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SCl ENCE OPERATI ONS
Sessions and their Experinments

The tabl e bel ow summari zes projects correl ated, distributed, and rel eased
from 17 October 2016 to 23 April 2017. The table lists the nunber of
experinments as well as the network hours and correlator hours for both
user and test/NVE experinents. The definitions of network and correl ator
hours remain the sane as in previous reports. Miltiple correlator passes

for SFXC typically occur only for phase-referenced spectral —-line experinents
(separate "continuum and "line" passes) and for pul sar observations wanti ng
mul ti pl e gating/binning configurations.
User Experinments Test & Network Monitoring
N Nwk_hr Corr_hr N  Ntwk_hr Corr _hr
Correl ated 44 349 381 9 28 28
Di stri buted 52 423 559 14 43 46
Rel eased 55 457.5 571.5 18 57.5 63.5
The followi ng table summari zes the sessions with any activity in their user
experinents since the previous report (entries = remaining to do / total).
N to.corr Corr.hrs N t o. di st not es
Jul -Nov OoS+RadAst 4/ 4 59/ 59 hr 4/ 4 GAO37A, B; ERO89A, B
session 1/2016 0/ 19 0/ 231 hr 0/ 19
Jan-Apr OoS+RadAst 6/ 6 56/ 56 hr 6/ 6 EGB9C, D, E&®7A-D (corr.only)
session 2/2016 0/ 18 0/ 279 hr 0/ 18
session 3/2016 2/ 22 10/ 198 hr 8/ 22
Sep-Nov OoS+RadAst 3/3 28/ 28 hr 3/3 EGD94A, B; GA038
Nov-Jan e-VLBI 0/ 10 0/ 62 1/ 10
session 1/2017 22 148 prognosi s
Feb—Apr e-VLBI 0/ 10 0/ 75 4/ 10 3 ToGs, 2 triggers

(3 of the 4 remaining e-EVN experinents to distribute fromApril were
distributed on 24 April, the day after the period covered by this report)

Sorre | andmar ks since the previous CBD report:

Session 1/2016
*) Distribution of user experinments concluded on 28 Cctober (the
final one was EQ)78E, the second 12-hour part of the second 24-hour
epoch of the 699-target multiple phase-center experiment on the
Hubbl e Deep Fiel d).

Session 2/2016

*) Correlation of user experinents finished by 3 March; distribution
by 10 April. The final experinent in each case was the EVN+LBA
observati on EG088. |ssues included:

-) Mopra data needed re-translating from LBA to Mar k5B
-) ATCA had two separate recorders to cover the CGops bit-rate (2x 64Miz
subbands), and the two recorders had significantly different
clock offsets (4.7 us). The current vex files permt a linear
cl ock nodel per station, so each half of the total frequency range
was correlated in a separate pass, and |ater VBG.Ued together in AlPS.
-) Sub-netted schedul e unravel ed into two non-overl appi ng correl ation
control vex files.

*) Bug found/fixed in the KVN control system for observations with 8MHz BBCs
(recorded only first half of bit-streans); solved by the KVN after the
sessi on.

*) SFXC buffering adapted to allow 2s integrations to be used with 64MHz
channel s, as required for NRAO RDBE/ DDC stations in 2CGps gl obal s.



*) SFXC pernmits "uncovered" subbands, as required for L-band gl obal s

in which the EVN stations cover 128 MHz and NRAO stations 256 (1Ghps
and 2Cbps, respectively): 16 dual -pol 16MHz subbands cover the entire
256 MHz range, even in scans having only EVNs with 8 such subbands.

Sessi on 3/2016
*y First time trying phased-JVLA at P-band: proved inpossible in the

A-configuration; the option of dropping to 3-4 antennas per arm wai ved
by PI, and the P-band bl ock was cancel ed for now).

*) Kunming included in 6cm 5cm and 3.6cm NVEs, with fringes in al

")

3 band —— a first for 6cmand 5cm
Irbene inserted into all possible NMES, and various user experinents
that fit within 48TB of packs. Fringes in all bands (18, 6, 5, 3.6 cm.

