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✌✑♦♥ ✇✑✌✓ ✌✓☞ ❇✘✘ ✡☞✌☞♦✍ ✙☞❝✌✑♦♥ ❛♥✔ ♦✌✓☞✍ ✒✍♦✕✖s✱ ♠♦♥✑✌♦✍s ✌✓☞ ❛❝✌✑✈✑✌② ♦✏ ♠☞✌☞♦✍s✱ ☞♥❛❜❧✑♥✒ ✖✍☞❝✑s☞
♠☞❛s✕✍☞♠☞♥✌ ♦✏ ✍❛✔✑❛♥✌ ✖♦s✑✌✑♦♥s ❛s ✇☞❧❧ ❛s ✌✓☞ ❛❧✌✑✌✕✔☞s✱ ✒☞♦❝☞♥✌✍✑❝ ✈☞❧♦❝✑✌✑☞s ❛♥✔ s♦❧❛✍ s②s✌☞♠ ♦✍❜✑✌s
♦✏ ♠☞✌☞♦✍♦✑✔s✳ ❚✓☞ ✍☞s✕❧✌s ✏✍♦♠ ♦❜s☞✍✈❛✌✑♦♥s ♦✏ ✌✓☞ ❤✕❛✔✍❛♥✌✑✔ ❛♥✔ ☛☞❝☞♠❜☞✍ ❛❧✖✓❛ ☛✍❛❝♦♥✑✔ ♠☞✌☞♦✍
s✓♦✇☞✍s ✔✕✍✑♥✒ ❡✚✛❡✜❡✚✛✢ ❛✍☞ ✖✍☞s☞♥✌☞✔ ❛♥✔ ✔✑s❝✕ss☞✔✳

❊✣✤✦✧★☎✩✟ ✪ ★☎✟✫✬✭✮
The NEMETODE team employed the equipment and methods 

described in previous papers,1,2 and on their website,3 including 

✛✝✆✓✟✡✒ ☛✓✢ ✟✆✞✘✟✄✝✡ ✒✠✞✝☛ ✡✟✏✝☞✟✎ ✝✙✆✠✍✍✝✞ ✓✠✄☎ ✑✽✝✞✯ ✟✆✞
✒✟☞✠✟✓✌✝✯✔☛✡✟✌✯✌✝✆☎✄☎ ✌✝✆✎✝✎ ☞✟✆☎✠✆☎ ✔☞☛✏ ✰✔✗✏✏ ✎✝✏✠✯✑✎☎✝✻✝
✏☛✞✝✌✎ ✄☛ ✍✰✏✏ ✆✟☞☞☛✓✯✑✝✌✞ ✎✻✎✄✝✏✎✔

✴✫☎ ✵✤✞✭✝✞✩✟✦✭ ✪ ✶☎✷☎★✸☎✝ ✞✄✧✫✞
✶✝✞✷✬✩✦✭ ★☎✟☎✬✝ ✮✟✝☎✞★✮

The Quadrantids (IAU Meteor Data Centre code 010 QUA) are 

✏✝✞✠✆✏✯✎✍✝✝✞ ✏✝✄✝☛☞✎✓✠✄☎ ☎✝☛✡✝✆✄☞✠✡ ✒✝✌☛✡✠✄✠✝✎ ✾Vg✿ ☛✔ ✖✍✼✏✹✎✒
✟✡✄✠✒✝ ✔☞☛✏ ✌✟✄✝ ✖✝✡✝✏✓✝☞ ✄☛ ✏✠✞✯✺✟✆✆✟☞✻ ✟✆✞ ✟✍✍✝✟☞✠✆☎ ✔☞☛✏
✟ ☞✟✞✠✟✆✄ ✠✆ ✆☛☞✄☎✝☞✆ ✕☛✻✄✝✎ ✾✄☎✝ ✆☛✓ ✞✝✔✆✆✡✄ ✡☛✆✎✄✝✌✌✟✄✠☛✆
☎✆✟✞☞✟✆✎✞✆☞✟✌✠✎✼ ✄☎✝✞✆☞✟✌ ☎✆✟✞☞✟✆✄✿✔

✽☎✝✠☞ ☞✟✞✠✟✆✄ ✠✎ ✡✠☞✡✆✏✍☛✌✟☞ ✔☞☛✏ ✄☎✝ ✕☞✠✄✠✎☎ ✌✎✌✝✎✒ ✟✌✄☎☛✆☎☎ ✠✄
✠✎ ✌☛✓ ✠✆ ✄☎✝ ✆☛☞✄☎✝☞✆ ✎✼✠✝✎ ✆✆✄✠✌ ✟✔✄✝☞ ✌☛✡✟✌ ✏✠✞✆✠☎☎✄✒ ✡✌✠✏✓✠✆☎ ✄☛
✟✆ ✟✌✄✠✄✆✞✝ ☛✔ ✟✓☛✆✄ ✔✗✾ ✟✄ ✄☎✝ ☛✆✎✝✄ ☛✔ ✏☛☞✆✠✆☎ ✄✓✠✌✠☎☎✄✔

✽☎✝ ☎✿❀✎ ✍☞☛✞✆✡✝ ✌☛✓ ☞✟✄✝✎ ✝✽✡✝✍✄ ✔☛☞ ✟ ❁✕✦ ✾❁✝✆✠✄☎✟✌
✕☛✆☞✌✻ ✦✟✄✝✿ ☛✔ ❂✍✰✟ ✟✄ ✏✟✽✠✏✆✏ ✓✠✄☎ ✎☛✌✟☞ ✌☛✆☎✠✄✆✞✝ ✾❃❄) 

✰✎✏✔✍✗✾ ✾✰✟✍✑ ✺✟✆ ✖✒ ✟✰✼✰✟ ✿✽✿ ✟✡✡☛☞✞✠✆☎ ✄☛ ✄☎✝ ✌✆✄✝☞✆✟✄✠☛✆✟✌
Meteor Organisation (IMO),❅ ✞✆☞✠✆☎ ✟ ✓☞✠✝✔ ✔✆✌✌ ✓✠✞✄☎ ☎✟✌✔ ✏✟✽✠✯
✏✆✏ ✾✢✘✕✞✿ ✍✝☞✠☛✞ ☛✔ ✟✓☛✆✄ ✍✖ ☎☛✆☞✎✔✤ Their parent body has 

