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Instrument
detection
treatment

Astronomical

Dust model

Astronomical Dust mode:

1) JFCs Model (Nesvorny et al., 2010)
2) HTC Model (Pokorny et al., 2014)
3) OCC Model (Nesvorny et al., 2011)

Approach
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Dust model
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1) JFCs Model
2) HTC Model
3) OCC Model
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Instrument
detection
treatment

Astronomical

Dust model

\

Instrument detection treatment as a function of m,V and a:
1) Understanding the ablation and electron production
2) Understanding the characteristics of the meteor head

echo (i.e. size and shape)
3) Understanding how radar signal strength depends on 1

and 2 (SNR)

J

Approach
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One of the work’s main
hypothesis is that most of
this flux is undetected by
radars due to its small
velocity

Callbrated to

TPy A main goal of this work is
=« | meanM=10pg to show if this is in fact
gt LmeanV =14 km/s true for Arecibo 430 MHz
S uf L : Head Echo (HE) Meteor

i e T 3 Observations

Velocity Nesvorny et al., 2010

Astronomical Models
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Meteoroids 2016, Noordwijk, The Netherlands, June 6-10, 2016 @ ‘r H S D



HTC

LY N R Y AR AR\ T A
...............................

PR Y TEEE TR VORI

o { | Calibrate |, |

(o) o,s- — e 0.8- 7
a0 32 t/d 8 S

i 0.6:- mean I\/l - % go.ﬁ:- -
o [ * 1

> 0ar mean V = o © oaf ]
-E 5 2 > [
s T !

&-’ 20 O % 02| 7
i m m -

0’oo S 2Io . 4Io ; ool . . . . ool . Mo, | Repar | : *
Velocit ° 2 “ 0 2 40 % >
Velocity Pc Velocity Nesvorny et al., 2011

Astronomical Models

Meteoroids 2016, Noordwijk, The Netherlands, June 6-10, 2016

€Y -so




AreCIbo PFISR

June 18, 2006

»
o

October 3, 2002

PFISR Obs. Rate

Assuming we know
the astronomical
iInput and the

w
(@)

30FAO Obs. Rate ‘

| \
’ k| Simulated Rate

\ \ /

N
®)

# of Meteor per Minute in MLT
8
# of Meteor per 20 Minutes in MLT

manner is detected g ; . )
we can thenuse 2 5
the measurements £ 7 "ol © 7 Cmteited
to constrain the v, |reemad 0 4y eRemE T
amount of particles #t=%p. JLrse 55 Ol ST e
needed from each T e e B A

MLT Modeled Helion Rate ]

Anti-Helion
Rate

source

MLT Modeled]

MLT Modeled
N. & S. E

W’ elion Rate ) ]
». / Toroidal Rate]

|
ekt "N!n IIIHIIHIM r ur““‘“‘ '\ A l-:.. il :.. oo =S, L, ]
PFISR Local Time (hrs)

IME OF DAY

o
# of Meteor per 20 Minutes in MLT

# of Meteor per Minute in MLT
N
o

19
AO Local Tlme (hr'si_

Meteoroids 2016, Noordwijk, The Netherlands, June 6-10, 2016 r
@/ Y- -so



80

80 T T T 80 T T T 80 T T T T T T
MarcAZ?é?éFiﬁ Oa' June 18, 2006: 0-24 PFISR LT b. September 10, 2006: 0-24 PFISR LT ¥ December 1, 2007: 0-24 PFISR LT d.
v 60F 9 0 60F w 60F w 60F
S ] s s
= s 3 3
m G 40 6 40 6 40 6 40
{45 = [ 5 1
2 2 2 2
h [S [S £ £
=) 3 3J 3J
p4 p4 4 p4
o 20} 20 20} 20}
L
m 0 M 0 M M 0 0 M M
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
E Velocity (km/sec) Velocity (km/sec) Velocity (km/sec) Velocity (km/sec)
V- 100k Mﬁ?ig RT €1 100} June 25, 2002: 4-6 AO LT i 1 100k September 21, 2002: 4-6 AOLT 9- | 100k December 2, 2002: 4-6 AO LT h. 1
gSO- 1 ? 80F 1 ¢ 80} 1 ? 80F
* o S S S
+ +- +~ +~
S 2 2 3
q°_60- "660. “660. ,_.660-
| [ {9 [ 5
2 3 2 2
€ 40} £ 40} g 40F € 40F
=) =) 3J =)
p4 4 p4 Z
20F 20 20F 20F
0 2 » [l 0 2 » 2 0 'l 'l 'l 0 'l [l 'l a
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Velocity (km/sec) Velocity (km/sec) Velocity (km/sec) Velocity (km/sec)

