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Introduction

kJ, high contrast, large spot size, picosecond laser LFEX

B LFEX laser (ILE, Osaka Univ.)

1 kJ on target (by 4 beams)
Pulse duration: 1.5 ps FWHM (each beam)
Spot size: 70 um FWHM

@ ~ 5 ps at the sound
velocity of T, =1 MeV

Intensity: 101819 W/cm?

Pulse contrast measured at the front end

1 I ) 1
— without SA Compressed
.1 — with SA-1 pulse 7
0.01 — with SA-1, 2
0.001
107
%\ 107
g
= 10"
107 § Spectral
10° L modulation
107 B
o 101° contrast
o mplifiedloptical pa}rametricfluorescepce)

-400 -300 -200 -100 0 100 200
ASE level atns regionis ~10*  Delay time (ps)

K4



Background LFEXIZ k51 A INiEEER

“Boosting laser-ion acceleration with multi-picosecond pulses”
A. Yogo, K. Mima, N. Iwata et al., accepted for Sci. Rep.

B lon acceleration experiment using 1.5- 6 ps
laser pulses by LFEX laser ® The maximum energy of TNSA protons

was enhanced by more than 2 times as
we extend the pulse duration.
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Background

Ponderomotive R4 —1) 5 %A B —F—TFS X EFNE

Pulse duration 7 (ps regime)
1 : : )
100 fs 1ps P

® A.J. Kemp and L. Divol,  (Semi-infinite plasma)

(fs regime)

PRL 109, 195005 (2012) Laser)
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® S. Kojima et al, J. Phys. Conf. Ser. 717, 012102 (2016).
® A. Sorokovikova et al., PRL 116, 155001 (2016)
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Background

Ponderomotive R4 —1) 5 %A B —F—TFS X EFNE

Pulse duration 7

(fs regime) (ps regime)

1 1 )
1 1 1
100 fs 1 ps 10 ps
{a) ¥ ; e s prs
S ® A.J. Kemp and L. Divol,  (Semi-infinite plasma)
i PRL 109, 195005 (2012
. Nonlinear . 10 dg il .|(|||||I)||||||||-I_ —-'"""(L'a's¢r') ) Cl e
A i ' vacuum acceleration = \@ J=70+/-20um ‘ffJO-O—:_ (b) » :
WTEOlE " = 0= Plasma expansion =
})\ .;;T‘G{\\ E 5 ;—
%, \E:.;a“ @ o =
i " % |t=0 —
A. Yogo et al., Plasma 0""""';0""""'1(’;
Phys. Contr. Fusion 58, * - . 20 100 150
| E[MeV] Z[pm]
025003 (2015) )
® S. Kojima et al, J. Phys. Conf. Ser. 717, 012102 (2016).
~ ® A. Sorokovikova et al., PRL 116, 155001 (2016)
() L<Lp2 Y. Sentoku et al.,
S POP 10, 2009 (2003)
M Electron
=3 > recirculation
Circulative C E,
Electron Beam - "
N‘Tﬂ X
(Plasma expansion:
Neglectable >
2 L < C’Z-pulse & )
b
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Background

Ponderomotive R4 —1) 5 %A B —F—TFS X EFNE

Pulse duration 7

(fs regime) (ps regime)
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B 1D PIC simulation system Electron energy spectrum

observation area

1+5um
<«
| Laser Foil
pulse Jplasma - Outgoing
< > e > bounda
74 um 74 um (1 pulse) Y
-0 176 pum (2 pulse)
B Simulation code: Jum S pm e
ED L L] ¥ L] L] ¥
EPIC3D [l ¢ 40 . Initial plasma distribution
& ank ]
(collision = off, T n, =40 n,
C . 20 F .
ionization = off) N Z/A=1/2
D '] '] I’ '] ']
[1] Y. Kishimoto and T. Masaki, 73 74 75 76 77 78 79 80 81
J. Plasma Phys.72 (2006) 971 X [um]
B Laserwavelength . 1 pulse 2 pulse train 4 pulse train
_ y— T ULALELE BRI B B IR 1 T T AL I 1"" T
A,=1.05um s L Laser pulse ] ] i ]
o function i i i
B Peak normalized amplitude & 0.5 1 05 1 0.5[ /< 5 M
a, = 1.42 3 1 ] Ps ]
0 k § . /1.5 ps ] o 1 4t q
o . . L | , \ , | L | L L L I L N T I I B 1 1
Pea)'(”te”sl';y , 01 23 456 7 01234567 0122324256
2.5X% 10 W/cm Simulation time tg;,, [ps] ta. [PS] toi [PS]

Numerical simulations are performed on the supercomputer of ACCMS, Kyoto Univ. and on LPI cluster system at Osaka Univ.
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(2 pulse) Electron energy spectra at each time > ) Electron temperature
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* In obtaining T,, we assumed 1D Maxwellian to the spectrum
below the ES potential energy at the ion expansion front.
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pulse train

B Snap shot of plasma densities and ES fields
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gﬁ pulsg traik 75?7@?5@&?&%?@&*5 (2/ {)l/xa)t%é)
0 1 Zt[ps](% 4 5 t = 2 ps

B Snap shot of plasma densities and ES fields
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s ¢ t=3ps
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B Snap shot of plasma densities and ES fields o
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Snap shot of plasma densities and ES fields (t = 3.5 ps)
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Energy [MeV]