✓✝✝✆ ✠✞✝✆✄✠✑✝✞ ✟✎ ✄☎✝ ❀✏☛☞ ✆✝✟☞✯✘✟☞✄☎ ☛✓❈✝✡✄ ✾✍✑✗✰✗✗✿ ✰✟✟✏
✘✕

1
✒ ✟✌✄☎☛✆☎☎ ✡☛✏✝✄ ✑✗✓✹✞✟✡☎☎☛✌✄ ✍ ☎✟✎ ✟✌✎☛ ✓✝✝✆ ✍☞☛✍☛✎✝✞ ✟✎

✄☎✝✠☞ ✍☞☛☎✝✆✠✄☛☞✔❉❋●
✽☎✝ ✖✝✡✝✏✓✝☞ ✟✌✍☎✟ ✖☞✟✡☛✆✠✞✎ ✾✏✏✖ ✖❀✖✿ ✓✝☞✝ ✞✠✎✡☛✒✝☞✝✞

✍✟ ✻✝✟☞✎ ✟☎☛ ✓✻ ✄☎✝ ✺✟✍✟✆✝✎✝ ✒✠✞✝☛ ✏✝✄✝☛☞ ✆✝✄✓☛☞✼✒ ✄☛✆☛✄✟✝☛✔
✽☎✝✻ ✞✝✎✡☞✠✓✝✞ ✄☎✠✎ ✏✝✄✝☛☞ ✎☎☛✓✝☞ ✟✎ ✓✝✠✆☎ ✟✡✄✠✒✝ ✔☞☛✏ ✌✟✄✝ ✟☛✯
✒✝✏✓✝☞ ✄☛ ✄☎✝ ✝✆✞ ☛✔ ✖✝✡✝✏✓✝☞✒ ✓✠✄☎ ✟ ✏✟✽✠✏✆✏ ✟✄ ❃❄❍ ✰✗✗✔✗✾
(2018 Dec 8) and having a Vg ✒✝☞✻ ✎✠✏✠✌✟☞ ✄☛ ✄☎✟✄ ☛✔ ✄☎✝ ☎✿❀✎✔8 
✓☞☛✔✝✎✎✠☛✆✟✌ ☞✟✞✟☞ ✎✄✆✞✠✝✎ ☎✟✒✝ ✎☎☛✓✆ ✄☎✟✄ ✓☛✄☎ ✎✄☞✝✟✏✎ ✟☞✝ ✏✝✏✯
✓✝☞✎ ☛✔ ✟ ✆☛☞✄☎✝☞✆ ✄☛☞☛✠✞✟✌ ☎☞☛✆✍✒ ✟ ✎☛✆☞✡✝ ☛✔ ✏✝✄✝☛☞☛✠✞✎ ✄☎✟✄ ✠✎
☎✠☎☎✌✻ ✠✆✡✌✠✆✝✞ ✄☛ ✄☎✝ ✝✡✌✠✍✄✠✡✔❏

✌✆ ✌✟✄✝✖✝✡✝✏✓✝☞ ✄☎✝ ✞✟✠✌✻✏☛✄✠☛✆ ☛✔ ✄☎✝☎✿❀ ✟✆✞✖❀✖ ✎☎☛✓✯
✝☞ ☞✟✞✠✟✆✄✎ ✓☞✠✆☎✎ ✄☎✝✏ ✠✆✄☛ ✡✌☛✎✝ ✍☞☛✽✠✏✠✄✻ ✓✠✄☎ ✝✟✡☎ ☛✄☎✝☞✒ ✟✆✞

having similar Vg ✠✆✡☞✝✟✎✝✎ ✄☎✝ ✌✠✼✝✌✠☎☛☛✞ ☛✔ ✎✠✆☎✌✝✯✎✄✟✄✠☛✆ ✏✝✄✝✯
☛☞✎ ✓✝✠✆☎ ✟✎✎✠☎✆✝✞ ✄☛ ✄☎✝ ✓☞☛✆☎ ✎✄☞✝✟✏✔ ✽☞✠✟✆☎✆✌✟✄✠☛✆ ✔☞☛✏ ✄✓☛
☛☞ ✏☛☞✝ ✎✄✟✄✠☛✆✎✓✟✎ ✆✎✝✞ ✠✆ ✄☎✠✎ ✍✟✍✝☞ ✄☛ ✠✞✝✆✄✠✔✻ ✡✟✆✞✠✞✟✄✝✎ ✔☞☛✏
✄☎✝ ☎✿❀ ✟✆✞ ✖❀✖ ☞✟✞✠✟✆✄✎✔

❑✦✝✮✟ ✝☎✮✤✄✟✮
✽☎✝ ✑☞✎✄ ✍☞☛✓✟✓✌✝ ✎✠✆☎✌✝✯✎✄✟✄✠☛✆ ✖❀✖ ✟✆✞ ☎✿❀ ✏✝✄✝☛☞✎ ✠✆ ✄☎✝
✟✘✞✘✽✚✖✘ ✞✟✄✟ ✎✝✄✓✝☞✝ ☞✝✡☛☞✞✝✞ ☛✆ ✰✟✍✟✟☛✒ ✍✗✆✖✝✡ ✍✑✒10 

