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The generation of a strong magnetic field oYer 100 T for 
magneti]ed plasma ph\sics has been e[tensiYel\ stXdied. 
The magneti]ed plasma phenomena Zithin sXch strong 
magnetic fields haYe been inYestigated b\ Xsing laser 
driYen-coils [1].  
    The spreading of relatiYistic electrons generated b\ a 
short-pXlse laser is a problem for fast-ignition inertial 
confinement fXsion stXdies Zith energetic electrons 
becaXse a large spread angle of a relatiYistic electron beam 
(REB) redXces the heating efficienc\ from the incident 
laser to the fXel core. To oYercome this problem, an 
e[ternal magnetic field can be applied in fast-ignition 
fXsion stXdies: this scheme is knoZn as magneti]ed fast 
ignition (MFI). A proof-of-principle e[periment of the 
MFI scheme Zas condXcted at the GEKKO-XII and 
LFEX Xsing a laser-driYen coil, Zith efficient core heating 
achieYed [2].   
    HoZeYer, there is no direct confirmation in these 
e[periments that the magnetic field inside the cone Zas 
sXfficientl\ strong to gXide the REB to the fXel core. In the 
fast ignition scheme, a gold gXiding cone is XsXall\ 
attached to the fXsion fXel target to e[clXde ablation 
plasma from the path of the heating laser pXlse to the fXel. 
The dXration of the applied magnetic field shoXld be 
sXfficientl\ longer than the diffXsion time of the magnetic 
field into the gXiding cone so that the magnetic field 
sXfficientl\ soaks into condXctiYe materials sXch as the 
gXiding cone. The time scale of this magnetic diffXsion 
mXst be determined to gXarantee the REB gXiding b\ the 
applied magnetic field. 
    The intense magnetic pXlse caXses indXction heating 
inside materials and greatl\ changes their electrical and 
thermal condXction. Under the assXmption that a 1-ns 
GaXssian magnetic pXlse of 600 T soaks into 10-�m-thick 
gold, the temperatXre increase is appro[imatel\ 20.7 eV. 
The state Zith solid densit\ and a temperatXre of seYeral 
electron Yolts is referred to as Zarm dense matter (WDM). 
The theoretical modeling of this state is limited and 
e[perimental data are lacking in the WDM regime. The 
diffXsion time of a magnetic field is proportional to the 
electrical condXctiYit\ of the material. We mXst therefore 
take into accoXnt the temperatXre dependence of electrical 
condXctiYit\ in a Zide range (0.01 eV - 100 eV), inclXding 
the WDM state, to eYalXate the magnetic diffXsion time. 
    In this stXd\, Ze haYe deYeloped a nXmerical anal\sis 
method of magnetic field generation and its diffXsion into 
the gold gXiding cone Yalid for laser-driYen coils. For the 
generation process, Ze calcXlate the temporal eYolXtion of 
the coil cXrrent and magnetic field in the laser-driYen coil 
Xsing a self-consistent circXit model Zhich alloZs a 

conYentional circXit model to inclXde cXrrent diffXsion 
and JoXle heating [3]. For the diffXsion process, Ze 
calcXlate the electrical condXctiYit\ of Zarm dense gold 
oYer a Zide temperatXre range (300 K - 100 eV) Xsing a 
combination of the KXbo-GreenZood formXla based on 
the qXantXm MD simXlation [4] and the modified Spit]er 
[5] model to estimate the magnetic diffXsion into the 
gXiding cone target Zith consideration of the temperatXre 
dependence of the electrical condXctiYit\.  
 OXr nXmerical inYestigation shoZs the magnetic field 
that penetrates the gold cone reaches a ma[imXm strength 
of 530 T dela\ed b\ 2.5 ns Zith respect to the laser peak 
shoZn in Fig. 1. In the MFI e[periments performed b\ 
Sakata eW al. and MatsXo eW al., a heating laser Zas 
irradiated 1.88 - 2.22 ns after the incident laser peak of the 
laser-driYen coil, and the ma[imXm coXpling efficienc\ 
Zas obserYed at 2.2 ns after the incident laser. At this 
timing, oXr calcXlation shoZs that the field strength at the 
tip of the gold cone is 385 T, Zhich is sXfficientl\ strong 
to gXide the REB to the fXel core.  
  This stXd\ focXses on the MFI e[periments here, bXt 
oXr resXlts also contribXte to the modeling of a high-poZer 
laser-driYen coil and the estimation of intense magnetic 
diffXsion for magneti]ed high-energ\-densit\ plasma 
e[periments. 
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FLJ. 1. Temporal eYolXWion of generaWed and peneWraWing 
magneWic fieldV. A VqXare poinW VhoZV Whe e[perimenWal daWa of 
Whe magneWic field meaVXred in a plaVWic [6]. The Vhaded area (4.8-
5.2 nV) repreVenWV Whe Wime ZindoZ in Whe arriYal WimeV of VeYeral 
VhoWV of a VhorW-pXlVe laVer Wo heaW Whe fXel core in a preYioXV MFI 
e[perimenW [2] 


