolometer/laboca/calibration/
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Zenith opacities!

The opacity of the sky is usually determined by 
skydip measurements. !

Continuous scan from El = 82° down to El ~ 23°!

Atmospheric emission is measured and its 
dependence on the elevation fitted by a model.
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LABOCA Calibration plan
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Need to recalibrate opacities!!

Official BoA releases underestimate the opacity resulting from the 
skydip reduction. !

Assumption that sky temperature equals the ambient temperature.   !

BoA use the ambient temperature as the best guess for the sky  
temperature during the fit. !

Overestimates the sky temperature and therefore underestimates 
the opacity. !

Solution: Combine skydips, taumeter measurements and 
calibrators fluxes.
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Calibrated sky opacity (aka tau_mean)!

tau_sd : Tau derived from sky dips (redsky function in BoA)!

tau_rm : Computed from PWV radiometer and atmospheric 
model.!

tau_mean = (1.3*tau_sd + 0.9*tau_rm)/2.0!

Online database tool at :  
http://www.apex-telescope.org/bolometer/laboca/calibration/
opacity/!

Online help is available with BoA examples.
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LABOCA Calibration plan

http://www.apex-telescope.org/bolometer/laboca/calibration/opacity/
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Primary calibrators!

Mars, Uranus and Neptune!

Flux densities can be well predicted based 
on models (distance, diameter and 
illumination)!

At APEX, we use the Astro program 
(GILDAS software)
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Secondary calibrators
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LABOCA Calibration plan
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Array parameters !

RCP files (Receiver Channel Parameter)!

Suspicious channels files !

Available for download at:  
http://www.apex-telescope.org/bolometer/
laboca/calibration/array/
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Submillimeter APEX 
BOlometer CAmera!

39 channel TES bolometer array!

It operates in the 350 μm (850 
GHz) atmospheric window.!

Field of view is 1.5′!

Angular resolution is 7.8″ 
(HPBW)
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Intensity calibration!

Zenith opacities!

http://www.apex-telescope.org/bolometer/saboca/calibration/opacity/!

Calibrators (primary & secondary) and absolute calibration scale!

http://www.apex-telescope.org/bolometer/saboca/calibration/calibrators/!

Pointing and focus!

Beam shape and angular resolution!

Array parameters!

http://www.apex-telescope.org/bolometer/saboca/calibration/array/

SABOCA Calibration plan
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Raw data coming from SABOCA just have the detector voltage output as 
intensity. !

In order to obtain the intensity in astronomical units, the data have to be 
multiplied with a conversion factor VtoJ [Jy/mV], as shown in the next table. !

BoA function implemented to apply the correct conversion factor.!

Results available online.
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The “APEX Calibration Plan” is a science operations team effort.!

Astronomers, Observing Specialists (OS) and Telescope & Instruments 
Operators (TiO’s) are deeply involved in every aspect (Observations, 
reduction pipelines, analysis and publication). !

APEX Science Operations group  
Frederic Schuller (Leader), Michael Dumke, Francisco Montenegro, 
Rodrigo Parra, Felipe Mac Auliffe, Francisco Azagra, Claudio Agurto, 
Mauricio Martinez, Paulina Venegas & Edouard Gonzalez.!

Software: CLASS, BoA, Crush, Python, php, MySql among many others. 
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!

The time is gone 
The talk is over 

Thought I'd something more 
to say


