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ATCA Bandpass Variability

R.J. Sault
25 March 1993

This memo reports on an observation on 8 January which were intended to examine instrumental polar-
isation of the ATCA. The observation was approximately 6 hours of 1934-638 at 4.8 GHz with the 128
MHz/33 channel system. A special correlator configuration was used so that the XY phase bandpass
could be measured.

The weather during the observation was hot ( 40° ), and atmospheric phase stability was poor.

In the calibration process, solutions were found for antenna gains, bandpass functions and polarisation
leakage parameters. The antenna gains were solved for every 15 s intergration. The bandpass function
was either held constant over the abservation or solved for every 15 sec. The polarisation parameters were
held constant. The XY phase of the reference antenna was held constant, although there was evidence
that this varied by about a degree over the observation. The XY phase bandpass on the reference antenna
was held constant. Given that 1934-638 is unpolarised, variation in XY phase of 1 degree will induce
errors of order 10~ of the Stokes-I flux.

The rms measured Ty,, was 60.0K, which implies a theoretical rms noise of approximately 35 mly in
each channel for a Stokes parameter (I,Q,U or V).

The data showed that there was no evidence for variation with time of the polarisation leakage parameters,
and the data obeved the polarisation leakage model very well. The flux in the XY and YX correlations
remains constant with time when gain corrections, but not leakage corrections, have been applied. When
leakage corrections were applied, the residual flux in the XY and YX channels were consistent with the
thermal noise limit. The polarisation leakage terms were unusually large during the observation, being
3-4% (normally they are 2%).

The XX and YY correlations did not calibrate quite as well. Investigation seems to suggest that this is
a result of bandpass variations. Figure 1 shows the rms scatter in the Stokes I and V correlations after
calibration, as a function of channel number. The calibration assumed either a constani or a variable
bandpass. The scatter due to thermal noise should be 35 mJy. This is achieved for Stokes V (both for
constant and variable bandpass). This suggests that the polarisation effects or polarisation calibration
procedure is not the culprit. The theoretical limit is met {or marginally surpassed!) for channels 7 to 27
for Stokes-1 when a variable bandpass is solved for. The fact that we can surpass the theoretical limit
warns us that we are overfitting the data. When constraining the bandpass to be constant, the scatter
in the Stokes-I points becomes appreciably worse than theoretical, particularly at the band edges.

Figure 2 shows the fractional difference between two sets of bandpass functions as a function of channel
number (or actually frequency in the plot). These two sets of bandpasses were each derived from 7
minutes of data taken 70 minutes apart. They show differences of order 1-2% at the band edges. Closer
examination of the bandpass functions show that the differences are mainly phase differences. This is
partially apparent in Figure 2, where Antenna 3 is appreciable better than the others. This is an artifact
of using Antenna 3 as the reference antenna in the calibration process (as absolute phase is neither
measurable nor important the bandpass phase of the X feed of the reference antenna is fixed at 0).



60
O Stokes-T  varnablt basdpass asswed

|._~| m.:.fm..—.\ * vanable vn\_\&_,?m.m @45y
mnosw.flm bowdpass’ 1y vely silar)

A Stolesd ODFL,&\L D“.\SL_BB hmmc.\.&L

50

(m T, )

NOIsQ

Kims

30

20

-

(Y

—

- FQ awtd >_0.

S-L

F.jum l: Rus Scalter

wm Calbwted Dade as

Q Fuu\_o.‘Low -é} Oﬂa.amnol

.ﬁrmo&m\&_nm\_
Mose

Lovel

mnmwcs?d

<601



(zH9) Aousnbaud

(zH9) Aousnbauy

X—BandPass—. D;,ﬂa‘e(e v

0 5x10™°  0.01 0.015  0.02
T T T T | T T L} L I T L] T T [ T T L]
-h - -
:\J - —
(8] i L .
sl ° i
Rl I
[ K
= - A
U‘ =
L 1 I 1 L ] 1 l L 1 I Il 1
X~—BandPass— D1 {Fexe wep.
0 510~  0.01  0.015  0.02
LA B L B AL L L BN
:P - -
\I - -
n | . |
. . i
s, e |
o . ™
| o
s : iy
oo o
on
1 [UURY R R T W SR R N |

