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Mo5va5on$

Idea!driven!by!various!components:!science,!technology,!engagement!

•  Science:!!!A!in!many!respects!and!for!many!projects,!SAband!is!an!

!!!!!!!!!!!!!!!!!!!!!!!!!ideal!frequency!(e.g.!pulsar!survey!in!inner!Galaxy,!high!precision!

!!!!!!!!!!!!!!!!!!!!!!!!!Gming,!spectroscopy!(CH),!magneGsm!and!VLBI!

•  Challenges:!!for!pulsars,!flux!decreased!A>!need!larger!bandwidth!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!telescope!beam!reduced!in!size!A>!need!100+!beams!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!overall!processing!requirements!could!be!higher!

•  Technology:!!!wideAband!pixel!feed!receiver!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!direct!digiGzaGon!(without!causing!RFI)!

! ! ! !largeAscale!beamforming!

! ! ! ! !data!transport!and!analysis!

•  Engagement:!!being!partner!in!MeerKAT,!its!people!and!science!

! ! ! !!



MeerKAT$–$not$only$a$SKA$Precursor$

•  A!telescope!as!sensiGve!and!capable!as!VLA!!
•  Most!sensiGve!telescope!in!the!Southern!hemispehere!–!by!far!!

Dishes!„made!in!Germany“!by!VERTEX!(Duisburg)!&!Schauenburg!(Mühlheim/Ruhr)!



Approved$MPG$Funding$Applica5on$

Max$Planck$Institut/für/Radioastronomie/
Elektronik/Abteilung/
Auf/dem/Hügel/69/

53121/Bonn,/den/19.05.2014/
/

1.6$3.5'GHz$Empfängersystem'für'MeerKAT'

' ' Proposal'for'a'MPG'Großgeräteantrag/
Michael/Kramer,/Karl/Menten/&/Anton/Zensus/

•  Project!of!!about!11M!Euro!

•  Complete!receiver!+!backend!system!

•  Main!science!drivers:!

!!!!!!!!A!Pulsars!

!!!!!!!!A!Transients!

!!!!!!!!A!CH!studies!of!ISM!

!!!!!!!!A!SABand!VLBI!(EVN!&!global)!



MeerKAT$Spec$
Number!of!antennas!! 64!offset!Gregorian!!

Dish!diameter!! 13.5!m!

Minimum!baseline!! 29!m!

Maximum!baseline!! 8!km!(Phase!1)!
12!km!(Phase!2!2018)!

Frequency!bands!
(receivers)!!

0.58!–!1.015!GHz!!
0.9!–!1.67!GHz!!
1.7!–!3.5!GHz!
8!–!14.5!GHz!!

ConGnuum!imaging!
dynamic!range!at!1.4!GHz!

50!dB!

LineAtoAline!dynamic!range!
at!1.4!GHz!

43!dB!

Mosaicing!imaging!
dynamic!range!at!14!GHz!

27!dB!

Linear!polarisaGon!cross!
coupling!across!A3!dB!
beam!!

A30!dB!

SensiGvity!(0.58!–!
1.67GHz)!!

220!m2/K!

SensiGvity!(8!–!14.5GHz)!! 200!m2/K!
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The!system!

More!than!a!receiver:!

!

•  !Frontend!(64+2!receivers)!

•  !new!data!transport!system!!

!!!!!!!(digitzer!+!packeGzer)!

•  200/400!beam!beamAformer!

•  !Compute!cluster!

•  !Storage!

!

In!close!collaboraGon!with!our!SA!colleagues!and!Manchester!&!Oxford.!

Idea:!!Provide!it!as!facility!instrument,!even!though!it!remains!property!of!MPIfR

! ! ! !!



MPIfR!MeerKAT!SABand!System:!!
Frontend!

Number!of!Rx! 2!Prototypen!(Spare)!
64!ProdukGon!

Rx!Bandwidth! 1.75!–!3.50!GHz!

DigiGzer!Bandwidth!
(Baseband!DetecGon)!

1.75!–!3.50!GHz!(12Bit)!

SensiGvity! Trec!<!25!K!

Stabitlty! Spectroscopic!Allan!Gme(1MHz!Bandwidth)!!
>!1000!sec!

PolarisaGon! H!und!V!PolarisaGon!
Cross!Coupling!<!20dB!

System!Setup!
!

cryogenic!Dipole!and!LNA!(@15Kelvin,!GM!
cooler)!
baseband!digiGzing!@!receiver!

Time!scale! prototype!tesGng!on!MeerKAT!Q3!2016!
16!Rx!release!Q1!2017!
32!Rx!release!Q3!2017!
64!Rx!release!Q1!2018!