☞✝✎✍✝✡✄✠✒✝✌✻✒ ✓✆✄ ✠✄ ✓✟✎ ✰✟✍✰ ✖✝✡✝✏✓✝☞ ✓✝✔☛☞✝ ✄☎✝ ✄✝✟✏ ☛✓✄✟✠✆✝✞
✏✆✌✄✠✯✎✄✟✄✠☛✆ ✖❀✖✎ ✟✆✞ ✰✟✍✖ ✺✟✆✆✟☞✻ ✔☛☞ ✄☎✝ ☎✿❀✎✔ ✽☎✝ ✌✟✄✄✝☞
✓✝☞✝ ☞✝✍☛☞✄✝✞ ✠✆ ✄☎✝ ✰✟✍✗ ✺✆✆✝ Journal✔2 ❀✄ ✄☎✝ ✰✟✍✔ ✺✟✆ ✰✍ ✚☞✯
✞✠✆✟☞✻✞✝✝✄✠✆☎ ☛✔ ✄☎✝❀✎✎☛✡✠✟✄✠☛✆ ✄☎✝ ✟✆✄☎☛☞ ✍☞✝✎✝✆✄✝✞ ✟✆ ✆✍✞✟✄✝
☛✆ ✏✆✌✄✠✯✻✝✟☞ ☎✆✟✞☞✟✆✄✠✞ ☞✝✎✆✌✄✎✒ ✠✆✡✌✆✞✠✆☎ ✟ ✞✠✎✡✆✎✎✠☛✆ ☛✔ ✄☎✝✠☞
✡✌☛✎✝ ✎✠✏✠✌✟☞✠✄✻ ✓✠✄☎ ✄☎✝✖✝✡✝✏✓✝☞ ✟✌✍☎✟ ✖☞✟✡☛✆✠✞✎✔11 This paper 

✎✆✏✏✟☞✠✎✝✎ ✄☎✝ ☞✝✎✆✌✄✎ ✔☞☛✏☎✿❀✏✝✄✝☛☞✎ ☞✝✡☛☞✞✝✞ ✠✆ ✰✟✍✖✣✰✟✍✑
✺✟✆✆✟☞✻ ✟✆✞ ✖❀✖ ✠✆ ✰✟✍✰✣✰✟✍✎ ✖✝✡✝✏✓✝☞✔

▼☎✟☎✬✝ ✮✟✝☎✞★ ✷✞✟✞✄✬❣✤☎✮
UFO Analyser and UFO Orbit utilise a meteor stream catalogue 

☛✔ ✝✟✡☎ ✎☎☛✓✝☞▲✎ ✎✄✟☞✄✒ ✏✟✽✠✏✆✏ ✟✆✞ ✝✆✞ ✞✟✄✝✎✒ ☞✟✞✠✟✆✄ ✞☞✠✔✄ ✟✆✞
☎✝☛✡✝✆✄☞✠✡ ✒✝✌☛✡✠✄✻✔ UFO Analyser assigns a stream category to 

✝✟✡☎ ✎✠✆☎✌✝✯✎✄✟✄✠☛✆ ✏✝✄✝☛☞ ✟✆✞ ✓✻ ✞✝✔✟✆✌✄ ✠✄ ✝✽✄✝✆✞✎ ✄☎✝ ✎✝✟☞✡☎
✓✠✆✞☛✓ ✓✻ ✍✟ ✞✟✻✎ ✓✝✔☛☞✝ ✟✆✞ ✟✔✄✝☞ ✄☎✝ ✆☛☞✏✟✌ ✎☎☛✓✝☞ ✞✟✄✝ ✌✠✏✯
✠✄✎✔ ✽☛ ☞✝✞✆✡✝ ✄☎✝ ✡☎✟✆✡✝ ☛✔ ✟ ✏✝✄✝☛☞ ✓✝✠✆☎ ✠✆✡☛☞☞✝✡✄✌✻ ✟✎✎✠☎✆✝✞ ✄☛
the wrong stream, such as in this case with the overlapping activ✯
✠✄✻ ✄✠✏✝✌✠✆✝✎ ☛✔ ✄☎✝ ✖❀✖✎ ✟✆✞ ☎✿❀✎✒ ✄☎✝ ✝✽✄✝✆✎✠☛✆ ✍✝☞✠☛✞ ✓✟✎
set to 0 days and this parameter setting was also adopted in UFO 

Orbit ✓☎✝✆ ✠✞✝✆✄✠✔✻✠✆☎ ✏✆✌✄✠✯✎✄✟✄✠☛✆ ☎✿❀ ✟✆✞ ✖❀✖ ✏✝✄✝☛☞✎✔
✽☎✝ ✏☛✎✄ ✡☛✏✍☞✝☎✝✆✎✠✒✝ ✡✟✄✟✌☛☎✆✝ ✞✠✎✄☞✠✓✆✄✝✞ ✓✠✄☎ ✄☛✆☛✄✟✯

✝☛▲✎ UFO ✎☛✔✄✓✟☞✝ ✎✆✠✄✝ ✠✎ ULE_J6 ✾✼✆☛✓✆ ✟✎ J6✿✔ ✘✖✞✚✟✞✒12 

✄☎✝ ✘✆☞☛✍✝✟✆ ✒✠✖✝☛ ✞✝✄✝✚☞ ✟✝✄✓☛☞✼✒ ☎✟✎ ✍☞☛✞✆✡✝✞ ✟ J8 cata✯
✌☛☎✆✝ ✓☎✠✡☎ ✠✆✡✌✆✞✝✎ ✏✟✆✻ ☛✔ ✄☎✝ ✝✎✄✟✓✌✠✎☎✝✞ ✏✠✆☛☞ ✎✄☞✝✟✏✎
✏✠✎✎✠✆☎ ✔☞☛✏ J6✔ ✽☎✝ J8 ✡✟✄✟✌☛☎✆✝ ✠✎ ✆✆✞✝☞☎☛✠✆☎ ✏☛☞✝ ✔☞✝✙✆✝✆✄
revision and version J8_02 ✾✰✟✍✑ ❀✆☎✆✎✄✿ ✓✟✎ ✡☛✆✎✠✞✝☞✝✞ ✓☎✝✆
✟✆✟✌✻✎✠✆☎ ✖❀✖ ✟✆✞ ☎✿❀✏✝✄✝☛☞✎✒ ✓✠✄☎ ✄☎✝ ✔☛✌✌☛✓✠✆☎ ✡✟✒✝✟✄✎✔

