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GALA—YV Project Overv1ew

Frequency comparison by using Transportable

= VLBI Sensitivity :VLBI Sensitivity=« D;D,vVBT
B: 16MHz — 1024MHz (64 times)

® Radio Frequency.: 3—14GHz

® Data Acquisition: 4 band (1024MHz width)
® Fe=4. 0GHz. 5. 6GHz. 10. 4GHz. 13. 6GHz
m Effective Bandwidth:3. 8GHz (10 times of Conventional)
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Topics of our PROJECT
1. Broadband feed developed for Cassegrain Antenna(Kashima 34)

® IGUANA-H: 6.5-15GHz o |
® NINJA: 3-14.4GHz I ~ . |
2. Direct RF Sampling and Broadband Bandwidth Synthesis.
A) Digitizing RF signal without frequency conversion.
B) Broadband bandwidth synthesis without Phase-Cal system. =
without Delay-Cal

3. Our Broadband VLBI Experiment shows, atmospheric delay
changes order of 20 psec in hundreds seconds of timescale,
thus quick switching short interval observation Is required.




Broadband Antennas used in Gala-V Project

Kashima 34m

Rindgren
QRHA

......
.....

Original broadband Feed
NINJA, IGUANA-H



Reason why NIC'T' Developed Broadband Feeds
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Broadband Feed for Cassegrain optics
Kashima 34m antenna

Planning change to Dual Polarization
Currently Single linear Polarization

NINJA Feed (3.2-14.4GHz, nominal)
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SEFD [Jy]
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Modified System Temperature with NINJA Feed

SEFD of Kashima 34m with NINJA Feed

10000

1000

100

o | ]
E SEFD measured with Cyg- Ao 3
) ;
E:. N ol's : .ﬁ
- & o T'u
~ 2 3 @
"f‘l?a " .? a g & - g
Pp g B e RN 5
S e : 0
s Ce 1%
- - 7]
- 1 =
l | l | |

- 6 8 10 12 14

Frequency [GHz]

500

400

300

200

100

'fsys% Lo

g5 0 4

o]
Lo}
C

)
)
o
o
[0}
8 .
o g

[CRC s o)
|

4 6 8 10 12
Frequency [GHz]



Signal Chain From Feed to DAS

300k=-174 dBm/Hz Gain=20dB We have to be careful to compromise (1)avoiding saturation of
-74dBm/10GHz ~ system and (2) increase of noise figure, as discussed by Chris(2012) .

-54dBm/10GHz ——
o ‘.’
Broadband Antenna Observation Room e
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Linear Polarization

——
16¢ch x 64Msps
VSI-H
0.1-16GHz 4ch x 2048Msps
DUSCERE VTP/10GEthernet 0C-NIC+Raid PC

Sampling

Or MK6



Basic Sampler system has been tested and
developed by Porf. Kawaguchi, Dr.Kono, Dr.
Oyama of NAOJ in collaboration with Elecs
Co.Ltd.

= IF Input Port 2

Input Freq. 0.1-16.4 GHz
Range
DBBC Mode
Sampling | Nch/unit=1,2,3, or 4
mode 2048 Msps/ch
Qbit=1, or 2 bit
Output Port | 10GBASE-SR, 4port

Max Data rate

16384 Mbps/port



Domestic Broadband Experiments
14-15 Aug. 2015
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30 Isoka 13m ]

Kashia 34m
(NICT)




As close as Zero Redundancy
Frequency allocation

Fine Delay Resolution
Without Ambiguity Direct Sampling (Ké/GALAS)

A 1 2 3 4 BW 1024MHz each
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Delay Behavior Broadband Delay (3.2-12.6 GHz)

Kashima34 - Ishioka 13m
o
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Full Bandwidth Synthesis

by Phase Calibration with Radio Source

Cross Spectrum
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Procedure of Broadband Phase Calibration
with radio source

T
%

.

Atmosphere

Tref = Tr—scan T Tatm1 T Tinst
AQ)ref(f)z Q)instz(f) - Q)instl(f)

Cref(f) = €Xpj (27TfTref + AQ)TGf(f))




Procedure of Broadband Phase Calibration

with radio source

Source1 “

*

lonosphere
Tscan1l = Tscani + Tatm1 + Tinst
AQ)ref(f)E ¢inst2(f) — (Z)instl(f) Atmosphere

Cscan,l(f) = Ascanl(f) exp (iznffscanl + A(Z)Tef(f)

C
CS'CLl(f) - Ascanl(f)exp(znfiATscanl )
ref(f)

ATscqni = (Tscanl — Tref.scan)

Tref = 7:ref. scan + Tref.atm + Tinst
ADrer(1)= Dinst2(r) — Dinst1(f)

Cref(f) = €Xpl (ZﬂfTref + AQTef(f))




Advantages of Direct RF Sampling Technique

proposal of Pcal-free system

v\

f—-Ceal)

VGOS PoC
System

Direct Sampling
Without Pcal

A4

? 32MHz x n
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Advantages of Direct sampling
1. Simple and less system components.
2. Stable phase/Delay relation between band

gives possibility of BWS without P-cal device
Delay-Cal device is not necessary, too.

1GHz x 4




Full Bandwidth Synthesis

—

Cross Spectrum after calibration Phase/delay characteristics

for calibration
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A Total Electon Content |[TECU]

Oldeg.]

A Total Electon Content vs Time
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Cross Spectrum Phase [deg.]

How much this calibration strategy will be stable?

Scan 2 +
TEC=0.44 TECU -~
Scan 8 x
0= [[EC=0.66 TECU e
50 I | | | I
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RMS of Post fit Phase residual [deg.]

o

by fitting
00 =«a

C
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1200

Scan 2-fit - § B}
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Standard deviation of phase were
computed over whole bandwidth or
each scans of 24 hours experiment.



Summary

1. We developed Broadband feed for Cassegrain focus telescope to
enable VGOS compatible observation with existing 34m telescope.

2. The Broadband BWS software started to work.
* We need long baseline VLBI data for testing/improvement.

3. Direct RF sampling technique is quite useful especially in case of
broadband Pcal device is difficult.

* Un modeled phase variation rms was evaluated to be less than 20 deg.
For 24 hours on Kashima34 - Ishioka 13m.
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