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X OBSERVATIONAL METHODS
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Most receivers in radio telescopes have just one (or a few) pixel

And, even for point-like sources, It Is always necessary to subtract the background.

—> |n many cases, the telescope has to be driven over the source position.
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g LBOERVATIONAL ME TGS
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LBOERVATIONAL METHICHES

Max-Planck-Institut

racking: rack the source position (only compensate the Earth’s rotation)
Time-efficient, but you need to get the background
Can be used for line observations (,,frequency switching mode"™) or pulsar observations.
4 L — = —r— P—— = ;
Barr et al., 202 |
S, B R Beware of baseline
e ] [ | (00 el and calibration problems:
N B e sl THEI AT BT ™ \Winkel et al, 2012

J. Mangum, NRAO
XIX IAG/USP Advanced School on Astrophysics - September 2025 https://www.researchgate.net/figure/An-illustration-of-the-technique-of-folding-from-Searching-and-ldentifying-Pulsars_fig3_3529077215



g Lo RVATONAL METHCOEE

Point-like objects
Raster observation: Observe - Move - Observe - Move ... (On-0Ofr)

On-the-Fly: Scan continuously over the target (and surroundings) (Cross-Scan)

More time consuming, but gives information about source structure, background, confusion, etc.

; SDSS/PanSTARRS- 1/Giuseppe Donatiello
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A ADVANTAGES OF CROSS-SCANS
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A MAPPING STRATEGIES
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SDSS5/PanSTARRS- I/Giuseppe Donatiello
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Mapping by driving the
escope over ihe solrce,

Consider spacing,

1 1
<= —@ better —6
i 3

Multibeam-observations

or speclal strategies
needed to get rid of
scanning effects.
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X BASKET WEAVING
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Use OTF-observations in two orthogonal scanning directions.

Assuming that the astronomical signal is the same In
both maps, the scanning effects can be corrected.

Muller et al,, 2017

see also:Winkel, Floer & Kraus, 2012
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X DUAL-BEAM METHODS
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Dual / Multi-Beam receivers can be used to shorten the observing time,

P

but also to correct for weather effects (assuming all beams see the same part of the sky).
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—xample: |0 GHz cross-scan during bad weather: left: single beam, right: beam subtraction

Beware: Stacking (averaging) of scans: noise decreases by \/E
XIX IAG/USP Advanced School on Astrophysics - september 2025 DEAM-SWITCh (subtracting):  noise increases by \/%
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ra J (0, )P (0 — 0, — ") dD
4r

Ay

Haslam et al., 198 |

Hl: stray radiation correction, see:
Kalberla, PM.W,, et al. (1980):

A &A 82 2/4 & 106, |90
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CONPUBIC

[ he sky arouna your source Is not empty.
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When doing deep integrations, you will
finally become ,,confusion-limited”,

due to many unresolved weak objects.
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NASA, ESA, and S. Beckwith (ST5cl) and the HUDF Te
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http://www.nasa.gov/
http://www.esa.int/
http://www.stsci.edu/

L ALIBRATION STERD
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L ALIBRATION STERD
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g CALIBRATION
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EB-dm 142 GHz Cas A 2020-09-10 15:05:00 UT
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O FINUOUS™ CALIBRATIEIE

At the 100-m telescope, the noise cal is RIS
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switched In a regular cycle.

| ) 3 = |

Phase " - . . . ]
Cal Off @ On i OFf 1200 | .

Signal Sky Sky Sky + Cal | Sky + Cal Sky :::

To get antenna temperature, the software derives: 110 210 ;o : ;o |

Time since start [s]

Sig = pl T p2 i p3 28 p4 - Sky Es 2% Cal Tcal IS the assumed value of the noise diode,
Ref — p3 +p4 — pl = p2 = ) . cal but could be different for each receiver / frequency...

S deel Sky

And with that we have T, = T = -
A ¢al N *REf cal Cal
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L ALIBRATION STERD
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FIEAOURE [HE SKY 5 OUFal i

Best done with a skydip or - even better - a water vapor radiometer.

Tay@) = Ty + Tpy(@) - (1 — €7@V}~ Ty 4 T o/sin(elv) = Ty + Ty, 7 Airmass
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A WATER VAPOR RADIOMETER
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A WVR measures the opacity continuously and independent of the astronomical observation.
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L ALIBRATION STERD
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X THE GAIN-ELEVATION EFFECT
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Surface RMS Is a function of elevation.

