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Na Co je to dobreé

Celkovy pritok hmoty na Zem

Meteoricke roje

« zname meteoricke roje — stredné drahy, filamentarna struktura, hmotnostné
rozdelenie, zmeny aktivity na dlhej Casovej Skale

* nové meteorické roje, najma juzna pologula
« potencialne materske telesa

Sporadické pozadie
* rozlozenie radiantov, drahovych a geofyzikalnych parametrov, zdroje

Jasné bolidy
« svetla faza letu, deceleracia, fragmentacia
« tmava faza letu, dopadova oblast a zbytkova hmotnost

Spektralna klasifikacia meteorov
 identifikacia zdrojovej oblasti na zaklade drah



Slovak video meteor network

J. Toth, P. Zigo, J. Vilagi, D. Kalmancok,
J. Simon, S. Gajdos, L. Korno$

Faculty of Mathematics, Physics and Informatics
Comenius University in Bratislava

« kamera AMOS - All-sky Meteor Orbit System
«  zacCiatok systematickeho pozorovania r. 2007

e 2009 - 2. stanica
e 2012 -3 st., 2013 — 4. st.



SVMN - Slovak Video Meteor Network
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All-sky Meteor
Orbit System -
AMOS

Astronomické a geofyzikalne
observatérium FMFI UK
Modra

4 stanice v sieti

Slovak Video Meteor Network

intensifier

digital
camera———=




All-sky digital video setup of fish-eye lens ...

 noncompressed *.avi files with
moving objects are stored

« 15 frames/s

« 1280 x 960 pixels
 resolution ~ 8 arcmin/pixel
- field of view 180° x 140°

* [imiting stellar magnitude ~ +5.5

- faintest meteors ~ +4.0 mag.
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Central European Meteor Network
& CEMeNt

CEMeNt — Central European Meteor Network

« stations in Czech Republic and Slovak Republic

* Amateur astronomers’ network

« started in 2009

« cooperation with SVMN

« advantage to both — multi-station, weather conditions



Networks’ cooperation

2009 - SVMN — CEMeNT - first common data, mostly bolides

2010 (spring) — PFN and HMN

« combined data obtained by using different detection and processing
tools (UFO, MetRec)

2011 Draconids campaign — IMTN
« paperin WGN 40:4, 2012, p. 117-121

also French and UK observers started to share data

European viDeo Meteor Observation Network
EDMONd http://www.fireball.sk/edmond map.html



http://www.fireball.sk/edmond_map.html

EDMOND

IMC 2012 La Palma;

« European viDeo MeteOr Network Database — EDMOND
* new database of meteor orbits
« ~ 25000 orbits
» collected data allow us to utilize unused single-station meteors

« 2012 :IMO VMN data — a huge number of single-station meteors
« significant contribution, 2000 — 2012 yrs

software —record and analyse single meteors:
« MetRec — S. Molau (1999)

« UFO - SonotaCo (2009)



EDMONd and IMO VMN

BOAM - France BOAM network / Base des Observateurs Amateurs
de Météores

HMN - Hungarian Meteor Network / Magyar Hullocsillagok
Egyesulet

IMTN - Italian Meteor and TLE network

PFN - Polish Fireball Network / Pracownia Komet i Meteoréw, PKiM

UKMON - UK Meteor Observation Network
CEMeNt - Central European Meteor Network, Czech and Slovak AA
IMO VMN - IMO Video Meteor Network

Ukrajna, Bosnia, Herzegovina and Srbsko, Brazilia

SVMN - Slovak Video Meteor Network, CU



EDMONd / European viDeo Meteor Observation Network

http://www.fireball.sk/edmond



http://www.fireball.sk/edmond_map.html

Networks and single meteors in 2000 — 2013 (30.6.)

Network Number of Meteors

stations (single)
BOAM 10 26 779 UFO
CEMeNt 15 40 742 UFO
HMN 13 167 534 MetRec
IMNT 15 135 534 UFO
PFN 23 30 576 MetRec, UFO
SVMN 3 39 257 UFO
UKMON 4 3372 UFO
Bosnia 4 1390 UFO
Serbia 1 58 UFO
MeteorsUA 6 1742 UFO
IMO VMN 61 1192 092 MetRec
Sum 155 1 639 358




Single Video Meteors 2000 - 2013

EDMONd + VMDB + CMN
(single video meteors)
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Effort to create a common database

the main computation of orbits — UFOOQOrbit (SonotaCo)
= Q, dt=5sec

= Q,— all possible combinations
= dt — some stations — problems with time precision

~40 % MetRec datain 2012
~ 72 % at present

conversion from MetRec to UFO format - INF2ZMCSV sw (SonotaCo)
» the best transfer method is (YY)

J8 — a new UFO reference catalogue of meteor showers — IAU MDC



Computing process

Qo (new set of parameters):

= dt =5sec k

= H;,:(15,200) km - beginning and terminal heights / %mﬂm%
| /
!