*) Operational e-shipping to FlexBuffs at JIVE from Ef fel sberg, Onsal a

and Yebes.

*) The new version of the DVP back-end at Robl edo, which can record fewer

than 32 channels did not produce useful data (apparently a problemwth
t he conpl ex—-sanpling to real LSB/USB sanpling conversion).

*) Three or four e-MERLIN out-stations (Canbridge, Darnhall, Knockin,

*

someti mes Tabl ey/ Pi cknere) included in 5cm 6cm and 18cm NMEs, and
schedul ed in four user experiments up to 1CGops each. There were no
fringes fromthe NMEs via the data transferred in the ftp fringe-tests,
and the full data fromthe user experinents have not arrived yet.
The two experinents yet to correlate are
-) EKO36B: waiting on Pl to see whether there are in-beamcalibrators
to use fromthe wide-field correlation in EKO36A [2.5TB])
-) EML22B: the chronologically |ast user experinment with e-MERLIN
out -stations, for which Jodrell Bank thinks the |ikelihood of
fringes is highest.

Session 1/2017
*) 5 frequency blocks (18/21, 6, 90, 1.3, 0.7 cn), no spectral line.

The JVLA was in D-configuration, for which phasing tests were successful.

*) Hart ebeest hoek began operational e-shipping to FlexBuffs at Jl VE,

bringing the total nunmber of such stations to four.

*) A few ot her non-Fl exBuff stations used e-shipping to conpensate for

di sk-pack problens during the session. There were al so sonme instances

in which experinents for both JIVE and Bonn correlators were recorded

on a single pack, which also led to subsequent e-shipping and use of

Fl exBuf f space. Sonme of these were for NRAO stations, for whomit my

be inevitable if the schedule calls for switching destination correlators
on sub-daily tinme-scales. Altogether, this "unbudgeted" e-shi pping
occupi es about 71 TB of FlexBuff space, which will affect the avail able
room goi ng i nto session 2/2017.

*) Robl edo reverted to the original version of the DVP back-end.
*) e-MERLI N out -stations include only Canbridge in the 18cm and 6cm

NMEs and an 18cm user experiment.

*) Correlation of the 1/2017 session has not yet begun

e—-EVN:
*) 4 target—of —opportunity observations, from3 different proposals, in

this period. 2016 had the second-nbst e-EVN ToO network hours (121 hr),
trailing 2010 which had 138 hr; 2017 has 41 e-EVN ToO hours al ready.

*) C-band e-EVN observations have been run at 2Gops throughout this

period; stations that can participate at the full 2Gops rate include
Ef f el sberg, Onsal a, Yebes, Medicina, Noto, Hartebeesthoek, and Irbene
(the first Irbene 2CGhps fringes cane in Novenmber 2016).

*) The current record for total Gops in an e-EVN user experinent is

*

18.5 Cbps (i.e., rate sunmed over all the individual stations).

EQ014: simnultaneous e-VLBI correlation and recording onto Fl exBuffs
at JIVE (a spectral -line observation needing conti nuum and |ine passes).
Ef fel sberg used a |inear 5cmreceiver; liaison with Ivan Marti-Vida
resulted in casa code (operating on FITS files) to convert Effelsberg
data to circular polarization.

*) EML28A: the first pul sar—gating e-EVN. Seven PSR scans were recorded

during the cl ock-search period, fromwhich no clear profile was seen
in the gate-fitting (20-40 bins over a full —-period gate; target PSR
about 180 uJy). Production went ahead with 40 bins across the whol e
period rather than a single bin over the pulse. This is the renaining
Cct —-Jan e-EVN experinent "to distribute" in the above table, as work



with the Pl to craft a set of output FITS files that would be the nost
convenient to use continues.

*) RP027: the first 2Cbps e—-EVN observation including Arecibo, who were
limted to 16MHz subbands (mark4). Centering 16MHz USB BBCs in each
2Cbps stations’ 32MHz subbands avoi ded the copying inplicit in standard
m xed-BW correl ation (two 16MHz subbands packed into a 32MHz subband),
whi ch mi ght not have been able to keep up with real -tinme correlation
with the 12-station array. This worked, but it turned out that Arecibo
needed an Areci bo-only vex file to set thensel ves up properly (as yet not
under st ood) .

