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kT-class magnetic field generation using 
kJ-ns laser�

•  Kilo-Tesla B field generation due to capacitor-coil*1 

–  kJ-ns laser irradiation to capacitor coil target causes potential 
difference between two disks and it drives large currents and 
generates kilo-Tesla magnetic field. 

 

 
•  Kilo-Tesla B field generation via magnetic field 

compression using kJ-ns laser*2 

–  Seed B field is compressed with target by kJ-ns laser.�
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*1 S. Fujioka et al., Sci. Rep. 3, 1170 (2013). "           *2 H. Yoneda et al., Phys. Rev. Lett., 109, 125004 (2012)."



CTR�Coil Target 

Ta-shield 

Experiments of CTR measurement under 
external magnetic fields�

•  Spot size of CTR becomes small in the case with 
external Bx fields and its intensity is amplified to 
around 8 times compared to no external B field 
case. 
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Simulation condition for 2D-FISCOF�

•  Laser 
–  IL = 4×1018 W/cm2 
–  λL = 1.06 µm 
–  ΦFWHM = 20 µm 
–  Spatially Gaussian and 
    temporally semi-infinite flattop  

•  Plasma 
–  CH(Z=3.5, A=6.5, nmax = 20 ncr) 
–  Lpreplasma = 20µm 

•  External B fields 
–  Bx = 0, 5, 10, 50 MG* 
śBx,ECR = 100 MG w/o Rerativ. Eff.) 
*10 MG = 1 kTesla 

500 fs calculations have been done.  log10ne/ncr�
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2D profiles of laser field and electron density 
at 500 fs�

•  Laser filamentation and density structure are generated.  
•  Structure of electron density is clearer in the 5 MG case 

than that of no B field case. 
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2D profiles of laser field and electron density 
at 500 fs�

•  Structure of electron density becomes clear with initial 
magnetic field strength. 
–  In the initially 50 MG case, structure is smooth compared to other. 
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2D profiles of magnetic field Bx (including 
Bx,ext)�

•  More than 4 times compression of magnetic field occurs in 
the case of initially 5 MG.  
–  3 and 1.5 times compression at initially 10 and 50 MG case�
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Laser filamentation 
Bx�

600 fs�

Compression of magnetic flux line Ejection of electron  
Bx�

Fp �

Formation of magnetic pipe structure�

•  External magnetic field is compressed with ejection of 
electrons and magnetic pipe structure is formatted.�

�ð
�

�ê
�

500 fs�



 1e+18

 1e+19

 1e+20

 1e+21

 0  2  4  6  8  10  12  14  16  18  20

N
um

be
r o

f E
le

ct
ro

ns
 [/

J/
cm

2 ]

Energy [MeV]

  0 MG
  5 MG

 10 MG
 50 MG

 0.00015

 0.0002

 0.00025

 0.0003

 0.00035

 0.0004

 0.00045

 0.0005

 0.00055

-20 -10  0  10  20

El
ec

tro
n 

Be
am

 F
lu

en
ce

 [J
/c

m
2 ]

Position [µm]

  0 MG
  5 MG

 10 MG
 50 MG

Characteristics of generated fast electrons�

•  Time-integrated energy spectra are almost similar, but it is seemed 
that the slope temperature at 50 MG case becomes low. 
–  In 50 MG case, self focusing is disturbed because laser filaments grow 

straight. In contrast, filaments merges at the center in other cases. 
–  More longer calculation may show some difference. 

•  Guiding effects of external B field is clearly seen in electron beam 
fluence profile.ÙśΦ5, 10, 50 MG = ~40, ~30, ~30 µm)ş�

ΦLaser = 20 µm�
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similar calculations using PICLS�
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Simulation condition for 2D-PICLS�

•  Laser 
–  IL = 4×1018 W/cm2 
–  λL = 1.06 µm 
–  ΦFWHM = 20 µm 
–  Spatially Gaussian and 
    temporally semi-infinite flattop  

•  Plasma 
–  CŚH (nmax = 20 ncr) 
–  Lpreplasma = 20µm 

•  External B fields 
–  Bx = 500 MG* 
*10 MG = 1 kTesla 

1000 fs calculations have been done.  
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Bx,ext = 500 MG (Bext > BECR )Ē:/�
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