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Talk outline:

- Science goals
- Upgrades:
- Receivers
 Correlator
* (Software )

receiver bands x total number of | continuum rms (uJy)

year bandwidth pols bandwidth channels 230 GHz | 345 GHz
stage 0 | 2004 | 2 GHz x 2 sb 2 8 GHz 1.2288 x 10* 600 1250
stage 1 | 2016 | 8 GHz x 2 sb 2 32 GHz 5.24288 x 10° 230 520
stage 2 | 2020 | 16 GHz x 2 sb 4 128 GHz | 2.097152 x 10° 140 330

SMA Memo #165

Science with the wideband Submillimeter Array:
A Strategy for the Decade 2017-2027

ed. D. Wilner contributing authors: E. Keto, G. Bower, T.C. Ching,
M. Gurwell, N. Hirano, G. Keating, S.P. Lai, N. Patel, G. Petitpas,
C. Qi, TK Sridharan, Y. Urata, K. Young, Q. Zhang, J.-H. Zhao
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Spectral line survey of the extreme carbon star IRC+10216
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Figure 8: (upper) The integrated 64 GHz spectrum of the evolved star IRC+10216 from the SMA line
survey of Patel et al. (2011), with 442 lines detected. (lower) Sample images showing the emission line
structure for a few lines at the low frequency end of the survey, including integrated intensity, radial profile,
and velocity resolved channel maps. Note the ring -like distribution of C4H compared to the compact and
strongly centrally peaked distribution of SiCC; this butadinyl molecule is created in the outer part of the

envelope where chemistry is influenced by the interstellar radiation field.
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Spectral line survey of proto-planetary nebula CRL 618

Patel et al. 2019

Flux density (Jy)

344
Rest frequency (GHz)

i 1.5

CH,CHCN

13CH,CHCN

0-17

KClI
CH3CH,CN
U

-—
-— |
-—

CS-33

U
HCCNC

337.0

337.5
Rest frequency (GHz)

HAKVAKD & >MITHSONIAN



Dec. offset [arcsec]

R.A. offset [arcsec]

0 50 100 150 200
I A, Arp 220 |
0.86 mm |

1, —

Dec. offset [arcsec]
o
T
|

300 pc

L L L | L L L L | L L L L =
1 0 -1
R.A. offset [arcsec]

Sakamoto et al. 2008

[ 0.25" x 0.21"
20

Figure 6:

Tg (K)

Tg (K)

Tg (K)

0.5

Martin et al. 2011

%) [%)
T T o z z zz
5 ¢ 0 50
% 5 S}
T 0o
© IXT

A,

HL| |,|||
AN WM / A

HC4N"

1 lIIHFQC[\‘II

Z
O
T

20610 20810

2110

Rest Frequency (MHz)
T T

T T I T
HCaN' A&D\A l\m
i T

mO

2.16 10°

HC5N"

CH,CO

co

i mh |4L‘| J
. y J
O .I> n"‘l"l ’ | | u.ilJ.lJi”u , 4 iﬂ | ] Fli
g ey g |
I . | l \ |
2.22 10 2.24 10 2.26 10° 2.28 10° 2.3 10
Rest Frequency (MHz)
15 ‘ ; ‘ ‘ ‘ ‘ ; ; ‘ ‘
T
S
‘G50 o HCN 5 5 8 4 S
gr o © < b T © —
1= Q - ) S
22 {0 ©
0 5 [l
—~ 0 < ]
& .lv il ‘ ﬁ ]
K205 - || !
o\
T

o

Jm. Lu. mi J.LH Iﬂilluh 'I 4 \"4']| ‘ r\ ﬂ [ WLJJ]
M

2.36 10° 2.38 10°
Rest Frequency (MHz)

234105

Il Il
2.4 10° 2.42 10°

(left) SMA subarcsecond images of CO 3-2 line and dust continuum emission of the nearby

ultraluminious galaxy Arp 220, from Sakamoto et al. (2008). (right) The composite SMA 1.8 mm spectral

scan of the nuclear region of Arp 220, from 202 to 242 GHz (Martin et al.,

2011). The thick solid curve

shows an LTE model of the identified molecular species, consisting of two kinematic components (one for
each of the nuclei visible in the images).
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Figure 5: SMA spectra covering 24 GHz towards two dust
continuum peaks in the G11.92-0.61 star forming region,
MMT1 (red) and MM2 (blue), which are separated by only ~
0.12 pc. The rich spectrum of MM1 indicates a protostellar
hot core, while paucity of spectral lines in MM2 suggests it
is starless. (Cyganowski et al., 2014)
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G11.92-0.61
high mass
star-forming region

