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Talk plan

Accounting for self-consistent electric field
Sphere region dynamics at the end of 
negative muon track
Dynamics of positive muon linear track
External electric field influence on track 
dynamics 



Governing Equations
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Boundary Conditions
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Sphere at the end of μ- track
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Dispersion
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Characteristic Lengths 
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Different possible regimes of 
electron cloud dynamics
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Internal E-field Is of the Order of 
Debay Charge Separation Field

Electron coming back case; 
N = 6.5×1022 cm-3

Electron running away case; 
N = 1×1021 cm-3
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Negative Mobility in Gaseous 
Argon
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Recombination changes electron 
dynamics in dense Ne and do not 
change in Ar
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The rest muon polarization in Ar is 
due to negative electron mobility
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Summary for μ- spherical region

Electron cloud dynamics is complex and 
depends on medium density, initial electron 
energy and electron-ion pair number 
External electric field ~50kV/cm should not 
affect muon’s polarization
The rest muon’s polarization could be seen in 
dense gaseous Ar due to negative electron 
mobility



Analytical results for cylindrical 
track are close to numerical ones
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Realistic recombination rate is 
much less then Langeven’s limit
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Mobility and energy loss frequency 
due to electron-phonon interaction 
in solid Ar
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Electric Field at the End of 
Cylindrical Track Is Much Higher 
Then 2kV/cm
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Electrons Should Return to Track in 
Solid Ar (preliminary result)
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Muon Polarization Decrease Is ~2 
Times Less for Track End Then for 
Infinite Track
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Summary for cylindrical track

Applied E-fields can not change the dynamics 
of electrons in solid Ar
Additional calculations for greater times are 
necessary to predict  positive muon
polarization behavior 



Phonon capturing

 
k’

q

k 
2 2 2 2

2 2

k q k
k kcq
m m

′+ =

′
+ =

r rr

h hh

( )2 2 2

2

kq q cq
m m

δ
⎛ ⎞
⎜ ⎟+ −
⎜ ⎟
⎝ ⎠

rrh h h

( ) ( )2 22 2 2 2 2 2 22
2 2 2q q

kq kqq q q qn cq n cq
M m m Mc m mλ

π δ π δ
ω

−
⎛ ⎞ ⎛ ⎞Ξ Ξ⎜ ⎟ ⎜ ⎟Ω = − + = − +
⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

r rr rh hh h hh h
h



Phonon generation
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Total and momentum collision rate 
and energy loss rate

( ) ( )
2 2max 0,2 2

2
2 2

2
20 max 0, 2

1
4

mc mck k

tot q q
mc k

mk n q dq n q dq
c k

ν
πρ

⎛ ⎞− +⎜ ⎟
⎝ ⎠

⎛ ⎞−⎜ ⎟
⎝ ⎠

⎡ ⎤
⎢ ⎥Ξ

= + +⎢ ⎥
⎢ ⎥
⎣ ⎦

∫ ∫
h h

h

h

( ) ( )
2 2max 0,2 2

2 2 2
2 2

2 3
20 max 0, 2

1
4 2 2

mc mck k

d q q
mc k

m mcq q mcq qk n q dq n q dq
c k

⎛ ⎞− +⎜ ⎟
⎝ ⎠

⎛ ⎞−⎜ ⎟
⎝ ⎠

⎡ ⎤
⎛ ⎞ ⎛ ⎞⎢ ⎥Ξ

= + + − −⎜ ⎟ ⎜ ⎟⎢ ⎥
⎝ ⎠ ⎝ ⎠⎢ ⎥

⎣ ⎦

∫ ∫
h h

h

h h h
ν

πρ

( ) ( )
2 2 22 2 2 max 0,

2
3 3

02 2 2max 0,

1
4 2

m mcm mc

q q
mc m

d m n q dq n q dq
dt

εε

ε

ε ε
π ρ ε

⎛ ⎞
−⎜ ⎟+ ⎜ ⎟

⎝ ⎠

⎛ ⎞
−⎜ ⎟⎜ ⎟

⎝ ⎠

⎡ ⎤
⎢ ⎥Ξ

= − +⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

∫ ∫
h hh h

h h

h


	Computer Simulation of Negative and Positive Muon Track Dynamics
	Talk plan
	Governing Equations
	Boundary Conditions
	Sphere at the end of - track
	Characteristic Lengths 
	Different possible regimes of electron cloud dynamics
	Internal E-field Is of the Order of Debay Charge Separation Field
	Negative Mobility in Gaseous Argon
	Recombination changes electron dynamics in dense Ne and do not change in Ar
	The rest muon polarization in Ar is due to negative electron mobility
	Summary for - spherical region
	Analytical results for cylindrical track are close to numerical ones
	Realistic recombination rate is much less then Langeven’s limit
	Mobility and energy loss frequency due to electron-phonon interaction in solid Ar
	Electric Field at the End of Cylindrical Track Is Much Higher Then 2kV/cm
	Electrons Should Return to Track in Solid Ar (preliminary result)
	Muon Polarization Decrease Is ~2 Times Less for Track End Then for Infinite Track
	Summary for cylindrical track
	Phonon capturing
	Phonon generation
	Total and momentum collision rate and energy loss rate

