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> SKA1-SYS_REQ-3540 Coherence of SKA1_Low tied—array beams
SKA1_Low shall form pulsar search, pulsar timing, and VLBI tied—array beams that each have a
coherence within 5% of that allowed by the current atmospheric conditions.

» SKA1-SYS_REQ-3578 SKA1_Low VLBI time stamping
Each SKA1_ Low VLBI data sample shall be directly traceable to the time at the common delay
centre of the SKA1_Low telescope, with an accuracy of better than 2 nanoseconds.

» SKA1-SYS REQ-3579 SKA1_Low S/N Performance
The SKA1_Low, when forming VLBI beams, shall have a signal-to—noise performance better than
90% of that achievable by an ideal signal chain, given the same inputs, instrumental calibration
and excluding RFI.

» SKA1-SYS_REQ-3580 SKA1_Low VLBI beams sampling rate



SKA1_Low, when forming VLBI beams, shall output them with a sampling rate selectable between
Nyquist and at least a factor of two oversampling for the selected bandwidth.
SKA1-SYS_REQ-3581 SKA1l_Low Beamforming weights

SKA1_Low shall weight the Field Station beams, which are inputs into the VLBI tied—array sums,
based on relative sensitivity and coherence losses.

SKA1-SYS_REQ-3582 SKA1_Low Configurability

SKA1_Low, when commanded, shall change the pointing, centre frequency, and bandwidth of each
VLBI tied—array beam independently, on scan boundaries.

SKA1-SYS_REQ-3583 Independently configurable beams

SKA1_Low shall provide, through configuration, 1, 2, 3, or 4 separate VLBI specific beams, each
with independently selectable centre frequency, bandwidth, frequency resolution and pointing.
SKA1-SYS_REQ-3584 SKA1_Low VLBI configurability

SKA1_Low shall, reconfigure the centre frequency, frequency band, and bandwidth for each VLBI
beam, in less than 30 seconds.

SKA1-SYS_REQ-3585 SKA1_Low VLBI spectral resolution

SKA1 Low shall generate VLBI beams with a spectral resolution different from the spectral
resolution used for imaging within the same subarray.

SKA1-SYS_REQ-3586 SKA1_Low VLBI channel width

SKA1_Low shall be able to generate VLBI beam data with a selectable channel width of: 256, 128,
64, 32, 16, 8, 4, 2, or 1 MHz TBC.

SKA1-SYS_REQ-3587 SKA1l_Low VLBI imaging and beamforming

SKA1 Low shall simultaneously generate both VLBI beams and SKA1_Low imaging data for all
polarization products and all baselines (including autocorrelations) with a spectral resolution no
worse than 1 MHz, covering at least the larger of 100 MHz TBC or the frequency range(s) covered
by the VLBI beam(s) within the associated subarray.

SKA1-SYS_REQ-3588 SKA1_Low VLBI out—of-channel rejection

SKA1_Low shall generate VLBI beams with a transition band that is monotonically decreasing from
—3dB at the channel edge, to —60dB at a frequency offset from the centre frequency by the channel
bandwidth.

SKA1-SYS_REQ-3589 SKA1_Low VLBI beams and subarrays

SKA1_Low shall be able to allocate individual VLBI beams to different subarrays.
SKA1-SYS_REQ-3590 SKA1_Low VLBI reference position

The SKA1_Low VLBI array phase centre shall be within 100km (TBC) of one of the SKA1 _Low
stations.

SKA1-SYS_REQ-3591 SKA1_Low VLBI: spectral purity

Spectral distortion, after calibration, for SKA1_Low VLBI shall be below: —30dB in amplitude,
0.01 radians in phase.

SKA1-SYS_ REQ-3606 SKA1_Low VLBI number of beams

The SKA1_Low correlator shall have the capability of producing 4 dual polarisation tied—array
VLBI beams TBC for one SKA1_Low sub—array.

SKA1-SYS_REQ-3607 SKA1_Low VLBI array diameter

The SKA1_Low correlator shall be capable of forming 4 beams TBC across all stations within the
VLBI sub—array to a distance of up to 100,000 TBC metres from the sub—array centre.
SKA1-SYS_REQ-3608 SKA1_Low VLBI beam centre frequency

The SKAI_Low VLBI beams shall have a centre frequency selectable anywhere within the
SKA1_Low observing band.

SKA1-SYS_ REQ-3609 SKA1_Low VLBI beam bandwidth

The SKA1_Low VLBI beams shall have a contiguous processing bandwidth up to the full bandwidth
of the SKA1_Low array.