Cyganowski et al. 2014
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Qi et al. 2010
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Figure 11: (left) Simulation of molecular emission from a comet, showing a suite of spectral lines in the 345
GHz band that the wSMA could observe stmultaneously at high spectral resolution to probe the abundances

of jet and coma material. (right) SMA images of HCN and CS emission from comet P17/Holmes obtained
simultaneously, showing blue- and red-shifted emission from a jet, and the extended coma.
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Figure 7: (left) A Zspec grating spectrum of the z=38.91 lensed galaxy APM 0827945255, showing multiple
lines of CO, Hy O, and N* (Bradford et al., 2011). The wSMA will be capable of surveying systems like this at
100x higher spectral resolution, allowing precise spectroscopic redshift determinations (even when only crude
SED-based model fits are available), and at the same time obtaining high resolution studies of morphology.
(right) Integrated line profile of C* in the 2=5.2/ lensed galaxy HLSJ091828.6+514223, spectrally resolving
at least four distinct kinematic components in this system (Rawle et al., 201}).
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Time monitoring of polarized emission from SgrA* Marrone et al. 2016

i " Figure 10: Light-curves of SgrA* in the submillimeter
C” IntenSIty Mapplng (SMA), infrared (Keck) and X-ray (Chandra), show-

ing a flare with a timescale of order an hour (Marrone
et al., 2016). The wSMA will provide sufficient contin-
uum sensitivity to detect such flares easily and to mea-
sure changes in polarization during the flare events.

Gurwell et al. 2012 o
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smoothed to a common spectral resolution, and scaled to a common source reference diameter. forming Sun-like stars. Grav-
ity pulls the gas and dust of this
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Upgrade Path of SMA

2018
Current Status of SMA
Dual DSB Rx
4 -12 GHz IF
4Q SWARM
32 GHz On sky BW
Interim Upgrade
2019 Keep Cryostat
4 -16 GHz IF
6Q SWARM
48 GHz On sky BW
wSMA Goal
New Cryostat
2021- 4 - 20 GHz IF (min)
2022 Next gen Correlator (?)
Edward Tong > 64 GHz On sky BW
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New receiver has two dual pol receiver cartridges

Receivers selected by four position rotating
selector wheel

Straight through, mirror, grid, dichroic options

wSMA Receiver Selector

m Lo Band Rx Hi Band Rx

Thru Cold Load Dual Pol
Grid Pol. #1 Pol. #2
Dichroic Dual Pol Dual Pol
Mirror Dual Pol Cold Load

* Smaller cryostat allows space for possible
“Guest Receiver”
e Selector mirrors between M6 and cryostat.

Guest (Pl) Receiver Selector

Thru Inactive Dual Pol
Grid Single Pol Single Pol
Mirror Dual Pol Inactive

Paul Grimes
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wSMA Receiver

Diameter of cryostat: about half of
current one. Height is similar

Two temperature stages — 50K for
radiation shield and selection optics
and 4K for receivers

Cooled receiver selection optics
replaces Optics Cage — Cryostat top
plate is higher

Selector wheel mounted on
radiation shield top plate

Single cryostat window and IR filter

Two receiver inserts, each housing a
dual pol receiver

Use automatic thermal links similar
to ALMA

No manual connections to
cartridges inside cryostat

Paul Grimes

Cryomech
PT407RM
With CH60

Vacuum Gauge

Cryostat
Top Plate

Cryostat Window

= omie|

IR Filter Upper 50K Plate

Receiver Optics

llllllll

Frontend Receiver

Selector Wheel Assembly
Automatic
4K Plate Thermal Link
Receiver
Cartridoa IF Isolators
. and LNAs

Lower 50K

Plate — ~ Automatic

Thermal Link

\ Cartridge Vacuum

Flange with LO, IF
and DC
feedthroughs

Cryostat
Baseplate

\-l
Turbopump and
Gate Valve
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SIS Mixer for wSMA-240

Substrate:
0.1 mm thick
Quartz

WG Feed . 30
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*Corray =G/ 3 3 0
* mixer Carray * Ctune ~ 115 fF. g o
* RC time constant of mixer gives
Fi48 > 25 GHz.
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Edward Tong
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SMA Advisory Meeting, July 2018
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Scanning Spectrometer

4-20 GHz YIG-tuned 1-26 GHz DC x1000
Amplifier Filter Detector Amplifier

X _# Rpi Stack
‘* >
vo | . DC x1000
- amplifier

I/0 Board

SMA ‘ ' .
Intranet Rasp Pi

Detector

To provide Tsys measurement as a RF Input

function of IF (currently a single value of

Tsys is logged) RF amplifier chain

+ Digital Att t
Useful for system diagnosis Igital Attenuator

Able to observe atmospheric ozone lines. * Prototype installed in antenna 7.
* Awaiting reorganization of network to

Resolution of YIG filter: ~30 MHz synchronize with other real time

Scan Time: ~0.5 S Components‘
 Two more units to be installed 1in fall

Edward Tong SMA Adyvisory Meeting, July 2018
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SMA Advisory Meeting, July 2018
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Raspberry Pi-based Controllers

Raspberry Pi Stack

Raspberry Pi GPIO BCM numbering

Daughter &
Grand-daughter
Boards for 10

POE Board
(Power on
Ethernet)

L LLELR LI EIITTTIING

Low cost compact Linux computer allowing
efficient analog & digital I/0 interface thru add-

=

= i sk S 80
L Itﬂi!‘) 3= Py

on boards
Raspberry P1 model 3b+ showing ‘ * Very useful as distributed controllers, remotely
various connectors plus the top 40- pin accessible through its ethernet port.

