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Rationale ngVLA Design Expectations

Total System Noise Estimate at Center Frequencies of

— Rationale for this Work naVLA Requi : : : Basic Concept — Multiple Cooled Feeds and LNAs With One Cryocooler
equires Innovative Cryogenics Design to Have - . :
_ 5 d , YOB , 8 In One Assembly Weighing 150 Ibs and Consuming < 1.2kW Power Primary Interest
« The purpose of our work is to demonstrate the performance and cost of a Affordable Construction and Operations Cost.
,rA(\eceit\)/er system fgr 1.2h to 1I1< 6f Gl_r|12 to E)/eL X%nstructed and tes’éedhby 20\} I?A
n objective is a benchmark for the ng ut itis recognized that ng Current JVLA . :
requirements are still being formulated and may change. The design is Side Dewar, 11” x A",‘,m'.““m CV'"},de" Noise, K, due R « T?;S Tssys T?s’s ngs T:gs
flexible system will also be useful for use on other telescopes. 9” x 14” | ::n Diam by 16 to component emarks otz | GHz | GHz | GHz | GHz
« The performancefwill t]ge demons]:trated by sky vs absorber Tsys : 27 25m Antennas on 21km | 8
t th d d foll d by test itabl lect h . . .
{Fies,ag\l;arﬁ;nb?Q.S of the feeds and followed by tests on a suitable reflector when baselines with 8 cryogenic Sky Backgr‘(:;dn:; fér:](r)r']sphere, 4 5 8 15 43
« The most innovative (and highest risk) area of the design is in the thermal and dewars on each antenna to Soillover & —
mechanical area where we are planning a system weighing less than 150 Ibs cover 1 to 50 GHz priiover Reduce with offset antenna | 4 3 3 3 3
and consuming less that 1200W of power. Solar power of remote telescopes Blockage And ground shield
may be cost effective. St Computed 0.1 dB
« The cost will be demonstrated with a cost breakdown of the realized ngVLA ' ' Feed loss @GO’ifor 1.4 GHz 1 1 1 2 4
hardware (parts, labor, contingency, and burden in a later chart). The @20K for 8-116 GHz
estimated total cost including burden is $252K or $65M for 256 antennas. Window and IR | Mylar window; multilayer 5 3 3 3 3
« The feeldst,) Iantt)j Lzh(l)q’g to rt])e usedlin the prototyp%e system wiclfl be those éh_?_t 256 18m Antennas on Filter polymer blanket
are available by with critical parameters of antenna efficiency and Tsys : : Feed to LNA
vs frequency described in a later chart. It is expected that the feeds and 300km baselines with ONE L 4 1542 GH; Feed No Coupler 0.1dB 1 1 2 2 2
LNA's will be improved by the time needed for. ngVLA. | cryogenic dewar on each - , £ Cooled to 65K et LA
. l'I;};% fgg’; g.gbbr;gdp;?tgéyggs\f[vglybtﬁ ;uggt?]ccl) rt;y existing funds at Caltech with antenna to cover 1.2 to 3 or 4 Feeds for 4.2 LNA connector 4 5 8 12 25
116 GHz C:)(LlleldstiqZK Total Estimate, +/- 5K 15 | 19 | 25 | 37 | 80
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Interior View of Cooled Receiver Assembly . . :
Rationale for Single Cryocooler Receivers Comparison of ngVLA With Existing or Planned Radio Arrays Close attention to heat conduction by windows, IR blankets, and heat straps to Feed Efficiency vs Bandwidth
. . achieve <5W heat load at 65K and <1.5W at 14K Feed efficiency is plotted below for a QRFH feed (in red) optimized for 6:1
. 0 tina Cost in t ¢ { and . . iab * ThengVLA f||!s the gap in frequency (1.3 to 116 GHz) bet.V\./e.en the SKA angl ALMA Second Stage. 14K. f or bandwidth and one optimized for 3.5:1 bandwidth. Both are in a shaped
p?ra Ing Lostin ermsfo power cost an Cryo?hemLchSmTar:n en?/ri?qe ?” or * The ngVLA will have an order of magnitude greater sensitivity and resolution High Freq Fegd; o LNAS . . reflector system which is recommended for ngVLA
COSt are major concerns tor a new major array in the Us. 1he€ ng wi compared with the current JVLA; survey speed is two orders greater — S The 6:1 feed is typically 68% efficient while the 3.5:1 feed is typically 75%

have an order of magnitude more telescopes and distances from the efficient —an advantage of 1.1 in sensitivity or 1.2 in observing time

