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Introduction

An all-sky imager (ASI) has been operating at El Leoncito, Argentina
(31.8 S, 69.3W, 19.6 S mag lat) since 1999. Plasma depletions associated “

with _equatprial spread F _(ESF) have been consistently obse_rved at this There is often a difference in the background emission and in the contrast A previous study by Tsunoda and White (1981) showed that a 400 km large scale wave structure modulated the
location with a 630 nm tilter. In October 2014 an ASI was Installed at between the depletion and the background at conjugate sites. In Figure 2 the production of ESF (Figure 13).
Villa de Leyva, Colombia (5.6 N, 73.52 W, 16.3 N mag lat) such that its brightness in the images appears similar because they have been adjusted for 20 JULY 1978 T
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field of view Includes the magnetic conjugate point of the El Leoncito
ASI. Figure 1 shows images from these two sites and from Jicamarca
(-11.95 S, 76.87 W, -0.1 S mag lat), installed in March 2014. The images

show a 160° field of view unwarped at an altitude of 250 km. This |

visibility. Figure 5 shows another case from 29 November 2014 where the
difference between the images Is more apparent. Figure 6 shows absolute intensity
at latitudes marked by the asterisks in Figures 2 (left) and 5 (right).
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conflguratloq will allow_us to concu_rrently observe_ airglow struct_ures 8 a0 Villa de Leyva Longitude " g 'Mlade Leyvalongitude 400
assoclated with bottomside and topside ESF. The sites at Colombia and 2o | | | | | | | |
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In this study we use observations from three ASls in South America £ ool m /\ £ g0 | Fllbeoncitoxs \.,, Additionally, the distance between plasma depletions associated with ESF has been measured during solar
during times of visible plasma depletions associated with ESF to study oM. e T T minimum using imagers in Chile (Makela et al., 2010), Christmas Island, and Brazil (Chapagain et al., 2011).
background conditions affecting the properties of airglow depletions. El Leoncito Longitude El Leoncito Longitude They both measured the spacing between adjacent plasma depletions and found that the structures were typically

Figure 6: Cuts through Figure 2 (left) and Figure 5 (right) at the points marked in the images separated by 100-300 km. The observations from Makela et al. (2010) were interpreted as being the result of

We investigate how ESF depletions vary between the two conjugate showing the absolute intensity gravity waves.

sites. There are two characteristics that we look at: _ _ : . : :

1) We compare the velocity of the depletions Fiqure 1: A man showing Unwarped images Qn both nlghts Vllla_de Leyva has higher emission t_han El Leoncito, but th(_e We_looked at 517- nights of c!ata, from 2014-2015

2) We compare the background emission and contrast Detween the |, o, cira i South America from 2-45 UT difference is greater in November. We use the BU airglow model to determine during solar maximum, and in 120 of them we

background and the depletion on 20 Oct 2015 the emission. Inputs for the model are taken from IR1-2012 (Bilitza, 2015) and  were able to observe bottomside ESF. Almost
: : : : : . .. X L NRLMSISE-00 (Picone et al., 2002). Modeled emission are shown in Figure 7.  every clear night showed depletions. We

We also use the ASI at Jicamarca to investigate wave structuring of airglow depletions. We measure the : : : : : : : :

separation of bottomside ESF structures to look for evidence of large scale wave structures. Figure 5: Unwarped ASI images at Flgure_ 8 shows the electr_on_ density prqflles for the two sites to determine why El measu_red the_ sr_naller distance between the
El Leoncito (bottom) and Villa De L_eoncito has a lower emission rate during both nights. depletions within the groups and measured the
hg,\;i](g(;f)zgtlib%u;:i;ﬁgkzg 00 10 Mar 2015-0200 UT —— 29 Nov 2014-0400 UT 500,10 Mar 2015 - 0200 UT 29 Nov 2014 - 0400 UT distance bew\_/een the groups. ObSGI’de'[IOnS

1 ) D e p I etl O n Ve I OC I tl eS at CO nJ u g ate S IteS indicates the location of the conjugate| i R e 1 asoll Z Vi o Lewa showed multiple depleted structures in close
points where the cuts at taken. 400 I I 400} groups of 2-4 that were separated from other

groups by a larger distance. Examples of this Figure 14: Example of depletion grouping from 19 Aug, 2015 (left)
and 3 April, 2014 (right)
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We compare the zonal velocity of =8
depletions at Villa de Leyva and [l
El Leoncito around the equinoxes |
and December solstice. Around |

grouping are shown in Figure 14.

Villa de Leyva has_pla_sma at - | ol |1 | | We found that the typical distance within the groups was about 100 km and the group to group separation
lower altitudes which increases 150f I 11 was 400-500 km

630 nm emission since it Is A logy-+- \ \ . \ _ . . . : : : :
S e L o 1m0 10" 107 | Almost every night shows depletions with this type of grouping. Our separation distances at solar maximum are

0
1w 250¢

" 250}

Altitude (km)

200+

150

June solstice we do not have dependent on electron and Volume Emission Rate (photons/cm’ s) Volume Emission Rate (photonsfcm’ /s) Density (m *)
enough data at both sites to neutral densities. We compare | Figure 7: Modeled 630.0 nm emission at the two Figure 8: Models of electron density for] 1Ot S|gr_uf|cantly different from solar minimum results and we found no seasonal dependence on the grouping or
determine velocities. Figure 2 the integrated emission rate conjugate locations. the two cases shown separation.

