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1% Introductiog '

Meteoroid flux density Q(m.): 1n'umber1of stream
meteoroids having masses > m. intersecting unit area in
unit tlme (L veIOC|ty vector)

Typlcal values Q(m*_1039)_1011 1012m o

".l

Mass index s: exponeht Such that number dN ., of
meteoroids havmg masses’ ip [m, m+dm] is proportlonal
to ms

Note that .= [ZJ




. Why calculate meteoroidlux densities?

Stream modeling: using flux density to tune and test models,

Meteoroid haz'al‘rdx for spécefliéht ’
. b "

Source of globél particle 'Ia'yers_ 'in_ atmosphere
: .




Why calculate meteoroid flux densities?

a) Stream modeling: using flux to tune %djest models

«  Solar System origin, dynamics, composotion

« - Smallest population only observable by radar and forward scatter

G.O. Ryabova and A. Martinez (2006)
Proc. Radio Meteor School 2005, 68-77 .




Why calculate meteoroid flyx densities?

b) Meteoroid hazard for spaceflight

1999 Leonids: no Shuttle launches in November

c) Source of gI:ot;éI particleslayers in atmosphere
Neutral rpeta.l atorI']s o R

Metal ions (Sporadic E)

Meteoric smoke particles (PMSE, NLC)




'~ “election effects

Initial trail radius effect
= less high meteors observed
= flux density underestimated

Finite velocity effect
— less slow meteors observed
= flux density underestimated

PRF effect .
— less short-lived meteors observed
= flux density underestimated

Lower mass limit mismatch
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D. Janches, L.P. Dyrud, S.L. Broadley, and J.M.C.
Plane (2009) Geophys. Res. Lett. 36, L06101.

Electron Density (el'/ms)

J.T. Fentzke and D. Janches (2008) JGR 1 13, A03304.




3. Kaiser meth®d

a) Basicideas

b) Selection effé‘cts

T. Kaiser (1960) MNRAS 121, 284-298.




Kaiser- method: basic"ideas (1)

Count number N of meteoroids from partlcula‘r radiant in particular
- period of time

Fixed meteor height

Fixed vertical meteor zone extent dependlng o stream velocity,
entry angle and’ rQass index .

- . )
Effective collectmg area St vertical width - horizontal « length »




Kais'e'r-method: ba_sic‘deas (2)

Define m, as minimal detectable méss in direction of max gain
Horizontal « Iength » W.rt. my: ~ (cos )()37 J (G G/R3)E12 dy

Flux density* w. rt mo Q( my) = N/S

o W

Wanted flux c_JIenS|ty: Q(m-) = Q(hqo) )




Kaiser method: sélecti'n effects

» meteor height zone not dependent on signal strength

.




4. Belkovich meghod

.Basic ideas
Extra features
Results

Selection effects ™\ o

O.l. Belkovich (1971) Statistical thebry of meteo;-r"zdar observations. Kazan University,
Russia (in Russian). * .

9?7'|(j Ig;lé{(ovich and V.S. Tokhtasev (1974) Bull. Astron. Inst. Czech. 25:2; 112-115; 25:6,

O.l. Belkovich and C. Verbeeck (2006) Proc. Radio Meteor School 2005, 38-47.
O.l. Belkovich and S. Suleymanova (1999). Meteoroids 1998, 103-106.
S. Suleymanova, C. Verbeeck, and J.-M. Wislez (2007) Proe. IMC 2006, 162-174.




