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Continuum - Point Sources

*Observe blank sky for 10 sec
*Move telescope to object & observe for 10 sec
*Move to blank sky & observe for 10 sec

*Fire noise diode & observe for 10 sec

*Observe blank sky for 10 sec

On-Off Observing

Detector
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Continuum - Point Sources
On-Off Observing
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Continuum - Point Sources

On-Off Observing
e Known: o Desired:
e Equivalent temperature of e Antenna temperature of the
noise diode or calibrator source (T,)
(Tea) = 3K e Flux density (S) of the
e Bandwidth (Av) = 10 MHz source.
e Gain=2K/ly e System Temperature(T,)

when OFF the source

e Accuracy of antenna
temperature (0 1)



Continuum - Point Sources
On-Off Observing
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Continuum - Point Sources
On-Off Observing —noise estimate

1. Write down data analysis equation:

T cal ] ( signal _ Preference)

= P reference P reference cal _off cal _off
cal on cal off

T4

2. Use “propagation of errors’:

2
0714
GTAz =Z(8P j G;i

3. Use the following substitutions :

o, =T/NAv-1 P=G-k-T
2 2
_>O-P:P/VAV't —)(&] :[ﬁ] — 1

P T Av-t




Continuum - Point Sources
On-Off Observing — noise estimate
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Continuum - Point Sources
Assumptions:

“Classical” Radiometer equation assumes:
» Narrow bandwidths,

 Linear power detector,

o Th<<T,

* Noise diode temperature << T,
o treference = tsignal

1:c:al_on = 1:c:al_off
* Blanking time << tsignal

 No data reduction!



Phases of an Observation
Total Power

Detector
Cal On

| Detector

Cal Off




Phase Counts

Phases of an Observation

Phase vs Time
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Tcal=4 K
*Ts=100 K

*Shapes very
similar

*EXxcess noise
from atmospheric
fluctuation



Phases of a Observation

Beam Switched Power

Detector Sig
Cal Off

Detector Ref
Cal On

Detector Ref
Cal Off




Phases of a Observation

Beam Switched Power

Switching
Signals

RN

Detector Sig
Cal On

Detector Sig
Cal Off

Detector Ref
Cal On

Detector Ref
Cal Off




Phases of a Observation

Double Beam Switched Power

Noise Diode

Switching

& Detector Sig
Cal On

Detector Sig
Cal Off

| Detector Ref

Cal On

Detector Ref
Cal Off




Continuum - Point Sources
Beam-Switched Observation

erence reference
Treference () . % + }Dcal _off
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Continuum - Point Sources

On-The-Fly Observation

Antenna Temperature
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Continuum - Point Sources
On-The-Fly Observation

I total power:

L A\ e @ir,0)
Ts(l)—< (Z)>

Pcal_on (l)_ Pcal_off 2

If beam-switching (switched power):
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Baseline Fitting

Polynomials
24.0 ,
22.0 _—E
200 |- + Set order of polynomial
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Continuum - Point Sources
Gaussian Fitting

Define initial guesses

Set flags to fit or hold constant
each parameter

Set number of iterations
Set convergence criteria

Fitted parameters
Chi-square of the fit
Parameter standard deviations.

Restrict data to between the
half power points for fitting to a
telescope’s beam

Multi-component fits should be
done simultaneously
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Continuum - Point Sources

Gaussian Fitting

Where 1s noise the highest?

Where 1s noise the lowest?

* ¢ changes across the
observation.

« Weights (1/ ¢?) for
least-square-fit changes
across the observation.
* For strong sources,
should worry about
using proper weights in
data analysis.
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Template Fitting

+ Create a template:

- Sufficient knowledge of the
telescope beam, or

» Average of a large number o
observations.

« Convolve the template with
the data => x-offset.

« Shift by the x-offset.

* Perform a linear least-square:
fit of the template to the data:

Always try to fit physically-
meaningful functions

(Graussian Fitting

Template Fitting
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Averaging Data / Atmosphere

e 7.changes due to atmosphere emission.
» Use weighted average with weights = 1/02

1
Rt

"L

T, changes due to atmosphere opacity.

