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IntroductionIntroductionIntroductionIntroduction

•• The The bremsstrahlungbremsstrahlung process has received considerable attention in many areas of process has received considerable attention in many areas of 
h i  d h i  d  t  i  thi   i  k  t  b   f th  t  t  i  thi   i  k  t  b   f th  t physics and xphysics and x--ray astronomy since this process is known to be one of the most ray astronomy since this process is known to be one of the most 

fundamental radiation processes in astrophysical plasmas and the fundamental radiation processes in astrophysical plasmas and the bremsstrahlungbremsstrahlung
radiation due to the electronradiation due to the electron--ion binary encounters has been widely used as the ion binary encounters has been widely used as the 
plasma diagnostic tool for investigating various plasma parametersplasma diagnostic tool for investigating various plasma parametersplasma diagnostic tool for investigating various plasma parametersplasma diagnostic tool for investigating various plasma parameters..

•• In turbulent plasmas, it has been shown that that the projectile electron in a In turbulent plasmas, it has been shown that that the projectile electron in a 
plasma would be affected by the random fluctuating electric fields since the plasma would be affected by the random fluctuating electric fields since the plasma would be affected by the random fluctuating electric fields since the plasma would be affected by the random fluctuating electric fields since the 
response of the random field fluctuations plays an important role in the binary response of the random field fluctuations plays an important role in the binary 
encounters and interaction potentials.encounters and interaction potentials.

•• The effective screened potential model including the farThe effective screened potential model including the far--field term obtained by the field term obtained by the 
longitudinal nonlongitudinal non--linear dielectric function associated with turbulent plasmas has linear dielectric function associated with turbulent plasmas has 
been applied to describe the screened electronbeen applied to describe the screened electron--ion interactions in turbulent plasmas.ion interactions in turbulent plasmas.
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•• Additionally, it has been known that the statically screened interaction potential Additionally, it has been known that the statically screened interaction potential 
would not be reliable to describewould not be reliable to describe the electronthe electron--ion collision in plasmas ion collision in plasmas when the when the 
velocity of the projectile particle is comparable to or smaller than the velocity of the velocity of the projectile particle is comparable to or smaller than the velocity of the 
plasma electron since the projectile particle readily polarizes the surrounding plasma electron since the projectile particle readily polarizes the surrounding 
plasma particles.plasma particles.

•• Hence, the electronHence, the electron--ion interactions in turbulent plasmas would be different from ion interactions in turbulent plasmas would be different from 
those in nonthose in non--turbulent plasmas due to the influences of the dynamic screening and turbulent plasmas due to the influences of the dynamic screening and 
random fluctuation of the electric fieldrandom fluctuation of the electric fieldrandom fluctuation of the electric field.random fluctuation of the electric field.

•• The dynamically screened effective potential is obtained by the effective The dynamically screened effective potential is obtained by the effective 
interaction potential including the influence of the plasma turbulence due to the interaction potential including the influence of the plasma turbulence due to the 

f f ff f f üürandom fluctuating electric fields apart from the standard Debyerandom fluctuating electric fields apart from the standard Debye--HückelHückel shielding shielding 
term with the dynamic Debye screening length to describe the appropriate electronterm with the dynamic Debye screening length to describe the appropriate electron--
ion interaction in turbulent plasmas.ion interaction in turbulent plasmas.

•• The impactThe impact--parameter analysis is applied to investigate the dynamically shielded parameter analysis is applied to investigate the dynamically shielded 
electronelectron--ion ion bremsstrahlungbremsstrahlung cross section in astrophysical turbulent plasmas as a cross section in astrophysical turbulent plasmas as a 
function of the Debye length  diffusion coefficient  impact parameter  projectile function of the Debye length  diffusion coefficient  impact parameter  projectile 
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function of the Debye length, diffusion coefficient, impact parameter, projectile function of the Debye length, diffusion coefficient, impact parameter, projectile 
energy, photon energy, and thermal energyenergy, photon energy, and thermal energy..



C l l ti  C l l ti  Calculations Calculations 

•• For the case of dipole emission by the projectile electron, the photon For the case of dipole emission by the projectile electron, the photon p y p j pp y p j p
emission probability  for all impact parameters emission probability  for all impact parameters bb::
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•• TThe expression of the electronhe expression of the electron--ion ion bremsstrahlungbremsstrahlung cross section is given by cross section is given by 
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•• The effective interaction potential                 between the electron  The effective interaction potential                 between the electron  
projectile and ion target with nuclear charge projectile and ion target with nuclear charge ZeZe for             and          for             and          

( , )effV r 
Tv v Dr 

including the additional terms caused by the random fluctuating electric including the additional terms caused by the random fluctuating electric 
fields in turbulent plasmas would be obtained byfields in turbulent plasmas would be obtained by
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•• The effective interaction potential               encompasses the additional The effective interaction potential               encompasses the additional 
 i   h  i fl  f d  fl i  l i  fi ld   f   i   h  i fl  f d  fl i  l i  fi ld   f  

2 2 1/2[ ( ) ],  : the angle between  and .     r b z   v r

( , )effV r 
terms owing to the influence of random fluctuating electric fields apart from terms owing to the influence of random fluctuating electric fields apart from 
the standard Debyethe standard Debye--HückelHückel term. term. 
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•• The scaled parallel and perpendicular Fourier force components:The scaled parallel and perpendicular Fourier force components:The scaled parallel and perpendicular Fourier force components:The scaled parallel and perpendicular Fourier force components:
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•• The electronThe electron--ion bremsstrahlung cross section in turbulent plasmas:ion bremsstrahlung cross section in turbulent plasmas:

