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Synchrotron radiation
(lvanenko, Pomeranchuk, Schwinger, et. al.)
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*Classical Radiation Damping regime
(LAD, LL etc.):
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I; ~ 10%*W/cm®

Radiation reaction should be taken into account,
e.g., via the Landau-Lifshitz equation
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Quantum radiation damping regime:

2mc?
Aw, ~ ymc? ag ~

I; ~ 10%*W/cm”

Intense field QED (IFQED) must be applied!




Sketch of IFQED:
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IFQED parameters:

ap > 1 -field can be considered constant
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Dynamical quantum parameter:
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Photon emission:

Total probability rate
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The concept of classical radiation force overestimates
radiation damping in the quantim regime! :




Formation length/time of a quantum process
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Energy lack
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Work required from the laser field
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Pair creation: Quantum amplitude:
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Under optimal conditions (y~1) the rates
0 Weg and W . are merely comparable!
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SLAC experiment
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FIG. 1.

Theory

(multiphoton regime)
A.l.Nikishov, V.I.Ritus, 1964
N.B.Narozhny, A.l.Nikishov,
V.I.Ritus, 1964

maximal backscattered photon energy:

ey = 29.2 Gev

Schematic layout of the experiment.
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D.L.Burke, et al., PRL, 79, 1626 (1997)
C.Bamber, et al., PRD, 60, 092004(1999)
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FIG. 4 Dependence of the positron rate per laser shot on the
laser field-strength perameter 1. The line shows a power law
fit to the data. The shaded distribution is the 95% confidence
limit on the residual background from showers of lost beam
particles after subtracting the laser-off positron rate.
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CENTRAL POINT OF THE TALK:
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For oscillatory motion in a laser fields
on modern and perspective facilities,

v~ ag > 1!

But can particles be accelerated transversely
to the field?
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Pecularity of acceleration in general laser field:
a toy model — uniformly rotating electric field
ry

dp(t)

= b pOE-(

E(f)— uniformly rotating, €2 - rotation freq.
(an analogue of laser frequency)
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x(t)
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Initial segment of the curve:
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More examples: e > §_<,3. T
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Set of time scales in the problem

—

v’ formation time
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form — o

v’ “acceleration” time

Es h

_ discussed
above

tacc E—
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v’ “free path” time with
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respect to quantum processes

for slow electrons,
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Expected hierarchy of the time scales in the problem

(hQ) = 1eV)
\ )
Time scale, sec. | 10*°W/cm? | 102*W/cm? | 10**W/cm? | 10>*W/cm? | 10*°W/cm?
formation
time tg,, 8.8-1017 2.8-1018 8.8-1019 2.8-10°19 8.8-1020
acceleration
timet, 6.3-10°14 2.0-10°1° 6.3-10°16 2.0-10°16 6.3-101/
free path time ¢,
(e—)-e-‘y;tf)zz‘f—)ve%‘ 2.81015 | 5.0-10%6 | 2.810%6 | 1.6:106 | 9.0-10
half-order greater)
laser h:\cl/fg-zperlod, 5 1.1015
notes t, >/ toee~/ 2 trree™ Lace<<T/Q
tfree< tacc tfree< tacc




QED cascade
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Ultrarelativistic
electrons f-(r,p,1)

Ultrarelativistic

positrons f+(r,p. 1)

Soft phOtOﬂS A (o) Y ST AT
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In numerical simulations, it is reasonable to assume “0 ™ At orid
gri
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Conjecture for cascade equations (motivated by EAS theory)
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e.g., Maxwell solver
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Quasi-1D approximation
f:l:(rapat) — fi(Xeat)
S (e k,t) = fo(xq. t)

Master equations:

9,
LHS [d_{ — . ] = RHS [”Gain-loss” terms]

recomputed in terms of 9/0y by small angle approximation:
use of the toy model from above O oo~V 1 <<Q

* discretization: t;,,, <<At . <<t;., e

* neglection of soft photon emission (better to take them into account
by means of self-consistent classical field via PIC-like approach)



Estimated multiplicity of electron-positron
component in the cascade (quasi 1d)

N,

2.7-10%3 negligible and
depends on initial conditions

6.7-10% 15

2.7-10%° 7800

1.1-10%6 1.6-1010

6.7-102° 3.6-1030

At larger intensities we expect complete depletion of a laser
pulse due to spontaneous creation of a pair from vacuum and
subsequent cascade development
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Summary

New physical regime of laser-matter interaction Is
expected at the intensity level 10%4-10%° W/cm? due
to massive formation of plural laser-supported QED
cascades. Formation of these cascades may be the
leading mechanism for depletion of extremely
Intense laser beams focused in vacuum or on targets.

We are working on implementation of the laser-
Induced quantum processes into the approved 3d
Monte-Carlo and PI1C-codes.
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Initial conditions, E(r,t),H(r,t)
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Determination of Random Event Generator

momenta of outgoing { P.,=W.(E(p;t),H(p,, 1), ki)’T]

particles by means of

normalized differential yes l no

probability dW, /W4 Determination of momenta of outgoing

and conservation particles by means of normalized differential

laws, N,:=N,+1 probability dW_/W_, and conservation laws,
N,:=N,+1 |

Iy =T4i;+ VLT,
pj:,?l = p:l:,i + G[E(I‘i,i, t) -+ Vi, X H(I‘iﬂi, t)]T,

p; = P + T,
L =147




Main distinctions from BKA [1,2] treatment

1. “Problem of injection of initial electron”: high-intensity fields can be
created in near future just as tightly (R~A) focused ultra-short laser
pulses. Under these conditions, ponderomotive potential prevents
penetration of charged particles inside the focal area (where the intensity
is high enough). Can be resolved only within realistic treatment of focused
field and just for certain scenarios.

2. Cascade approach (enables studies far above the threshold of cascade
initiation).

3. Accurate account for quantum nature of radiation reaction as a discrete
probabilistic event (important because acceleration mechanism is very
sensitive to initial conditions).

4. Partially: qualitative analysis based on length scale hierarchy and the toy
model.

[1] A.R. Bell, J.G. Kirk “Possibility of prolific pair production with high-power lasers” Phys. Rev. Lett. 101, 200403 (2008).
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