GPIO connectors

Edward Tong SMA Advisory Meeting, July 2018
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Correlator upgrades

SWARM 2.0: Future Wideband Digital Technology for wSMA
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Figure 4: Example of an SMA single baseline spectrum of the Orion-KL region using SWARM with in-
staneous spectral coverage of 8 GHz per sideband, at 140 kHz resolution, from Primani et al. (2016). The
middle and lower panels present increasingly zoomed views of small sections of the spectrum above them
(indicated in red and blue). A multitude of highly structured and resolved spectral line features in amplitude
and phase are identified from a variety of molecular species (“A” indicates > CH3 OH).
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Technology evolution: SWARM (actual) to wSMA (planned)

SWARM wSMA
(32 GHz) (128 GHz)
sampled 2GHz @ 8GHz
ba ndwz d Z‘h (64 IF blocks, 8/antenna) (64 IF blocks, 8/antenna)
Virtex 6 SX475T ; Ultrascale+ VUOP
FPGA f CZWllly (2016 multipliers, : (6,840 multipliers,
0.5M logic cells) | :  2.8M logic cells)
Ethernet data 10 Gbps 100 Gbps
rate
Sampler/ADC|  Control
. S Antennas
location building

19
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SWARM: 5 GSa/s sampler, ROACH2 and 10 Gb/s Ethernet

(Jiang et al., PASP 126, 761; 2014; Patel et al., JAI 3, 1 2014, Primiani et al)

Ultra Fast Analog-to-Digital Converters are typically interleaved multi-core devices

This introduces interleaving artifacts which must be calibrated CASPER ROACH? with Dual ASIAA ADCs
LVDS Buffers LVDS Buffers LVDS Buffers LVDS Buffers as Conﬁgured fOI‘ SWARM
1:1 or 1:2 DMUX 1:1 or 1:2 DMUX 1:1 or 1:2 DMUX 1:1 or 1:2 DMUX PhOtO by Derek Kubo
Clock {
Buffer 8-bit -bi 8-bit 8-bit
. 1.25 Gsps 1.25 Gsps

Selecti ADC core ADC core

election

.
25GHz _y | spa

Clock
{ { i t 1
/j/\ Phase Phase Phase Phase

P
&
Offsety Offsety Offset, Offset |
Serial
Peripheral
Interface Analog MUX
(Cross Point Switch)

f f f f

200

ADC output (counts)
100

e2v EV8AQ160

: : ~ (For more on CASPER see Hickish et al., JAI, 2016)
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SWARM: SMA Wideband Astronomical ROACH?2 Machine

(Primiani et al., JAL, V5 (4) 2016)

L& 10 MHz
Maser GPS
RF: 230-345 GHz Reference 1PPS sync
\\ “ for VLBI
’ selectable 1
Viea t.H.ancri1 2
e phase ASIAA
/ reference in 5 GSps, ROACH?2 ROACH2 ADC for
‘ ADC "EX . "SDBE" for clocking
~engine and 1 PPS
Antenna 1 \ 9 VLBI sync only
\\ Provides:[ ppg start of Walsh
walshing and | control sync
fringe rotation|Computer
\\\\\ — 4576 GHz
clock synth
> e — ® For simplicity] 10 GbE
usable IF * 2 each link to switch
bandwidth - m— represents 4x Crossbar
from €ach " mmm— [ ] P . Switch
antenna .= 10 GbE links] SWItC VLBI
Mark-6
Antenna 2 o Recorder
® 8
Antenna Electronics
¢ RF
)\:\E ROACH2
o sis "FX-engine"
Eg‘al Not shown:
- 1 GbE network

- SWARM control computer
- Analog electronics (e.g. BDC)

GUNN-PLL
Assembly

Antenna 8

1 “quadrant”: 2 GHz per receiver per sideband = 8 GHz; 32 GHz total
Benefits relative to ASIC correlator:

1. high uniform spectral resolution with no sacrifice of bandwidth,

2. smaller footprint and power consumption.