/ ( / )d d d d      

The electronThe electron--ion bremsstrahlung cross section in turbulent plasmas:ion bremsstrahlung cross section in turbulent plasmas:
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•• The dynamic bremsstrahlung radiation cross section                                     :The dynamic bremsstrahlung radiation cross section                                     :/ ( / )d d d d      
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•• The static bremsstrahlung radiation cross section:The static bremsstrahlung radiation cross section:
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•• The The dynamic shielding function  for the dynamic shielding function  for the bremsstrahlungbremsstrahlung radiation radiation 
spectrum due to the screened electronspectrum due to the screened electron--ion binary scattering in turbulent ion binary scattering in turbulent pp y gy g
plasmas plasmas ::
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R ltR ltResultsResults

•• TheThe bremsstrahlungbremsstrahlung radiationradiation crosscross sectionsection decreasesdecreases withwith increasingincreasing thermalthermal
energyenergy andand impactimpact parameterparameter..gygy pp pp

•• TheThe thermalthermal effecteffect onon thethe bremsstrahlungbremsstrahlung processprocess inin turbulentturbulent plasmasplasmas isis moremore
significantsignificant inin smallsmall impactimpact parameterparameter domainsdomains..

1010



•• The The bremsstrahlungbremsstrahlung radiation cross section increases with and increase of the radiation cross section increases with and increase of the 
diffusion coefficient   The diffusion effect on the diffusion coefficient   The diffusion effect on the bremsstrahlungbremsstrahlung process decreases process decreases diffusion coefficient.  The diffusion effect on the diffusion coefficient.  The diffusion effect on the bremsstrahlungbremsstrahlung process decreases process decreases 
with increasing thermal energy.with increasing thermal energy.

•• It is found that the turbulent effect caused by the fluctuation diffusion enhances It is found that the turbulent effect caused by the fluctuation diffusion enhances 
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the the bremsstrahlungbremsstrahlung cross section in turbulent plasmas.cross section in turbulent plasmas.



Dr 

•• It is found that the It is found that the bremsstrhlungbremsstrhlung process for the projectile energies            the process for the projectile energies            the 1E 
maximum peaks in the maximum peaks in the bremsstrahlungbremsstrahlung radiation cross section for              .radiation cross section for              .

•• The The bremsstrahlungbremsstrahlung cross sections including the static shielding effect are always cross sections including the static shielding effect are always 
smaller than those including the dynamic shielding effectsmaller than those including the dynamic shielding effect

0.1 
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smaller than those including the dynamic shielding effect.smaller than those including the dynamic shielding effect.



I  i  f d h  h  d i  l  i  ff   h  I  i  f d h  h  d i  l  i  ff   h  b hlb hl•• It is found that the dynamic plasma screening effect on the It is found that the dynamic plasma screening effect on the bremsstrahlungbremsstrahlung
radiation cross section increases with an increase of the diffusion coefficient, radiation cross section increases with an increase of the diffusion coefficient, 
especially, in lowespecially, in low--thermal energy domain in turbulent plasmas.thermal energy domain in turbulent plasmas.
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Summary and discussionsSummary and discussions

•• It is found that It is found that the the bremsstrahlungbremsstrahlung radiation cross section decreases with radiation cross section decreases with 
an increase of the thermal energy for small impact parametersan increase of the thermal energy for small impact parameters.  .  

•• It is found that tIt is found that the he bremsstrahlungbremsstrahlung radiation cross section increases with radiation cross section increases with 
increasing diffusion coefficient in turbulent plasmasincreasing diffusion coefficient in turbulent plasmas. . 

•• It is also found that It is also found that that the dynamic plasma shielding effect enhances that the dynamic plasma shielding effect enhances 
the the bremsstrahlungbremsstrahlung radiation cross section for small thermal energies.radiation cross section for small thermal energies.

•• The The mean kinetic energy of the electrons in turbulent would be changed mean kinetic energy of the electrons in turbulent would be changed 
due to the dynamic diffusion effect caused by the random field fluctuation due to the dynamic diffusion effect caused by the random field fluctuation 
and increased in time for small collision energies.and increased in time for small collision energies.
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Additi ll  it i  Additi ll  it i  f d th t th  d i  hi ldi g ff t  th  f d th t th  d i  hi ldi g ff t  th  •• Additionally, it is Additionally, it is found that the dynamic shielding effect on the found that the dynamic shielding effect on the 
bremsstrahlungbremsstrahlung radiation cross section increases with an increase of the radiation cross section increases with an increase of the 
diffusion coefficient in turbulent plasmas.  Moreover, it is found that the diffusion coefficient in turbulent plasmas.  Moreover, it is found that the 
dynamic shielding effect on the dynamic shielding effect on the bremsstrahlungbremsstrahlung radiation cross section radiation cross section 
decreases with increasing thermal energy of the plasma.decreases with increasing thermal energy of the plasma.

•• In In this work we have found that the influence of dynamic plasma shielding this work we have found that the influence of dynamic plasma shielding 
and plasma turbulence due to the random field fluctuation plays significant and plasma turbulence due to the random field fluctuation plays significant 
roles in the roles in the bremsstrahlungbremsstrahlung radiation spectrum by the electronradiation spectrum by the electron--ion ion 
encounters in turbulent plasmas.encounters in turbulent plasmas.

ffThank you for your attention.Thank you for your attention.
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