Towards the ltalian VLBI network:
first tests and perspectives
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ltalian baselines

Mc - Nt - Mt baselines for
Geodetic experiments

Mc - Nt - SRT baselines for
Astronomical experiments

Shortest baseline 500 km

Longest baseline 900 km







Resolutive power (arcsec)

cm GHz
Medicina| Noto SRT |VLBI-IT
18 1,6 1474 1474 731 0,02
6 5 472 472 234 0,007
5 9 2062 262 130 0,004
2.4 13 181 181 90 0,003
1.3 23 103 103 51 0,002




Antenna Now 2015 2016
Mc-32mt | 10 Gbit/s | 10 Gbit/s 10 Gbit/s
Nt-32mt | 10 Gbit/s | 10 Gbit/s 10 Gbit/s
SRT - 64 mt - - 10 Gbit/s (?)

Garr -> Geant now 2 x 40 Gbit/s

Band on Demand to EVN
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Cluster Architecture



Cluster view

Infiniband connection
10 Gbit network

24 disks bay

Now 150 TB available

(20 TB SATA + 30 TB SAS each)




dBBC

Glapper

CX4

VSl -
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MARK-5C

Storage
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Network layout at stations




Fila 10 G

* The Fila board (First - Last) is
connected to the dBBC
backend through a VSI cable
and transfers the data onto an
optical fiber adding a Mark5B
or VDIF header




1 hr recording test @ 4 Gbit
Medicina -> Bologna

5008 bytes
Mark5B - Fila 10 G SATA RAID 20 TB SAS RAID 30 TB

split packets

Lost packets 5102688

Total packets 363651840 369577856

Y0 lost 1.4 % 0.01 %

hanks to Harro Verkouter's jiveb5ab



Name Band Date Result Rec Speed Mc Md Nt Nd SRT Notes

3C84 L 15/3/2013 NO 512 X X X Fringes Nt-Nd

ITVLBI L 17/3/2013 NO 512 X X
apr-15 C 16/4/2013 512 X X X First Fringes Mc - Nt

ivibi X 12/10/2013 NO 512 X X X X Fringes on few scans Mc-Md-Nd
nov25 K 28/11/2013 NO 1024 X X Clock problems Md

dec5 X 7/12/2013 NO 1024 X X Clock problems Md-SRT
dec17 L 17/12/2013 NO 1024 X X Clock problems Md

ivibi X 3/1/2014 512 X X

temp?2 L 13/1/2014 1024 X X Fringes Md-Nd-Hh / Nd + 1sec
test5 K 27/1/2014 1024 X X First Fringes SRT

tests K 4/2/2014 1024 X X New position SRT

1128 L 18/2/2014 128 X X

11024 L 19/2/2014 NO 1024 X Clock problems Md-SRT

1512 L 19/2/2014 NO 512 X X Clock problems Md-SRT
test10 X 28/2/2014 NO 512 X X No fringes SRT

4620 o 19/3/2014 o1 X X strearsn'tgﬁggfrlzl:gl\iz (t:oT ABf)?ogna

1313 C 28/3/2014 512 X X X Australian campaign
ap30b c 30/4/2014 NO S X X Autooorrela;iglr;/ I:igld streaming
3c161 C 15/5/2014 512 X X X Test on 3c161
taurusa X 15/5/2014 1024 X X Transient test Md streaming to Bologna
may23 L 23/5/2014 NO 512 X X X Mc-Md streaming only p_cal




First test

Clean I map. Array: MNN

_ BLLAT at 4. GHz 2013

e Medicina - Noto
baseline

* 15-04-2013

Map center:
Map peak: -

Beam FY

1.5
Jy /bearn




Clean I map. Arravy: HN
0316+413 at 4.836 GHz 2013 Sep 21

Noto - Hart
(South Africa)
baseline

| Mas :::'

Declination

o
o
(el

~ 430 GB data
correlated in

Bologna
sent @ 250 Mbit/s . o

Right Ascension (mas)
Map center: RA 03 1% 48.180, Dec: +41 30 42.104 {2000.0)
Map peak: 0.00145 Jy/beam

Jy/beam




Transient tests

e Medicina - Noto baseline

« SN2013¢j - |IP Supernova detection on 12-08-2013



Australian campaign

e Observations on calibrators -> stress our
eqguipment

 ocm C band Mc(Md)-Nt campaign between
22-03-2014 and 22-04-2014

e 12 Experiments 3 hr each -> 11 successfully
correlated
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Fringe quality 9

Error code H
SNR 85
Int time  96.000
Amp 0.637
-131.2

Fringe rate (Hz
0.0 1
lon TEC 0.00
Ref freq (MHz)
22187.4900
AP (sec) 1.000
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Fringe quality 9

Error code H
SNR 79
Inttime 96,000
Amp 0.586
Phase 38.9
PFD —+e-08
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SRT position
measured
more
accurately
after the first fringe

