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Potentially Hazardous Comets
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Detection of Meteor Streams and
Potentially Hazardous Comets using
CAMS*

* History of imaging of meteors
e Meteor streams and their relation to comets

* Incidence of meteor showers and known parent
bodies

* Detection of meteor streams and determining
orbital parameters using CAMS

* Set up of CAMS@SA, first results, future
development

* Cameras for All-Sky Meteor Surveillance



.dmund Halley (1656-1742)
rst triangulation, bolide of 19 March 1719

VII. 4n Aecount of the Extraordinary METEOR
Jeen all over England, on the 19th of March
1715, With a Demonftration of the uncommon
Height thereof. By Edm: Halley, LL. D. and

. Secretary to the Royal Society. ;

in thesHeavens on the 19th of March laft, as

it- was matter of Surprize and Aftonilhment to
the Vulgar Spe@ator, fo it afforded no lels Subject of
Enquiry and Entcrtainment to the {peculative and cu-
rious in Phyficalsthings: Some of its Phenomena being
cxceeding hard to account for, according to the No-
tions hitherro-received by-our Naturalifts ; {uch are
the very great Height thereof above the Earh; - the
vaft Quantity of the Matter thereof; the extravagant
Velocity wherewith it moved ; .and the predigious Ex-
plofions thercof heard at {o great a Diflance, whofe
Sound, attended with a very fenfible Tremour of the
fubject Air, was certainly propagated through a Ae-
dium incredibly rare and next to a Vacuum,

'THIS wonderfu! luminous Meteor which was {een
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Path and altitude of 1719 bolide
from triangulations by Halley




Ernst Chladni
(1756-1827)

1794 Catalogue of recorde
observations of fireballs

1798 showed that
could not be ‘explained *‘ <

from :
the accumulations In the
upper regions of the __
atmosphere' [THE T ST el N



First relation of meteors as
debris from comets

* Leonid storms of
1799, 1833 and
1866 - comet 55P
Tempel-Tuttle

 Perseids In 1866 -
comet 109P Swift-
Tuttle

* April Lyrids in 1867
- comet C/1861
Thatcher




Ladislaus Weinek (1848-

27 November 1885

The two fragments of Biela's comet observed in 1846,
drawing

by Otto Struve.

Credit: University of Cambridge, Institute of
Astronomy.




Lewis Elkin (1855-1922)
First images with rotating shutter, 1889




Dorrit Hoffleit (1907-2007)

Catalogued meteor images on HCO plates

Description ) Shower  Zen.
S M,

faint Perscid

faint Leonid 3 3 sec
faint Leonid green
faint Leonid greenbluc
faint 20 Sporadic

strong 3 Perscid

Sporadic

faint,
burst at end

Sporadic
Sporadic
burst at Orionid
Orios
strong 8 Sporadic
32610 1936, Feb. 7 6 o8 faint o  Sporadic

Sporadic




bable evolution of C/2014 S3 (PANSTAR|
860 years

e a;, <v10,0010- AU .

Kuiper Belt |
30<a<50 AU
s

Illustration credit: ESO/L. Calcada.



Formation of meteor stream

Volatiles and dust
« CO, CO,, H,0O

 Silicates




Nuclear activity for 1P Halley
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Nuclear activity for several
comets

Figure [Ron. Ros
[AU] | [AU]