EB 100-m telescope - Gaincurves
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main dish lead to a higher surface RMS,
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Correction: T, = T,/G(elv) S |
The effect gets stronger with increasing wavelength!
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L ALIBRATION STERD
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K-TO-]Y CONVERSION

T” A A com 71'D2
L e S e o =T
E g e

" is the sensitivity of the antenna (in K/Jy),
and It Is difficult to determine ,,theoretically™.

ASTRONOMY
AND
ASTROPHYSICS

Astron. Astrophys. 61,99 —106 (1977)

The Absolute Spectrum of Cas A;

An Accurate Flux Density Scale and a Set of Secondary Calibrators
J. W. M. Baars, R. Genzel, I. 1. K. Pauliny-Toth and A. Witzel

Max-Planck-Institut fiir Radioastronomie, Auf dem Hiigel 69, D-5300 Bonn, Federal Republic of Germany

Received April 4, 1977

.
Aeff =4 Ageom =l ZD

n, . aperture efficieny

AT/89.8/040

A Revised Flux Scale for the AT Compact
Array

J. Reynolds
29 July 1994

Abstract

A revised set of flux density estimates is presented for the radio source 1934-638,
over the frequency range 1.4GHz to 8.6GHz. The main purpose of this revision is
to bring the ATCA flux density scale into better agreement with the scales used
at Northern hemisphere observatories, the VLA in particular. The revised scale
defined here is believed to be consistent with current Northern scales at the 1~2%
level over the range 1-10GHz. It is recommended that the revised scale be imple-
mented as the default option in all ATCA observing and reduction software, as it
represents a significant correction to the scale currently in use. ATCA Memo

Above 20 GHz, also the planets might be used.
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2 A NDARD CANDIEED

Max-Planck-Institut

fiir Radioastronomie

Compare the measured flux (after all corrections) with the expected one.
—> Determine the sensitivity.
~or this, several standard candles are ,,available”, e.g.

gt a0 o0 Jo6 30 5h 3 PRS 1794 bsa el

But beware of variability!!

Table 6. Position and flux densities of telescope calibrators

—
Source RA (1950.0) Dec (1950.0) b" S1400 Siscs S2700 Ssooo0  Ss000  Sio700  Sisooo  S22235  Spec. Ident. Polar. Ang. size =
Sl e &g (1 [yl [Jy] [Jy] LJy] [Jy] [Jy] [Jy] [Jy] (at5GHz) (at14GHz) X
% ’ o
3
3C48 0134498 +32 5420 -29 159 139 9.20 5.24 3.31 2.46 1.72 1.11 G QSS 5 | 3
3C123 04 3355.2 +2934 14 —12 48.7 424 28.5 16.5 10.6 7.94 5.63 3.71 C™ GAL 2 20 =
3C 147 053843.5 +49 49 42 +10 224 . 19.8 13.6 7.98 5.10 3.80 2.65 1.71 C~ QSS <1 < 1 73
3C 161 06 24 43.1 —055114 — 8 19.0 16.8 114 6.62 4.18 3.09 2.14 — G GAL 5 < 3 o
3C218 091541.5 —115306 +25 43.1 36.8 23.7 13.5 8.81 6.77 — — S GAL 1 core 25 &
halo 200 >
3C 227 094507.8 +07 3909 +42 7.21 6.25 4.19 2.52 1.71 1.34 1.02 0.73 S GAL 7 180 73
3C249.1 110025.0 +7715 11 +39 248 2.14 1.40 0.77 0.47 0.34 0.23 — S QSS — 15 <
3C274 1228 17.7 + 123955 +74 214 184 122 71.9 48.1 37.5 28.1 20.0 S GAL 1 halo 400* e
3C286 13 28 49.7 +3045 58 + 81 14.8 13.6 10.5 7.30 5.38 4.40 3.44 2.85 2 QSS 11 < 5 %
3C295 14 09 33.5 +522613 +61 2.3 19.2 122 6.36 3.65 2.53 1.61 0.92 C~ GAL 0.1 4 g
3C348 16 48 40.1 +05 04 28 +29 45.0 375 22.6 11.8 7.19 5.30 — — S GAL 8 115° g'
3C353 1717 54.6 —00 5555 57.3 50.5 350 212 14.2 109 — — G- GAL 5 150
DR 21 2037 14.2 +4209 07 + 1 — - — - 216 20.8 20.0 19.0 Th Hu — 20°
NGC 7027¢ 2105094 +42 0203 -3 1.35 1.65 33 5.7 — 6.43 6.16 5.86 Th PN < 1 10
@ Halo has steep spectral index, so for 1<6 cm, more than 90% of the flux is in the core
b Angular distance between the two components
¢ Angular size at 2 cm, but consists of 5 smaller components
d
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Data up to 5 GHz are the direct measurements, not calculated from fit