TECHNI CAL DEVELCOPMENTS

The total FlexBuff storage capacity at JIVE continued to increase, hel ped
by funding fromINAF. Two FlexBuffs were purchased, for Noto and Medi ci na,
however only one of these was (partly) populated with 8TB hard di sks.

As soon as nore fundi ng becones avail able the remaining slots will be
filled as well. Wsterbork and Jodrell Bank will soon follow suit.

In order to facilitate the increased use of e-shipping, decisions had
to be made about the way to store data. This led to a systemthat
automatically bal ances the | oad on the avail able Fl exBuffs during the
observing sessions, while limting the nunber of individual station
recordi ngs per experinment to two per FlexBuff. More than two stations
per unit mght adversely influence the playback speed during correlation

Two Gbps is rapidly becoming the de facto standard way of operations
in the EVN, both recorded and in real time, and 4 Gops is being actively
tested. This, conbined with the ever increasing nunber of FlexBuffs at
the correlator, has pronpted an analysis of the current and future needs
of JIVE in ternms of hardware and connectivity and how t hese coul d be
accommodat ed. A design docunment is nearly conpleted, and based on this
docunent new equi pnent will be purchased that will double the current
nunber of cores of the SFXC, hook up all four UniBoards at full capacity
and upgrade the entire internal JIVE network.

The i n-house devel oped jiveb5ab program which is used throughout the
EVN (and beyond) for both recorded and real -data transfer, continued
to be inproved. It is now capable of handling data rates up to 256 Gbps,
whi ch shoul d be sufficient for the foreseeable future. Many small and
| arge i nmprovenments were inplenmented, increasing its ease of use of the
fully transparent handling of both Mark6 and Fl exBuff formats.

Wrk on the CASA fringe fitter continued, now funded by Radi oNet after
t he Bl ackHol eCam project noney ran out. The existing Python prototype was
fine-tuned, and a C++ inplenentation within the CASA framework begun
Ext ensi ve conpari sons were nmade anmong the result from CASA, Al PS, and HOPS
to which MegTrees sinulations to study the inpact of the troposphere on
fringe fitting were added. Besides the actual fringe fitter, a lot of
addi tional code had to be witten to make fringe fitting in CASA at al
possi ble: the translation of AIPS calibration tables into CASA calibration
code, the application of the solutions, handling of VLBI anplitude calibration
and inporting Tsys and weather information fromFITS-IDl files.

Wrk in the Asterics project continued, with JIVE participating in severa
tasks and | eadi ng one work package. The mid-termreviewin Brussels in
March this year went very well with very positive feedback fromthe revi ewer.

In the SKA-NL Roadmap project, through which JIVE funds the
Synchroni zation and Timing (SAT) architect, all effort went towards
conpleting the CDR of the SaDT consortium

Unfortunately the NWO-Donme project, which eventually should lead to gl oba
VLBl with the MeerKat array via a denponstration with KAT7, was held up by
not -yet understood problens with the data of the phased-up KAT7.

The KAT7/ MeerKat VLBI working group however did produce a draft white paper
positioning VLBl in the current devel opnent of MeerKat and eventual |y SKA

The Junpi ng JIVE project kicked off, and as part of one of its work packages



the time-honored sched programw ||l be re-factored. As a first step, a forum
was set up, consisting of specialists and demandi ng users, and a conference
call was held. A plan is now being nmade to determ ne how to noderni se what
parts of sched, so as to nake it easier to maintain and nodify.

The JI VE Uni Board Correlator (JUC)

After the first attenpt to use the JUC for real -tinme correlation it
became clear that the corner—-turning node in the Filal0G wth fan-out
to different JUC nodes, would not becone available any tinme soon
Instead it was decided to inplement this fan-out locally. This however
made it necessary to re-wite |large parts of the control code. A second
recent attenpt nanaged to get data flow ng through the correlator, and
after the latest sinulations and fixes the JUC should be ready for its
first real -tinme fringes.