Mﬂj‘nf}wd)i sﬁ Dﬁ%’mu

F-ﬁufe o2

B\-Q'P'w% BM passes 'ém&ﬂ—u.,
[ hour JLP&LJ+

G Duudjuy

g DUUBY

(zH9) Aousnbaig

(zHo) Aousnbou

(zH9) Aouenba.

X—BandPass- Dh H’}Q—“‘"Cﬂ_

0 5x107°  0.01 0.015 0.02
T T L] T I T L) T T ' L) L T T l L) T T L]
o l
:-..J | -
o o .
N )
co . .
| . . |
g i i
w =
L L 1 L I L 1 L L I 1 1 L L I 1 1 L 1
X—BandPass- Drf'a{Q:/\Q
0 5%107°  0.01 0.015 0.02
T T L L L BRI
N |
\] = -
o |, ]
" [ ]
L ]
"
e " i
@
:IL o .. -
o -
U1 ™ -
| 1 P 3 !
X—BaondPass— D1ff’g,(ev\c,q
0 5%10™°  0.01 0.015 0.02
i L L L L
:P I~ -
~ I -
A . i
al, o " ]
(4] . m
L. i
L% 4
.-P B [ ] . -
os i md - -
UII = -
i i L I 1 I L L 1 1 I 1 1 L L

| Duuajuy

¢ DUURUY

¥ Duusjuy



(zH9) Aousnbauj

(zH9) Aouenba.y

Y—BandPass—d .k -Hre-(en 3]

) 5x107°  0.01 0.015  0.02
T T T I T T L} T | T T T T | L] L] T
»
Sl i
n I - L
l.. ]
. [ ]
L . . _
o1} .
L [ ]
L . .
: [ ]
# r ... -
ol -
U1 -
[ | [ PR I N T T
Y-BandPass—£3: f-Fe,{e Y
0 5x107°  0.01 0.015  0.02
T T T T I T T T T | T T ¥ T I L) L) T T
N
Sk i
(6]
. [ ]
. [ )
..
» ) |
S
L ]
a
* L ]
..
»
&
1 | 1 PR I R T O

F'gv"e D—- (Low‘lw\u-ec,)

G Duuajuy

g DuuBluy

(zH9) Aouanbaij

(zH9) Aousnbaiy

(zZH9) Aousnba.y

Y—BandPass— Dr -fF_-@.(d wig

) 5x107°  0.01 0.015  0.02
L T T I T T L3 Ll I Ll T T 1 l Ll T 1 T
N 4
oL A
o | . " -
[ ] * -
..
- : .
-. -
»
B e _
0o i ..- |
- * [
»
»
L ] * |
»~ . .
oL i
o | -
P S T NN W NN TN TN NN YR YT RN W N SO S T 1
Y—Bcnchss—@w’ e Y-V TER
0 5x107°  0.01 0.015 002
T e
N |
Tk A
n L ]
.. -
-. -
. [ ]
[ ]
—.. -
e
ol 7
[ ]
L ]
»
- .
»
-. -
. [ ]
- o -
» . .
R i
o | ]
1 | 1
Y—BandPass- i}’e%‘e{encg
0 5x10™°  0.01  0.015  0.02
L] T T I T T L] T I T T T L) l L] T L T
N |
Sk i
(@) i - ]
[ ] . '
L ] * ’
I. _
[ ] . 7
L . _
1] .
b . -
L ]
L ]
= . [ ]
* [ ]
[ ]
s ‘e
ofF " -
m - -
L i I L i " i l L 1 " 1 l i i i 1

| DUuBaUY

¢ Duuajuy

¥ DuusILY