Radial Velocities

Line of sight velocities help to constrain the aspect
sensitivity dependance of the meteor detection
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I OOO IR PR L R R LR T E Original JFC (Nesvorny et al., 2010,

/ Janches et al., 2014, 2015)
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Results: JI'C dilemma
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U0 = T R Original JFC (Nesvorny et al., 2010,
: Janches et al., 2014) - mean size ~ 100 microns
100 i Planck JFC (Ade et al., 2014; Janches et al., 2015)
: Hi mean size ~ 30 microns
10 : " £
> i Also investigated the effect of:
1 1) B (Janches et al., 2014; 2015) - 1-2 order of

& R T magnitude required to make a difference -
Thomas et al., (2016) shows [3 is close to
Jones 1997 values (see Sternovsky'’s talk)

2) New laboratory measurements of differential
ablation (See Plane’s talk) showed that at
slow velocity Na and K may ablate over a
longer range but at a smaller intensity.
However, changes on electron production and
SNR are a factor of 2 (no the order of
magnitude required)

Rodiol Velocity (km/sec)

Results: JI'C dilemma
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Meteors with Zenith Angles <45 degrees

- ] Model

1 Distributions
] removing meteors
1 with entry angles
| greater than 45
degrees
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Absolute Velocity Radia Velocity

80

Over prediction of the detection of
meteor entering at shallow angles

Conclusion: The results strongly suggest
" Distributions . | that there MUST be a ‘preferred’

= .. * directionality on the detection of meteor
HE by HPLA radars
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~305m Janches et al., 2004 used a sub-sample of

Arecibo detected meteor head echoes. The
results suggested a ‘down-the-beam’ preferential
directionality not he detections.

In other words: The HE is aspect sensitive with
a Gaussian function describing the angular
ik o dependance.

Results: HIs Shape
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Color curves = Modeled OCCs
Black Curves = Observations

o = 10 degrees o = 20 degrees O = 40 degrees

Meteoroids 2016, Noordwijk, The Netherlands, June 6-10, 2016




Relotive J of detected meteors

Color curves = Modeled OCCs
Black Curves = Observation
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A HE described by a Gaussian distribution with o = 40 degrees fit best the HTC-
Retrograde and OCC to the Arecibo high velocity portion of the speed

distributions

Results: H1GC & OCL
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e [8 B e BRI SRS S E Original JFC (Nesvorny et al., 2010,
: / : Janches et al., 2014) - mean size ~ 100 microns

100 : Planck JFC (Ade et al., 2014; Janches et al., 2015)

EodiiE : . . . :

7k - mean size ~ 30 microns - Assuming the HE is

_§ aspect sensitive following a Gaussian distribution
1 0 ~ 1of < with a o = 40 degrees
1 ‘ 50 % of

M M M M 1 M M M M 1 M M M M
15 20 25 30 35
Locol Time (hrs) from midnight July 15, 2002

The consideration of aspect
sensitivity int he HE detection
treatment reduces the number of
JFCs detection to the ‘ball park’ of
the observed rates.
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Results: HI< Shape
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Results: HI< Shape
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B ﬁi" |ii HE ﬁ‘i iii i What about HE Size?
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Besults: HE Size

In agreement with Close et

al., 2004

Meteoroids 2016, Noordwijk, The Netherlands, June 6-10, 2016

@’ €Y -so




)
S

HE Radius = MFP/10

| 1 LN Populat
e jon

o
S
"

