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ABSTRACT

The effects of turbulence on the occurrence scattering time advance for
the electron-ion collision are investigated in thermal turbulent plasmas.
The second-order eikonal method and the effective far-field potential term
associated with the plasma turbulence are employed to obtain the
occurrence scattering time as a function of the diffusion coefficient,
impact parameter, collision energy, thermal energy, and Debye length.
The result shows that the occurrence scattering time advance decreases
with an increase of the diffusion coefficient. Hence, we have found that
the influence of plasma turbulence diminishes the occurrence time
advance for forward electron-ion collisions in thermal turbulent plasmas.
It is shown that the propensity of the occurrence time advance increases
with increasing scattering angle. It is also found that the effect of
turbulence on the occurrence scattering time advance decreases with an
increase of the thermal energy.



Second-order eikonal analysis and effective Shukla-
Spatschek potential

® The projectile electron in turbulent plasmas would be strongly affected by the
random fluctuating electric fields since the response of field fluctuations plays
an important role in binary encounters.

® The occurrence scattering time characterizing the quantum collision process
exemplifies the occurrence time of emergence of the wave packet during the
collision process.

® The occurrence scattering time advance or delay would be expected to reveal
when the scattering occurs with charged particles for a given scattering angle.

® The effects of turbulence on the occurrence scattering time advance for the
electron-ion collision in thermal turbulent plasmas is investigated in this
presentation.



Non-relativistic Schrodinger equation
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where . 1s reduced mass of the electron-ion collision system, 7 1s the rationalized

Planck constant, k[ = (24, E)"?/#] is the wave number, and E is the collision energy.

Using the Green function of the Helmholtz operator, the scattering eikonal wave
function can be written in the form
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Hence, the eikonal scattering amplitude is obtained as
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where b is the impact parameter, n is the unit vector perpendicular to the momentum
transfer Q(=k, —k,), k, and k, are the incident and final wave vectors,

Q= (k> + kj; — 2kk , cos 8)"?, 6 is the angle between the incident k, and final k s
wave vectors, y,.(Kk,,b) is the total eikonal scattering phase, and &(k,,k ;) isthe

argument of the scattering amplitude, respectively.

Here, the eikonal scattering phase can be represented by
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Effective Shukla-Spatschek model

Screened interaction potential between the projectile electron and the target
ion with nuclear charge Ze

VSS(V)=—Z—626XP(—F//10) (22 (E_Dj [1j£1 —2\/2023;»},
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where 7 =[b*+(v,t)’]"?, A, isthe Debye length, v, is the collision velocity,
v,(=w,A,) is the thermal velocity, @, is the plasma frequency, and « is the angle

between r and v.

The total eikonal scattering phase is found as
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where k. =ka,, b(=b/a,) is the scaled impact parameter, a,(=a,/Z) isthe Bohr
radius of the hydrogenic ion with nuclear charge Ze, a,( = h’/m,’) is the Bohr radius of
the hydrogen atom, m, is the mass of the electron, A,(=A4,/a,) is the scaled Debye
length, E. = E,/Z°Ry, Ry(=me'/2h* =13.6eV) is the Rydberg constant,
E.(=k,T) 1sthe thermal energy, k, isthe Boltzmann constant, 7' 1s the plasma
temperature, D( = Da,/v),) is the scaled diffusion coefficient, v,( = Zac) is the Bohr
velocity of the hydrogenic ion with nuclear charge Ze, a( = e’ /hc =1/137) is the fine

structure constant, c is the speed of light in vacuum.

K, 1s the zeroth order of the MacDonald function

K, (p)=[7"[(n = 1/D)(p/2)"| dge™(g® - 1)""""



Occurrence scattering time for the elastic electron-ion collision

The occurrence scattering time 7, canbe expressed by the first-derivative of the argument

of the scattering amplitude £(k,,k ;) with respect to the initial wave number £; :
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with the constraint for elastic collisions: &k =k, =k, .

Eikonal scattering amplitude would be represented by a power series in the potential
strength with the scattering angle such as

fE(e’];N];):fRe(e’];i’];)+ifim(09];i’l€ ))



where Jro(O:k k) = j db b J,(0b) 7,(b).
N CANS 72(b),
k, =k,a,, 06.k.k)=0a,= (/?l.2 + l?fz — 2k, cos6)""’] is the scaled momentum

transfer, and 7,(b)( =k y,/2) is the scaled total eikonal scattering phase.

The scaled occurrence scattering time 7,..(6,E,E,.,D,A,) for the elastic electron-ion

collision in turbulent plasma is then found to be

where k(= ka, = E'?) is the scaled wave number, the functions related to the scattering
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amplitude f,. i
respectively, given by
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FIG. 1. The scaled occurrence scattering time advance Togsr as a function of
the scattering angle € when Ap = 30, Er =3, and Er =9. The solid line rep-
resents the case of D =(0. The dashed line represents the case of D =0.6.
The dotted line represents the case of D =0.8.
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FIG. 2. The surface plot of the scaled occurrence scattering time advance
Tost as a function of the scaled diffusion coefficient D and the scaled ther-
mal energy Er when 0 =1 , Ap = 30, and Er = 3.
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FIG. 3. The scaled occurrence scattering time advance Tpsr as a function of
the scaled thermal energy Er when 8 =1°, Ap = 30, and E7 = 3. The solid
line represents the case of D =0.4. The dashed line represents the case of
D =0.6. The dotted line represents the case of D =().8.
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Conclusions

» The propensity of the occurrence time advance increases with increasing
scattering angle

* Plasma turbulence decreases the occurrence scattering time for forward
electron-ion collisions in thermal turbulent plasmas.

* The occurrence time advance for the electron-ion collision in non-turbulent
plasmas has more advanced character than that in turbulent plasmas.

* The effect of turbulence on the occurrence scattering time advance decreases
with an increase of the thermal energy.

*  We expect that the occurrence time advance for the electron-ion collision in hot
turbulent plasmas has more advanced character than that in cold turbulent
plasmas.



The dependence of thermal energy on the occurrence scattering time increases
with increasing scaled diffusion coefficient.

The influence of diffusional turbulence on the occurrence scattering time
advance decreases with an increase of the scaled thermal energy.

The turbulence character of the plasma can be explored by the occurrence
scattering time advance for the electron-ion collision in cold-temperature
domains.

The temperature dependence of the occurrence scattering time increases with an
increase of the scaled diffusion coefficient.