P◗❘P❙P◗❘❯



✸✸✸ ❏✁ ✂✄✁ ☎✆✝✄✞✟✁ ☎✆✆✞✠✁ ✶✡☛☞ ✥� ✁✂✁✂

P✠✟☎☎✞ ✿✡☛ ✄☎✟t✠✟✝☎✄t✎ ✑ ✍☛✐☛✏✆☛✠ ✟☞✐✡✟ ✍✠✟✐✆✝✄t✎ ✷✆✝✷✞✷✆✝✟

✌✄ ✝✽✄✝✆✞✎ ✄☎✝ ☎✿❀ ✎✄✟☞✄ ✟✆✞ ✝✆✞ ✌✠✏✠✄✎ ✓✻ ✝✠☎☎✄ ✞✟✻✎ ✏☛☞✝ ✄☎✟✆
J6✒ ✔✆☞✄☎✝☞ ✠✆✡☞✝✟✎✠✆☎ ✄☎✝ ☛✒✝☞✌✟✍ ✓✠✄☎ ✄☎✝ ✖❀✖ ✎☎☛✓✝☞ ✠✆ ✖✝✯
✡✝✏✓✝☞✔ ✌✔ ✄☎✝ ✎☛✔✄✓✟☞✝ ✟✌✎☛ ✟✞✞✝✞ ✍✟ ✞✟✻✎ ✄☛ ✄☎✝✎✝ ✌✠✏✠✄✎ ✄☎✠✎
✓☛✆✌✞ ☎✠✒✝ ✟✆ ✝✽✡✝✝✞✠✆☎✌✻ ✌✝✆☎✄☎✻ ✓✠✆✞☛✓ ☛✔ ✖✝✡ ✑ ✄☛ ✺✟✆ ✰✑✒
✔☛☞ ✟ ✎☎☛✓✝☞ ✓✠✄☎ ✎✆✡☎ ✟ ✆✟☞☞☛✓ ✢✘✕✞ ✟☞☛✆✆✞ ✺✟✆ ✏✣✖✔ ✽☎✝

QUAs would be deeply entangled with the DADs and some me✯
✄✝☛☞✎ ✓☛✆✌✞ ✓✝ ✠✆✡☛☞☞✝✡✄✌✻ ✡✌✟✎✎✠✑✝✞✔

J6 and J8_02 ✆✎✝ ✄☎✝ ✎✟✏✝ ✍✟☞✟✏✝✄✝☞✎ ✔☛☞ ✄☎✝ ✖❀✖✎✒ ✝✽✡✝✍✄
that J8_02 ✟✞☛✍✄✎ ✟ ✎✄✟✆✞✟☞✞ ☞✟✞✠✟✆✄ ✡✠☞✡✌✝ ☛✔ ✗✾ ☞✟✞✠✆✎✒ ✠✆✎✄✝✟✞ ☛✔
✄☎✝ ✌✟☞☎✝ ☞✟✞✠✆✎ ☛✔ ✑✾ ✆✎✝✞ ✓✻ ✄☛✆☛✄✟✝☛ ✠✆ J6✔ ✕✝✆✡✝✒ ✆✎✠✆☎ J8_02 

☞✝❈✝✡✄✎ ✎☛✏✝ ✖❀✖✎ ✄☎✟✄ ✟☞✝ ✔☛✆✆✞ ✓✻ J6, so it cannot provide 

✟ ☎☛☛✞ ✡☛✏✍✟☞✠✎☛✆ ✓✠✄☎ ✄☛✆☛✄✟✝☛▲✎ ☞✝✎✆✌✄✎✝ ✄☎✝ ✺✟✍✟✆✝✎✝ ☎☞☛✆✍
☎✟✞ ✄☛ ✡✟✎✄ ✟ ✓✠✞✝ ✆✝✄ ✄☛ ✞✠✎✡☛✒✝☞ ✟✆✞ ✏☛✆✠✄☛☞ ✄☎✠✎ ✎☎☛✓✝☞✔

✌✆ ✄☎✝ ✎✄☞✝✟✏ ✡✟✄✟✌☛☎✆✝✎ ✄☎✝ ✒✟✌✆✝✎ ☛✔ ☞✟✞✠✟✆✄ ✞☞✠✔✄ ✠✆ ☞✠☎☎✄ ✟✎✯
✡✝✆✎✠☛✆ ✟✆✞ ✞✝✡✌✠✆✟✄✠☛✆ ✾✞✦❀✾ ✟✆✞ ✞✖✝✡✾✒ ✠✆ ✞✝☎☞✝✝✎ ✍✝☞ ✞✝☎☞✝✝
☛✔ ✎☛✌✟☞ ✌☛✆☎✠✄✆✞✝✿ ✍✌✟✻ ✟✆ ✠✏✍☛☞✄✟✆✄ ☞☛✌✝ ✠✆ ✟✎✎✠☎✆✠✆☎ ✟ ✏✝✄✝☛☞
✄☛ ✟ ✎✄☞✝✟✏ ✡✟✄✝☎☛☞✻✔ ✽☎✝ ✎☛✔✄✓✟☞✝ ✆✎✝✎ ✄☎✝ ✞☞✠✔✄ ☞✟✄✝✎ ✄☛ ✡☛✏✍✆✄✝
✄☎✝ ✍☛✎✠✄✠☛✆✎ ☛✔ ✄☎✝ ☞✟✞✠✟✆✄✎ ✄☎✟✄ ✟☞✝ ✟✡✄✠✒✝ ✟✄ ✄☎✝ ✄✠✏✝ ☛✔ ✟ ✏✝✄✝☛☞
✟✆✞ ✡☎✝✡✼✎ ✠✔ ✠✄✎ ✄☞✟✠✌ ✍✟✎✎✝✎✓✠✄☎✠✆ ✾☛☞ ✡✌☛✎✝ ✄☛✿ ✄☎✝ ☞✟✞✠✟✆✄ ✡✠☞✡✌✝✎✔
❀✆✻ ✎✠☎✆✠✑✡✟✆✄ ✝☞☞☛☞ ✠✆ ✞✦❀✾ ✟✆✞✹☛☞ ✞✖✝✡✾ ✡☛✆✌✞ ✡✟✆✎✝ ✟ ✏✝✄✝☛☞
✄☛ ✓✝ ✠✆✡☛☞☞✝✡✄✌✻ ✡✌✟✎✎✠✑✝✞✔ ✌✆ J6✒ ✄☛✆☛✄✟✝☛ ☎✠✒✝✎ ✟ ✞✖✝✡✾ ✒✟✌✆✝
☛✔ ✠✟✔✍✔ ✔☛☞ ✄☎✝ ☎✿❀✎✒ ✓✆✄ ✄☎✝ ✌❀✿ ✞✖✝ ✌✠✎✄✎ ✠✄ ✟✎ ✣✟✔✰✗ ✟✆✞ ✠✆
J8_02 ✠✄ ✠✎ ✣✟✔✰✔

