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Nanomedicine
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EISCAT_3D Science Case

Anita Aikio®, lan McCrea’,

and the EISCAT_3D Science Working Group

'University of Oulu, Finland
STFC Rutherford Appleton Laboratory, United Kingdom

EISCAT_3D Preparatory Phase Project WP3

Version 2.0, June 2012
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EISCAT 3D SCIENCE CASE ORRZE:

A. Atmospheric physics and global change
B. Space and plasma physics

D. Space weather and service applications
E. Radar techniques, coding and analysis

Appendix A: Table of EISCAT 3D radar
performance requirements by science topics

ar system science
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Table 3: Overview of the EISCAT 3D Implementation Phase

2014 2015 2016 2017 2018 2019 2020 2021
Preparation
Construction
Deploy T/R Array
Deploy R1 Array
Deploy R2 Array
Deploy R3 Array
Deploy R4 Array
O Commission

Table 7: AT 3D operations.

[2013 | 2014 [2015 |2016 | 2017 |2018 [2019 |2020 |2021 |[2022 |2023

EISCAT Research Infrastructure Operation cost (kSEK

Site IS 2,720 2,720 2,790 6,259 6,259 7.317 8,298 7,83/ 7,971 9,485 9,648
Operations 4,092 4,090 4,048 3,507 3,507 | 13,997 | 16,890 | 19,275 | 21,409 | 23,890 | 24,301
Staff 21,930 | 26,177 | 33,604 | 38,037 | 38,037 | 38,824 | 39,508 | 34,203 | 34,814 | 35,425 | 36,035
Total 28,743 | 32988 | 40,441 | 47.803 | 47.803 | 60.138 | 64.696 | 61,309 | 64,193 | 68,798 | 69,985
EISCAT Staff Effort
Staff vears 20.75 | 2475 | 3425 | 3750 | 3750 | 3750 | 3750 | 3050 | 3050 | 30.50 | 30.50
EISCAT Radar Operation Hours

Svalbard

ESR [ 023 | o923 o023 923 e23 [ 923 923 923 923 923 923
Mainland

UHF radar 587 587 294 294 294 off off off off off off
VHF radar 513 513 513 513 513 513 off off' off’ off off
Remotes on on on off off ol off oll’ off off off
Heating 202 202 202 202 202 202 202 202 202 202 202

EISCAT 3D Radar Operation Hours

Active off off off | s00x2 | s00x3 | seoxs | 10007 | 1752 1752y
Monitoring off off off | 500%2 | 5003 | sooxs | 10007 | 30 3309
Stand-by off off off | 100%2 | 100%3 1005 100%5 | 876%5 | 876%5
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Ihe Instrument

r

Table 1 EISCAT 3D Specifications
Transmitter Features
1 Type Pulsed - I 1 3-dimensional vector and scalar imaging l %
2 Duty Cycle 25 % 2 Phase/Amp transmitter modulation
3 Max Pulse Length 10 ms 3 Arbitrary Tx/Rx polarisation
4 Shortest Pulse Length 0.5 (75) pus (m) 4 One Core Active site
5 Peak Power 10 MW 5 4 Remote Passive sites
6 Centre frequency 233 MHz 6 Remote active site with power ~1 MW
7 3 dB Bandwidth +2,5 MHz 7 Electronic scanning and beam-forming
8 Modulation Phase/Amp - & 5 phased steered array antennas
9 Polarization Arbitrary - 9 6-10 outlying antenna arrays at active site
Antennas 10 Aperture synthesis imaging

10 Type Phased Array - 11 High duty cycle
11 Antennas per site ~10,000 - |12 Better sensitivity by a factor > 20x l % %
12 3 dB Bandwidth +15 MHz 13 Unmanned operation
13 Gain ~50 dBi 14 Remote operation via internet
14 beam pointing resolution [ 0.625° 15 Robust reliability in arctic environment
15 Transverse resolution at < 50 m 16 Uninterrupted continuous operations

100 km better than 17 Common Programs at low duty cycle
16 Grating-lobe free radiation  40° - 60° 18 Special Programs to respond to

pattern: zenith all azimuths pre-defined /unusual geophysical events
17 Power-aperture product >100 GWm? 19 Validated archival database

20 Restricted real-time data

* Unique Technological Innovation
*% Major Improvement

Essential Features to attain the
Scientific Goals

(I —DFERFELY IR, —8ME, )



Bistatic dish antenna system
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| ov | S |y | 0 | e
(MHz) | (MW) | iy | @) | ) (K) (Gt )
EISCAT VHF (1 klystron 224 1.5 3110 12.5 300 4.67 1.00
EISCAT VHF (2 klystrons) 224 3110 12.5 300 9.33 2.00
EISCAT UHF 930 48 522 12.5 120 1.04 0.13
EISCAT Svalbard 500 45 905 25 65 0.90 0.57
Sondrestrom 1290 3.5 49 341 3 85 1.19 0.08
PFISR 449 43 708 10 120 1.42 0.34
EISCAT 3D Core 233 10000 20 190 90.00 | 37.04
Jicamarca 50 4.5 75000.0 6 3000 337.50 | 22.46
Arecibo 430 2.5 55000.0 6 90 137.50 | 35.46

Table 1. The parameters of some current incoherent-scatter radar systems and the planned EISCAT 3D core site. The figure-of-

merit (FOM) is defined as poy =L D . where PA is the power-aperture product, D is the transmitter duty cycle, T, is the system
noise temperature, and f is the mJal frequency. For comparison purposes, all FOMs were normalized to that of the tw o-klystron
EISCAT VHE. The FOM of the EISCAT 3D core is seen to fall in the same range as those of the Arecibo and Jicamarca systems.

PA,/Duty cycle

The figure-of-merit (FOM): T
SYS " RADAR

From U.G. Wannberg et al., EISCAT_3D: A Next-Generation European
Radar System for Upper-Atmosphere and Geospace Research, 2010.
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