Delay reduced by
0.1 usec

Weather problems
in Sardinia
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J v (us) J P P ( ) 05h34m31.5500s
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6620.52 6652.52 6684.52 6716.52 Freq (MHz) All
-13.2 -13.2 -13.2 -13.2 Phase -13.2
LI | 10384.6 10364.1 10374.1 10414.8 Ampl. 10384.4

33.0 33.0 33.0 33.0 Sbd box 33.0
U/L 38/38 38/38 38/38 38/38 APs used
M 1480 1480 1480 1480 PC fregs
L 1480 1480 1480 1480 PC fregs
M:L 116:116 -129:-129 -33:-33 91:91 PC phase
M:L 0:0 0:0 0:0 0:0 Manl PC
M 35 33 36 32 PC amp
L 35 33 36 32
M XOOUR,XOOLR X01UR,X01LR X02UR,X02LR X03UR,X03LR Chan ids
Tracks
X00UR,X00LR X01UR,X01LR X02UR,X02LR X03UR,X03LR Chan ids
L Tracks
Group delay (usec) 2.67591944068E-07 Apriori delay (usec) 5.58009194407E-06 Resid mbdelay (usec) -5.31250E-06  +/-  3.6E-08
Sband delay (usec) 5.80091944068E-07 Apriori clock (usec) 0.0000000E+00 Resid sbdelay (usec) -5.00000E-06  +/- 1.4E-07
Phase delay (usec) 3.16403082114E-08 Apriori clockrate (us/s) 0.0000000E+00 Resid phdelay (usec) -5.54845E-06 +/- 1.9E-10
Delay rate (us/s) -1.50216366286E-09 Apriori rate (us/s) -4.09225084263E-09 Resid rate (us/s) 2.59009E-09 +/- 8.9E-12
Total phase (deg) 0.1 Apriori accel (us/s/s) 7.90787509034E-14 Resid phase (deg) -13.2  +/- 0.0
RMS  Theor. Amplitude 10384.414 +/- 0.084 Pcal mode: NORMAL, NORMAL Pcal period (AP’s) 9999, 9999
ph/seg (deg) 0.0 0.0 Search (128X16) 10384.332 Pcal rate: -9.962E-09, -1.143E-08 (us/s) sb window (us) -0.500 0.500
amp/seg (%) 1.3 0.0 Interp. 0.000 Bits/sample: 2 SampCntNorm: disabled mb window (us) -0.016 0.016
ph/frg (deg) 0.0 0.0 Inc. seg. avg. 10384.413 Sample rate(MSamp/s): 32 dr window (ns/s) -0.038 0.038
amp/frq (%) 0.2 0.0 Inc. frq. avg. 10384.413 Data rate(Mb/s): 512 nlags: 32  t_cohere infinite ion window (TEC) 0.00 0.00
M: az 181.2 el 67.5 pa 0.9 L:az181.2 el 67.5 pa1.4 u,v (fr/asec) -0.000 0.000 simultaneous interpolator

Control file: control  Input file: /space/realtime2/1234/No0001/ML..xmqour  Output file: Suppressed by test mode



Mk4/DiFX fourfit 3.10 rev 946

—0.03 —0.02 —0.01

multiband delay (us)
0

3C84.xoqfdd, No0001, SL
0.01 . NOTO - SARDINIA, fgroup K, pol LL

T T T T T T T T T T T T T T T
o~

amplitude

T —T] Fringe quality 7
HEN Error code G
] SNR 291
1 Inttime 48.000
Jwvw  Amp 2174
17 % Phase 130.9
3 PFD 0.0e+00
= Delays (us)
¢ SBD 0.050130
1 o MBD 0.008853
\ 1 Fringe rate (Hz)
0.008805
1 lon TEC 0.00
W ] Ref freq (MHz)

1.5

0.5

| L
-0.01 —5%x1073

— 22123.4900
5x10 0.01 AP (sec) 2.000

15 20

amplitude
10

amplitude

ot L . L . I . L . L1 ot

0
delay rate (ns/s) °
. T — 1%  Exp. NtSr2

. Exper# 16383
2 Yr.day 2014:171
] © Start 112002.00
: " 4o , Stop 112050.00
. 1 o FRT 112025.00
2 Corr/FF/build
©-2014:176:195904
2014:251:091735

90

0

. ]

oa .

