
    
      Fig. 3 
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1:6 (top) and 2:13 (bottom) resonant arguments for 1P/Halley based on integrations of the nominal orbit using the orbital solutions of Yeomans & Kiang (1981). The comet is in the resonance during times when the resonant argument librates, as opposed to when it circulates. The time period when the orbit is less constrained, prior to 1404 BCE, is shown in gray.


    

  
    
      Fig. 5 
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Node locations in 2020 CE for all particles as a function of their ejection date. The daily positions of the Earth on its orbit are indicated by blue circles. Numbers along the orbit correspond to the SL with a time step of 5 days. This distribution represents a crude estimate of the overall duration of the shower and peak activity location expected at the return in 2020 CE.


    

  
    
      Fig. 7 
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Evolution as a function of time (color coded as a function of the epoch) of the descending nodal footprint representing the η Aquariids (top) and ascending nodal footprint representing the Orionids (bottom) of a simulated trail ejected in 1404 BCE. The particle sizes are between 0.1 and 1 mm. The Earth’s orbit in 2020 CE, computed in the barycentric frame, is represented with a blue line.


    

  
    
      Fig. 10 
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Particle ejection year from 1P/Halley as a function of impacting year at the Earth for the η-Aquariids (circles) and the Orionids (squares). Symbols are color coded as a function of the number of impactors (see sidebar). When several trails from different ejection epochs are involved in producing impactors (e.g., in 2012 and 2013), connected symbols frame the ejection period. The rectangles illustrate the periods when the ejection epoch occurred with 1P/Halley trapped in the 1:6 (red) and 2:13 (blue) MMR with Jupiter. Meteoroids ejected during these intervals may remain in the MMRs and form comparatively denser “clumps” in the stream. Vertical lines show the years of recent η-Aquariid (red) outbursts in 2004 and 2013 and Orionid (blue) outbursts in 2006-2007.


    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
Example of the distribution of nodal locations of particles when crossing the ecliptic plane in 2020 CE as a function of their time of ejection from 1P/Halley. The regions where meteoroids have their ascending node (Orionids) and their descending node (η-Aquariids) are shown in magnified form in the middle and right panels of the figure. The position of Earth along its orbit is represented by blue dots and dates (gray arrows indicating month and dots the day of each month) or SLs (middle and right panels). Particles are color coded as a function of the ejection epoch. Meteoroids ejected when the comet was trapped in the 1:6 resonance are highlighted with red circles. Trails ejected between 3000 BCE and 1404 BCE are presented in gray as these are associated with the time frame when 1P/Halley has a less certain ephemeris. The animated figure is provided online.
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Average activity profile of the η-Aquariid (top) and Orionid (bottom) meteor showers, as measured with the CMOR 29 MHz system (blue) and the 38 MHz system (green) between 2002 and 2019, the VMN (orange) between 2011 and 2019, and visual observations from the IMO between 1988 and 2007 (Rendtel & Arlt 2008) or between 2002 and 2019 (VMDB in black). Video and radar observationswere scaled to visual measurements as described in Egal et al. (2020). The best-weighted simulated average profile usingone degree SL binning is drawn in red. We note the factor of two difference in the ordinate scale between the top and bottom plots.
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Modeled mass distribution of the η-Aquariids (top) and Orionids (bottom) based on simulated meteoroids encountering the Earth between 2002–2019 near the time of the main peak of activity. The logarithm of the cumulative number of simulated meteors (weighted) is drawn as a function of the logarithm of the particles mass (in kg). Estimates of the differential mass index s in the visual(red), video (green), and radar (blue) mass ranges are provided for comparison. See text for details.
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Annual variations of the η-Aquariid (top) and Orionid (bottom) peak ZHRs for the years 1985–2019. The maximum rates recorded by CMOR 29 MHz (blue dots) and 38 MHz (green diamonds) are plotted along with the results of the VMN system (orange triangles) and visual observations (black dots), as in Egal et al. (2020). The envelope of estimated simulated peak variations, with an arbitrary uncertainty of ±20 meteors per hour that allows the framing of most Orionid yearly maximum ZHR rates, are presented in red. The phase of the Moon for each year at the time of the shower peak is also shown, as this significantly affects the quality and quantity of visual and video data.
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Radiants of the η-Aquariids (top) and Orionids (bottom) measured with CAMO (red circles) and the GMN (black triangles) video networks in 2019. The average shower radiant location in one degree SL bins determined from the wavelet analysis of CMOR data is identified with black crosses. For GMN and CAMO, the formal radiant uncertainty was found using the method of Vida et al. (2019b). Simulated radiants computed for particles ejected before and after 1450 BCE are plotted with cyan and dark blue circles, respectively.
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Predicted variations of the η-Aquariid (top) and Orionid (bottom) main peak ZHRs between 2020 and 2050.


    

  
    
      Fig. A.2 
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Time-evolution of the nominal (green) and average (red) orbital elements of 1000 clones of comet 1P/Halley generated in 1994 CE and based on the JPL J863/77 solution. The blue curves represent the one standard deviation range about the average semi-major axis.


    

  
    
      Fig. C.2 
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Activity profiles of the Orionids between 2002 and 2019, without the outbursts of 2006 and 2007. Outburst years are detailed in Appendix D.


    

  
    
      Fig. D.1 
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From left to right: simulated (red line) and measured ZHR profiles, relative contribution of simulated trails, and cumulative mass distribution. The trails’ relative contribution is indicated by the circles size (small to large) and color (black: low significance, to yellow: highest contribution). The red band in the middle panel indicates the times when 1P/Halley was in the 1:6 resonance and blue the 2:13, as discussed in Sect. 2.4.3.
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