= Gm% >-100 - overlapping of a meteor from two
= dV <7km/s - diff. of velocity among all stations -
meteor orbit ! | /

| /

ny %m = -100km
. . . . . \ | |
24 filter — eliminate less precise orbits \

Q, > 1deg - angle of observed trajectory | { deP
dur > 0.1sec - duration of meteor

dGP < 0.5deg - diff. of 2 poles of ground trajectory

. Q. > 10 deg - convergence angle

dvli2% < 7.07 %

= QA>0.15 - empirical quality parameter from |

« 2dfilter is applied to‘ UNIFIED’ — 166 905 orbits (ver. 05a)
* to every station of the meteor — 144 749 orbits (ver. 05b)



EDMOND - preliminary 2007 — 2014

year orbits05a orbitsO5 b

2007 2 527 22178
2008 5 982 5 569
2009 8976 8 260
2010 21 891 19 497
2011 41 817 36 099
2012 39 838 33 982
2013 44 852 38 164
2014 1022 900

sum 166 905 144 749

hyperbol b: 8125=5.6%



RADIANTS -0 deg

S P - 30,0

2001/08/12 - 2013/07/31
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EDMOND - zavery

spojilo sa niekolko sto pozorovatelov z viacerych krajin Europy
data z 8 sieti, 155 stanic, ~ 145 000 drah (2001 — 2014)

vyuzité data na vypocet drah, ktoré by v samostatnych sietach
ostali jednostanicné

parametre drah v EDMOND su porovnatelné napr.
so SonotaCo datami

EDMOND je subor drah, kde sa uplatriuje kompromis
* snaha ziskat Co najviac drah « prijatelna kvalita

pri analyze treba robit’ vlastny vyber v zavislosti ciela vyskumu



Drakonidy 2011 — AMOS

J. Toth, §. Gajdos, J. Villagi,
P. Zigo, D. Kalmanc&ok, F. Duri$, L. Korno3



Minula aktivita

* meteorické dazde v 1933 a 1946 (10 000 / hod)

« zjashenia 1952 (250/hod), 1985 (550/hod), neCakané v 2005 — malé
castice

Buduce predpovede o MNodes (1033)
* numerické integracie, 031 ] s
. fyzikalny model ejekcie Castic z kométy
» ako test sluzili 1933 a 1946 "'305'
. Vaubaillon (2011) — z pradov z rokov 3 |
1900 a 1907 — 1933 a 1946, 2 o028t
ale aj v r. 2011 T :
0.28 | .
0.27 I I L !

0.94 0.95 Q.99 0.97
* (AU, ecl)



The 2011 Draconids
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modely ukazali mozné zvySenie aktivity

« dve maxima
predpovede sa lisili, najma v odhade pocCtu meteorov
draha materskej kométy — JFC, silné perturbacie

aktivita komeéty v minulosti nedostatocne zmapovana (Watanabe,
Sato 2008)
pozorovanie v 2011 :

— kalibracia minulych pozorovani (boli ZHR v 1933 a 1946 tak vysoké?)

— test modelovania vyvoja prudu

— Co bolo s kométou pred objavom v 19007 (prvé maximum)
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Pozorovanie a spracovanie

62 Dra v intervale 17:56 - 23:22 UT
radiant nad horizontom 68 - 29 deg
43 Dra s prijatefnou presnostou

silna fragmentacia a deceleracia
* meranie rychlosti problém

predpokladana vstupna rychlost
23.57 km/s (Koten et al., 2007)

bez tohoto predpokladu — podobné
vysledky, ale vacsi rozptyl
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Stredna draha Dra z 9 stanic (Italy)

a(AuU) | q(AU) e i (°) w (°) Q (°) a(®) 5 (°)
Mean 3.58 0.9964 0.720 31.70 173.51 194.944 - | 263.25 | 55.61
value - 195.167
std +0.29 + 0.001 +0.023 +0.34 +1.10 +1.47 | £1.00
Comet 21P 3.52 1.0320 0.707 31.91 172.57 195.403 263.20 | 55.80

Kométa 21P integrovana z epochy 1900 do epochy
pozorovania. Draha z JPL.
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The first European meteor
observation airborne campaign

P. Koten (Ondrejov obs, Pl)
). Zender (ESA)
J. Toth (Univ. Bratislava)




Airborne observation
Kiruna, Sweden, Oktober 8th, 2011




Alirborne observation

time interval 19:15 - 21:44 UT
blackout between 20:12 - 20:28 UT

turbulence caused the movement
of the sky background

« 2 min clips + break to save

AMOS contains also the image
intensifer

high background - full Moon,
aurora (after 21 UT)




