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:

Previously, we have evaluated the magnetic field effects on LPI, where a plane

target was assumed, by PIC simulations.

100fs pulse sim.

Required B-field strength
vs. laser intensity )
10—y
| AKSERE=> ~10 KT "
I o

Fast electron energy density

101°W/cm?

’
’,

1,_/7 hn#ASEEE=> Several kT
I [W/em’]

L
1

T. Johzaki, et al., J. Phys.: Conf. Seri. 688, 012041 (2016)

1ps & mirror field sim. For heating demo. (FIREX-I)

Mirror field effect

18
16
14
12
10

3kT uni mirror

ﬂl.->ob2 [%]

-6 f ..... —_ _

N b
T
=
S~
o
)
2

o 5 10 15 20

T. Johzaki, et al., Nucl. Fusion 55, 053022 (2015)
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2D PIC simulation

Target: Fully-ionized D+ plasma
e 100 n_ dense plane w/o pre-plasma

Laser: liner-polarized (Ey & Bz) pulse
e 1.37x10%° W/cm?

e A =1pum
e 200fs ramping and semi-infinite
* ry=20pum
%‘.LOJ_l||'|‘|||||||||1||||||||||I__
Q -~ [\ absorbed Iasier energy flux_
— J -
L - — -
> - 77 - flux
S 05— | e energy fluc_
(a8 — —
) - I Ne >7MeV-
. - -
o] - —— ~209
g - Se<mmev-  20%
m - -
u".:oo—l O T O B OO T
0 2000 4000

time [fs]

10+OJ|I|I|I|||||l||||||||||||||||||_
y=70+/-20um -

[P

dN/dE [no/MeV]
gl
%y

10—4_
AR RN

0 50 100 150

| E[MeV] |
S I I R T A O R O R Ay
100.0 = (b) 2
10.0 = =
£ =
C°J1 00— =
0.1 = =
|t=0 =
0.01 O L N L L i e e B
0 50 100

z[pm]

A. ). Kemp and L. Divol, PRL 109, 195005 (2012)
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Al (2micron, 100ncr) + 102°W/cm? pulselZ&ATNSAA A U IEF [HFTE

NERREIGHEL DB E at 90 7 (297fs) S\ ERRIZ B, = 10 kT 3;H A at 90 7, (297fs)

Energy density of fast electron Energy density of fast electron

¥ [uml ¥ LCuml
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« BHORNEREIZIERE, > 102°W/cm?, /NLARE 7 > 10 psD MNEL—F—HRIBE
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« EFTEBRFE—LDHAT14UTIZIE~10 KTYSRADHZ DN E
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o BIF(FTS5XT) > TS : Faraday rotation, Whistler wave

o BHI5 > HiF Cyclotron resonance
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S
MIBEBEAR xARIUGIE T ABHRDANINLRTU Vv )L
t=ot v=vlc A = (0,58, cosg, (1-52)"%a,sing)
X=kx  P=pl(mc) B = —20_ G-f-%
m,C 5 +1,0 for linear polarization
EEERT | +1/2 for circular polarization
P _ (£+0xB) ‘ \ .
dt de dy EEITHEFNo RI-FBHIE DA
2 e _ 2
IHRILE—RE e mMC7 =5 =M 4r 4 29, 0%
9 _ g8 L[ e S A a a
dt dt dt
BEZXhTOEBE-HIHEBENINLRTU v )LOBER
: oA ﬁ CNDEEIILTEE
ot
B=VxA

*P. Gibbon, “Short Pulse Laser Interactions with Matter: An Introduction”, Imperial College Press (2001)
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A% :p,=p,=0at £=0 REAYICHLTEMELIxERORY INEE
Vx,D _ ag
c  4+a}
EEE AT
S 52 . REVBHIC L TESIELE-TRILE—
X _ <0 —_0 i
e 4 [+ cos 2¢] k, X ) [¢+25|n2¢} = s a2
. mec 4
Py kL y=a,sing
e CoCeEy K 2=0 v CRIKATOERB D18
P, d¢ a - t to, to, _ 40
=0 S -— — f =1 s = N— = [
m.c IRILF 2 iy —¢= , ora=1-¢ y ~ 7 aral
P = y=1+2[14cos2
b L mc | 4 L cos ) g o BT ONE

e

16(k x)* = (k_y")?[49% — (k_Y")?
p :ao\/a_o(1+cosz¢)2+cosz¢ (kx)® = (k y) (49" = (ko y')"]
MC 16 q=2a,/(27,), 7o =1+ag /2
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kiy =agsing Q=a,/(27,), 7o =+1+a2/2

I . . 15—
msorm [ %" /\ ; | -
6 o= 3 1.0} $ ]
3| % 1 / \ ' -0.5 - a, =10
> o I ao%x ->l| 0.0 I 8< a,= 3
NG T %> 1
3} \ / 0.5} a =03
61 \/ ] 1.0 - ) .
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X MEAS STEEMN
— — ~—
EFFHFIEN t=0|=T 3y =9 -/ =10 W/cm?for A, = 1.053 um
b ([~ . - U
EZ—(E—I-VXB) i(_()’(\lylz)_,\(oiolo) Yo = /1+a02/2:415
P= (px,max’ py,max’o) )
d
T3 B 2 V, n = —2— =0.953¢c
%ﬁ%{’a_ R = (a701a0,0) xD 4 + ag
A= = g ;
(0.3 €050 - N S
~ oA - g=t- m,C 4
= N E=-—=(0,a,Sin¢,0) ~
AA A - B, = COnst. Pem e = e
B=VxA=(0,04a,sing) ’ y 21.25
27V, b
_ /IEM,E - : == 2132 Mm
FRhikis Vem e
A B,o, =0, 0.098, 0.295, 0.492, 0.983, 1.47
= (on,0,0)
2 B,=0,1,3,5,10, 15 kT