- ed W S T 1
< eeo

e N ¥, eelssege_edse®Tose,a0

0.4  -02 0 0.2 0.4
singleband delay (us)

Amp. and Phase vs. time for each freq., 24 segs, 1 APs / seg (2.00 sec / seg.), time ticks 5 sec

-180 —-90

-10 0 10
Avgd. Xpower Spectrum (MHz)

2014:198:125753

RA & Dec (J2000)

03h19m48.1601s
+41°30°42.104"

a b c d e f g h [ ] k \ All o
T30 T T i o LB R AR T T O T G T T T ?E
© = s o Yoo . . L i
- Jo
g e »
3 I ' E
oNr I 12
I
1 T T T, \HWHHHHHHW — I T
U I
Validit
{ T T B T _
IS 1°SL
S - : SRS ER=
el A R oA R 1 S RO [P UV LA SRR [P A T PR B !
22123.49 2213949 2215549  22187.49 2220349  22219.49
. X . . -171. -53. X A . Ph
e S A 59 02 o  ad 05 aml
36.0 30.2 4.2 37.4 30.2 63.3 35.9 36.4 22.7 35.7 36.5 20.3 Sbd box 36.2
UL 0/24 24/24 24/0 0/24 24/24 24/0 0/24 24/24 24/0 0/24 24/24 24/0 APs used
S 1510 1510 1510 1510 1510 1510 1510 1510 1510 1510 1510 1510 PC fregs
L 1510 1510 1510 1510 1510 1510 1510 1510 1510 1510 1510 1510 PC fregs
S:L 0:0 173:-150 -137:-97 0:0 120:-106 97:-156 0:0 -84:87 111:30 0:0 127:-61 173:-64 PC phase
S:L 0:0 0:0 0:0 0:0 0:0 0:0 0:0 0:0 0:0 0:0 0:0 0:0 Manl PC
S 0 2 0 0 1 0 0 1 0 0 PC amp
Lo 0 0 0 0 0 0 0 0 0 0
s KooLL KO1UL,KO01LLKO2UL KO3LL KO04UL,K04LLKO5UL KO6LL KO7UL,K07LLKO8UL KO9LL K10UL,K10LLK11UL ?har;(ids
S
L KOoOLL KO1UL,KO1LLKO2UL KO3LL K04UL,K04LLKO5UL KO6LL KO7UL,K07LLKO8UL KO9LL K10UL,K10LLK11UL Crt?;n ids
Tracks
Group delay (usec)(model)  -9.78668091364E+02 Apriori delay (usec) -9.78676944821E+02 Resid mbdelay (usec) 8.85346E-03 +/-  7.5E-05
Sband delay (usec) -9.78626814821E+02 Apriori clock (usec) 5.6880002E+00 Resid sbdelay (usec) 5.01300E-02 +/- 5.9E-04
Phase delay (usec) -9.78676928388E+02 Apriori clockrate (us/s) 1.9881507E-08 Resid phdelay (usec) 1.64325E-05 +/- 2.5E-07
Delay rate (us/s) -9.06773493216E-02 Apriori rate (us/s) -9.06777496490E-02 Resid rate (us/s) 4.00327E-07 +/- 1.8E-08
Total phase (deg) -85.8 Apriori accel (us/s/s) 2.54379336546E-06 Resid phase (deg) 1309  +/- 2.0
RMS  Theor. Amplitude 2.174 +/- 0.075 Pcal mode: NORMAL, NORMAL Pcal period (AP’s) 9999, 9999
ph/seg (deg) 221 9.6 Search (64X64) 2.145 Pcal rate: -1.597E-08, -1.362E-08 (us/s) sb window (us) -0.500 0.500
amp/seg (%) 20.3 16.8 Interp. 0.000 Bits/sample: 2 SampCntNorm: disabled mb window (us) -0.031 0.031
ph/frq (deg) 94.6 6.8 Inc. seg. avg. 2.246 Sample rate(MSamp/s): 32 dr window (ns/s) -0.011 0.011
amp/frq (%) 129.6 119 Inc. frg. avg. 3.073 Data rate(Mb/s): 1024 nlags: 32  t_cohere infinite ion window (TEC) 0.00 0.00

S:az 291.7 el 56.4 pa83.4 L:az 286.5 el 61.5 pa 81.4

u,v (fr/asec) 178.381 -15.677

Control file: control  Input file: /space3/corrNtSr2/1234/No0001/SL..xogfdd  Output file: Suppressed by test mode

simultaneous interpolator

K Band test
In single polarization
to meet K5 Japanese
format

Low SNR for calibrator!

e p——————e ' Vi (o] gTe cablmg -> MIssing some IFs
’ ’ 02 3-1




EXperiments

* First aim of tests was to verity the network
infrastructure and SRT equipment

» Evaluate the different dBBC backend pipelines:
Mark5B - Mark5C - Fila10G



EXperiments

e As of today more than 40 experiments, scheduled
by INAF or EVN have been correlated in Bologna

e Half of them have failed



EXperiments

What we have learned the hard way:
 Human errors (cabling, wrong schedule name...)
* Weather (Snow, wind, fog)

 Hardware errors (Wrong clock setups, failures...)

That's why they call them
experiments!



Correlation experiences

PROS

Flexibility of Bologna
storage facility

High capacity
network infrastructure

Ability to operate In
almost any condition

Possibility of hosting
data and distributed
correlation

Valley of sorrow

CONS

SRT missing network

Sched doesn'’t fully
support dBBC
setups

VDIF format is yet to
be thoroughly tested

Vex?2 Is much
awaited
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hank you

Matteo Stagni - EVN Symposium - Cagliari (ltaly) 09-10-2014