29PfSW 1 16,45 |[-B0
/199501 Hale-Bopp 33,60 [-17.4
C/1%84 K1 Shoemaker 3z 7.3 .
1P /Halley 7,36 —6.1( 12,6
3FP/Oterma 18,47 -
5P/ Gunn 2049 [-B.3 .1
B1P/Wild 2 24,53 |-5.1 4.5
19P/Borrelly 12,41 [-2.9 58
73P/SW3AC [2001) 23,52 [-5.2 4.2
C/1994B2 Hyakutake 34,41 [-3.2 3.52
101F/Chernykh 26 -3.1 4%
21P/Giacabini-finner 13,42 [-3.6 4.4
FPTempel 1 11.40 |-3.5 4.2
109F [Swift-Tuttle 2856 [-2.8 3.4
32P/Comas-5ala 17.46 [-3.3 3.4
&P/ Arrest 10,39 |-1.4 =3.2
&7P fChuryurnov-G 21,50 [-2.8 40
B5P/Boethin 2554 [-1.8 1.7 21
/1983 11 55F 31,59 [-1.5 |1.5 &0
45P fHonda-Mrkos-P 19.48 [-1.5 20 118
2P/Encke 1858 8,37 [-22 1.7 105
C1983H1 IRAS-A-A 30,58 |-1.2 1.5 80
26PG-5kjellerup 14,43 |-1.4 1.8 132
2P/Encke 2003 2346 [-1.4 1.5 24
28P /Meujmin 1 1544 |-2.1 2.4 -115 | 147
Z/2001 OG108 LON 3542 [-1.4 1.4 -78 bls)
107P/Wilson-Harington 27,55 [+1.] 1.4 +38 74
133P /Elst-Pizarmo 29.57 [+24 |28 +42 | 233

* T-AGE(1.LAG) is given because P-AGE(],1] can not be calculated.




Incidence of meteor streams

* Major meteor streams ~ dozen showers
* |JAU Confirmed active 119 showers

* JAU Working List 790 showers

« Known parent body 36 showers



Jan Comae 90 JCO
Berenicids

B Tucanids 108 BTU

6 Pavonids 120 DPA

Daytime q 129 QPE
Pegasids

Lyrids 6 LYR
n Puppids 137 PPU
n Aquariids 31 ETA

n Lyrids 145 ELY

n Cetids * 158 CET

7 Herculids 61 TAH

June Bootids 170 JBO
Daytime 171 ARI
Arietids

Daytime B 173 BTA
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o Capricornids 1 CAP
South d 5 SDA
Aquariids

v Casseiopeids 197 PCA

Quadrantids 10 QUA

C/1913 | Lowe

2014 TB18
C/1976 D1 Bradfield

C/1907 G1 Grigg-Mellish
2005 EM169

C/1861 G1 Thatcher
26P Grigg-Skjellerup

1P Halley

C/1983 H1 Iras-Araki-

Alcock

C/1874 G1 Winnecke ?

73P Schwassmann-
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B Indids 195 BIN C/1991 L3 Levy 19.2 0.9 51.3

8
¢ Draconids 73 ZDR 6P d’Arrest 19.5 1.3 6.56
Aug d 199 ADC 45P Honda-Mrkos- @
Capricornids Pajdusakova
o Aurigids 206 AUR C/1911 N1 Kiess 148. 0.6 2497
4 8
k Leonids 212 KLE C/1917 F1 Mellish 32.7 0.1 145.0
9
Daytime 221 DSX 2005 UD 28.7 0.1 1.44
Sextantids 6
Orionids 8 ORI 1P Halley 162. 0.5 75.3
3 9
Leo Minorids 22 LMI C/1739 K1 Zanotti 124. 0.6
3 7
October 233 OCC D/1978 R1 Haneda- 59 1.1 5.97
Capricornids Campos 0
October 9 DRA 21P Giacobini-Zinner 31.9 1.0 6.59
Draconids 3
Leonids 13 LEO 55P Tempel-Tuttle 162. 0.9 33.2
5 8
Northern 17 NTA 2004 TG10 42 0.3 3.34
Taurids 1
Southern 2 STA 2P Encke 11.8 0.3 3.30
Taurids 6
Andromedids 18 AND 3D Biela 13.2 0.8 6.65
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alpha Monocerotids
Outbursts 1925, 1935, 1985, 1995

