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mv = Fe, N2

mv= Fext+Frad

F..q “must” vanish if v=0

m(‘.’— Ti.’) = Fext
Lorentz-Abraham-Dirac (LAD) equation
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No field, solution to LAD eq.:
(runaway — energy conservation)

a(t) = ape'’”,

T = 6 x 107 %s.

Classical Radiation Reaction

Jackson 1975 p. 786-798

(no radiation)

Step-fct. field, solution to LAD eq.:
(pre-acceleration - causality)

Classical Electrodynamics
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Fig. 17.1 ‘Preacceleration” of charged particle.



(a short digression)

|ZEST, ELI,

XCELS, HIPER,

Vacuum Polarization ‘ XFEL, NIF,
Ultra Relativistic Optics GEKKO-EXA,

POLARIS, BELLA ...
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“Physicists are planning lasers
powerful enough to rip apart
the fabric of space and time”

EXTREMELIGHT

Physicists are planning lasers powerful enough to rip apart the
fabric of space and time. Ed Gerstneris impressed.

The scheme of
interaction
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*_infrastructure

“The location of ELI s fourth
pillar, the highest intensity
pillar, is still to be decided. Its
laser power is expected to
exceed that of the current ELI
pillars by about one order of
magnitude

Radiation power [arb.]

[i.e. reach 10%* W/cm?, 10" e

Schwinger limit = 10%° W/cm?]".

The only laser experiment so far:

SLAC E-144: PRL 76, 3116 (1996), PRL 79, 1626 (1997)
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n=e {Aﬁﬂﬁ}frmfz = ¢F s /mwpe = e Eons Xo/me?

k= J(F ¥ )/ (mc* Een)

Why not use a constant
strong field instead?

F... =mc3 /el = mctfeXe = 13 X 10" V/em



SLAC E-144:

Why not use a constant

{-photoen . .
200 strong field instead?
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Previously presented by NA63

7= =1 +4801+x)In(1+1.7x) + 244\ %) 723,
cl
% T
% 05— © GelGdata
-~ * W LG data
s':f_g 0_4:_ — Quantum ]
= - Classical
"‘j >zo_3l -
P C
0.2 ]
= Fit parameters:
A=0.36 £ 0.04 _
0.1 B=241+007 —

¥%Indf =11.5/9

\Illl 1 Il 1 1 I\\Il
10"'2x10™" 1

2. Spin-flip processes
3. ‘Schwinger’ pair prod.
4. Trident production

Enhancement

those directly relevant to high-power laser

interactions...
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Investigation of classical radiation reaction with aligned crystals
A. Di Piazza ,Tobias N. Wistisen, Ulrik I. Uggerhgj
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Figure 3: (Color online) Radiation energy spectra for parameters Derivative term not
given in the text without RR (dashed green curve), with RR and no erivative te o
derivative term (dotted blue curve), and with RR (continuous red accessible in laser

curve). The inset shows the corresponding plots including dechan- interactions
neling and the spectrum of coherent bremsstrahlung by dechanneled

electrons (fine-dotted purple line).
In a purely electric field (in the lab frame), LL equation :

2 (0 V) B} + o {E(v- B)} = oo™ {(E)? = (B -v)?)
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. Some recent examples...
el P

infrastructure

Detecting radiation reaction at moderate laser intensities
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Experiment NA63
Run schedule

: Mai 2016

edpfbRl Fri | Sat [Sun|Mc
13 14 15 | 16 18 BR8N 2( 21 2"’ 2 'F"-
Mal Mai M’-]I May Mai




Angular scans

Radiation enhancement
observed w/ 180 GeV
electrons (signal =
radiation above 50 GeV,
‘strong field radiation’)
with 1.5 mm diamond:
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Run 11.-25. May, 2016

Setup for e+ measurement

Converter
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magnet
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MIMOSAsS:

CMOS-based position sensitive detectors

1152 columns of 576 pixels, = 18.4 um pitch
readout in 110 ms, = 3.5 wgm resolution

1 x 2 cm?

true multi-hit capability
At/ Xy = 0.05%







”[Friday 20th of May in the] morning
there was a fire at the PS main power
supply (the rotating machine), and it
will not be usable for the weeks to
come.”

SPS: Mai 2016
Graphs
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Si <100> theory - simulated
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Measurements and simulation, Si <111>
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PLANS FOR 2017:
NA63 applies for

to complete the series of
measurements necessary for an
experimental proof that radiation
reaction can be observed using high-
energy electrons in crystals



Publications, (related to) NA63
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NA63 has produced 22 publications since 2008
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What are the invariants?
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What are the invariants?

. N2
, (Fwp)
m>c*&;
In terms of electric and magnetic fields:
. 1 5 >
X == (pcxX B+ E -&) — (pc-E))
Eym?ct
A particle moving perpendicularly to a purely
electric/magnetic field: .
J Y= ye v 2hwe. _ B

meed 16+ 7 9
= 1.323285-10"°V/em By = 4.414005 - 10°T
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