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el] L)l Relativistic-flying Parabolic Mirror
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Relativistic-flying Parabolic Mirror (RFPM)

e e Most interesting feature is
n/y i RFPM- the capability of “intensifying laser field
1 c‘;?' ' 1 Ty toward Schwinger field".
SIP
S - Schwinger Field (~1.32x10'6 VV/cm):
“53 critical field in QED which generate

O.4 - 2/), e*e" pairs from vacuum
O > 2

Q ot 4 <.

e
Double D¢
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)] Basic Characteristics of RFM
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laser pulse in M frame Due to the double Doppler effect
- Ly laser pulse Wavenumber
: 1+
L 4B B ia g
Relativistic 1-p
:;:ymg T=kd Pulse duration
irror Ee aud - ,5' |
T N—FT
1+ ,B 4y
_)”— 14 /I\ H
k"=k"z Field strength
laser pulse in £, frame . 1+ ,B
2 = > E) = _ ~ 47/ E
% 4
. - 1 Ti:S laser pulse (wW/ y=12.7)
y :3:; V= 1— B2 800 nm —>  1.24nm

30 fs — 47 as
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el. m Parabolic shapes in Laboratory and
1 seamives Boosted srames

Due to the Lorentz contraction,

in laboratory frame in boosted (Moving) frame

Focal length: 7 f' Focal length: [ F. = I <1

D
(Spherical focusing)
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el. m 4rn-spherical focusing of RP and AP
1 beamiine laser pulses

Radially-Polarized (RP) ] ] ] ]
pn v Laguerre Gaussian (LG) beam Polarization configuration

x- Or y-axis i /ﬂi
Linear Radial Azimuthal
/ // polarization polarization polarization
[\/ ""ﬁ 9 K Oscillation of
Y —» E-field
/\, = focusing sphere z-axis
TN —
f\ X Oscillation of
parabolic m& // H-field
Intensity /(x,y)
AZimutha"y'POIarized (AP) Poincare_Hopf index 0 1 1
pn | ewodizer Laguerre Gaussian (LG) beam
X- Or y-axis /ﬂi | f-number: 0.25 Transverse Longitudinal | 5 ora) pistribution
/ / (NA: 2) X ion, [EJ2 | ¥ ization, |E,|? | Z-polarization, |E,|2 (EL+[E,1*+]E.f)
/ K |I;io“I:la'irzation
/\, Rp\\“‘ focusing sphere z-axis
.f (
Radial
\ \ Polarization
™ )
parabolic mN
Intensity 7(x.y) Azimuthal
Polarization
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el] L How to calculate EM field in Lab. frame
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Incident laser pulse in £ frame

\ 4

Lorentz Transformation

L—->M

\ 4

Incident laser pulse in M frame

y

Focused laser fi

eld in M frame

Diffraction integral in space
(4n-spherical focusing)

A

y

Lorentz Transformation

Fourier Transform in frequency

M- L

\ 4

Focused laser field in £ frame

Assumption: Perfectly reflecting surface
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el] )] Calculation of Focused Field
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Focused laser field in M frame (monochromatic)
E-field: E

o cosf'cos ¢’
E| (x’”;a) ) = é’zEOf( Va(p' 00 )exp(-iw't)=E} , +E ,, —> E, . |=iE, (o' )a(p',00 )exp(-iw't')| cosd'sing’ |,
Ej',,z, —sin@’
B-field: L sin g
H, (x’”;a)’)z ¢?'H(;f( "Vb(p',0 0" Yexp(—i't) = H| ,. — H; , |=-H;  (0")b(p,0;0")exp(-iw't")| —cosg'|.
e 0

Lorentz transformation (M— L) for the field
{E;,x (w’)} | 7B+ BB)
£, | y(£,, - pB)

E}.=E,. =—iE,  (o")a(p',0" 0 )exp(-io't)sind, (parallel polarization comp.)

!

} vE, ( )exp(—ia)’t')[ia(p',é";a)’)cosé?'+,Bb(p',¢9’;a)')]{:§:§,

} (perpendicular polarization comp.)

Fourier transformation for the field of laser pulse

oo, () 1o s e -2 s
E’j’ﬁ(x”‘t I da)’E”( #e )exp(za)t) y {icos@’]a (x”‘;t')+,8]b (x'”;t')}sin¢' , - (' w)' =
—i(1/y)sin&'I, (x"‘;t’) 1,(x75t)= [ do'Ey (@)exp ‘(a()A_wa,))Cz) _b(p"a’;“")e"p(iw"')'
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el. m Field expressions of the focused laser
1 ceamine intensity