2014411408 23:50:47.9 (UTEG) 0708 YOnoE+1] Wi\:ot N UFOCap¥2

Year | 1905 19%| 1995 195 19%| 1995 19%|Mean |
Month | m] 1] mf o 11 1w u |
Day | 220563 22059 220618 220632 20674 220700 220729 |
Nstations 20 21 2 2 2 2 2 |
Stream | o-Mon| a-Mon| o-Mon| o-Mon| a-Mon| o-Mon| a-Mon| |
me | 3 2 1 5 @2 9 @y 2

i | 133379 13431 134479 133796 134627 134074 134105 13411

P>140 years



Annual radiant detections
flrQMtGAMS\/eillance of the night sky to validate minor

showers in the IAU Working List of Meteor Showers
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CAMS station at West Melton,
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Camera alignment for CAMS
NZ

West Melton : s Geraldine




Detection of nhew Volantid
meteor shNewea 's Eve 2015
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Cameras and alignment,
CAMS@SA

Watec 902 camera
811x508 pixels

1 x 104 lux
Pentax 12mm 1.2 lens
FOV 30° x 25°
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Double station meteors from




Southern delta Aquariid (SDA) observed
on both camera 579 at Victory Park and

EREDELL CAHS 587 Shh 07-23-,2017 20:50:42 UT  pmm VICTORIA PARK



CAMS@©@SA radiant map, 2017

Cetus radiant

p Fornacis radiant

Comet Borisov radiant



Probable fireball recorded by
two cameras at Victory Park

.\-



Conclusions

* CAMS@SA trial runs very successful

* Site selection in progress for permanent
operation

* Will fill gaps in real time southern
hemisphere radiant mapping due to
unique position on the globe

* Will contribute to knowledge of showers
from potentially hazardous comets

* Will refine trajectories of observed
fireballs



Detection of Meteor Streams and

Potentially Hazardous Comets
using CAMS

Tim Cooper




Detection of Meteor Streams and
Potentially Hazardous Comets using
CAMS*

* History of imaging of meteors
* Meteor streams and their relation to comets

* Incidence of meteor showers and known parent
bodies

» Detection of meteor streams and determining
orbital parameters using CAMS

* Set up of CAMS@SA, first results, future
development

* Cameras for All-Sky Meteor Surveillance




dmund Halley (1656-1742)
rst triangulation, bolide of 19 March 1719

VII. 4n Account of the Extraordinary METEO
Jeen all over England, on the 19th of March.
‘1715, With a Demonftration of the uncommon
" Height thereof. By Edm: Halley, LL, D. and

v Searetary to the Royal Society.

‘THIS-wonderful luminous Meteer which was feen

3 in thesHeavens on the 19th of March laft, as
it was matter of Surprize and Aftonifhment to

the Vulgar Spectator, fo it ‘aK ded no lels Subject of
Enquiry and Entcreainment to the fpeculative and cu-
rious in Phyficalsthings: Some of its Phenomena being
exceeding hard to account for, according to the No-
tions hitherto-received by:our Naturalifts ; fuch are
the very greac Height thereof above the Earth; - the
vaft Quantity of the Matter thereof; the extravagant
Velocity wherewith it moved ; .and the prodigious Ex-
plofions thercof heard at fo great a Diflance, whofe
fho;;da' :mndzd with- ‘nl very lbnﬁbl@’l‘kﬁ?;qyg of the.
je&t Air, was certainly propagat ugh a Me-
diwm incredibl ) dmn‘w-ql’ﬁn@ B




Jupiter

Samuel C 5 Rev Willm. Ella John Whiteside  Sir Hans Sloan
Tiverton Rampton, Notts. Oxford London




Path and altitude of 1719 bolide
from triangulations by Halley

*Rev Willm. Ella
Rampton, Notts.

65 mi=105km
Above Prestaigne |

»*
ohn Whiteside™
JOxford Sir Hans Sloan
London

"they abundantly
evince the height
thereof to have
exceeded sixty English




Ernst Chladni
(1756-1827)

1794 Catalogue of recorded
observations of fireballs ;

1798 showed that meteors
could not be ‘explained
from

the accumulations in the
upper regions of the
atmosphere’




First relation of meteors as
debris from comets

* Leonid storms of
1799, 1833 and
1866 - comet 55P
Tempel-Tuttle

* Perseids in 1866 -
comet 109P Swift-
Tuttle

* April Lyrids in 1867
- comet C/1861
Thatcher




Ladislaus Weinek (1848-
]_.91_3)

27 November 1885

The two fragments of Biela's comet observed in 1846,
drawing

by Otto Struve.