control center and to reduce capital and operating costs it is imperative to . . . . . ' oo ' \ : :
P P J P Figures of Merit | Comparisons of Figures of Merit | - ' LNA’s for narrower bandwidth are also somewhat lower noise
reduce the number of cooled systems on each telescope : . . - , : i
Total Freq |Comparison| o, | Point | Survey | PointSource | g o g 00q | FluX Future development of feeds and LNA’s will effect this decision
Array N D(m) Area Tsys(K) Range, | Frequency, (GH2) Source [SSFOM at| Sensitivity Comparison Sens 1 100
° HH : m~2 GHz Fo, GHz PSFOM Fo Comparison hrul
Number of Cryocoolers Current VLA utilizes 8 cooled receivers on 27 —— TR DR TR ey Y v A s TRIRTT | : o0
telescopes — 216 vacuum dewars and cryocoolers. Our goal should be SKA1-Mid 190| 14.5) 31358.8] 18 | 0.35-13.8 1.4 1 2219 21083 6.4 123.4] 144 ! | : | QRFH Feed 600
same operating cost for the future replacement with one dewar on ~256 VLA ) 2oL 132869, 49 | 130 w4 R et R = L0} 226 ¥
ngVLA 256| 18| 65111 18 1.2-116 1.4 1 4608| 5898.2| xJVLA 13.4| xJVLA  3454] 0.7 70 \ ) —4 -
antennas. SKAL-Mid 190] 14.5] 31358.8] 22 | 0.35-13.8 10 5| 4060] 7056.8 3.7 413| 0.79 n D
IVLA 27| 25| 132469] 31 1-50 10 a 1089|1707 1.0 10| 293 ' 9 Fl' st 65K E 60
. . . . . . ] ngVLA 256 18| 65111 22 1.2-116 10 8| 10664| 31587.3| xJVLA 9.8/ xJVLA  185.1 0.3 _ Irs age. ’ 50
Single Dewar and Cryocooler receiver is feasible but the questions are: o o 5 coa1e 80 T 3ism = a5 — 1 e _ Heat Strap |
ngVLA 256| 18| 65111 100 1.2-116 80 32 4692| 6115.3|xALMA 17.1|xALMA 1295 0.7 _ = 40 —O— pandwidth6:1
« How many receivers are needed to cover the total frequency t’ 30
PSFOM = Point Source Figure of Merit = N*D*2/Tsys *BW"0.5 Bandwidth3:1
range? SSFOM = Survey Speed Figure of Merit = (?/D)A2*Nb* (N*DA2/Tsys)A2*BW=((?/D)*2*Nb* (PSFOM)"2 €20
° What are the crossover frequenCieS? Fo i§ the frequency for evaluation of FOM's. which is proportional to Fo"—2. R 10
e . . Ratio's to JVLA are for the same center frequency, Fo, at 1.4 and 10 GHz; ratio's to ALMA are at 80 GHz -- - 2
« How does sensitivity change for bandwidths of 6:1, 3:1, or octave? _ , = 0
Cryocooler Glass-Epoxy

 What size cooler is needed and what is the operating cost? Tubes 2 3 4 5 6 7 8 9 10 11 12 13 14

 How is reflector optics design impacted? - ' Frequency (GHz)
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Sub Reflector Extension to Reduce Spillover Cost Estimate of 1.2 to 116 GHz Receiver

isti i Cryocooler Power Cost Comparison 26-0ec 10
Synerglstlc Reflector DQSIgn Isak Theron “The design of the MeerKAT dish optics, IEEE, 2012 Existing gifford McMann Coolers — Others Canpbe Considered KC$028(:1eﬁacmP ,
. . . = - or
, : : . It S "y c t
- Reflector optics has a major effect on the feed size and cooling Similar though larger shield used on Allen Telescope Array (ATA) o e |quantity, 50 emmen
requirements. A small shield on lower edge of the subreflector lowers the spillover noise _ to 256
by ~4K over a wide range of zenith angle — A significant improvement to Machining MV 71150 160 tee  Alum black
. Offset Gregorian optics with F/D=0.55 with 49 degree subreflector Y J i J provel 296 Array Brackets, Shields, Covers __|MVI :

g P , ' 9 ; Tsys and allows the feed to be positioned near the ground for maintenance Heat Load | Typical KW Annual oler and Compressor Sumitomo RDK-101D 20|Includes compressor and lines
half-angle, close to what is used on Meerkat and SKA Mid, allows 9 . . . ! ! ! ; Cooler C14K e P P (4) MVi 20|QRFH designs by Caltech
small feeds which can be completely cooled to reduce Tsys Feed low, default | | | | a ompressor; - Fower ower . Much development for SKA and

g Feed high, default Cost 8) LNF, Cosmic 32 quantum computing
o I iti i R Feed low, with extension | | i | =",/ | - ion - -
Simiono ROCTOTD | ToW | GNAT |12 [ os|  masfeere e
i : 7 CTI350 2W 8200 2 0.90M
addition of a small shield. - b Total Materials 58
= CTI11020 W 8500 5 $2.25M 500
2 5 _ person-hours @$85/hr
® Sumitomo RDK-4150 20W CS-71 8 $3.6M Siv and Test Labor 17 including benefits. For quantity
B : :’é y 50, this is a group of 3 for 2
' ‘ ' ] ’ | g 5 years. For 300 it is 6 for 5 years
? . I Direcct Labor and Materials 105
‘ ’ ‘ ‘ ‘ \I ‘ " g , * At S0.20 per kWh and at full power|[ reduced power can be considered Contingency, 20% 21 | Unknown ftems
Al | Total with Coningency ! 126
- || :T : These figures show the importance of optimum thermal design Management, administratrive,
gEEs=— > : : : : : : : involving windows, IR filters, metal finish, cable materials, heat Overhead 106 |SPace: utilities. Either 100% for a
7 . non-profit organization or 80% +
| 20de s\hield 2 | | | | i | i straps, and insulator supports. 20% profit for a small business
/ 0 10 20 30 40 50 60 70 80
Angle from zenith [degrees] Total per Unit Cost 252($12.6M for 50, $64.5M for 256
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