
The Need for Ionospheri
 Corre
tions at 5 GHzVLBA Test Memo No. 68Jim Ulvestad & Henrique S
hmittDe
ember 26, 2001Abstra
tThis memo dis
usses the need to make global ionospheri
 
orre
tions on VLBAobservations at 5-GHz frequen
y. For phase-referen
ing observations near solar max-imum, as at the 
urrent epo
h, it is shown that 
orre
tions using global ionospheremodels and the AIPS task TECOR 
an be of signi�
ant bene�t. These global 
orre
-tions may permit su

essful phase-referen
ing that is not possible otherwise. However,even the global ionospheri
 
orre
tions probably are not adequate for 
alibrator-sour
eseparations larger than 2Æ{3Æ.1 Ionospheri
 Corre
tions to VLBA DataIonospheri
 
orre
tions to the phase of VLBA data have been found to be important at 1.7and 2.3 GHz, parti
ularly near the time of solar maximum. These 
orre
tions 
an be usedto in
rease 
oheren
e time, whi
h may enable fringes to be found on a fairly weak sour
eor else may enable su

essful phase-
onne
tion to take pla
e. A variety of means havebeen explored to perform 
alibration of the ionospheri
 phase e�e
ts, and are des
ribedin VLBA S
ienti�
 Memos 22 and 23. This test memo des
ribes the results of makingsimilar ionospheri
 
alibrations at an observing frequen
y of 5 GHz.2 Des
ription of ObservationsA test of ionospheri
 
orre
tions at 5 GHz was 
arried out using a 3.5-hour observation byS
hmitt et al. (observation 
ode BS104H), on 26 September 2001 from 1051 to 1421 UT.The observation was a pure phase-referen
ing program at 5 GHz. The phase-referen
esour
e was J0607+4739, while the target sour
e was the galaxy MCG 8-11-11, about3Æ away, with 
oordinate name J0554+4626. The observations were 
arried out neartransit for most of the VLBA, with elevations typi
ally above 60Æ for all stations ex
eptMauna Kea. (There were no data available from Saint Croix be
ause the tape from thestation was lost in transit to the 
orrelator.) The phase-referen
ing 
y
le used 50 se
onds1



on the 
alibrator, followed by 250 se
onds on the galaxy, and another 50 se
onds on the
alibrator. Thus, the total phase-referen
ing 
y
le time was just under 6 minutes.3 Calibration and AnalysisData were 
alibrated in the usual way, with amplitude 
alibration and pulse-
alibrationapplied based on a-priori gains as well as measurements made during the observations.Following this 
alibration, a global run of the AIPS task FRING was made on the sour
eJ0607+4739, with one solution per 50-se
ond integration. The phase solutions (SN table)for IF 1 are shown in the left-hand panel of Figure 1; results for the other IFs are similar.In this �gure, note that there are periods when the phases for Brewster, Han
o
k, NorthLiberty, and Owens Valley, relative to the referen
e antenna at Los Alamos, 
y
le througha 
omplete 360Æ 
y
le in about 30 minutes. At Mauna Kea, the phases were fairly benignuntil about 1200, when they began moving quite rapidly, going through a full 
y
le inroughly 15 minutes or less. Indeed, from inspe
tion of the left-hand panel of Figure 1, itis not entirely 
lear whi
h 2� ambiguity to 
hoose to 
onne
t the phase, whi
h 
an leadto in
orre
t 
alibration of the phase on the target sour
e.
Gain phs vs UTC time for BS104H-NOION.TASAV.1
SN 5  Lpol  IF 1

1L BR
200

0

-200
2L FD

200

0

-200
3L HN

200

0

-200
4L KP

200

0

-200
5L LA

D
eg

re
es 200

0

-200
6L MK

200

0

-200
7L NL

200

0

-200
8L OV

200

0

-200
9L PT

TIME (HOURS)
11 00 30 12 00 30 13 00 30 14 00 30

200

0

-200

Gain phs vs UTC time for BS104H-TECOR.TASAV.1
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-200Figure 1: Phases vs. time on baselines to Los Alamos. The left-hand panel shows resultswith no a-priori ionospheri
 
orre
tion applied, while the right-hand panel shows theimproved results after using the AIPS task TECOR.The systemati
 
hanges in phase, and the fa
t that they are seen on all the longbaselines to the referen
e antenna, seem more reminis
ent of the ionosphere than thetroposphere. Sin
e all antennas are e�e
tively looking through di�erent se
tions of the2



troposphere, their phase variations should be un
orrelated, and the general stru
ture ofthe phase seen in Figure 1 should be relatively independent of baseline length. However,sin
e the ionospheri
 e�e
ts o

ur at a mu
h higher elevation (several hundred kilometersabove the Earth's surfa
e) and have larger s
ale sizes, one might expe
t the 
u
tuationsto depend on baseline length, as seen in the data.The dis
ussion above leads to the question of whether ionospheri
 data 
an be usedto 
alibrate the relative phase drifts of the VLBA antennas. In AIPS, su
h 
alibration ismade using the task TECOR, whi
h applies global ionospheri
 models that are reportedon a regular grid in spa
e and time. The available models 
urrently use grids with spa
ingsof 5Æ in longitude, 2:5Æ in latitude, and 2 hours in time. TECOR uses the azimuth andelevation to whi
h ea
h antenna is pointed in order to �nd the ionospheri
 \pier
e point,"then interpolates to estimate the ionospheri
 
orre
tions. As mentioned previously, somedis
ussion of global ionospheri
 models and of how TECOR works 
an be found in VLBAS
ienti�
 Memos 22 and 23, as well as in the TECOR \explain" �le.1The right-hand panel of Figure 1 shows the results of a fringe-�t that was run underthe same 
onditions as the left-hand panel, ex
ept that a global ionospheri
 
alibrationwas applied �rst using TECOR. Inspe
tion of this �gure shows 
learly that the phasewraps have been redu
ed signi�
antly on the long baselines, supporting the hypothesisthat the ionosphere is a major 
ontributor to the phase drifts even at 5 GHz. (TheTECOR input �le indi
ates that the total ele
tron 
ontent along some lines of sight wasgreater than 1018 ele
trons per square meter.) After appli
ation of TECOR, the phase
onne
tion for Mauna Kea appears to be straightforward. However, it is important to notethat a remaining limitation on the proper phase 
alibration is the distan
e between targetsour
e and 
alibrator. Re
ent experien
e with other segments of BS104 has shown thatseparations of 5Æ between the referen
e sour
e and the target often are too large to permituseful phase 
alibration, and that separations � 2Æ{3Æ are required, even at 5 GHz.

1Note that TECOR re
ently has been upgraded by Amy Mioduszewski to a

ept multiple modelsspanning multiple UT dates. This eliminates a previous requirement for the observer to 
on
atenate andhand-edit �les 
overing multiple dates. In addition, a mistake has been 
orre
ted in the explain �le; thedispersive delay 
orre
tion swit
h APARM(1) should be turned ON to get a useful result.3


