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n Strong laser: 150 PW, 300 nm, 30 fs
diffraction limited

= Probe laser: 200 TW, 527 nm, 100 fs
focused to 300 um

= Gaussian beams: 1st-order space,
monochromatic

= Parallel geometry

= Required vacuum pressure
at room temperature: P < 107 torr
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BK, A. Di Piazza and C. H. Keitel, Nature Photon. 4, 92 (2010)




Photon-photon scattering scenario

8/12



Photon-photon scattering scenario

8/12



s background

N
A

|
e / i Yd "

/

8/12



s background

\
N

A
/

|
e / i Yd "

/

8/12



Elastic scattering

9/12



Elastic scattering

Vulcan laser parameters:
Ao = Ap = 0.91 um

T = Tp = 3018
P,=FP =5PW
wg = 0.91 pum

wp = 100 pm

9/12



Elastic scattering

108
Vulcan laser parameters:

Aa = Ap = 0.91 pm 10°|

104} 4
T = Tp = 3018 X T

= 107}

d
o

P,=PFP,=5PW

wg = 0.91 pm ~ 3
102

wp, = 100 um 5 10 102 10°  10°
7 [fs]

9/12



Elastic scattering

108 F— - , , 0.7,
Vulcan laser parameters: e
Hr 8
6 | i 50
Ao = Ap = 0.91 um 10 05l o
104 | s °
T = Tp = 3018 X T 0.4¢
= ° = o
10% | | 0.3b
P,=PFP, =5PW °
1 i 1 0-2:_)
we = 0.91 pm 3 0.1¢
a X 102! X T |
I I 2 I 3 I 4 000 : : : ‘
wp, = 100 pm 5 10 10 10 10 100 200 300 400
7 [fs] Wy [pm]

9/12



Elastic scattering

108 F— - , , 0.7,
Vulcan laser parameters:
0.6 5
Ao = N = 0.91 um 10°f | 0
104} ] o ©
Ta = Tp = 301s X T 0.4°
= ° = o
10% | | 0.3b
P,=F =5PW X
1 i 1 0-2:_)
we = 0.91 pm 3 0.1¢
a X 102! X T |
I I 2 I 3 I 4 000 : : : ‘
wp, = 100 um 5 10 10 10 10 100 200 300 400
7 [fs] Wy [pm]

0.0

0 01 02 03 04 05 06

o[/



Elastic scattering

Vulcan laser parameters:
Ao = Ap = 0.91 um

Ta = Tp = 301s

Ny

P,=F,=5PW
wg = 0.91 pum

wp = 100 pm

108

10° |
104 |

10%}

X T

X T|

5 10 102

0.0

7 [fs]

10°

10

WUIUUOOO'OO

(@]

200 300 400

wy,o [pm]

100

5 10 15

0 01 02 03 04 05 06
0]/m

9/12



Elastic scattering

108
Vulcan laser parameters:
Ao = Ap = 0.91 um 10°f
T = Tp = 3018 ﬁ104' X T |
aRta )
P,=F =5PW
1t
wg = 0.91 pm RC -3
wp, = 100 um 5 10 100  10°  10°
T |fs
0.5 .
0 =0.1 0.4
Pa :2Ptot/3 0.3

Ng(Ap = 0.46 ym) =~ 4
Ng(Ap = 0.23 ym) ~ 16

0.0

0

9/12

01 02 03 04 05 06

01 /7

0.7,
0.6

O
05°

(@]

0.4

=S

0.3
0.2

WUIUUOOO'OO

0.1

0.0s

0.5
-

0.4 ©

200 300 400

wy,o [pm]

100

0.3 N

Ny
O

02

0.1

0.0

5 10



Inelastic scattering

10/12



Inelastic scattering

Wa,1:Ka 1 W= Wq,1 + Wq,2 + Wp
Yy
Wa,2, ka,2 B —» w,k W= = Wg,1 COS Qa,l + Wq, 2 COS Qa,g + wy, cos By,
/'a
wb,kb — >

P . . .
W= = Wgq 181N 041 + wq 2500, 2 + wp sin b,
{'4

10/12



Inelastic scattering

Wa,1:Ka 1 W= Wq,1 + Wq,2 + Wp
Yy
Wa,2, ka,2 B —» w,k W= = Wg,1 COS Qa,l + Wq, 2 COS ea,g + wp cos Oy,
/'a
wb,kb — >

P . . .
W= = Wgq 181N 041 + wq 2500, 2 + wp sin b,
T

0.25 -
0.20",
0.15" o

0.10+ °

(Nt—Ne)/Ne

0.05: .