MPIfR!SABand!Receiver!

addiGonal!requirements!
•  highly!reliable!setup!
•  maintainability!!
•  integraGon!into!MeerKAT!infrastructure!!
•  RFI!requirement!

RF!Signal!Processing!(one!Pol)!



MPIfR!MeerKAT!SABand!System:!
Digitzer/PackeGzer!

•  Electrical!and!spaGal!separaGon!of!ADC!and!FPGA!
•  integraGng!ADC!in!the!Rx!

•  direct!sampling!1.75!GHz!bandwidth!with!12Bit!

•  internal!data!reducGon!to!875MHz!@10Bit!to!be!
compaGble!with!MeerKAT!Backend!

•  absolute!Gme!stamping!in!the!Rx!data!stream!!

!A>!Gming!limited!by!available!Gme!

•  2!x!40G/s!Ethernet!output!total!data!stream!up!to!5400!
Gb/sec!(one!output!uGlized!for!MeerKAT!Backend)!

•  SPEAD!–!data!protocol!!

SABand!DigiGzer!



MPIfR!MeerKAT!SABand!System!
Beamformer!&!Backend!System!

Note:!Phase!I!=!standard!BW!of!875!MHz,!Phase!II!=!doubling!to!full!bandwidth!!

MeerKAT 40GbE n/w

BEAMFORMER 

• 400 beams 
• 2K channels 
• 8b/50us  

64x 875 MHz

F-Engine

64x 27Gb/s

400x 327Mb/s

Storage cluster  

Storage cluster  
for 354TB/day 

@2bit,50us 
2048 channels

400x 327Mb/s

S-Band Low

64x 875 MHz

S-Band High

F-Engine (SKARAB?)

Switch Extn = 8x 36port 40GbE 



ApplicaGons!

•  Spectroscopy!(ISM!studies!via!CH)!
•  VLBI!
•  MagneGsm!)polarisaGon!surveys)!
•  ....!
•  PulsarArelated!science:!

Pulsar!searching!(extension!of!capabiliGes!of!TRAPUM)!
!!!!!!!!A!Probing!inner!Galaxy!
!!!!!!!!A!Deep!GalacGc!plane!searches!for!relaGvisGc!binaries!
Pulsar!Gming!(GR!tests!and!GW!detecGon)!
!!!!!!!!A!Timing!of!newly!discovered!pulsars!
!!!!!!!!A!Removing!ISM!weather!from!PTA!observaGons!
!!!!!!!!A!Combine!with!VLBI!capability!to!measure!parallax!(GR!tests)!
Transient!detecGon!and!imaging!(see!MeerTRAP,!PI!Stappers)!
!!!!!!!!A!Fast!Radio!Bursts!(DetecGon!&!localisaGon)!
!!!!!!!A!??!



LargeAscale!surveys!

•  LAband:!!deep!survey!for!relaGvisGc!binary!
•  SAband:!!revealing!populaGon!hidden!by!interstellar!scasering:!

l(deg)!
b(
de

g)
!

•  OpGmizaGon!of!survey!parameters!sGll!onAgoing,!
•  Current!thinking:!!|l|<30!deg,!|b|<0.5!deg!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!Tobs!=!5400!s!
•  Expected:!>1100!detecGons,!up!to!750!discoveries!
!!!!!!!!!!!!!!!!!!!!!!!!few!hundred!millisecond!pulsars!
!!!!!!!!!!!!!!!!!!!!!!!!exciGng!prospects!for!GalacGc!Centre!!

NE2001!



Tes5ng$the$no+hair$theorem$
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•  A!pulsar!around!Sgr!A*!will!be!superb!probe!for!the!BH!
•  We!can!measure!mass!(0.0001%),!S!(<0.1%)!and!Q!(0.1%)!
•  Magnetar!in!GalacGc!Centre!shows!unexpected!low!scasering!
•  Chances!to!detect!interesGng!pulsar!even!at!lower!frequencies!
•  Combine!results!from!Gming!with!EHT!"shadow"!image:!

CombinaGon!will!lead!to!uncorrelated!measurement!of!spin!and!
quadrupole!moment!and!hence!test!of!the!noAhair!theorem!

Detection of SGR J1745�2900 up to 291GHz 3

tions at the highest frequencies. In addition, the magnetar
was particularly strong in the millimetre band during this
observing campaign, with a varying flux density of mean
value hSmmi = 5.2 ± 0.2mJy. This is a factor ⇠4 stronger
than in the July 2014 observations reported in Torne et al.
(2015).