Baars et al., 1977/
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3C286 NGC7027

101 —

1004

Flux Density [Jy]
Flux Density [Jy]

109 +—

10° 10 : s s
Frequency [MHz] 10 10 10
Frequency [GHz]

ACNS ~ Y7 PSS e !

Good at higher frequencies,
but slightly extended

Good at low frequencies
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150

Temperature (K)

Brightness
100

1 L 1 L 1 ) 1 L i
200 400 600 800 1000
Frequency (GHz)

Figure 5. The Butler-JPL-Horizons 2012 CASA model brightness temperature of
Uranus (in black). The 2010 model, is shown in red, and blue is the model of Griffin
Orton (1993), used commonly for mm-submm observations.

Butler ALMA memo 594
PN: S ~ 1?2

Good at higher frequencies,
but slightly extended
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X CALIBRATION STEPS
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Counts to Antenna Temperature  T4[K] = T 4[K] - raw counts .[~ "~ "~

160 T " =869+ 10)K

ih
Zn (8684 1.0)K
150
Limits of fit: AM = [1.0.4 8]

Correct Atmospheric Absorption Ty = T, - esnelV) )
| | ” TA 25 s 85 4 Nrm;.'s s 55 ®

Correct Gain-Elevation Effect i = v
G(elv)

(. t Into Jans| \YWAY T4l

onvert into Jansk =
! [I'[K/Jy]
Beware of other time-dependent effects

- e.g,, defocussing due to temperature changes! T T Vot T
XIX TAG/USP Advanced School on Astrophysics - September 2025



FIE  TROIDYINE RECEIVERE

ANTENNA

LOCAL

DETECTOR
INTEGRATOR

OSCILLATOR
£ LDNA amplifies a very weak radio frequency (RF) signal, Is stable & low nolse
§ Phixer: produces a stable lower, iIntermediate frequency (IF) signal by mixing the
RF signal with a stable local oscillator (LO) signal, Is tunable
o Filter selects a narrow signal band out of the IF

e Hackend to

XIX TAG/USP Advanced School on Astrophysics -

September 2025

'al power detector; spectrometer, polarimeter; etc.

28
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19K

va

LHC

RHC

2 4-2 7GHz

_{>

V.

— 0

>
o

%

VTO

2, 4—2,7GHz

\
/

PS5

R—>—

100-BO0MHz 4{>

100—B00MHz \

{— TPA LHC

i

1 i—

/

LD
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ol ; Yalen
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S110MmMm

Datum: 15.5,.2018

Name: R, Keller
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A (digital) bac
responsible o
signal process|

<ENAd

- dig

t

g, a

Z o

nd sto

IF amplifier

® toldl power detector:
& correlator:
= hecirometer:
*  transient’” backend
* V]Bl-Backend
Low-noise
amplifier  Mixer
\ L
>‘ sl ~
Antenna IF filter
Local
oscillator

N, high-speed data transmission,

rage.

measures the power of t
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ves 1
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Integrator
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flgls

s a vital component In a radio telescope system,
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@ LURREN | DEVELOPHIERTES
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» Digitization of the RF signal in the focus cabin (proper shielding to avoid RFI!)

» No mixing!

- Signal transport via optical fiber

» Data analysis In computer cluster

Frontend

Digitizer

]

Converter

[

]

XIX TAG/USP Advanced School on Astrophysics - September 2025

IF

ADC

FPGA

Ethernet Switch

Backend

Spec.

Pulsar

VLBl

Polarimetry

G.Wieching

S5



g POLARIZATION

Max-Planck-Institut

The full polarization state of a EM wave can be described by
two components (e.g. Er & E or En & Ey) and their relative phase.