Opacity from the literature or theory, from a
tipping radiometer, from atmospheric vertical
water vapor profiles, or by “tipping” the
antenna
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GBT System temperature (Tsys) for 2 GHz
March 21-22, 2001

3 Curve fit to atmospheric emission:
— “ Tsys = Trevr + Tatm( 1 - exp(-taw'sinel))) —
\ (Tresr=15.6K; Tatn=212K; tau=0.012)
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Curve is fit ta atmaspheric attenuation: .
Giain = 2.1 * cxp(-tau / sin(cl) )
B (optical depth tau — 0.012) 7
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Gain Correction

Efficiency
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Continuum - Extended Sources
On-The-Fly Mapping

Telescope slews from row to

row. Row spacing: ~0.9A/2D .
A few samples /sec.
Highly oversampled in 3.20
direction of slew <0.3AM2D 260
Could be beam switching g o

Convert Power into Tg.
Fit baseline to each row? 08D
Grid into a matrix

188.40 18680 185.20
RA
3C273 NRAC4 M 3/12 /94

Cammant:

Levels: [K)

0.00073
0.001GC
3.001256
0.00158
0.0020C
0.90257
0.00316
4.00358
0.00301
0.00837
4.0079+4
4.0146G6
0.01258
d.01585
d.0199%
0.025112
0.03162
4.0388"
105012
4.0631C
0.07843
4.1006G6
0.125684
0.12848
0.19853
0.23118
0.31623
0.398171
0.50118
0.63086
0. 79433
1.00G0G



Continuum - Extended Sources
On-The-Fly Mapping - Common Problems

« Striping (Emerson 1995;
Klein and Mack 1995).

+ |f beam-switched,
Emerson, Klein, and
Haslam (1979) to
reconstruct the image. :

- Make multiple maps with 5|
the slew in different |
direction.

CALACTIC Galactic Lengitude



GBT Continuum Images - Rosette

The Rosette at 2.4GHz (GBT Cct 24, Z002)
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GBT Continuum Images - M17

Omega Nebula 8.4GHz, Feb.9,2002

18N22M308 21M30%  20M30° 19M30°
J2000 Right Ascension



GBT Continuum Images - W3
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GBT Continuum Images - Orion

J2000 Declination
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Spectral-line - Point Sources
On-Off Observing

*Observe blank sky fort . . .S
*Fire noise diode to determine T,
*Move telescope to object & observe for tg,,, sec

*Can observe an extended source using this technique --
‘signal’ observations arranged 1n a “grid” map.

cC

Detector




Spectral-Line - Point Sources
Position-Switched Observing

VELOCITY {OPTLHELD)
280. 34|D. 4."3_'|D.
CI. 20 | ! I I ! | L I 1 | 1 I ‘ 1 I

0.100

0.050

0,050 | | | L |
€.00 0.30 g0.108& —{1.100 —.30
FREGUENCY

PGC 42656 24 SCANS: 31658.01— 3281.04 INT= 08:00: 0 DATE: 30 JAN 87
EPOCRADC=12:38:48.8 3R:46:33 {12:29:48.9 38:46:33) CAL= 1.6 TE= 19
REST= 1420.40580 SK¥Y= 1418.76957 IF=252.49 DFREQ= 4.BB3E-03 DvW= 1.0



Spectral-Line - Point Sources
Position-Switched Observing

i gnal eference
Treferenc P h
/ Pref ence

Signal
(line expected)

Smoothed/Averaged

T, of Denominator Reference
(No line expected)
fe fe
prmry=| (g} BEE D B O
2)\ B =Pl h ) |

2 2
O, K 1 N 1 e
TA AV / Nchannels reference tsignal TS

* But only for weak lines and no strong continuum!
 Constant depends upon details of the detecting backend
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Phases of a Observation
Switched Power - Frequency Switching

[

Sigil Local
Frequency Osciflator
Reference
Frequency

Noise Diode

\
(/ Switchmg

Detector Sig
Cal On

Detector Sig
Cal Off

Detector Ref
Cal On

Detector Ref
Cal Off




Spectral-Line - Point Sources
Frequency-Switched Observing - In band

VELOCITY (OPTLHELO)
EC]IG. 1000,

“Signal”

“Reference”

a | | I | 1 | I
2.50 1.50 0.5 Q.50 —=1.530

0 -_
FREQUENCY
Ree: 0 Phoge: 2

PEC 453193 24 SCANS: 2742.01— 2846.02 INT= 64:00: 0 DATE: 28 JAN 87
EPOCRADC=13:01:55.4 —03:18:17 {(13:01:568% —03:18:47) CAL= 1.6 T8= 20
REST= 1420.40580 SKY= 1415.32645 IF=252.49 DFREQ= 9.768E-03 Dv= 2.1

VELDCITY {OPTLHELD)

o L Ty=T, (REF)*[(SIG-REF)/REF]
-1, L \ !
o b rodbueney 1se

Rec: & Phose: 2
PGC 45195 24 SCAYS: .