shows Iimages taken from 10
March 2015. The asterisk
Indicates the latitude where the  §
velocities are measured. We track [

from the model with the calibrated images in Table 1 and find that it successfully predicts lower emission for El
L_eoncito but does not accurately predict the absolute intensity at Villa de Leyva. Table 1 also compares the S u I I l I I lary

depletion emission and ratio with the background and we find them to be different. o \We Compared the velocities of depletions at Conjugate sites and

thel pOS't'O_”t of the Slept'et'on for R : : : S S N S B e Lt me?‘tsh“:ﬁd TEg tlo found that velocities at El Leoncito in the Southern Hemisphere
as long as It IS VISIDIe 10 Figure 2: Unwarped ASI images at Villa de Leyva (left) and El Leoncito (right) at about 2UT Background | Depletion| Ratio Background Depletion | Ratio compare wi € Moael. . :
determine the velocity. on 10 March 2015. The asterisk indicates the location of the conjugate points where the cuts Figure 9 shows a map of TEC tended to be g reater th an th 0se at Vl I Ia de I—eyva In the Northern
sl Data | Model| Data Data Data | Model Data Data | ¢ the March case Figure 10 H i<nh This i It of th K i fiald i h
Figure 3 shows the resulting zonal velocities averaged over multiple depletions from three different nights. Forall | Mar | 210R | 131R | 80R 0.38 | 700R | 230R | 168R 0.24 | shows modeled TEC versus emisphere. IS 1S a result of the weaker magnetic tield in the
three cases presented here we see that EI Leoncito has a greater velocity for most of the night. Nov | 70R | 72R 35 R 0.5 1320 | 170R | 502R 0.38 | Ilatitude. Table 2 summarizes Southern Hem|sphere_
80— 135ep2015 180 . 10 Mar 2015 1 180 — 12Jan 2015 . : : - - the differences between the - : -
c e Lo P ———. = B Table 1: Comparison between measured and modeled background emission and the ratio between ~
v | R N o v I < Viaetena)| || the depletion and the background. odeled and measured TEC. Large variations in background emission and ESF contrast between
P 1% RUNIIONI N I I | e e e—— conjugate sites are observed. These are largely impacted by the
g 120 g g e . SER I ] YR ey |y location of the equatorial anomaly crests as well as seasonal
bt RSASTE  a -/ \ Mar| 40 | 32 | 80 | 32 differences in meridional winds.
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T T ur | l  ESF depletions observed at Jicamarca tend to come In groups of 2-4
Figure 3: Zonal velocities from 13 Sep 2015, 12 Jan 2015, and 10 Mar 2015. The uncertainty in the determination is around 30%. 2 I I Table 2: Comparison between measured . .
* — . o i - L o separated by about 450 km on average confirming the recurrent
e fECIbO and Wercedes Veoctes binned every 05 s Figure 4 shows average results from another set of B LRI N Was | 5 I : _ _ . .
: | conjugate imagers at Arecibo in Puerto Rico and Mercedes = 3 0% 40 30 20 10 0 10 20 30 | [— Zewveodty] 120 Meridional-December presence of waves of this scale in ESF characteristics. Within the
200|- < in Argentina, approximately 10° to the east of El Leoncito T ot N e Lt et |2 ‘o, - PR
: : e S AT R [ L -8 | roup the separation is about 100 km.
- W28 wMps mM21 MO MO = (Martinis et al., in prep). Data were taken during equinox g 1B hefostel @ TIEG el [ e . ol . ‘ - g P P
g 1500 Vo, . diti f 5 2012. Th bers followi N 40 locations of the ASIs and the edge of their S . 4
S L . x X X% | [eonaiuons irem 010-2012. The NUMDBETS TOHOWINg €ac & < |y | field of views are shown as dashed and 20 s AC kn Owl ed e m e ntS
1005 X {{( %; o ¢ % - letter indicate the number of data points used to obtain the % - 70| dotted lines. 0 = g
- ] iS | i i ' " R : : : : : :
s L a7 M mg s, ¢ § avefage result. This is c_on3|stent with our resu_lt_s from Villa 0 moee, w8 W R : : : . Loo___Meridional-Equinoxes We thank the directors and personnel of the El Leoncito, Villa de Leyva, and Jicamarca observatories. This work
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- A6, - deleyvaand El Leoncito that the zonal velocities are - A L 2 O BT O WS @) 18 Uitk (e e it a0t ‘ 1 was supported by NSF Aeronomy Grants #1153264 and # 0724440. TEC data was taken from the LISN website
- X Mercedes : ter at the south d of th tic field li Figure 9: Measured TEC on 10 March | \yings play a large role as well. As Seen in Figure =+ . * | o : : . S :
G__QArec'bo - greater at the southern end ot the magnetc TIela 1ne. 2015 from GPS in the Low latitude RIIEL g SRR S _ g w0l 4 R _ (http://lisn.igp.gob.pe/data/). LISN is a project led by Boston College in collaboration with the Geophysical
Lo caleulations of plasma drifts based on a realistic lonosphere Sensor Network (LISN). 11, around December solstice meridional winds at oo v i 5 | Institute of Peru and other institutions that provide information in benefit of the scientific community.
0 1 L e 4 > geomagnetic field show that in the southern hemisphere one both _Iocatlor_ls are mostly northward \_Nh'Ch c_an 2 g, ! ‘ | R f
_ — _ can expect a 30% increase in the zonal velocities, a direct move plasma up and away from El Leoncito and increase the plasma density at Villa s e e re 1 Ces
Figure 4: Averaged velocities from Arecibo and Mercedes. consequence of weaker magnetic fields. We use a tool to De Leyva. Around equinoxes winds are slower and at both sites they are equatorward, uT Silitza, . (2016) The international eference ionosphere - Status 2013, Adv. Sp. Res, 55(8), 1914-1927. doi+10.1016/j asr2014.07.032.
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