SKA1-SYS REQ-2968 SKA1_Mid zoom windows



Maximum zoom window bandwidtgh: 256 MHz + 35%. Zoom windows configurable: 1, 1/2, 1/4,
1/8, 1/16, 1/32 or 1/64. 14000—16384 linearly spaced frequency channels. Dependent on other
simultaneous observation allocations.

® Standard imaging: bandwidth 5 GHz
1500 pulsar search beams
8 pulsar timing beams with 2.4 GHz
4 VLBI beams with 2.4 GHz



f+8% A. SKAL &/ 3—rF—F® SEFD

BB
[GHz]
0.33 0.61 1.0 14 | 1.6 | 2.3% 5.0 6.0 8.3 23% 43%
TUTT4& E4& SEFD [Jy]

SKAL Core South Africa 18 7.6 5 5.6 | 5.7 5.9 7.3 7.8 9.3
Arecibo 305m Puerto Rico 12 3 3.5 3 3 5 5 6
ATCA Australia
Cambridge 32m UK 220 | 212 136 410 720
Effelsberg 100m Germany 600 600 65 20 19 300 20 25 20 70 200
Hartebeesthoek 26m South Africa 430 410 650 700 630 | 1800
JB Lovell 76m UK 132 83 36 65 80
JB Mark II 25m UK 350 | 320 320 300 910
Medicina 32m Italy 490 | 700 400 170 840 320 700
Metsghovi 14m Finland 4500 3200 | 2608 | 4500
Nanshan Urumqi 25m China 300 | 300 560 250 350 850
Noto 32m Italy 820 | 784 770 260 | 1100 770 800 900
Onsala 20m Sweden 1110 785 | 1200 | 1310
Onsala 25m Sweden 900 | 350 | 350 480 850
Parkes Australia 49 40 31 31 98 61 67 135 116
Sardinia 64m Italy 67 67 50 138
Sheshan 25m China 670 800 720 | 1500 800
Tianma 65m China 39 39 46 26 26 48 70 120
Torun 32m Poland 2000 | 250 | 300 220 650 500
Westerbork 25m Netherlands 2100 1680 | 420 | 560 840 | 1680 | 1600 | 1680
Wettzell 20m Germany 1250 750
Yebes 40m Spain 1400 160 160 200 200 480
VERA Mizusawa 20m Japan 2175 2108 | 4392
VERA Iriki 20m Japan 2175 2108 | 4392
VERA Ogasawara 20m Japan 2175 2108 | 4392
VERA Ishigaki 20m Japan 2175 2108 | 4392
KVN Yonsei 21m South Korea 1328 | 1992
KVN Ulsan 21m South Korea 1328 | 1992
KVN Tamna 21m South Korea 1328 | 1992
Kashima 34m Japan 200 | 200 370 700 700 300 990
Usuda 64m Japan
Nobeyama 45m Japan 285 655
Hitachi 32m Japan 240 240 800
Takahagi 32m Japan 240 240 800
Yamaguchi 32m Japan 240 240
Yamaguchi 34m Japan 240 240
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f+8% B. SKA1 JF§& /38—~ — B DO EARREE(100sec, 100 MHz)