. . %-0-.0..
1 1.25 1.5 1.75 2
T, |fs]

10/12



Inelastic scattering

Wa,1:Ka 1 W= Wq,1 + Wq,2 + Wp
Y
Wa,2, ka,2 B —» w,k W= = Wg,1 COS Qa,l + Wq, 2 COS ea,g + wp cos Oy,
/'a
cub,lcb — >

P . . .
W= = Wgq 181N 041 + wq 2500, 2 + wp sin b,
T

0.25,
= — f

0.20'&\ T, = 11s 7, = 30 fs
% 015 Ny(A\p = 0.46 ym) ~ 1
=
S 010 e Na(Np = 0.23 um) ~ 4

0.05! e

..
0 - oo

1 125 15 175 2
7, [fs]

10/12



Inelastic scattering

11/12



Inelastic scattering

11/12



Inelastic scattering

E.(y+1t) =e,FE, cos|wa(y +t)]sech|(y +t)/7,]
Ey(y —t) = ep By cos|wy(y — t)] sech|(y — t) /]

—~

o
O
syrun “qae) (m)Parp

IO.OV

WaTa

BK and C. H. Keitel, NJP 14 103002 (2012)

11/12



Inelastic scattering

E.(y+1t) =e,FE, cos|wa(y +t)]sech|(y +t)/7,]
Ey(y —t) = ep By cos|wy(y — t)] sech|(y — t) /]

1.0 10 _
Q.

| = | =
S S

05% 057%
o o

I = I -
=} =

0.0= 0.0 =

0.0 0.5 1.0 1.5 2.0

C() e Tn‘ wn. Tﬂ.

BK and C. H. Keitel, NJP 14 103002 (2012)

11/12



Inelastic scattering

E.(y+1t) =e,FE, cos|wa(y +t)]sech|(y +t)/7,]
Ey(y —t) = ep By cos|wy(y — t)] sech|(y — t) /]

1.0 10 _
Q.

| = | =
S S

05% 057%
o o

I = I -
=} =

0.0= 0.0 =

0.0 0.5 1.0 1.5 2.0

C() e Tn‘ wn. Tﬂ.

[cos(pp) + cos(2¢,) cos(pp )]

1
EZ|Ey| ~ cos”(ig) cos(pp) = 5

BK and C. H. Keitel, NJP 14 103002 (2012)

11/12



Summary

12/12



Summary

« Vacuum polarised by strong electromagnetic fields detectable
with current and soon-to-be-available lasers

12/12



Summary

« Vacuum polarised by strong electromagnetic fields detectable
with current and soon-to-be-available lasers

» A polarised QED vacuum displays birefringence and dichroism

12/12



Summary

« Vacuum polarised by strong electromagnetic fields detectable
with current and soon-to-be-available lasers

» A polarised QED vacuum displays birefringence and dichroism

* Photon-photon scattering via “vacuum diffraction” is a promising
method to detect non-linear vacuum response

12/12



Summary

« Vacuum polarised by strong electromagnetic fields detectable
with current and soon-to-be-available lasers

» A polarised QED vacuum displays birefringence and dichroism

* Photon-photon scattering via “vacuum diffraction” is a promising
method to detect non-linear vacuum response

* Single 10 PW beam split into two pulses sufficient Ng(Ap = 0.23 pm) =~ 16
for measuring elastic photon-photon scattering Ng(Ap =0.46 pm) ~ 4

12/12



Summary

« Vacuum polarised by strong electromagnetic fields detectable
with current and soon-to-be-available lasers

» A polarised QED vacuum displays birefringence and dichroism

* Photon-photon scattering via “vacuum diffraction” is a promising
method to detect non-linear vacuum response

* Single 10 PW beam split into two pulses sufficient Ng(Ap = 0.23 pm) =~ 16
for measuring elastic photon-photon scattering Ng(Ap =0.46 pm) ~ 4

« If strong pulse can be compressed to few-cycle, influence Na(Ap, = 0.23 ym) ~ 4
of inelastic photon-photon scattering also measurable Ng(Ap = 0.46 um) ~ 1

7, = 1fs 7 = 301s

12/12



Summary

« Vacuum polarised by strong electromagnetic fields detectable
with current and soon-to-be-available lasers

» A polarised QED vacuum displays birefringence and dichroism

* Photon-photon scattering via “vacuum diffraction” is a promising
method to detect non-linear vacuum response

* Single 10 PW beam split into two pulses sufficient Ng(Ap = 0.23 pm) =~ 16
for measuring elastic photon-photon scattering Ng(Ap =0.46 pm) ~ 4

« If strong pulse can be compressed to few-cycle, influence Na(Ap, = 0.23 ym) ~ 4
of inelastic photon-photon scattering also measurable Ng(Ap = 0.46 um) ~ 1
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BK and C. H. Keitel, NJP 14 103002 (2012) (see also NJP Highlights 2012)
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