For these reasons, this paper uses the J6 catalogue but with 

☎✿❀ ✒✟✌✆✝✎ ☛✔ ✠✟✔✗ ✟✆✞ ✣✟✔✰✗ ✔☛☞ ✞✦❀✾ ✟✆✞ ✞✖✝✡✾✒ ☞✝✎✍✝✡✄✠✒✝✌✻✔

▼✡☛☞✌✍✎☞✏☞✌✑✒ ✓✔☞✔✑✕✎

UFO Analyser ✡☞✝✟✄✝✎ ✟✆ ☛✆✄✍✆✄ ✑✌✝ ☛✔ ✝✟✡☎ ☛✓✎✝☞✒✝☞▲✎ ✎✠✆☎✌✝✯
✎✄✟✄✠☛✆ ✏✝✄✝☛☞✎✔ ✽☎✝✎✝ ✑✌✝✎ ✟☞✝ ✡☛✌✌✟✄✝✞ ✠✆✄☛ ✟✆✆✆✟✌ ✞✟✄✟✎✝✄✎ ✟✆✞
processed by UFO Orbit ✄☛ ✠✞✝✆✄✠✔✻ ✟✆✞ ✄✟✓✆✌✟✄✝ ✟✌✌ ✎✠✏✆✌✄✟✆✝☛✆✎
meteor events (within 3s timing tolerance) recorded by two or 

✏☛☞✝ ✒✠✞✝☛ ✎✄✟✄✠☛✆✎✔ ✌✄ ✠✎ ✟✌✎☛ ✆✎✝✞ ✄☛ ✡☞✝✟✄✝ ☞✟✞✠✟✆✄ ✏✟✍✎✒ ☎☞☛✆✆✞
✄☞✟✡✼✎ ✟✆✞ ✎☛✌✟☞ ✎✻✎✄✝✏ ☛☞✓✠✄✎✔

UFO Orbit ✎✆✍✍☛☞✄✎ ✄☎☞✝✝ ✓✆✠✌✄✯✠✆ ✙✆✟✌✠✄✻ ✟✎✎✆☞✟✆✡✝ ✡☞✠✄✝☞✠✟ ✎✝✄✎✼

☎✍ ✣ ✏✠✆✠✏✆✏ ✡☞✠✄✝☞✠✟ ✔☛☞ ☞✟✞✠✟✆✄ ✡☛✏✍✆✄✟✄✠☛✆

☎✰ ✣ ✎✄✟✆✞✟☞✞ ✡☞✠✄✝☞✠✟ ✔☛☞ ☞✟✞✠✟✆✄ ✟✆✞ ✒✝✌☛✡✠✄✻ ✡☛✏✍✆✄✟✄✠☛✆

☎✏ ✣ ✡☞✠✄✝☞✠✟ ✔☛☞ ☎✠☎☎ ✍☞✝✡✠✎✠☛✆✯✡☛✏✍✆✄✟✄✠☛✆

❀ ✎✝✟☞✡☎ ☛✔ ✄☎✝✟✘✞✘✽✚✖✘ ✞✟✄✟ ✎✝✄ ✔☛☞☎✍✯✙✆✟✌✠✄✻✏✆✌✄✠✯✎✄✟✄✠☛✆
✝✒✝✆✄✎ ✔☛✆✆✞ ✖✎✗ ☎✿❀✎ ✟✆✞ ✰✖✏ ✖❀✖✎ ✔☞☛✏ ✄☎✝ ✟✌✠☎✆✏✝✆✄✎ ☛✔
✍✒✟✎✗ ✟✆✞ ✗✏✏ ✎✠✆☎✌✝✯✎✄✟✄✠☛✆ ✏✝✄✝☛☞✎✒ ☞✝✎✍✝✡✄✠✒✝✌✻✔ ✚✆✌✻ meteors 

✄☎✟✄ ✓✝☞✝ ✡☛✏✍☛✆✝✆✄✎ ☛✔ ✟ ✏✆✌✄✠✯✎✄✟✄✠☛✆ ☎✿❀ ☛☞ ✖❀✖ were used 

✠✆ ✄☎✝ ✟✆✟✌✻✎✝✎ ✠✆ ✄☎✠✎ ✍✟✍✝☞✔ ✽✟✓✌✝ ✍ ✌✠✎✄✎ ✄☎✝ ☛✓✎✝☞✒✝☞✎ ✓☎☛ ✡☛✆✯
✄☞✠✓✆✄✝✞ ✒✠✞✝☛ ✏✝✄✝☛☞ ✞✟✄✟✔

UFO Analyser estimates the apparent magnitude (m✿ ☛✔ ✝✟✡☎
✏✝✄✝☛☞✔ ✽☎✝ ✏✟☎✆✠✄✆✞✝ ✞✠✎✄☞✠✓✆✄✠☛✆✎ ☛✔ ✄☎✝ ☎✿❀ ✟✆✞ ✖❀✖ ✏✝✄✝✯
☛☞✎ ✟☞✝ ☎✠✒✝✆ ✠✆ ✢✠☎✆☞✝ ✍✔