TS5 ARHDEFRELEFIRILT— (2NILADIES)

/DUIse shape function
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/DUIse shape function
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(2 pulse) Electron energy spectra at each time > ) Electron temperature
lllllllllllllllllllllllllllll
tam = 1.2 psS ’
5 10t T T SI
> 0 D
z 10_1 —€€§:a= 1.4 MeV\ ol (2 pulse)
> . w
Z 102 0.3 MeV 1D ES potential energy|
u’ 103 ~Maxwellian at the ion front. Y
o o
~» 104 al ! ] : ] . 3 >
= +—
= 4 6 8 10 ©
S 05
GE) :
|_ -

0 h Ly N
6 1 2 3 4 5 6
: tsim [PS]
: Pulse shape function
— 05E |k (2 pulse)
0=
° 6
2, sim [pS]
E@ * Fitting function of electron temperature :
n )
Zd.) i i A il i t T
S 0 2 éEl " 6 8 10 T.=T,|l+a-a|1-— o= [ ]
e [MeV] nax T,
* In obtaining T,, we assumed 1D Maxwellian to the spectrum T o: Maximum temperature,
below the ES potential energy at the ion expansion front. tmax: Time at which T, takes the maximum value.
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ase equations B Electron temperature has a time dependence

on ov,|  on Te=T.0)

EI +n, a—x' +V, a—x' =0 loncontinuity eq. > Sound velocity C, c (t)— ZT, (t)

" ' t also depends on time: ° M,
o, | _ zeog
otl, ' ox|, M, ox|, on eq. o moton -> Define a new variable &
0 P e- eq. of motion; B
O=en, x _&(ne-re) steady state = R _[ C
t t  —»(Boltzmanndis.)
2
Xl self-similar & =—; = const.
variable
— coordinate
transformation (X’t) = (é’t)
B Assumption (approximation)

RT Time evolutiqn of Perturbation expansion )
——=£=0 (8) <1 | temperaturels slow based on the smallness v, (f,t) = Vi(o) + 8Vi(1) 4.
C. T, compared with the parameter & 1

time scale of plasma >[N (g,t) ni( )+ en® 4+
expansion. (0
p(51) =" +ap

4
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B Solutionup tothe 1st orderof ¢

lonvelicity . .
Front velocity of ions
wmna@):cxo(yug-gggJ Y
—_— 0= 2R(1_b/§) (L+b+In(R/4y,))
lon density e¢(0+1) (1+ b/2) 1st order
n® (t,&)=ny (t)exp 50 o
Electrostatic potential 5 Cf. Vi = ZCS |:1+ In ( R/lDO )] - 2C 1+ In (a)plot):| Oth order
ep®* (t,&)=-T, (t)é(l +g§ j (isothermal)
RC
wnere
- ( dv, Ze " Electrostatic field at the front:
Time scale of / Time scale of - =
plasma /temperature dt M f Eq. of motion 2T ®
expansion evolution < Ef = p) -
1 e
VY 0o \/2€, +R?/ 2%,
B lon maximum energy K 2 Enerey where  ey=In 1
relation

Eimax = 22T,

j\/]T

 1-b2
~(1+b/2)’

1_b+bm(iﬂ
L /IDO

Forisothermal case, © =1

Apoo: Debye length for n;=n;,
and e- temperature T (t=0) =T,
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B Solutionup tothe 1st orderof ¢ g 5 6
lonvelicity b g t 4 [
VO (1, E)=C_ (1) 1+ & |- = o~ |
© =
@
lon density e¢(0+1) 0
n®(t,&)=n. (t)ex ,
i ( 5) IO() p Te(t) o 0.5
Electrostatic potential b w 5
FIEE i)
RC s C
b(t)=— |—7 § & 0
where C,
Time scalecyTime scale of
plasma temperature
expansion evolution t1>.0 40 T T T
o - Adiabatic -
. c expansion
B |on maximum energy ° 30 —
1 £z |
=
E = 20}
Eimax = 22T, j — % 3|
1/1+ R S — solution is
c W 10 F applicable up
S to here.
B (@] B L 7
1-b/2 R = .
(1+b/2) i Ano 0 S 6
Forisothermal case, ® =1
l@ 20



Conclusion

B HEOR. RKEAR. BRENIAL—Y—LEETSATEOEEER
(2B THEFIE- INEEEETNSAAMA 2 INEEFEE . PICHIF 22l —
avlZ kYT LT=,

B EEITSXTIE. BMVIZE A —RRTUoUNIILERE LGNS EIEL .
I B, %%li%ﬁ@?—ﬁ%ti’%ﬁ(bb—*f—%@%ﬂl:h%v?%fm e
OO, BEETSATDEY EZFE [T 5,

B EFIIEAEREHZELLGASHETHMEEZRIT. EFREIEIN DM
/r— )L Cponderomotive A7 —!) 5 % ERI>TEF T 5,

B 3L —2arTREBEFRELZILZERIC, R EORRIKFMEZIYA

NF-—RITTFXTHRINSAERET LEHEEL. ER. 2 3aL—Pay
ERVW—HZEET-

Future work

® ETNLE- MEGLIEDFF AR
FIEEB) EMREHIEDBER, EFEEEBTO I RIILF—IRIL, 2RI RGE




