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Crystals

Extremely strong electric fields

1010-1011 V/cm

Relativistic invariant:
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Quantum synchrotron radiation
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We shall conclude this section by briefly examin-
ing under what conditions quantum phenomena

will invalidate the classical considerations we have E mec?
presented. This will occur when the momentum & ,
of the emitted quantum is comparable with the me*  (eh/me)H

electron momentum. Hence, for the validity of our
classical treatment, it is required that
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Ey=mc?/ex,

"Typical’ fraction of energy radiated classically

hw./E, = 3y heB/2pE, = 3yB/2B,

T:

2hw. B

3Ey, "B,




Quantum synchrotron radiation
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Experimental investigations of synchrotron radiation at the onset of the quantum regime
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So we have verified that radiation g o

A=0.36 £0.04
B=241+0.07

Quantum treatment of beamstrahlung x2/ndf =11.5/9

emission works as predicted in the 2 0y —oumm :

. =2 L= Classical ]
regime relevant for beamstrahlung at o ]
future colliders ozt :
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Spin-ﬂip B — yBE S

Wmag = - B
AW = ehB/mc
Fo = m*c’/eh
E
A — A2 = 2
W =vy°p T, mc

Equals incoming energy if
x = vE/E

Phys. Rev. Lett. vol. 87, 054801 (2001) IS ONne
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Radiation reaction



mv=F.. N2 Classical Radiation Reaction

2e*,. ., Jackson 1975 p. 786-798
P(t)=§?(v) Larmor

mv="F..+F..q F..q “must” vanish if v=0 (no radiation)

m(v—7V)=Fe«  Lorentz-Abraham-Dirac (LAD) equation

2
2e . v 1'=2 € ’ Step-fct. field, solution to LAD eq.:
Ffad__3_ oA HNE 3 mc (pre-acceleration)
Classical Electrodynamics

No field, solution to LAD eq.:
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. —24
T =6x10 S. Fig. 17.1 ‘“Preacceleration” of charged particle.
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Investigation of classical radiation reaction with aligned crystals
A. Di Piazza®*, Tobias N. Wistisen ", Ulrik I. Uggerhej "
P e e . o PHYSiCS Letters B 765 (2017) 1-5
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Unpublished (to be subm. soon),

50 GeV e* in Si (110) 2017 data
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Investigation of classical radiation reaction with aligned crystals

A. Di Piazza®*, Tobias N. Wistisen ”, Ulrik . Uggerheoj b
s Mo Pianck i ir Kernphysik Saupfechedoueg 1. D-69117. Cermary Physics Letters B 765 (2017) 1-5
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Thank you for your attention.



MIMOSA-26 detectors

(M. Winter, Strasbourg)
Vertex detectors for CLIC (?)

CMOS-based position sensitive detectors

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

true multi-hit capability 1 X 2 cm?
At/ X = 0.05%
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MIMOSA spectrometer

Danfysik permanent

‘magnet ( unta\b?é)




Beamstrahlung

N?fe N
[ — HD f:r pTlh T o Y
imo,o, (0 +0y)0.
T < 1: classical regime T _ 2hw,
- 3 Ey

T > 1. quantum regime

Journal of Physics Conference Series, vol. 198, 012007 (2009)
Phys. Rev. Spec. Top. Acc. Beams vol. 17, 051003 (2014)



Similar situations ?

Blankenbecler, Drell (PRD 36, 277 (1987), Quantum treatment of beamstrahlung:
"Pulse transforms into a very long narrow ’string’ of N charges.”

ILC / CLIC
@)
Bunch-size: 300x0.6x0.006 um3, 2-1019 particles
Density: 0.005 A3, 0.6 A3 (at IP)
Si
crystal
0 0000000
0 0000000
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Density: 0.05 A3, of Z=14



Power, EdN/dE

Spin contr. to beamstrahlung
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Pair production
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1 T. Erber, Rev. Mod. Phys. 1969
Baier, Katkov, Strakhovenko
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Nucl. Instr. Meth. B vol. 135, 143 (1998)

B Experiment, 300K
— Theory

1 |— Theory

B Experiment, 100K

10 20 30 40 50 60

Photon energy [GeV]