✽☎✝ ✏✝✟✆ ✟✍✍✟☞✝✆✄ ✏✟☎✆✠✄✆✞✝✎ ☛✔ ✄☎✝☎✿❀ ✟✆✞ ✖❀✖ ✏✝✄✝☛☞✎
✟☞✝ ✟✔✰ ✟✆✞ ✟✔✖ ☞✝✎✍✝✡✄✠✒✝✌✻✒ ✎✆☎☎✝✎✄✠✆☎ ✄☎✟✄ ✄☎✝ ✖❀✖✎ ✡☛✆✌✞ ✓✝
✎✌✠☎☎✄✌✻ ☞✠✡☎✝☞ ✠✆ ✔✟✠✆✄ ✏✝✄✝☛☞✎✔ ✽☎✝ ✏✝✟✆ ☎✿❀✏✟☎✆✠✄✆✞✝ ✠✎ ☎✟✌✔
✟ ✏✟☎✆✠✄✆✞✝ ✓☞✠☎☎✄✝☞ ✄☎✟✆ ✄☎✟✄ ☎✠✒✝✆ ✠✆ ☞✝✔✔ ✰✔ ✽☎✠✎ ✠✎ ✓✝✡✟✆✎✝
✏✆✌✄✠✯✎✄✟✄✠☛✆ ☎✯✡☞✠✄✝☞✠✟ ✡✟✆ ✝✌✠✏✠✆✟✄✝ ✎☛✏✝ ✔✟✠✆✄✝☞ ✏✝✄✝☛☞✎ ✄☎✟✄
✟☞✝ ☛✄☎✝☞✓✠✎✝ ✠✆✡✌✆✞✝✞ ✠✆ ✎✠✆☎✌✝✯✎✄✟✄✠☛✆ ✟✆✟✌✻✎✝✎✔

◗✡✏✖✕✏✒☞✌✖ ✓✏✗✌✓✡✓

✽☎✝ ✎☎☛☞✄✯✞✆☞✟✄✠☛✆ ☎✆✟✞☞✟✆✄✠✞ ✏✟✽✠✏✆✏ ☛✡✡✆☞✎ ✠✆ ✝✟☞✌✻ ✺✟✆✆✯
✟☞✻ ✓✠✄☎ ✄☎✝ ✟✞✒✟✆✄✟☎✝ ☛✔ ✌☛✆☎ ✞✟☞✼ ✆✠☎☎✄✎✒ ✓✆✄ ✄☎✝ ✞✠✎✟✞✒✟✆✄✟☎✝
that inclement weather can thwart attempts at recording their 

✍✝✟✼ ✟✡✄✠✒✠✄✻✔❀✌✎☛✒ ✠✔ ✏✟✽✠✏✆✏ ☛✡✡✆☞✎ ✓☎✝✆ ✄☎✝ ☞✟✞✠✟✆✄ ✠✎ ✟✄ ✌☛✓

Figure 1. ✘✙✚✛✜✢✣✤✦ ✤✜✧✢★✜✩✣✢✜✪✛✧ ✪✫ ✢✬✦ ✭✮✯ ✙✛✤ ✰✯✰ ✱✦✢✦✪★✧✲ ✳✴✵✳✶✳✴✵✸✹

Figure 2. ✭✣✙✤★✙✛✢✜✤✧ ✳✴✵✺✶✳✴✵✸ ✙✻✢✜✼✜✢✽ ✾★✪❀❁✦✹

Figure 3. ✭✣✙✤★✙✛✢✜✤✧ ✳✴✵✺✶✳✴✵✸ ✾✦✙❂ ✙✻✢✜✼✜✢✽ ✾★✪❀❁✦✹

Figure 4. ✰✦✻✦✱✩✦★ ✙❁✾✬✙ ✰★✙✻✪✛✜✤✧ ✳✴✵✳✶✳✴✵❃ ✙✻✢✜✼✜✢✽ ✾★✪❀❁✦✹
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altitude or during daytime, the observer 
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Interestingly, the radiant plots display a 
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(010 QUA)

IMO❄ ♥④s⑦q③ ♥s♣ qt ♥♣ ♣⑦③ r② ⑤♣⑦♥
❫✻✺✺✶✽◆✻✺✽ et al⑦13 ♥④s⑦♣ ♥s♣⑦♥ qt ♥q ♣⑦t③ r②⑦t ⑤♣⑦♥t
❪▲❱▲❖❳✳▲ ♥④s⑦♣ ♥♥②⑦t qt q④ ♣⑦r③ r②⑦② ⑤♣⑦♥q
❆✾✺✾❈✴❂✾8 ♥④s⑦q ♥s♣⑦♣ qt ♥♣ ♣⑦qt r②⑦♣ ♣⑦q✇

(334 DAD)

❫✻✺✺✶✽◆✻✺✽ et al.❅❇ ♥t③⑦♣ ♥q♣⑦④ qr ♣s ♣⑦t④ t④⑦③ ⑤♣⑦sr
❪▲❱▲❖❳✳▲ ♣⑦r③ ⑤♣⑦♥s
❆✾✺✾❈✴❂✾8 ♥t③⑦t ♥♣✇⑦② qs t♥ ♣⑦r♣ ③♣⑦③ ⑤♣⑦qr

Notes: ✹❊❊ ❈✾✽✶❈✶✾✺✽ ✴✼✻ ❯✾✼ ✻❈✾❇❄ ♥♣♣♣⑦♣⑦
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(010 QUA)

✛
Brown et al.13 rq⑦✇ ③③qr ✼✴✸✴✼
❫✻✺✺✶✽◆✻✺✽ et al.13 r♣⑦✇ q♣♥②
❪▲❱▲❖❳✳▲ r♣⑦r ♣⑦♥ qt②
❆✾✺✾❈✴❂✾✜ r♣⑦♣ ♥rs

(334 DAD)