Figure 1 shows the averaged pulse profiles of
SGR J1745�2900 at all frequencies: 2.54 to 291GHz. The
detections at 209 and 225GHz are now clear with peak
signal-to-noise ratios of about 12, confirming the tentative
detections presented in Torne et al. (2015). At the highest
frequencies, 275 and 291GHz, the detections are weaker, but
the alignment of the peaks with the pulse arrival phase pre-
dicted by the timing ephemeris strengthen their significance.

Table 2 presents the measured mean flux density and
spectral index per day, together with the total averaged val-
ues. The high system temperatures and red noise at 275
and 291GHz made the detections at these frequencies chal-
lenging on individual days. Once the observations were com-
bined, we obtained better detections (see fig. 1) and mea-
surements of the mean flux densities.

We remark that the flux density values presented in
table 2 for each frequency are averages per day. In some
cases, the intensity of SGR J1745�2900 varied between dif-
ferent single observations up to a factor of 2, in less than a
few hours. Furthermore, within single observations, the flux
density is sometimes seen to vary a factor of a few in tens
of minutes. The scintillation time and bandwidth expected
for SGR J1745�2900 are too small to account for the time
scales seen in its variability and so, the variability is most
likely intrinsic to the emission.

Figure 2 shows the observed averaged spectrum of
SGR J1745�2900. Interestingly, the magnetar was clearly
weaker at the lower frequencies, 2.54 to 8.35GHz. A sin-
gle power law fit yields a spectral index of ↵ = +0.4± 0.1,
slightly inverted. This is still consistent with a flat spectrum
typical from radio loud magnetars, but it is quite di↵erent
to the spectrum observed for the same source in July 2014
(↵ = �0.4±0.1; Torne et al. 2015).

Besides, we note that the single power law does not fit
all the data points. We can think of two possible explana-
tions. The first is that the measurements at low frequencies
have some systematic error, perhaps due to interference or
red noise. In fact, the detections at E↵elsberg were very
weak and the profile baseline showed some non-Gaussian
noise, which could lead to an underestimation of the flux
density. A more interesting explanation could be that there
is a turn-up in the spectrum somewhere between 8.35 and
87GHz. A turn-up might occur as a result of the decrease
in the e�ciency of the coherent radiation mechanism, to-
gether with an incoherent component of emission that could
take over. This e↵ect is predicted by some pulsar emission
models (Michel 1978, 1982), and unexpected turn-ups have
in fact been observed in some pulsars at around ⇠30GHz
(Wielebinski et al. 1993; Kramer et al. 1996, 1997). More-
over, an incompatibility with a single power law has also
been reported for the spectrum of another radio magnetar,
1E 1547.0�5408 (Camilo et al. 2008), suggesting the possi-
bility of more complex spectra in radio magnetars than the
typical single or broken power law of regular pulsars.

SGR J1745�2900 is at the moment the only pulsar de-
tectable from a few to a few hundreds of GHz. Similar simul-

Figure 1. Average profiles of the magnetar SGR J1745�2900
from 2.54 up to 291GHz. The black thick line represents the total
intensity profile, and the red thinner line at 87, 101, 138 and
154GHz the lower limit on L (see text). The vertical dotted line
marks the predicted rotational phase from the ephemeris.
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TRAPUM$&$MeerTRAP$

•  MPIfR!search!is!complemented!by!TRAPUM!

•  "Transient!and!Pulsars!with!MeerKAT"!at!LABand!

•  New:!MeerTRAP!!ERC!Advanced!Grant!to!Ben!Stappers:!

!!!!!!!A!upgrade:!!!addiGonal!200!beams!to!form!400!beams!

!!!!!!!A!online!search!&!triggering!to!dump!UV!data!for!FRB!localisaGon!

!!!!!!A!!commensal!observaGons!



Summary!

•  SAband!system!extremely!useful!for!variety!of!science!quesGons!
!
•  Especially,!excellent!addiGon!to!TRAPUM!&!MEERTRAP!

•  Not!only!receivers!but!also!data!transport,!beam!former!and!compute/storage!

•  Available!as!facility!instrument!–!with!some!caveats/rules!asached!

•  Exploring!LCTAsatellite!route!to!keep!some!data!and!to!demonstrate!applicaGon!
!!!!!!to!remote!sites!in!Africa!
!
!



Summary!

!
!
!
•  We!are!all!tremendously!impressed!by!what!has!been!achieved!already!and!
!!!!!!we!are!looking!forward!to!the!science!with!the!MeerKAT!–!and!later!SKA!!
!
!



MPIfR!MeerKAT!SABand!System!
Frontend!(backup)!

LNA!noise!tests!
solid!line:!LNA!
doted!line:!LNA!incl.!RF!processor!

stability!RF!processor!and!the!digiGzer!