*using Boris algorithm (J. P. Boris, 1970)
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EHREALFEEE a,=9 (B,=3kT)
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6F ]
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:

Code: PICLS2D* - = =collisional PIC code

2
— Y o o @/
@ JOXATVEMAMENFZIFMATEREEE? (0,<< o) HEHEHR> K2 =0>-— — =0
c/ WL
Laser (p-pol.; E-field in y-direction)  Target fully-ionized Deuteron (D*) External Field
J,=1.0 um n,=n4=0.001n_ B,, =f 0 or 10.71 kT
. niform

I, = 1e20 W/cm? (a, = 8.549) 001 Beam observation (uniform)

Spatial profile.:.plane wave atx =54 pm B REIB

Temporal profile <°0.001 | _ ~ o

107, Super-Gaussian ramp = wLeBc - 10.71KT

- semi-infinite e : ! x0 .

0 10 20 30 40 50

1.0} ' ' ' x [um]
5 0.8} . Box: 55um x 0.1 pm
E 0.6 . Grid: 100cells /4,
= 04 ] Particle: ele &ion 20 /cell
g.(z) N | | | ] Boundary condition
0 100 200 e escapingin x- dir
t [fs] e Periodic in y-dir
(laser B-field; BVO ~92 kT) both for partlcles & fields *Y. Sentoku and A. J. Kemp, J. Comp. Phys. 227, 6846 (2008).
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NERREIHIEL DIHEE at 10 1 (33fs)
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-8H h 100 20
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NERREIHIEL DIHEE at 30 7 (99fs)
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N AR EL DIFE at 50 7 (165fs)
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5\ ERH35 B , = 10.7 kT 37 & at 10 7, (33fs)
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5\ ERH35 B , = 10.7 kT 37 & at 30 7, (99fs)
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5\ &R H35 B , = 10.7 kT 35& at 50 7, (165fs)
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@ JSXATREIMEMNRIZEEATESHES (0, << ®)n,=0.001n,

2— ’7'J|~%ﬁﬁ1ﬁfﬁﬁ. E'ILT'I*)I/;‘F ARGEIL 50 um 1ZE IS H T I05E
W 00 = 107 KT y i—ﬂéﬁ@ﬁ%ﬂ@i&é
— 25} 12.9 MeV ( Bx0=10kT) =18.7 MeV, (E,, = 9.3 MeV) w/o B,
§ 5ol AE/E b 8 30 ) max—735MeVW|thB =10.7 kT
% | E/E M 3% AE/ER36% > ~afE
| 339 MeV |
§ 1.0 - e Quasi-1D PIC simulation
%05 _ Emax= 8.1 MeV W/OB
B | E,ax = 34.3 MeV with B,,, = 10.7 kT
0-0 M 1 M 1 M 1 1 M ~41ﬁ
0 10 20 30 40 50
£ [MeV] . o BAIRILX—IZL.PICsimulationfEiRIL. B—HIFNDE
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Code: PICLS2D* - = =collisional PIC code

0 JSAXAYREMENEE (0, “< 0)FHS
Exp. a,=9 (4, =1.053 um, I, = 102°W/cm?2), n_=3 n_,

Laser (p-pol.; E-field in y-direction)  Target fully-ionized Deuteron (D*) External Field
A, =1.053 um N, =ng=3n, (ﬁﬁﬁﬁmﬁﬁﬁf;‘{u-l:) B,o = 0 or10 kT
. . . . , , (uniform)

I, =1e20 W/cm? (a, =9)

Spatial profile...plane wave

Temporal profile

107, Super-Gaussian ramp
- semi-infinite

n.

n, - REZhTOHIGH ISR E

' : @~ o,
) ] - B,,=10.2kT

0O 20 40 60 80 100 120

ne’nllncr
O = N W b~ U
— .

1.0f ' ' ' *luml
5 0.8} . Box: 120 pm x 0.1 pm
E 0.6 . Grid: 50cells /A,
= 04 ] Particle: ele &ion 20 /cell
g'g N | | | ] Boundary condition
0 100 200 e escapingin x- dir
t [fs] e Periodic in y-dir
(laser B-field; BVO ~92 kT) both for partlcles & fields *Y. Sentoku and A. J. Kemp, J. Comp. Phys. 227, 6846 (2008).
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0 JSAXAYREBEIMENEE (0, “< o)FHBE
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o RNEIRERTIL RE/ > 102°W/cm?, /NILAR 7> 10 psD INZAL —HF —HHE
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o PIF(FTS5XV) > BHEIS  Faraday rotation, Whistler wave

» TBHHIZ > FIF Cyclotron resonance
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