3. better digital efficiency with 4-bit cross-correlation

4.2 GHz wide bands easier to reduce, result in higher quality spectra

5. Natively supports VLBI phasing and recording, 16 Gbps/quadrant

6. Built with CASPER and COTS components
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Correlator upgrades

CAS{PER ROACH?2. dug,l 5 Gsps ADGCs, Octal 10 Gbps Ethernet

- & PTG TS

A 110000 M)

2y

AT e crts sommed |
LRI 0
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A 16 GSa/s single core CASPER ADC from ASIAA

based on Adsantec ANST7123A-KMA

Jiang, Yu, Chen & Liu (2018)

Digital Interface is
SERDES on FMC+

Photos courtesy Homin Jiang, ASTIAA
8 GHz bandwidth sampled at 4-bits produces data rate of 64 Gbps
(fits comfortably on 100 Gbps Ethernet Link)
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VCU118 COTS hardware, $6,995 each

(Ultrascale+ VU9P FPGA)

Ethernet Port
(10/100/1000 Mb/s Tri-Speed Ethernet) . XCVU9P-LGA2104E
RLDRAM3 72-bit
- (2 x 36 Components) FMC

FMC+
(24 x GTY)

weoy THH
(DJ104, €896

User Clock Input SMAs

SYSMON Header

USB-JTAG Connector
JTAG Header
USB-UART Connector

Samtec FireFly Interface
(4 x GTYs)

QSFP28
(4 x GTYs)

QSFP28
(4 x GTYs)

VIRTEX

- REV
B s e MW-UL-VCULIS  PCIC FlIssem 161 2

DDR4 80-bit
(5 x16 Components)
Bottom Side of Board

PCle Edge Connector
Gen3 x16, Gen4 x 8
(16 x GTYs)

24

161
2a! 'J)é .Ul
P
e WO

¥ 71136 ;': | S G
l“"" cmz

BPI Flash
Memory

DDR4 80-bit
(5 x 16 Components)

amus Mpugg_; /—\

HTEOH (R

1
SRI6 WA d Y\

User Push Button
Switches

$

User LEDs

Pmod Headers

PMBus Header
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"CASPER

The Collaboration for Astronomy
Signal Processing and Electronics
Research

Registration for the 2019
CASPER Workshop is now open!

https://www.cfa.harvard.edu/casper2019

The 2019 CASPER Workshop and PIRE Summer School will be held at
the Center for Astrophysics | Harvard & Smithsonian, from August 12th
to 16th. The workshop will be teaching and early-career focused, with a
technical emphasis on emergent FPGA RF System-on-Chip (RFSoc)
technology.

August 12-16, 2019 Q@ Cambridge, Massachusetts
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https://www.cfa.harvard.edu/casper2019

Timeline and current status

Cryostat Bidding Cryostat Design & Construction
Upgrade of Rx + 2nd . o
Stage Plate + BDA Rx Assessment 4 antennas upgraded —> Rx 16 GHz ready
RPI LO R
Scanning Development Site test of RPI controlled 240 GHz LO
Spectrometer | - _ _"=r=r=m ==
Prototype Installation & Commissioning
SWARM Acquisition SWARM hardware  Installation SWARM Q5 and Q6 QS5 and Q6 Tests +
+ Infrastructure Development Software

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

S sy Wy —

2017 2018
FO Planning & Test
Converter BDC Study + Bidding Vendor building BDC Installation of BDC
(BDC) Testing of units. for Q5 and Q6.
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wSMA Planning for 2018 as 0f 06/29/2018
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Updated Data Archive system (Holly Thomas)
Re-written old codes to follow better software practices
(Track, statusServer, dataCatcher, etc.) (Attila Kovacs) &=
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Improved interferometric pointing software (Karto Keating) -
Version control: CVS -> Github (Taco, Chris Moriarty)

Replace legacy, unmaintained, obsolete software: | GoothofthsiiA St e
Distributed Shared Memory -> Redis (Attila Kovacs)

New wSMA receiver control & monitoring software (Bob Wilson,
Paul Grimes, Ram Rao, Attila Kovacs, Nimesh Patel)

Pipeline for data calibration and imaging (Karto Keating)
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~ Taco retired on his 60th birthday, February 27, 2018. A
foundational mainstay of the SMA, esteemed by all, he will
truly be missed. His life was built around the SMA and he was
literally always on duty in support of it 24 hours a day. He had
intimate knowledge of virtually every aspect of the instrument
and as his annual review in 2006 put it succinctly: “he is willing
to help anyone at any time.” Jim Moran
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Summary

- SMA -> wSMA (ultrawide instantaneous bandwidth): upgrades on receivers,
digital backend and software; progress is on schedule.

- The wSMA will be complementary to ALMA, particularly for large-scale and
ToO projects

- The wSMA design incorporates open space for additional instrumentation
to pursue new science goals and technical innovations.

- The wSMA will continue to be a critical station for EHT observations
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