ERCCRADE=13:01:55.9 F~03:18:17 (13,
REST= 1420.40580 SHY= 1415.326:

.02 INT= =:00: 0 DATE: 28 JAN 37
559 —03:18:17) CAL= 1.6 TS= 20
IF=252.48 DFREQR= §.766E-03 Dv= 2.1

Line appears twice — should be
able to ‘fold” the spectra to
increase SNR



Spectral-Line - Point Sources
Frequency-Switched - “Folding” In Band

pignal _ preference
LL(f) =137 (f)-{ ) Y )} +

Preference ( f)
preference (f n Af) _ prignal (f + Af)}

Iy (f)-{

poignal (f +Af)
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a800. F00. f il DDID.
12, T — T 1 — T
e |
6. —
i - |
4. = A=
L L | ‘ |
2.40 1.60 0.80

FREQUENCY
Rae: 0 Phess: 2
PGC 43195 24 SCANS: 2742.01— 2946.02 INT= =«:00: 0 DATE: 28 JAN 87
EROCRADC=13:01:55.98 —03:18:17 {13:01:55.9 -03:14:17) CAL= 1.6 TS= 20
REST= 1420.40580 SKY= 1415.32645 F=252.49 DFREQ= Q.766E-03 D¥= 2.1




o Polynomial:

same as before ..

e Sinusoid

DAT

RESIDUALS
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Spectral-Line
Baseline Fitting

100 200 300 400

“l H’I 4 mm‘l i l”;'r“ “nlllM \F\I'"’lm'lll‘l‘lilu{‘ |p“lr“ “l“l
| l””\ﬂ AT Sl

:( ‘ | [ | | | | | ‘ | | | | | | | ‘ | | |

0 100 200 300 400




Spectral-Line
Other Algorithms

Velocity Calibration

Velocity/Frequency Shifting & Regriding
e Doppler tracking limitations

Smoothing — Hanning, Boxcar, Gaussian
e Decimating vs. non-decimating routines

e For “"Optimal Filtering”, match smoothing to expected
line width

Filtering — low pass, high pass, median, ...

Moments for Integrated Intensities; Velocity
centroids, ....
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Spectral-Line
RFI Excision

aa. 130 0. Jac 430,
Charmnal

8 e
: VLK (OPTLHALD

) gt 1700, %00, ¢ B uu.i 2300, 2560,

ml 1 II i II 1 | 1 T 1 | L T |

1 ] I ] 1 ] 1
2,50 140 a0 —-.350 —1.50
FREQUENCY

PEC 4385  JBSE01 INT= 00:10: £ CATE: 18 JAN BY?
EPCCRADC=15.11: D& —15:18:40 A= LB TE= 22
REET= | 420.405B0 SKv= 141103735 IF=232.49 DFREG= Q.766E—03 D= 2.1




DEC

Spectral-Line Mapping
Grid or On-the-Fly




Spectral-Line Mapping
Grid and On-the-Fly

Vmax
W(a,5)= ZT(O(,(S,V;)-AV;

Vi=Viin

(If V1=V2 => Channel Map)

For {v=vmin} {v <=vmax} {v++} {
if T(a,0,v) > Tmin then
W(a,0)=W(a,0)+ T(a,0,v)
endif
endfor




Spectral-Line Mapping
Grid and On-the-Fly

(Position-velocity map)



JEC

Spectral-Line Mapping

Levels

DRI/MON 3,729 /03
Comment:

1.30
200
2.60
300
350
460
450
B.L00
250
E.0D
6.50
FED
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EOD
85D
3060
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1a.00
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17.00

88.

CUBE. Q01
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—3.2

Levels: (K«VELD)
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BO.

B/13,/90

300,
x b
a70.
405
440.
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S0
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=80,
B13.
B30,
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FR5
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E235.
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30
65,
1000,
1035
1070,
11035,
1140,
1173,
1210
1248,
128D
1315,
1230,
1385,



The Future of Single-Dish Data Analysis

Increase in the use of RDBMS.

Support the analysis of archived data.

Sophisticated visualization tools.

Sophisticated, robust algorithms (mapping).

Data pipelining for the general user.

Automatic data calibration using models of the telescope.
Algorithms that deal with data sets.

Analysis systems supported by cross-observatory groups
More will be done with commercial software packages



