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Artificial Airglows Observed at HIPAS
in the Lunar New Moon Periods
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HIPAS Optical Measurement
Equipment

CCD Camera: 1. Hamamatsu C7190-10 EB-CCD
512x512 12-BIT Resolution
10 pus Minimum Exposure
Minimum Temperature: -50°C

. Hamamatsu C4742-98-24 ERG
1344x1026 14-BIT Resolution
10 pus Minimum Exposure
Minimum Temperature: -60°C

Camera Lens: 24mm/F2.0, 24mm/F2.8, 50mm/F1.2

Telescope: 2.7m Diameter Liquid Mirror Telescope (LMT)

Fresnel Lens: 1.1m Focusing Lens




Airglow Generated by Radio WWaves from
er Array

= The heater antenna array is capable of delivering a cumulative
power output of 43.7 MW at a zenith angle of up to 36° with a
total of eight crossed dipoles in the array. Each dipole spans 94
feet in length and sits 46 feet off the ground.

s The effective frequency range is between 2.80 and 2.90 MHz and
supports both X and O mode polarizations.

= The array is located at HIPAS at latitude: 64° 52" 22.4" N;
longitude: 146° 50" 12.4" W.




HIPAS Transmitter Array — Power
Lock Loop Control

Amplifiers

i

8 channel
peak detector

HCP System

'l

Attenuators

Sampler
(up to 100khz)

i

| |

DC Output

Computer

h HCP Control

Power Lock Loop (PLL)
function was added to
HIPAS transmitter array
control program (HCP). |t
locks the output power to a
certain level (Ex: 100KW for
each TX). This function was
used to regulate power when
the RF frequency is shifting
between 2.842MHz to
2.859MHz on 20060329UT
and 20060330UT.




Artificial Airglows Observed at HIPAS
met double resonance conditions

Double Resonance Conditions:

J=2 e =pe (@) (1)

J=2fe=fou= 0 + o) (2)

Here /.. 1s the electron gyro frequency, f,. 1s the electron
plasma frequency, and f1s the heater frequency




lonogram shows plasma resonance
at 2xf.. altitude on 20060201 4:00 UT

The density profile and the
second harmonic versus the
height curve intersects at
2.85 MHz - the frequency
transmitted on Feb. 1, 2006
04:00 UT.

The ionogram recorded
during the airglow period
indicated double resonance
condition (1) was satisfied
at the applied heating
altitude of 230 km.




630nm Airglow Images Observed
on 2006 Eebruary 15t 4:00 AM UT.

HIPAS 630nm Airgrow 20060201UT
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Time After 2/1/2006 3:49AM UT (s)

The average brightness is estimated

by average all the pixel in the image.

Airglow was detected by using
the new CCD camera
(Hamamatsu, C4742-98-
24ERG) with Nikkor lens
(24mm f/2.8D AF Nikon), 7.5
sec exposure for each picture,
FS63010-50 filter, High Gain,
4x4 super-pixel on
20060201 UT.

The resolution is 336x336
pixels. Each pixel has a 14bit
resolution. The strongest
airglow was observed from
3:49AMUT to 4:11AMUT. The
TX schedule is 2 minutes on
and 2 minutes off. 8
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Pixel-size Bright Spot Observed in
630nm iImage on 20060201 UT airglow

HIPAS 630nm Airgrow 20060201UT

| CATA2-98-24ERG
............ 630;10I1m’24mm!F2_8

240 480 720 960 1200
Time After 2/1/2006 3:49AM UT (s)

The airglow brightness was
re-estimated using just one
pixel, the brightest airglow
is about 130 Rayleigh.

Although noisy, it shows the
accurate brightness of the
airglow. The pixel is
located at the center of the
airglow (x=163, y=88).

The background floor is the
same as used to create the
previous image.




630nm Airglow Images on 2006
Feb. 15t 3:50 UT.
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Drive Off (image #190) Drive On (image #201)
Exposure time: 3:53:56 to 3:54:3.5 Exposure time: 3:55:46 to 3:55:53.5
HCP Schedule

2006-02-01 03:52:00 DRIVE OFF 00:02:00
2006-02-01 03:54:00 DRIVE ON 00:02:00

The images were acquired by C4742-98-24 ERG (High Gain, 4X4,
7.5s) with 24mm/F2.8 Nikkor Lens and 630FS10-50 filter.




Alrglow image on 20060201U T wi
background subtraction

This image was the
subtraction of the image
when TXs are on (#201) and
the image when TXs are off
(#190). The granulation of
airglow was observed which
may be created by density
cavitons and plasma
irregularities.




A cross section of 630nm airglow
Image observed on 20060201UT.
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20060201UT 630nm Airglow Profile

2006020135554AM UT

Pixel Index

The relative intensity
profiles of image #190
and image #201 on the
previous viewgraph are
shown after subtracting
the background image
#189.




