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Scientific objectives »ﬁ

1) dynamics of large scale convection

2) dynamics of meso-/small- | 1l ion
including F TES/TCVS/OCB/aurora/patches etc.

3) substorm/storm/sub-auroral studies SAPS

4) FTE/reconnection/reconnection rates

5) FACs

6) MHD waves

/) Inner magnentosphere

8) D/E/F region irl‘egularities (FAIS) (radar aurora)

Q) atmospheric waves (TIDs, tides, gravity waves)

10) neutral winds 11) PMSE/MSE

12) Sea surface waves 13)...
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Reaquired resolution
Phenomena; : :

spatial scale:<1 km ~ >1000 km
temporal scale: <1 sec ~ >10 min
 Required resolution:
spatial  scale:<~1 km
temporal scale:<~1 sec
- Convectional SuperDARN:
spatial  scale:>=15km (radial)
— <~1 km if possible...?
temporal scale:~1sec(1-D) & ~1min (2-D)
— <~1 sec (2-D) if possible...?



Semeter et al., JASTP, 2009

PolerFlar IS Radar
(AMISER)

3-D Ne : ~15 sec resol.

2-D E-field - ~2min resol.

Fig. 2. Volumetric image of E-region on 10 November 2007
> 09:43:51-09:44:50 UT. The image was produced by averaging 192
pulses-per-position. The herizental cuts are at 100, 107, and 120 km.
The structured density enhancement seen in the image was produced by
aurcral electron precipitation in the ~20 keV range.

Fig. 1. (a) PFISR beam positions used in this experiment, depicted in a
horizon-based polar coordinate system. (b) Beam positions super
imposed on an image recorded with the collocated all-sky camera.

rig. 3. (a)Anaverage aurcral image correspending to the period shown in Fig. 2. The image is a cropped version of the all-sky image shown in Fig. 1(b). (b)
Same image cverlain with contours ofjocNé dr, computed from PFISR measurements.
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A few years ago...
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Electric Field Oscillation behind Pulsating Aurora

Simul taneous observations

with all-sky TV camera and SuperDARN in Iceland

I

——
\(; Ve " o A | Al 2 : +A2
“ 1 @ K. Hosokawa' , A. Kadokura® , N. Sato
) |

. E. Milan® , M. Lester?® , G. Bjornssen‘ and IaSaemundsson*

3 Department of Physics and Astronomy, University of Leicester

4 Science Institute, University of Iceland




Nov 25, 20050 0256 UT

Dultlbvibhasr

Oan 1 camp beam

Radio measurement:
SuperDARN Pykkvibaer radar
(63.86 N, 19.20 W)

E-region mode (myopic mode)
- spatial resolution: 15 km
- integration time: 2s

for one beam sequence
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3 minutes

optical pulsation
pulsating period: 8 s

radar pulsation
pulsating period: 8 s
(amplitude 100 m s7)

The line of sight
Doppler velocity turns
to posmve (toward the

'pulsa’ri"ng aurora is
"ON" and vice versa.
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only 1-D high temp. resol. obs. along a beam |
— 2-D Vel/E field variation unknown
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Last year,
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Small-scale converging electric field structure

in the vicinity of breakup auroral arcs

K. Hosokawa (1), R. Sugita (1), A. Kadokura (2), A. S. Yukimatu (2), N. Sato (2),
S. E. Milan (3), M. Lester (3), G. Bjornsson (4), T. Saemundsson (4)

(1) The University of Electro-Communications, Chofugaoka 1-5-1, Chofu, Tokyo 182
(2) National Institute of Polar Research, Kaga 1-9-10, Itabashi, Tokyo 173-85
(3) Department of Physics and Astronomy, University of Leicester, Leicester LE

(4) Science Institute, University of Iceland, Dunhagi 3, Reykjavik 1S-107, I



zenith angle from Tjornes




75°N|

70°N

65°N

Bipolar signature in the plasma velocity
‘| should be observed in the vicinity of
any auroral arcs including breakup arc.
: : The magnitude of the shear could be
. % | proportional to the luminocity of arc.
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O A fonneeeeee breakup
# arc

only 1-D hi h temP. resol. obs. 5,
global scan: 32sec resol. > temp scale of
movement of breakup arc

—Real 2-D V/E field unknown...




1-min resol. 2-D SD observation compared with

optical intensity and evolution of patches in diffuse aurora
Watec ASI ASI + PWR ASI + VEL

0127 UT
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an;i hence temporal
resol. required is
enough long..

0128 UT

But for transient or
fast phenomena like
pulsating or break-
up auroras,
it is impossible to do
~ like this..

I9 Piosokawa et al., JGR, 2010

0129 UT




What we need or
what Keisuke is eager to have is...

In order to study
transient phenomena,
to obtain...

higher temporal resolution
2-D Vlos/E field data

Ith a temporal resolution of
at most a few seconds

or even less...




why not switch beams

1% pulse seq: beam

2" pulse seq: beam

3d pulse seq: beam 7

4 pulse seq: beam 8

Sth pulse seq: beam 9

6t pulse seq: beam 10 (~0.1sec)

(this beam scan sequence takes only ~(.6sec)

and then repeat this beam sequence (w/ Tx freq fixed (no fclr)).