Processing of data

« detection of meteors manually
 high background, sw did not work

« short clips containing only meteors
« 1 sec- meteor -2 sec

« astrometry by UFOAnalyzer

« actual position of camera - airplane
from GPS data



Results

more than 250 Draconids recorded by AMOS camera
brightness from -3 to +3 mag

astrometric data corrected
e precession, nutation, aberration
» to join France / Safire aircraft
e compute orbits

activity profile - 6 min. time interval
 influenced due to aurora phenomena,
mainly after 21 UT
* ZHR could not be derived



Activity profile from airborne observation
AMOS

Draconids 2011 activity
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200

Time mindow



Vysledky

hlavné max. aktivity v sulade s predpovedou

nasli sa dalSie dve maxima, jedno spojené
s prechodom perihéliom pred r. 1900

ZHR ~ 350

F-faktor — velka variabilita — tvary svetelnych kriviek
radianty podla predpovede

drahy — ovplyvnené pohybom lietadiel, velké neistoty

preto nie je mozné hlfadat rozdiely medzi filamentami uvofnenymi
pred a por. 1900



Oktébrové Drakonidy 2012

 nar. 2012 ziadna predpoved’ vyraznej aktivity

 Maslov (2011) — slaba aktivita z navratov 1959 a 1966

Nodes (2012)
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Oktobrové Drakonidy 2012

 necakané zvysenie 8. 10. 2012 okolo 17 UT

 stanice CEMeNt, PFN, HMN, SVMN - 28 drah
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Drakonidy 2012
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Vyhladavanie v databazach

e |AU Meteor Data Center

 Established — 95 rojov
 Working list — 462

* pro tempore — 81 (vacSinou len niektoré parametre)
Metdédy vyhladavania:

« voci referenénému katalogu niektorym z kritérii
* Dgy, Dp, Valsecchi — Jopek - Froeschlé ai.

* nezavislé vyhladavanie niektorym iteracnym procesom

« pracujeme na kombinacii drahového krit. a pozorovanych param. v iteracii



Vyhladavanie v EDMONDe

Radiant — V, voci katalogu
« diff. inRAD —-5deg
 diff. in velocity — 10 %

iteracna metoéda (Porubcan Gavajdova, 1994, Dg,,)
« citliva na inicializaCnu drahu

identifikovanych 249 meteorickych rojov (5 meteorov a viac)
« 62 established a 187 z working list (44 ‘pro tempore’)
(august 2013)

sliizi na spresnenie TV drah, radiantov, Vg, vysok horenia
a d'alsich parametrov



Pro tempore roje v EDMONDe

Welch (2001) metdda (1. Cast)
aplikovana na predosly vysledok vyhladavania

/Oj:Z -— | D; <D,

vahované priemery parametrov
Pmax - 2 — IAU MDC (rozdiely vacsinou v Ly, radiant)

porovnanie s databazami SonotaCo a CAMS

22 rojov identifikovanych spolahlivo, 18 s neistotou,
25 neidentifikovanych

viaceré stredné parametre rojov uvedené prvykrat



Stredna draha a profil SPE 2013

Method RA DEC Yy

] | [km/s]

JAUMDC 502 +394 645
SPE 2013  47.6 +39.4  64.3

Number of meteors

SD
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AGO - SPE activity in 10-min binning
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Sporadické pozadie

ekliptikdlna Sirka [°]

, T

e dlZka Sinka [°]

anayza ~ 118 000 drah SonotaCo
PorubcCan, JakSova (2014)
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ekliptikalna Sirka

Vsetky meteory 2007-2012
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ekliptikalna Sirka

Meteoricke roje 2007-2012

0 -100

\— A e T e —
CESERTE e T e rey \,“tn.v,-‘f’-.-.*‘ e
T N TR

d.s SN 3 T, =<
\ ' & -.\'
! \ A N
\ \ \ N
| \ \ .
818 - | \ PO
RN e, | \ \ o w}‘»
e e N % \ -3 ey
it | “ lI S D
B i
| LA . B ! 1 1
T L o b ) |
o ' | ( f

180 120

30

-30

ekliptikaina diZka - 180



ekliptikalna Sirka
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Sporadické meteory 2007-2012
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RADIANTS — apex

-30.0

: : it -15.0
2001/08/12 - 2013/0731 : :
yiecliptic_lat § x:ecliptic_Ing - sol




Sporadické pozadie po oprave

na apex Zeme
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Perihéliové vzdialenosti
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ekliptikalna Sirka
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ekliptikalna irka

Geocentrickeé rychlosti

: .
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Tig, 16 Geocentric speed of meteors, in km/'s, 2« a function of ecliptic laitnde and Suo-centesed longitade.