Credit: University of Cambridge, Institute of
Astronomy.




Lewis Elkin (1855-1922)
First images with rotating shutter, 1889




Dorrit Hoffleit (1907-2007)

Catalogued meteor images on HCO plates
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bable evolution of C/2014 S3 (PANSTAR
860 years

a, <10,000 AU

.

Kuiper Belt :
30<a<50 AU
i.<15°

lllustration credit: ESO/L. Calgada.
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Formation of meteor stream

Volatiles and dust
- CO, CO,, H,O
* Silicates

12



Nuclear activity for 1P Halley
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Nuclear activity for several
comets

Figure

29P/SW 1 14,45
C/99501 Hale-Bopp
C/1984 K1 Shoemaker 7.3 _J
1P/Halley , FAL
39p/Oterma 18,47 |-7.7
65P/Gunn 20,49 |-8.3
81P/Wild 2 24,53 |-5.1
198 /Borrelly 12,41 |-2%
73P/SW3C [2001) 23,52 |-5.2
C/1996B2 Hyakutake 34,61 |-3.2
101P/Chernykh 26 -3.1
21P/Giacobini-Zinner 13,42 |-3.6
9PTempel 1 11,40 |-3.5
109P /Swift-Tuttle 28,56 |-2.8
32P/Comas-Sola 17.46 |-3.3
6P/D Arrest 10,39 |-1.6
467P [Churyumov-G 21,50 |-2.8
85P/Boethin 2554 |-1.8
C/1983 11 S5F 31,59 |-1.5
45P /Honda-Mrkos-P 15.48 |-1.5
2P/Encke 1858 837 [-2.2
C/1983H1 IRAS-A-A 30.58 |-1.2
24P /G-Skjellerup 14,43 |-1.4
2P/Encke 2003 935 [-1.6
28P/Neujmin 1 1544 |-2.1
C/2001 OG108 LOM 35.62 |-1.6
107R/wilson-Harington 27,55 |+1.1 -
133P/Elst-Pizaro 28 29,57 |+24 |28 +42 | 233
* T-AGE(1 LAG]) is given because P-AGE[1.1] can not be calculated.




Incidence of meteor streams

* Major meteor streams ~ dozen showers
* IAU Confirmed active 119 showers

* IAU Working List 790 showers

* Known parent body 36 showers
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alpha Monocerotids
Outbursts 1925, 1935, 1985, 1995

Radio MS

I
|

239.31 239.33 239.35
solar longitude (12000)

P>140 years




Annual radiant detections
flrM'F‘atGAMS\/eillance of the night sky to validate minor

showers in the IAU Working List of Meteor Showers




CAMS station at West Melton,
NZ




Camera alignment for CAMS

West Melton




Detection of new Volantid
meteor shNewea 's Eve 2015
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Cameras and alignment,
CAMS@SA

Watec 902 camera
811x508 pixels

1 x 104 lux

Pentax 12mm f1.2 lens
FOV 30° x 25°
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Double station meteors from




Southern delta Aquariid (SDA) observed
on both camera 579 at Victory Park and




CAMS@SA radiant map, 2017

Cetus radiant

B Fornacis radiant

Comet Borisov radiant




Probable fireball recorded by
two cameras at Victory Park

B




Conclusions

* CAMS@SA trial runs very successful

* Site selection in progress for permanent
operation

« Will fill gaps in real time southern
hemisphere radiant mapping due to
unique position on the globe

* Will contribute to knowledge of showers
from potentially hazardous comets

» Will refine trajectories of observed
fireballs




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	First relation of meteors as debris from comets
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Incidence of meteor streams
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Conclusions
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	First relation of meteors as debris from comets
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Incidence of meteor streams
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Conclusions