✛
❫✻✺✺✶✽◆✻✺✽ et al.❅❇ r♣⑦④ r✇
❪▲❱▲❖❳✳▲ rq⑦✇ ♣⑦t ✇②
❆✾✺✾❈✴❂✾✜ rq⑦③ qrt

The QUA and DAD orbits are very simi✛
✌✟☞✒ ✟✍✟☞✄ ✔☞☛✏ ✄☎✝✠☞ ✄✠✏✝✎ ☛✔ ✍✝☞✠☎✝✌✠☛✆
and their descending nodes when they 
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✘✟☞✄☎ ✝✆✡☛✆✆✄✝☞✎ ✑☞✎✄ ✄☎✝ ✖✢✖ ✟✆✞ ✄☎✝✆
✄☎✝ ☎✣✢ ✏✝✄✝☛☞ ✎✄☞✝✟✏✎✔ ✕☛✄☎ ✟☞✝ ☎✠☎☎✌✻
inclined to the ecliptic, so that their meteor✛
oids dive down to the Earth and the mete✛
☛☞✎ ✟✍✍✝✟☞ ✔☞☛✏ ☎✠☎☎✛✞✝✡✌✠✆✟✄✠☛✆ ☞✟✞✠✟✆✄✎✔
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✌✠✏✠✄✎ ✓✻ ✎✝✒✝☞✟✌ ✞✟✻✎✒ ✓✠✄☎ ✎✍✝✡✠✑✡ ☞✝✔✝☞✝✆✡✝ ✄☛ ✄☎✝ ☎✣✢ ✟✆✞
✖✢✖ ✏✝✄✝☛☞✎✔✠✭ ☛☛✎✝✼✠ ✡✟✌✌✎ ✔☛☞ ✡☛☛✍✝☞✟✄✠✒✝ ☞✝☎✆✌✟✄✠☛✆ ✄☛ ✓✝ ✟✍✯
✍✌✠✝✞ ✄☛ ✄☎✝ ✍✌✝✄☎☛☞✟ ☛✔ ✞✝✎✄✟✓✌✠✎☎✝✞✰ ✏✠✆☛☞ ✎☎☛✓✝☞✎ ✓✝✠✆☎ ✟✞✞✝✞
✄☛ ☞✝✔✝☞✝✆✡✝ ✡✟✄✟✌☛☎✆✝✎✒ ✎☛✏✝ ☛✔ ✓☎✠✡☎ ✟☞✝ ✞✝☞✠✒✝✞ ✔☞☛✏ ✟✌✠☎✆✯
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✌✻ ✄☛ ✟✌✠☎✆ ✓✠✄☎ ✏☛☞✝ ✄☎✟✆ ☛✆✝ ☞✟✞✠✟✆✄✒ ✠✆✡☞✝✟✎✠✆☎ ✄☎✝ ✌✠✼✝✌✠☎☛☛✞
☛✔ ✠✆✡☛☞☞✝✡✄ ✡✌✟✎✎✠✑✡✟✄✠☛✆ ✓✻ ✄☎✝ ✟✆✟✌✻✎✠✎ ✎☛✔✄✓✟☞✝✔ ✱☎✝ ✎☎☛✓✝☞
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detected between normal shower limits, and an updated value 
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the DADs produce consistently low rates throughout December, 
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♠ ♥♦♣❈❈qr srt ✉❈✈①♣♦❈②r ③ ④⑤❈①⑥⑦❊✈ ⑧rt ⑨♥✈♦⑦✈⑥⑩⑦ ❶❷♠❶ ❸ ❹❋❊❈⑥❺⑦❈♣❈⑥❻⑤ ❼✈❈✈❻♦
❽⑥⑩✈❻❾♦♣❿➀➁➂t J. Brit. Astron. Assoc., 123➃➄➅t ♠➆➇❸♠➆➈ ➃❶❷♠➄➅

❶ ♥♦♣❈❈ qr et alrt ⑨➉❋♣⑩♦♣⑤❈⑥⑩⑦ ❶❷♠➊ ❸ ❹❋❊❈⑥❺⑦❈♣❈⑥❻⑤ ❼✈❈✈❻♦ ❽⑥⑩✈❻❾♦♣❿➀➁➂t ibid., 
125➃➋➅t ➄➋❶❸➄➋➊ ➃❶❷♠➆➅

 3 http://www.nemetode.org/

➊ ⑨⑩⑩❶➉❷❸❸➈➈➈➄❺➂❿➄➀➃⑩❸➌➁➃➉❸➂➃⑩➃❿❼➇➉⑨❿➈➃❼❸❾❽➁➍➎➏➐➄❶❹➑
➆ ❹❻❊♣❋ ✉r et al.t ⑨s✈⑦❋❊❈⑦ ❻➒ ❈➀✈ ➓❹➔ →⑥⑩✈❻ ❹✈❈✈❻♦ ➣✈❈①❻♦↔ ❸ ↕♣⑤❋♣♦➁ ❶❷♠➊➂t

WGNt ➊❶➙❶t ➛➄ ➃❶❷♠➊➅
➋ ↕✈⑤⑤⑥⑦↔✈⑤⑦ ♥rt ⑨❶❷❷➄ ④➜

1
⑥⑦ ❈➀✈ ➉❋♣⑩♦♣⑤❈⑥⑩ ⑦➀❻①✈♦ ❿♣♦✈⑤❈ ➝❻❼✈❈➂t AJ, ♠❶➇t

➄❷♠➛❸➄❷❶❶ ➃❶❷❷➊➅
➇ ②⑥❊❊⑥♣❼⑦ ➓r ♥r et al.t ⑨➞➀✈ ❿♣♦✈⑤❈ ❻➒ ❈➀✈ ➉❋♣⑩♦♣⑤❈⑥⑩ ❼✈❈✈❻♦ ⑦❈♦✈♣❼ ♣⑤⑩ ♣⑦❈✈♦❻⑥⑩
❶❷❷➄ ④➜

1
➂t MNRAS, 355t ♠♠➇♠❸♠♠➛♠ ➃❶❷❷➊➅

➛ ✉❻⑤❻❈♣➟❻t ⑨q ❼✈❈✈❻♦ ⑦➀❻①✈♦ ➝♣❈♣❊❻❾ ➠♣⑦✈⑩ ❻⑤ ❽⑥⑩✈❻ ❻➠⑦✈♦❽♣❈⑥❻⑤⑦ ⑥⑤ ❶❷❷➇❸
❶❷❷➛➂t WGNt ➄➇➙❶t ➆➈ ➃❶❷❷➈➅