With that, one can define the Stokes - Parameters:

I < > <[>t <FEo>

- 2 . - |
V=<E'>-<Ek >=2<Ekk,smo, > Beware of different
U=2<EFEcoso,>=2<EFE, coso,, > definrtions for Stokes V!
()=) cFEEsind,>=<E->—-<E >

. \/Qz i
degree of linear polarization: p = T . :
1 U degree of circular polarization: p = —
iInear polarization angle: y = — arctan — {

2 Q

XIX TAG/USP Advanced School on Astrophysics - September 2025 £
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XIX|

L ARIZATION IN RADIO AS T RONCI S

L P 1 (P - variable
P (P -some Ub 1o ) U

mMostly

e L

.

Jupiter:

Pulsars:

Galaxies/ AGIN:

Maser lines/ Zeeman eflec
Scattering by dust:

Stokes

v [K] (Tmb)

-0.05 -

...............

1

0.05 -

...............

i E

B variable (—> mag. field direction)

O Cell (Mira)

B, Jan 2024
43.1 GHz (SiO)

Beck et al.,, 2020
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FOLARIZATION CALIBRATICOMN

Instrumental effects (parallacti

have to be correc

Lobs \‘ (Ll bio s Lia )
(b fo1 too to3 To4
O obs t31 t32 133 i34

Ve, S
e S e IR S

Instrumental effects

matrix 1T

R.Wegner
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Stokes U [Jy]
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0 sin2q
. 0 0
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cos2q 0
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e "‘41
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0 O\
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o o
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PO ARIZATION MONPIORING
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0835+58 - 4.85 GHz Effelsberg 100-m RT

Total Flux density: <S> = 0.59 +- 0.01 Jy
0.64 -

0.62 -

0.60 -

S [yl

0.58 A

il
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b WNP ! ' n

Polarized Flux density: <P> = 0.074 +- 0.002 Jy
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Rotation of the |

nearly polarized vector

during propagation through a magnetized medium

X = Xo+ RM - X°

RM = 8.1-10°

neB“dz
L

3C48 2024-03-17
Xo = 121.2 £ 0.5 deg RM = -689 + 1.1 rad/m2
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< 90 1l \\\
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\\
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VLT USING SINGLE DIGHIE S

G S ot

Single-dishes are easier to use / calibrate.

[t 1s cheaper to get equipment Installea.
bportunity to tes

ey offerthe o

Fas

Wi

er for mappil

ng large parts of -

L hewW feceh/ers | Badlke

he sky (due to the bea

mak

observe the SED of sources quickly.

. Well-surted for pulsar o

Wikipedia CC
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m size).

th multi-frequency capabllities, they offer the chance to

bservations (which are point-like).

F;ulse Phase
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MvEiT USING SINGLE DD
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They are sensitive for extended emission!
0.000 0.001 0.002 0.005 Jy/beam 0.010 0.050 GLQS__AR SU rvey
+01.0000° | ' e ' | | | | : (Karl Menten et al)
,, +00.5000° §
E : C-band (4-8 GHz)
_'E +00.0000°
 qnso] 45 seliarestle ress
DB R o B R Y K AU s YOO 00 M T S O vl Karl G. Jansky Very Large Array
36.0000 34.0000 32.0000 30.0000 28.0000
0.000 0001 ™" o002 0.005 0010 & Effelsberg 100-m telescope.
+01.0000° A l |
., +00.5000°
::‘i +00.0000° |8
8 o000 B Combine interferometers
- and single-dishes!
-01.0000° : .

36.0000° ' 34.0000° 32.0000° i ' 30.0000° 28.0000°

Galactic Longitude
Brunthaler, A. et al. 202 |
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3C10 6.67 GHz Eff 100-om RT Mar 1, 2018
1.05
Source: W30H, Scan: 8814 (2025-07-14T17:10:33 / ONOFF / SAMPLE)
S45mm-WFFTS_MULTI, 4829.00 MHz, BE Section: 05 (BB-04 FEED-01 X)
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APEX, Llano de Chajnantor, alt. 5100m
P"l,l'l'l,lllll'.‘."'. — ‘_| . }_l |_:'

Transmission / Absorption
strongly depends on the
water In the atmosphere

-
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=
%
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R
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DWV - precipitable water vapor

Frequency (GHz)
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LMT / GMT, Mexico 3 APEX, Chile
| MPIfR
4600 m a.s.l.

Max-Planck-Institut

™" @ Large MillimeterTel!scope
. W

..o'-‘.

IRAM 30m telescope, Spain

| 0000 m a.s.l.

IRAM, K. Zacher