Belkovich method: bﬁssi'c deas

Similar to Kaiser technique, but using polar eoordinates: partition
meteor layer.into trapezia dS,defined by angles 6 and d

h,.,and h,., dependent on mass '(ionizafion profile)

dS, = weighted average of trapgzia for all masses above .

zenith

radiant

Earth




Belkovich method: extra features
' -

Finite velocity effect

" PRF effect

Combined fine-tuning of mass |
.+ Index‘and flux density

Meteor height zone dependent
on (empirical) ionization profile

«* Forward scatter version exists

]

The correction factor Iy statistically corrects for these two effects, and is given by:

exp (—0.79(krg)1™ — 0.790958 + 0.14(kr)0)%%) if Oy < 1,
Ry = 1 i
(—) -exp (—0.79(kro)t™ 4+ 0.14(krg) — 0.1) if ©>1,
20y
where k = 27 /A, rg is the initial radius, and ©y a quantity quantifying the extent of the effect:
Tf+ Tr
6 — 6
v 27’0 ( )

where 77 is the time the meteoroid needs to travel half of the first Fresnel zone, 7 is the time between
pulses, and 75 is the decay time at the characteristic height hg. ©y compares the duration of the two
disturbing processes with the diffusion time constant, and thus indicates whether they are significant.




'B"el-k'c')vic_:h m_ethdd:”résults
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Figure 6 — The (logarithmically scaled) flux density profile of the Geminids in the 19641971 period, as a function
of solar longitude Ay (J2000.0). Since the Geminids are a very stable shower, the activity is very similar year

after year.

O.l. Belkovich, D. Pajovi¢, and C. Verbeeck (2006) Proc. Radio Meteer School 2005, 48-54.




Belkoviéh method: selestion effects

> meteor height zone for m not.dependent on signal strength

.h"i
Y

.
f -

» lower mass limit varies throughout dS,




5."Ryabova me#iod

a) Basicideas
b)  Sensitivity curves.and ionization gurves

c) Selection effects ™ . .._

K
G.V. Andreev and G.O. Ryabova (1984) Astronomiya i geodeziya 10, 131 136;
11, 22-30. (in Russian)

G.V. Andreev, A.E. Epishova, O.A. Mugruzina, and L.N. Rubtsov (1984) Astronomiya i
geodeziya 13, 37-49. (in Russian)

G.O. Ryabova (2008) WGN 36:6, 120-123.
G.O. Ryabova (2009) WGN 37:2, 63-67.




Ryabova method:beasib ideas

h;» and h,,, correspond to detectable part of meteor trails (ionization
profile and signal strength) = reliable ionization profiles needed

dS, = weighted average of trapezia for all masses above m,

To determine m,, -consider.ionization profile and.signal strength

L

zenith




lonization curves and senﬂtivity CUrves

lonization curve = physical model specifying for
every line density a, height h = h(a) at which all
meteors having a as max line density, reach this
max value:q. :

6 fixed. For every h,:x'se{nsitivil'y curve specifies
minimal detectable electron ling density a = a(h)

hy, = 94.55 km

(COrreSpOndlng tO ra..dal' threShpid') % 2 i II-'IIIIII o, = 3.28 =10 cm

lonization curve  sensitivity curve =*Unique hs
and a, such that meteor having max line density
a, at h, corresponds to threshold. |

a, corresponds to m, .




{yabov'a method: seledion effects

»> forevery m, meteor height zone dependent on ionization profile
and signal strength

LR Y
™,

-

» lower mass limit varies throughout-dS,




6. Verbeeck method

a) Basicideas ..

b) Selection effe‘éfs




Verbeeck method: basic ideas

For every 6 and h, determine min and max de’ctable masses My, and
m’ on (consider ionization prefile and signal strength)

Observed flux density in dSg,, = for masses between m,,and m’y,

1"(9). j h-(m5® —m™ %) dh.

radiant




Verbeeék method: sele@tion effects

> for every @ and 'h, meteor mass range dependent on ionization
profile and signal strength ‘

LR Y
™,

-

» lower mass limit constant throughout dS,,




7. Summarys

Kaiser method suffers of several seléctio’n effects

Belkovich met_ho;j:‘ “finite velocity effect and PRF effect solved
Ryabova methc;daﬁ initial trail radius effect solved

Verbeeck mettiod: + Iqw'elr;m;ss_limit mismatch solved

- accurate ionization profil&s
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