➈ ➡♦❻①⑤ ♥r et alrt ⑨q ❼✈❈✈❻♦❻⑥⑩ ⑦❈♦✈♣❼ ⑦❋♦❽✈➁ ❋⑦⑥⑤❾ ❈➀✈ ➟♣⑤♣⑩⑥♣⑤ ❹✈❈✈❻♦ ➔♦❺
➠⑥❈ s♣⑩♣♦t ➓➓r ➓⑩✈⑤❈⑥➢➝♣❈⑥❻⑤ ❻➒ ❼⑥⑤❻♦ ⑦➀❻①✈♦⑦ ❋⑦⑥⑤❾ ♣ ➄➤ ①♣❽✈❊✈❈ ❈♦♣⑤⑦➒❻♦❼➂t
Icarus, 207t ➋➋❸➛♠ ➃❶❷♠❷➅

10 NEMETODE data archives: ➈➈➈➄➀➃➂➃⑩❿❹➃➄❿❼➍❸➉❾❺➃➀⑩❺➌❾➥➍➎❼➃➉➅➁⑩➉➄⑨⑩➂
♠♠ ♥♦♣❈❈qrt ⑨❹❋❊❈⑥❺➁✈♣♦ ❽⑥⑩✈❻❾♦♣❿➀➁ ❻➒ ❈➀✈ ➉❋♣⑩♦♣⑤❈⑥⑩ ❼✈❈✈❻♦ ⑦➀❻①✈♦➂➙ https://

➈➈➈➄➋❼❺⑩❽➉⑩❼❿➄❿❼➍❸➌❺❹➃❿❸➦➏➧➨❸➐➏➦➐ ➃❶❷♠➇ ↕♣⑤ ❶♠➅
12 ⑨⑩⑩❶➉❷❸❸⑩❺➀➎➅❼➁➄❾❿➂❸➎➨➂➎➐➆➍⑨
13 ⑨⑩⑩❶➉❷❸❸⑩❺➀➎➅❼➁➄❾❿➂❸➎➩➎➑❾➍➉❾
♠➊ ⑨⑩⑩❶➉❷❸❸➫❺➫❺➂❿❼➃❽➅➄➉⑨❺➀➎❽❶❶➉➄❺❿❸➭❿➁➁❿➀➍➯❽➁❾
♠➆ ⑨⑩⑩❶➉❷❸❸⑩❺➀➎➅❼➁➄❾❿➂❸➎➆❹➁➍❽➩❿
♠➋ ⑨⑩⑩❶❷❸❸➉➉❹➄➲❶➁➄➀❽➉❽➄➍❿➌❸➉➋❹➋➄❾➍❺
♠➇ ➳❻⑦✈↔⑥ ❹rt ⑨➤⑥➵✈♦✈⑤❈ ⑩✈➢⑤⑥❈⑥❻⑤⑦ ❼♣↔✈ ♣ ❼✈❈✈❻♦ ⑦➀❻①✈♦ ⑩⑥⑦❈❻♦❈✈⑩r ➞➀✈ ❽⑥✈①⑦

➒♦❻❼ ✉❻⑤❻❈♣➟❻ ⑤✈❈ ♣⑤⑩ ➟q❹✉➂t WGNt ➊➋➙➊t ♠♠➈❸♠➄➆ ➃❶❷♠➛➅

➸▲❴▲❵➺▲❘ ➻➼➽➾ ➚❖➺▲▼➪▲❍ ➻➻➶ ●❴❴▲■◆▲❘ ➻➼➻➼ ➹●❍❴➘ ➻➴

❚❛✠❧✡ ➷☞➬✒✠✓✑❛❧ ✡❧✡✚✡✏✑❡ ✍✖ ◗✗❆ ✘ ✙❆✙ ✚✡✑✡✍✒❡

 a q e Peri Node Incl n Tisserand’s
 (au) (au)  J2000 J2000 J2000  parameter, T

J

(010 QUA)

✛ ✛ ✛ ✛ ✛ ✛
Brown et al.13 ➄r➄➆ ❷r➈➇➊➋ ❷r➇❷➈ ♠➋➛r♠➊ ❶➛➄r❷ ➇❶r➊ ➋➋♠➊ ❶r♠➛
↕✈⑤⑤⑥⑦↔✈⑤⑦ et al.13 ❶r➛❶ ❷r➈➇➈ ❷r➋➆➇ ♠➇♠r➊ ❶➛➄r➄ ➇♠r❶ ♠❷❶➈ ❶r➊➛
➣④❹④➞➔➤④ ❶r➇➊❷ ❷r➊❶❷ ❷r➈➛❷ ❷r❷❷♠ ❷r➋➄➊ ❷r❷❷➇ ♠➇➄r❶➋➋ ❷r➆❶❷ ❶➛➄r➛➛❶ ❷r❶❶➈ ➇❷r➇♠♠ ❷r❶➇❶ ➇➊ ❶r➆➊
➃♠➈➋❶➆➋➅ ❶❷❷➄ ④➜♠➮➱ ➄r♠❶➊ ♠r♠➈❷ ❷r➋♠➈ ♠➇♠r➄➆ ❶➛❶r➈➛♠ ➇❷r➛➊❷ ❶r➄➋
➈➋♥✃❹♣➝➀➀❻❊❐ ♠➮➱ ➄r❷➄➄ ❷r♠❶➊ ❷r➈➆➈ ♠➊r➇➊➋ ➈➊r➄➆♠ ➆➛r➆➄➈ ❶r❷➄

(334 DAD)

✛ ✛ ✛ ✛ ✛ ✛
↕✈⑤⑤⑥⑦↔✈⑤⑦ et alr➮❒ ❶r➊➛ ❷r➈➛➄ ❷r➋❷➄ ♠➇➇r➊ ❶➆➊r➛ ➇♠r➛ ➊➇ ❶r➇♠
➣④❹④➞➔➤④ ❶r➇❶➈ ❷r♠➄❷ ❷r➈➇➋ ❷r❷❷❶ ❷r➋♠➛ ❷r❷♠➈ ♠➛❶r➋➛➆ ❶r➄❷➛ ❶➆➊r♠➈➄ ♠r➛➋➋ ➇♠r❷♠❷ ♠r❶❶❷ ➄❶ ❶r➆➋


