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Calibration of NOEMA VLBI data

(or: how to produce the flux scale and Tsys for a phased array)



NOEMA - one quick look
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NOEMA VLBI equipment today
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Swiss EFOS-38 maser (built in 2006), Mark4 Formatter + Narrow-band correlator (2000)
with low phase noise quartz Mark5A recorder
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Only the Narrow-band correlator 1s VLBI capable,

& noomsscHwAR - "
= = el == | 00 8= T 1
= Ch goaHie g __%J_ “g not the more recent continuum WIDEX backend.
== g . booa = i | o
O o|mEEn-]oe coos|c b | -= 6. The phased array operation is currently
limited to 1 Gbit/sec data rates

Rohde & Schwarz SMA100 B22
frequency generator



Calibration steps

* On the antennas: hot/cold load calibration

* Explain the sky temperature with an atmospherical
model

* With the opacity from the atmospherical model,
calculate the system temperature for each antenna

Special point for an interferometer: The interferometric
amplitudes in Kelvin are the normalized autocorrelations
multiplied by the system temperature.



System temperature (Example LCP)
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Amplitudes and phases by antenna [Kelvin]
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Amplitude {K) vs. Time
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Real time: pointing, focus and phasing.

Correctly phased, the system adds the other antennas in each
spectral unit coherently to the reference antenna (Al in this case)
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These were local interferometric data.
Where does the phased array come 1n?

* The old Plateau de Bure Narrowband correlator has dedicated adder
modules for up to 6 antennas inside its cross-correlator units.

These add the raw antenna data streams together with only coarse
“hardware” signal path delay corrections.

* In VLBI mode, we switch OFF a number of corrections that are
normally applied on the local correlations (fine delay corrections,
bandpass calibrations) by the realtime computer system.

* We loose some efficiency (approx. 25%) in VLBI mode because
these corrections are missing, but they would be too expensive on
the raw data streams. The obtained local data can be used to calibrate
the VLBI phased array data.



(3.6 GHz per polarization)
*Transfer this scale to the narrow-band backend that 1s in VLBI
mode and determine the antenna efficiencies

What primary calibrators can we use?



Sometimes used but problematic:

Antenna Efficiencies: decorrelation is neglected

Planets: already resolved at 3mm, spectral absorption lines (e.g.
Mars, Jupiter, Saturn), slowly time variable, not always visible.

Moons of outer planets: often too close to the parent planet (we need
at least 3 primary beams distance), flux models less known

Minor Planets: fluxes can vary within a day, models not well known
(that could change with ALMA)
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Source: 3C454
v(GHZ):

P{v)=F0(r/100)**n: pwv @ Imm < 3.5 mm

FO=10.41 n= —1.64(v= 80/100) FO=10.41 n= 2.45{p=100/110) FO=12.24 n— —0.10(v= 90/230)

= 90-1002110+230 ; MEAN(RMS): 12.37(8.62) 10.41(7.71) 13.15(9.77) 11.23(9.22)

pwy @ 3mm < 7.0 mm

FO=12.78 n= 0.31{v= 90/110) FO=10.41 n= 0.09(»=100/230) FO=13.43 n= -0.21(r=110/230)
} T T T y y T T T T T T y T

Flux {Jy}

2005
Time (Year)

Source: 3C345
w(GHE): ~ 90+ 1000110+230 ; MEAN(RMS):

F{v)=F0(r/100)**n; pwv @ Imm < 3.5 mm

4.59(1.31) 4.05(1.05) 4.23(1.38) 2.98(1.08)

pwyv @ 3mm < 7.0 mm
FO= 4.05 n= —1.19{v= 90/100) FO= 4.05 n= 0.43(r=100/110) FO= 4.38 n= -0.46{v— 50/230)

FO= 4.40 n= —0.42(r= 90/110) FO= 4.05 n= —0.37(r=100/230) F0= 4.42 n= -0.47(v=110/230)
T T T T T T T T T T y T y T I
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Flux {Jy)

2000 2005 2010
Time (Year)

Courtesy M. Krips (IRAM)

v(GHZ}

Source: 3CB4
6.42(2.18) 6.20(2.50) 5.33(2.35) 3.96(1.97)

) =F0(r,/100)**n: pwv @ Imm < 3.5 mm

= 901002110230 ; MEAN(RMS):

pwy @ 3mm < 7.0 mm

F0= 6.20 n— —0.33(y= 90/100) FO= 6.20 n= —1.57({¢=100/110) FO= 6.08 n= —0.51(v= 90,/230)
FO= 5.82 n— —0.92(v= 90/110) FO= 6.20 n= —0.54(v=100/230) FO= 554 n= —0.40(v=110/230)
. . : , . : : : : : - . : .

Flux {Jy)

v(GHZ):

Time (Year)

Source: 3C273
A~ 90-100a110+230 ; MEAN(RMS): 1B.1B(7.49) 15.50(8.94) 15.37(7.52) 12.89(8.12)

F{)=F0(r/100)**n; pwv @ Imm < 3.5 mm pwy @ 3mm < 7.0 mm

F0—15.50 n— 1.51(v= 90/100) FO=15.50 n— 0.09(v=100,/110) FO—=17.46 n— 0.38(v— 90,/230)

F0=16.64 n= —0.84(r= 90,/110) I'0=15.50 n= —0.24(r=100,/230) F'0=15.75 n= —0.26(r=110,/230})

Flux {Jy)

40

2000 2005 2010
Time (Year)



Flux constant within <10%
over the past ~15years!

Flux [Jy]

i ;k Krips et al. in prep.
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- f(V[GHZ])=f10p (¥/100)" : &=0.6+0.01 fi5p=1.17£0.01Jy (PdBI)
| f(v[GHz])=f1gp (¥/100)" : a=0.6+0.01 f150=1.16+0.01Jy (PdBI+VLA)
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Now we include the antenna efficiencies
into the phased array System Temperature

Required: a system temperature that includes the phase noise.
From the parallel running cross-correlations and autocorrelations we have
* Tsys [Kelvin] for each antenna 1

* Efficiency E (in Kelvin/Jansky) for each antenna i

* phases P averaged over the desired time resolution per antenna 1,
relative to the reference antenna

Nant Nant E’L
Tsys — {Vant * E?, . Z
1 1=1 \ Tsysi

. cosP;

1=

* if the source is too weak, extended or a line source: use the latest available point-
source phasing efficiency instead.

* Write out these Tsys values into an AIPS compatible file and we are done!



Thank you!
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