JiibiZ e
[GHz]
0.33 0.61 1.0 1.4 1.6 2.3% | 5.0 | 6.0 8.3 23% 43%
TrTT 4 E4 RREE

[wy]
Arecibo 305m Puerto Rico 104 0 28 31 29 30 43 44 53 0 0
ATCA Australia 0 0 0 0 0 0 0 0 0 0 0
Cambridge 32m UK 0 0 0| 248 | 246 0| 223 | 400 0 | 1004 0
Effelsberg 100m Germany 735 477 132 75 74 297 85 99 96 313 1122
Hartebeesthoek 26m South Africa 0 0 0 0 | 350 348 | 487 | 522 541 | 1587 0
JB Lovell 76m UK 345 178 0| 100 | 136 0] 171 0 0 0 0
JB Mark II 25m UK 0 0 0| 313 | 302 0| 342 | 342 0| 1129 0
Medicina 32m Italy 0 0 0| 370 | 447 344 | 249 | 572 386 990 0
Metsghovi 14m Finland 0 0 0 0 0| 1152 0 0 | 1220 | 1911 | 5324
Nanshan Urumqi 25m China 0 0 0| 290 | 292 406 | 302 0 403 | 1091 0
Noto 32m Italy 0 0 0| 479 | 473 477 | 308 | 655 598 | 1058 | 2381
Onsala 20m Sweden 0 0 0 0 0 572 0 0 604 | 1296 | 2873
Onsala 25m Sweden 0 0 | 493 | 313 | 316 0| 419 | 576 0 0 0
Parkes Australia 0 0| 140 92 92 88 | 154 | 173 154 541 0
Sardinia 64m Italy 0 0 0| 137 | 138 0 0| 140 0 440 0
Sheshan 25m China 0 0 0 0| 437 486 | 513 | 765 610 0 0
Tianma 65m China 0 0 0| 104 | 105 116 97 | 101 149 313 869
Torun 32m Poland 0 0| 735 | 265 | 292 0| 283 | 503 0 837 0
Westerbork 25m Netherlands 1375 0| 673 | 343 | 399 498 | 783 | 790 884 0 0
Wettzell 20m Germany 0 0 0 0 0 607 0 0 591 0 0
Yebes 40m Spain 0 0 0 0 0 643 | 242 | 250 305 529 | 1739
VERA Mizusawa 20m Japan 0 0 0 0 0 0 0| 921 0 1718 5260
VERA Iriki 20m Japan 0 0 0 0 0 0 0] 921 0| 1718 | 5260
VERA Ogasawara 20m Japan 0 0 0 0 0 0 0| 921 0 1718 5260
VERA Ishigaki 20m Japan 0 0 0 0 0 0 0] 921 0| 1718 | 5260
KVN Yonsei 21m South Korea 0 0 0 0 0 0 0 0 0| 1364 | 3543
KVN Ulsan 21m South Korea 0 0 0 0 0 0 0 0 0| 1364 | 3543
KVN Tamna 21m South Korea 0 0 0 0 0 0 0 0 0| 1364 | 3543
Kashima 34m Japan 0 0 0| 237 | 239 330 | 505 | 522 373 | 1177 0
Usuda 64m Japan 0 0 0 0 0 0 0 0 0 0 0
Nobeyama 45m Japan 0 0 0 0 0 0 0 0 0 632 2031
Hitachi 32m Japan 0 0 0 0 0 0 0| 306 334 | 1058 0
Takahagi 32m Japan 0 0 0 0 0 0 0| 306 334 | 1058 0
Yamaguchi 32m Japan 0 0 0 0 0 0 0 306 334 0 0
Yamaguchi 34m Japan 0 0 0 0 0 0 0 306 334 0 0
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£18% C. SKAL & —bF—ROEBRE LA E S AER-E