In recorded node, a very detail ed conmparison was nmade between the
results of SFXC and the JUC, |eading to inages that are virtually
i ndi stinguishable (and a JlI VE-Astron picture of the day).

EVN Software Correlator at JlVE (SFXQO

SFXC continues to be used for all correlation at JIVE, both traditiona
di sk-based VLBl and e-VLBI. |nprovenents continue to be nade based on
feedback from users, correlator operators and support scientists.

To allow correlation of nore stations at 2 Gbhps the connection between
the SFXC cluster and the e-VLBI network has been inproved. A typical e-EVN
observation now i ncludes 6-7 stations at 2 CGbops and 3-4 stations at 1 Gops
using data directly streaned fromthe FilalOG at the 2 Gbps stations.

SFXC now supports the XY-EW nount of the Hobart 26mtel escope. This
has been used to correlate the joint EVN+LBA observations fromlast June.
Wrk has started to support multiple input sources per station (to be used
for 4 Cops e-VLBI and to support including KVN stations at 2 Gops) and to
i nprove support for sub-netting.

Experinental filter-bank support now exists for SFXC, which inproves
the spectral resolution of the correlator output. This offers an opportunity
to reduce the nunber of spectral channels in the output data (and therefore
reduce the total data size) while still meeting the science goals of spectra
i ne experinments.

USER SUPPORT

There was 1 EVN data-reduction visit to JIVE in this period. JIVE continued
to provide Pls with experinent-specific tenplate "setini" blocks and station
catal ogs, as well as the new procedure for depositing schedules in which Pls
send their key files to JIVE rather than posting sched output directly to the
VLBEER server thenselves. There were three first-tinme Pls in session 1/2017.
JI'VE al so provided assistance with scheduling mmVLBI (GWA) experinments, so
that they would reflect the field-system preferences for DBBC/ PFB nobdes
devel oped during the PFB testing over the past year.

Three work-stations in the JIVE Visitors Roomare in the process of being
repl aced or upgraded, to benefit the larger data sets being delivered by the
enhanced wi de-field capabilities of SFXC (e.g., greater disk capacity,
partly in SSDs; |arger screens).

The EVN Data Reduction Guide on the EVN Users’ Guide web page is being
revised, with a nore extensive spectral -line section and a roll -out test
in conjunction with a visitor in May to be conpl eted before becom ng
operational. Links to the VLBl tutorials fromthe 2015 European Radi o
Interferonetry School were added to the "anal ysis" section under the
Users’ @uide page. A nore general review of the EVN web pages is al so underway.

Initial nodifications to the EVN Archive at JIVE and supporting utilities
have been nade in order to host FITS files resulting from EVN observati ons



correlated at Bonn. The FITS file fromthe first such experinent has been
retrieved from Bonn and successfully archived here using the standard
procedures. The fitsfinder utility (databases information fromthe archived
FITS files to pernit searching the Archive across a variety of query
paraneters) does not seemto be registering this new FITS file, which

Is currently being investigated. Initial design discussions have begun

to be able to link (or host) proposal abstracts on the EVN Archive, pending
deci sions on the desired scope to be taken at this CBD neeting.

NETWORK SUPPORT

Nkut unse (Ghana) participated in the 6cm NVE from session 1/2017 (N17Cl1),
but with no imediate fringes fromthe ftp fringe-test transfers. There
was no 5cm bl ock in the session, with which to include a nethanol —-naser
source (as a check on the frequency set-up). Their data has been e-shi pped
to FlexBuffs at JIVE to purse in nore detail. The Junping JlIVE support
scientist visited Ghana 18-27 April in conjunction with a DARA-rel at ed
training event.

There was a series of three Q-band tests for Yebes prior to session
1/ 2017 (Yebes had ftp fringe-test fringes in both F17QL and N17Ql), anot her
4 Cbps DBBC/ PFB test, and a test of the UniBoard correlator in e-VLBI
using both 16 and 32 MHz channel s.