If echo power or S/N ratio for ranges of interest enough high,
and if CRI (cross range interference) is enough low,

smaller nave (number of integration for each beam) is sufficient
to get meaningful and reliable physical parameters.

At least fitacf algorithem will work well in case of at least nave>=3.

—2-D Vel/E field for bm 5-10 can be obtained every ~1.8sec!

(2-D 16bm global field every ~5sec.) (in case of nave=3)
Theoretically possible every ~0.1sec for 1-D Vel/E. but takes more for Width essentially.

If fitted results are not preferable, just increase nave later using
recorded 1Qdat to get more stable solution in offline process if you like.




just do it!

September 2009 NIPR conjugate aurora campaign

Optical all-sky TV camera (ASC) at Tjornes in Iceland (~30Hz)
under FOV of CUTLASS Iceland East radar.
(installed by Keisuke@UEC and Tetsuo Motoba @ NIPR)

Iceland East Stereo CUTLASS radar:

chA: conventional camping beam mode (mono myopic):
bm:5,7,6,7,8,7,9,7,10,7
intt: ~2sec (~1.8sec)
rsep=15km, first range=15km, nrang=240 (15-3600km)
— global 2-D image every 20 sec AND

4-sec temp. resol. data along beam 7 (only)

chB: new operation mode ('"BeamScanInintt')

bm: 5~10 (6beams): change every pulse sequence!!
rsep=frang=15km, nrang=240 (15-3600km)* -
(*1mportant to correctly evaluate CRI for any ranges of interest!)
— chA intt ends when chB 3 beam scan finishes.
i.e., nave for chA = always 6x3=18.
nave for each beam in chB =3

—gloabl 2-D Vel/E field every 1.8sec!!!

I data obtained; for offline analysis
any rawaclt/fitact can be re-made.
nave can be selected at any value later...




Beam 5~10
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~2 sec temp. resol. for a single beam 7

JCU LUVUY

Pykkvibaer Channel B: nave=3

00:50 chB beam 7
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~2 sec temp. resol. for all

Pykkvibaer Channel B: nave=3

observed beams!
21 Sep 2009 =¥

myopic 2005 over Tjornes scan mode (-26401)
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Active aurora assoc. with

bstorm breakun over Tiornes
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High—speed Beam Steering Experiment over lceland 20090921 0050 04s UT
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High—speed Beam Steering Experiment over lceland
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~2 sec temp. resol. for all observed

Pykkvibaer Channel B: nave=3

Pulsating Auror

beams!
21 Sep 2009 =¥

ﬁyopic 2005 over Tjornes scan mode (-26401)
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~2 sec temp. resol. for all observed b21esa1210%982
ep (264)

Pykk\”baer Channel B nave=3 myopic 2005 over Tjornes scan mode (-26401)
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2-D Vel field evolution assoc. with pulsating aurora
during 1-min interval with ~2 sec temp. resolution
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2-D Vel field evolution assoc. with pulsating aurora
during 1-min interval with ~2 sec temp. resolution

20090921 0118 55s UT
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Wotec ASI @ Tjornes, Iceland Watec AS CUTLASS lceland

not getting into the details in this talk, but
careful comparisons btw ASC & H.T.SD data
and detailed analysis will be made soon...



Conclusion

»> A new radar operation mode to obtain 2-D high
temporal resolution velocity (or electric) field has been
developed and was tested using CUTLASS Iceland East
radar with NIPR optical imager under the radar FOV
over Iceland in success.

» If S/N ratio or echo power is enough high (with less CRI),
at least 2-sec resolution of 2-D velocity/electric field can
be obtained, which have probably never been obtained
in other instruments.

» This new ability enables us to study a variety of
transient phenomena, e.g., pulsating aurora and break-
up arcs, etc — whose time scale >4sec.

» So far, we could obtain 1-D high temp. res. data and
could only "infer" the 2-D transient electric field, but we
can now directly measure it if cond. meets!

» SuperDARN now has a new capability!




Future

» Echoes detectable with the new technique seem
relatively/considerably smaller amount than those with
conventional technique (i.e., by continuous integration
on each beam). This might suggest some important
aspects of FAI characteristics responsible for echoes
related to transient aurora, e.g., its correlation time.

> Echoes seem to tend to appear adjacent to aurora but
not collocated with aurora as reported by Hosokawa et
al., 2008-10, but it is not always true. This might be
related to the issue above.

» More experiments for event analysis for a variety of

transient and steady state aurora and comparisons
among them will be important and should be done.

» More applications — e.g., 2-D transient FTE studies,
artificial FAI observation with higher spatial resolution
imaging technique



potential collaboration w/ simulation groups

All data — Southern Ilemisphere January has lowest occurrence (991 pnts)

991 randomly selected data points

Median of 991 highest values
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potential collaboration w/ simulation groups

1000 point running Mean

MNortherm Hemisphere 1999 —2006
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collaborative study with
Dr. Adrian Grocott @ U of Leicester
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