AMQOS - spektra

R. Rudawska, J. Toth , D. Kalmancok,
P. Zigo
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AMOS-Spec camera works since

15 November 2013
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Lens: 30 mm, f/3.5
Grating: 500 grooves/mm
FOV: 140 x 100 deg

.
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DATA REDUCTION
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December 4, 2013 — Modra, Slovakia

YOOERB+EBE AMOS-CPEC  AGO NODRA SLOVAKIA UF(Capture¥l
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Borovicka et al. 2005



Asteroidalny povod prudov

kométa

~ — meteoricky prud
asteroid

povrch asteroidu Itokawa

« asteroid — jednorazova udalost
e zrazka s inym asteroidom

» slapovy rozpad
» tepelné pnutie
* YORP efekt —rotacia

Argumenty pre:
* snimKky Struktury povrchu ltokawy S
- rotaéna bariéra asteroidov (~ 2.2 hod) i ]

. pOhyb ateriAlu na povrchu (|tokawa) Release 051110-2.1 |v E




Asteroidalne meteoroidy

« Pad meteoritu Neuschwanstein (2002)
na identickej drahe meteoritu Pfibramu
(1959)

« odlisné typy meteoritov a rozdielny kozmicky
vek

heterogénny prud?
(Spurny P. et al., 2003).

» Frekvencia velmi tesnych priblizeni (~ 2Rg_,) NEA s velkostou
ltokawy (0,5 km) je ~ 1 za 25 000 rokov (lvanov, 2006). (bez rotacie)



Pfibram Neuschwanstein Malacky
a 2.401 £ 0.002 2.40 £ 0.02 2.61 £ 0.02
s R S e 0.6711 £ 0.0003 0.670 £ 0.002 0.718 £ 0.002
q 0.78951 £ 0.00006 0.7929 £ 0.0004 0.7347 £ 0.0008
Q 4.012 £ 0.005 4.01 £0.03 4.48 £ 0.04
w 241.750°+0.013 241.20° £ 0.06 248.7 £ 0.1
Q 17.79147° £ 0.00001 16.82664° 17.40482
[ 10.482° £ 0.04 11.41° £ 0.03 9.46 £ 0.06

(Spurny et al., 2003, 2008)

Fireball “Malacky” from Modra station
TV all-sky composite image

April 6, 2008 at 23:03:22 UT

3: 22, B48(UT) V00004+1400 AGO _HODRA H120N fish-eye/15an
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Pribram and Neuschwanstein orbital evolution
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Pribram and Neuschwanstein orbital evolution
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Slapovy rozpad
draha Pribram - Neuschwanstein
typ Apollo
Roche hranica ~ 2Rg,, (13 min.)
teleso podobné Itokawe

distribucia velkosti ¢astic —
ako na povrchu ltokawy

unikové rychlosti ~ 10 cm/s

za niekolko storoéi distribucia pozdiz drahy
— velmi kompaktny prud

ltokawa ~ 500 m

Jaxa



Slapovy rozpad

draha Pribram - Neuschwanstein
typ Apollo

Roche hranica ~ 2Rg,, (13 min.)

teleso podobné Itokawe

distribucia velkosti ¢astic —
ako na povrchu ltokawy

unikové rychlosti ~ 10 cm/s

za niekolko storoéi distribucia pozdiz drahy
— velmi kompaktny prud

Toth, Veres, Korno§: (2011), Mon. Not.R. Astron. Soc. 415, pp. 15627-1533
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Aktivita v sucasnosti (1 cm c¢astice)
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AMOS cameras at Canary Islands
April 2-8, 2014

AMOS cameras in Canada
May 22-24, 2014




Motivation

1. Test the Canary Islands observatories sites for
future permanent AMOS stations

2. Test of the effeciency of AMOS cams in excelent
observing conditions

3. Confirm the potential / predicted meteor
shower of asteroidal origin in the orbits of
Pribram and Neuschwanstein meteorites
(Spurny et al, 2003, Toth et al., 2011, Koten et
al., 2014).






Vietor ~ 70 km/h
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AMOQOS cameras at Canary Islands, April 2-8, 2014

- 7 night of observations (Sol. long. 12.8 — 19.1°) -> 680 meteors
- about 1/1 ratio of sporadic and shower meteors,
- magnitude range -3 to +4, majority from O to +2

- weak meteor activity (1 established shower, 10 working list)
SPORADICS ~ 3 HR
LVI, KVI ~ 0.3 HR
ZSE, SLE, DAL, ALO ~ 0.2 HR
SVI, NVI ~0.1 HR
KSE ~ 0.1 HR
ACO, AAL ~ 0.1 HR

and others ...

- 5 nights of double station obs. (145 km distance) -> 516 meteors

- about 20% of them simultaneously observed

- geometrical and other selection criteria resulted into 54 orbits

- 5 orbits suspected to have close relation to ACO (Pribramids) meteor
stream, need to be critically analyzed, discussed
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The Crossing Resort — setup of AMOS cams
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