Twilight Effect on Airglow

Date Sun Set Civil Twilight Nautical Astronomical Airglow Starts Airglow Ends
(UT) ends Twilight ends Twilight

2006/02/01 1:32 2:30 3:30 4:27 3:24 4:17
2006/02/28 cHok 3:50 4:46 5:43 5:00 5:15
2006/03/02 3:07 3:56 4:52 5:50 4:34 5:20
2006/03/04 3:14 4:02 4:58 5:56 SHZ 5:31
2006/03/29 4:30 5:19 6:23 7:42 6:03 7:04
2006/03/30 4:33 5:23 6:27 7:48 6:32 7:13
2006/03/31 4:36 5:26 6:31 7:55 6:34

Twilight Effect on Airglow in 2006

Feb/1 Feb/28 Mar/2 Mar/4 Mar/l Mar/30 Mar/31

Date 2006

Airglow could be affected by twilight period when the sun creates oxygen
atoms. Airglow starts around Nautical Twilight and ends before Astronomical
Twilight in 2006. The time is from U.S. Naval Observatory, for airglow
location: W147° 17, N64° 25’.




Airglow on 2006 March 2" UT

HIFAS 02 Mar Z00G
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The HIPAS airglow was also detected by Todd Pedersen at
HIPAS at 630 nm (red) and 557.7 nm (green). HF radiated 3
minutes on and 2 minutes off.




lonogram shows plasma resoenance
at 2fce altitude on 20060302 5:15 UT

HIPAS 630nm Airglow 20060302UT
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Airglow was detected by our old CCD camera. The settings
are: 8 second exposure, high gain, EB_Gain 16, 4X4 super
pixel. The RF frequency is 2.84MHz. The filter we used is
630/10nm.




lonogram shows

plasma resonance (1) occurred 235 km altitude at 5:30 AM UT, but moved
up to 290 km at 5:45 AM UT.
5:30 UT
2006 Mar 4th 5:10-5:40 AM UT Sebhon BV DNy BB MM R, VI AE RSN

HIPAS 630nm Airglow 20060304UT
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The settings for old CCD camera are: 8
seconds exposure, Low Gain, EB-Gain 16,
Super pixel 4X4, temperature -7°C. The
upper figure shows the airglow acquired
by the old CCD camera.




557.7nm Airglow on 20060304UT.

bl — Airglow was detected by our
Fresnel lens system, which
includes a 36 inch diameter
lens, 560/5 nm line filter, a
photomultiplier tube (PMT),
and a data acquisition
system. HF radiation
transmitted 3 minutes on

and 2 minutes off.
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630nm Airglow on 20060329UT.

HIPAS 630nm Airglow 20060329UT
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This figure shows the effect of frequency
shift on the airglow emission intensity
observed in 2006 Mar 29 UT. When
frequency was shifting down from 2.859
MHz to 2.842 MHz, the airglow decreases
after the initial increase at the power on.
When frequency was shifting up from
2.842 to 2.859 MHz, the emission
increases sharply until the HF power was
turned off. This effect would be expected
When the double resonance frequency is
above the applied heating frequency.




630nm Airglow on 20060330UT.
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HIPAS 630nm Aurglow 20060330UT
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20060330UT Ionogram

Ammnmn When frequency was shifting down from 2.859
A MHz to 2.842 MHz, the airglow increased
il sharply. When frequency was shifting up from

2.842 to 2.859 MHz, the emission stopped

increasing while the HF power was still on. This
effect would be expected when the double
resonance frequency is below the applied

heating frequency.
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This was in fact the case by measuring the double resonance frequencies (1) and
(2) as shown at the bottom plots. At UT 6:45 AM maximum emission was detected 19
when the HF was less then 10 kHz above double resonance between the f,;, and 2f.




Summary

Enhanced airglows were generated near the double resonance that
matches the plasma resonances and the second harmonic electron
cyclotron frequency:

Feb 15t 2006 04:00 UT (strong airglow)
Feb 28th 2006 5:00 UT (very weak)

Mar 2st 2006 05:15 UT (weak airglow)
Mar 4th 2006 05:30 UT (weak airglow)
Mar 29t 2006 06:35 UT (strong airglow)
Mar 30t 2006 06:50 UT (strong airglow)
Mar 315t 2006 06:46 UT (weak, 2 cycles)

2. The size of the airglow is about 9° X 9°. At 240km, it is about 38km
diameter.

3. The brightest airglow on 20060201UT is 130 Rayleigh.

4. Drive frequency was scanned in a 17kHz band while doing the airglow
run. Whether the drive frequency is higher or lower than the double
resonance frequency was deduced by the behavior of the airglow
curve. On 20060329UT, the double resonance frequency was either
higher than the drive frequency, or at the higher ,aart of the
frequency scan band. On 20060330UT, the double resonance was
either lower than the drive frequency, or at the lower part of the
frequency scan band.