Electric field vector

For a radially-polarized incident laser pulse
]cos (oyT)Y, jo(a:f RJsin(a)(;T)Yl}sin;b

i

= . /37[ W, : . [ @
Ef(p,ﬁ,t)zz;ﬁ}ﬁ E(Z_Z]\/Iip {]l( - R]COS(G)OT)Y2 ]O( CC

0

R)sin(a)(’:T) Yl}cosqﬁ

Magnetic field vector

{—jo(a)o R) )Y, +]1( RJ 2}cos¢5
c c
_ 27y’ /37: W, o w, .
B"(p,0;t)= — =T |{-j,| R T)Y, +j,| =R |cos( sin
f(p ) ¢ C‘C"O(ﬂ’oj g { JO(C ] Jl[c ) 2} ’

(1/7) Jo [%‘;Rj

Geometrical factor:
beam radius-wavelength ratio

W
Field strength ~ ° (/1—0] 7,
0
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@1 ) Squared Electric Field at different Lorentz y

Time t=0 t=n/20,¢ t=n/wc¢ t=3n/20, t=2n/0c¢
in lab. frame (0 fs) (0.67 fs) (1.33 fs) (2 fs) (2.66 fs)
0.8 um 0.8
E?
in linear scale s
o
Lorentz factor 3
(r=1)
0.8 um -0.8
0.8 um 0.8 .
~ S
L" ©
. @
in log scale =
£
Lorentz factor S
(r=10) 2
-0.8 um \ 08 0.8 MRS 7
04 um 1 wm i .
80 nm 80 80 80
Ez

in linear scale
Lorentz factor
(r=10)

-80 nm -80 -80 - -80
-8 nm 20 nm 186 nm 214 nm 386 nm 414 nm 586 nm 614 nm 786 nm 814 nm

Scale normalized to 7




ai ) Recoil effect on the reflected frequency
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Consider mirror reflectance, R

photon

Electron layer

Electron density in the mirror: n,
Electron momentum: p, (before), p,” (after)

Electron energy: &, (before), £” (after)

Incident photon density: n,,
Photon momentum: p, (before), p,” (after)

Photon energy: &, (before), &, (after)

Momentum conservation:

n,p,—n,p,=n,p.cosd,+R(0)n,p. cosé’—[l—R(ﬁ)]nwpw
0=n,p!sing, —R(6)n,p) sind

Energy conservation:
n&, +n,E, =n&+R(0)n,El+[1-R(0)|n,E,

Frequency shift of the reflected wave

" (1+ﬂ) I c a2 c o2
) Nw(l—ﬂcos@) 1- R;/nmc3 (1+cos€) exp(—sm 6/sin «90)

L /e <1 Energy density of reflected EM wave

2
yn,m,c

Energy density of electron layer
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el] ) e*e Pair production rate
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e*e" pair production rate for Schwinger mechanism

T
B ] B Einv
e
Einv

Invariant fields and Poincare invariants

2 2
e’ E
e, = S;h ElmVBan COth
P Ak

) 2\l/2 ) ) 1/2 5y 5
I ) e A U Py
ESch ESch 2
Peak strength of the focused laser field Required intensity for reaching Schwinger intensity
" 1+ﬂ RY/4 TTOwW,, (ﬂ, /W )2
Er \/7 1 B \/ ce, 4c VI 1= 67:_57;76 Lso ~ 2.3x10'7 W/cm?2

(y=12.2, R ~ 0.5xy3, Ly = 0.2 pm, wy = 156 pm)
e*e- pair production rate with spatio-temporal distribution

2
A A E. /E
v, <2 PJ<—J-@1}>@@ LN
0

y: WO\/67Z'\/]01
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el. )  e'e Pair production under relativistic flying
1 cearives laser focus

(a)

4t harmonic, TM-mode

~
(g)
~
—
o

-3.5fs, 180 TW laser pulse .
RLF1 RLF2
& 8
RFPM1 ~._| RFPM2 v
y=122  § T ey e Y vy =12.2 -
D = 0.316 mm \ D = 0.316 mm g 1
2
R=0.5y3 Two RLFs collide ‘S
o
Separahon hetween mirrors = ~0.8 mm at a time of reflection g
©
s 0.1
(b) t=ty/2 — 20At t=ty/2 t=ty/2 + 20At -
3.0x104 o 3.0x104 o 3.0x104 o é’
© © ©
c "T_\ ' c ".:\ o=
O w O w 0w
O T | 9]
3E 3< 3E 0.01
0 § g 0 E 130 150 170 190 210 230
74 nm 74 nm 74 nm s Source laser power (TW)
87.4 o7 nm 87.4 pro’ hm 874 ppy’ M
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L)l Conclusion
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= Mathematical expression for the laser focus formed by the relativistic-flying parabolic

mirror (RFPM) was derived.
»  Frequency shift, Field enhancement, and Shortening of pulse duration are examined.

= e*e" pair production is investigated using the field expression obtained by the

relativistic flying parabolic mirror.

Thank you for your attention!!