Mass Flux (t/d)

o
S
L]

MFP  MEP/5__MFP/10

# of detected meteors
S

15 N JFC
Locol Time (vs) from midrighl July 15, 2002 (Planck)
_ HTC P 0.9 0.4 0.4
: EREESR 0.2 0.05 0.06
: OCC G158 1 e

0 20 40 60 80 100
Rodiol Velocily (km/sec)

Besults: HE Size

Meteoroids 2016, Noordwijk, The Netherlands, June 6-10, 2016

@’ €Y -so



)
S

HE Radius = MFP/100:

A

o
S
"

Mass Flux (t/d)

# of detected meteors
S

50f g Popul VIEP MFP/ MFP/ MFP/
05 I ] 1 ation 5 10 100
15 20 25 L) 5 JEC

Local Time (hrs) from midnight July 15, 2002 (Planc 7 17 33 337

RS 0.4 0.4 9

SIREER @2 GHEIS + 10110]s 2

Ul Clelelen B e i R | L

0 20 40 60 80 100
Rodiol Velocily (km/sec)

Besults: HE Size

Meteoroids 2016, Noordwijk, The Netherlands, June 6-10, 2016

@’ & Hso




Using orbital models of different dust populations and HPLA HE
observations we have found that:
1)  HE must be aspect sensitive and likely a factor of 5 to 10 smaller than the
SER16:
a) a flux where most of the contribution comes from slow JFCs
b) make the majority of slow JFC undetected
c) fit the high velocity populations to the observations.

Conclusions
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Using orbital models of different dust populations and HPLA HE
observations we have found that:
1)  HE must be aspect sensitive and likely a factor of 5 to 10 smaller than the
SER16:
a) a flux where most of the contribution comes from slow JFCs
b) make the majority of slow JFC undetected
c) fit the high velocity populations to the observations.

However:
2) These results are not prove that Nesvorny’s JFC model is correct, only that

If it Is correct we have a way to make it undetectable. There are still
conflicting issues that must be addressed:

Conclusions
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Using orbital models of different dust populations and HPLA HE
observations we have found that:
1)  HE must be aspect sensitive and likely a factor of 5 to 10 smaller than the
SER16:
a) a flux where most of the contribution comes from slow JFCs
b) make the majority of slow JFC undetected
c) fit the high velocity populations to the observations.

However:
2) These results are not prove that Nesvorny’s JFC model is correct, only that
If it Is correct we have a way to make it undetectable. There are still

conflicting issues that must be addressed:
a) lack of observations of gravitational focusing effects due to slow

velocity flux (Love & Allton, 2006)

b) Miao & Stark (2001) required a faster distribution to explain the LDEF
detection ratio between different surfaces of the spacecratft

c) Lack of observational evidence that slow particles come from only the
helion and anti-helion directions (Campbell-Brown, 2015, radars, etc)

Conclusions
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Using orbital models of different dust populations and HPLA HE

observations we have found that:

3) About 10% of the flux has to come from a combination of HTC and OCC
particles

4) In particular OCCs are important because without their contribution, more
than half of the HTC population would required to be retrograde in order to

fit the HPLA observations. Currently only 11% HTC are retrograde in the

HTC model (Levinson et al., 2006; Pokorny et al., 2014)

5) If the radius of the HE ~ MFP then flux from OCCs ~ 50% of HTCs, for
smaller radius OCCs ~ 2 times the HTCs

Conclusions
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Using orbital models of different dust populations and HPLA HE

observations we have found that:

3) About 10% of the flux has to come from a combination of HTC and OCC
particles

4) In particular OCCs are important because without their contribution, more
than half of the HTC population would required to be retrograde in order to

fit the HPLA observations. Currently only 11% HTC are retrograde in the

HTC model (Levinson et al., 2006; Pokorny et al., 2014)

5) If the radius of the HE ~ MFP then flux from OCCs ~ 50% of HTCs, for
smaller radius OCCs ~ 2 times the HTCs

dank je!

Conclusions
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