A

[GHz]
0.33 0.61 1.0 1.4 16 | 2.3x | 5.0 6.0 | 83 | 23% | 43x%

TUTFF 4 HERE SyfRRE

[km] [mas]
Arecibo 305m 9594.7 19.78 | 1054 | 6.45 | 451 | 3.87 | 279 | 1.29 | 1.07 | 0.77 | 0.28 | 0.15
ATCA 9893.6 19.19 | 1022 | 6.25 | 438 | 3.75 | 2.71 | 1.25 | 1.04 | 0.75 | 0.27 | 0.15
Cambridge 32m 8574.5 22.14 | 11.79 | 7.22 | 5.05 | 4.33 | 3.13| 1.44 | 1.20 | 0.87 | 0.31 | 0.17
Effelsberg 100m 8348.3 22.74 | 1211 | 7.41 | 5.19 | 4.45 | 3.21 | 1.48 | 1.24 | 0.89 | 0.32 | 0.17
Hartebeesthoek 26m 814.1 233.17 | 124.20 | 76.01 | 53.19 | 45.60 | 32.93 | 15.20 | 12.67 | 9.12 | 3.29 | 1.77
JB Lovell 76m 8695.5 21.83 | 11.63 | 7.12 | 4.98 | 4.27 | 3.08| 1.42| 1.19 | 0.85 | 0.31 | 0.17
JB Mark II 25m 8695.2 21.83 | 11.63 | 7.12 | 4.98 | 4.27 | 3.08| 1.42| 1.19 | 0.85 | 0.31 | 0.17
Medicina 32m 7790.8 24.36 | 12.98 | 7.94 | 556 | 4.76 | 3.44 | 1.59 | 1.32 ] 0.95 | 0.34 | 0.19
Metséhovi 14m 9053.8 20.97 | 11.17 | 6.83 | 4.78 | 4.10 | 2.96 | 1.37 | 1.14 | 0.82 | 0.30 | 0.16
Nanshan Urumqi 25m 9656.2 19.66 | 10.47 | 6.41 | 4.48 | 3.84 | 2.78 | 1.28 | 1.07 | 0.77 | 0.28 | 0.15
Noto 32m 7079.8 26.81 | 14.28 | 8.74 | 6.12 | 524 | 3.79 | 1.75 | 1.46 | 1.05 | 0.38 | 0.20
Onsala 20m 8857.0 21.43 | 11.42 | 6.99 | 4.89 | 4.19 | 3.03| 1.40 | 1.16 | 0.84 | 0.30 | 0.16
Onsala 25m 8856.8 21.43 | 11.42 | 6.99 | 4.89 | 4.19 | 3.03| 1.40 | 1.16 | 0.84 | 0.30 | 0.16
Parkes 9700.7 19.57 | 1042 | 6.38 | 4.46 | 3.83 | 2.76 | 1.28 | 1.06 | 0.77 | 0.28 | 0.15
Sardinia 64m 7377.2 25.73 | 13.71 | 8.39 | 5.87 | 5.03 | 3.63| 1.68 | 1.40 | 1.01 | 0.36 | 0.20
Sheshan 25m 10612.9 17.89 9.53 | 5.83 | 4.08 | 350 | 253 | 1.17 | 0.97 | 0.70 | 0.25 | 0.14
Tianma 65m 10609.7 17.89 9.53 | 5.83 | 4.08 | 3.50 | 253 | 1.17 | 0.97 | 0.70 | 0.25 | 0.14
Torufi 32m 8480.4 22.38 | 11.92 | 7.30 | 5.11 | 4.38 | 3.16 | 1.46 | 1.22 | 0.88 | 0.32 | 0.17
Westerbork 25m 8544.7 22.21 | 11.83 | 7.24 | 5.07 | 4.34 | 3.14 | 1.45| 1.21 | 0.87 | 0.31 | 0.17
Wettzell 20m 8176.6 23.21 | 12.37 | 757 | 5.30 | 4.54 | 3.28 | 1.51 | 1.26 | 0.91 | 0.33 | 0.18
Yebes 40m 7706.2 24.63 | 13.12 | 8.03 | 5.62 | 482 | 3.48 | 1.61 | 1.34 | 0.96 | 0.35 | 0.19
VERA Mizusawa 20m 11579.2 16.39 8.73 | 534 | 3.74 | 3.21 | 232 | 1.07 | 089 | 0.64 | 0.23 | 0.12
VERA Iriki 20m 11057.5 17.17 9.14 | 560 | 3.92 | 3.36 | 242 | 1.12 | 093 | 0.67 | 0.24 | 0.13
VERA Ogasawara 20m 11484.1 16.53 8.80 | 5.39 | 3.77 | 3.23| 2.33 | 1.08 | 0.90 | 0.65 | 0.23 | 0.13
VERA Ishigaki 20m 10597.3 17.91 9.54 | 5.84 | 4.09 | 350 | 253 | 1.17 | 0.97 | 0.70 | 0.25 | 0.14
KVN Yonsei 21m 11005.3 17.25 9.19 | 5.62 | 3.93 | 3.37 | 244 | 1.12 | 094 | 0.67 | 0.24 | 0.13
KVN Ulsan 21m 11070.4 17.15 9.13 | 559 | 3.91 | 3.35| 242 | 1.12 | 093 | 0.67 | 0.24 | 0.13
KVN Tamna 21m 10907.4 17.40 9.27 | 567 | 3.97 | 3.40 | 246 | 1.13 | 095 | 0.68 | 0.25 | 0.13
Kashima 34m 11534.4 16.46 877 | 536 | 3.75 | 3.22 | 232 | 1.07 | 089 | 0.64 | 0.23 | 0.13
Usuda 64m 11450.3 16.58 8.83 | 540 | 3.78 | 3.24 | 2.34 | 1.08 | 0.90 | 0.65 | 0.23 | 0.13
Nobeyama 45m 11452.4 16.57 8.83 | 540 | 3.78 | 3.24 | 2.34 | 1.08 | 0.90 | 0.65 | 0.23 | 0.13
Hitachi 32m 11542.8 16.44 8.76 | 5.36 | 3.75 | 3.22 | 2.32 | 1.07 | 089 | 0.64 | 0.23 | 0.13
Takahagi 32m 11542.9 16.44 8.76 | 5.36 | 3.75 | 3.22 | 2.32 | 1.07 | 0.89 | 0.64 | 0.23 | 0.13
Yamaguchi 32m 11147.5 17.03 9.07 | 555 | 3.88 | 3.33| 2.41 | 1.11 | 093 | 0.67 | 0.24 | 0.13
Yamaguchi 34m 11147.6 17.03 9.07 | 555 | 3.88 | 3.33| 241 | 1.11 | 0.93 | 0.67 | 0.24 | 0.13

*BLED SKAL HETIIEEShZ N

12



