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Experiments	–	here:	CERN	NA63	

Typically	few	100	GeV	

Ultrarelativistic	particles	
passing	amorphous	and	crystalline	targets	



Radiation	emission	



Experiment	–	CERN	NA63	

Ultrarelativistic	particles	
passing	crystalline	targets	

Reviews	of	Modern	Physics	vol.	77,	1131	(2005)	



Crystals	
		



Crystals	
		

Extremely	strong	electric	fields	
	
1010-1011	V/cm	

50	V	/	0.1	Å	
=	

5·1010	V/cm	

Relativistic	invariant:	

=1.32·1016	V/cm	



<<1 

’Typical’ fraction of energy radiated classically 

Quantum synchrotron radiation 



’Typical’	fraction	of	energy	radiated	classically	

Quantum	synchrotron	radiation	



Classical	->	
Quantum	

synchrotron	
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 Synchrotron radiation
 Blankenbecler & Drell, eq. (7.5)

Classical:   h -> 0     =>     Cb -> infty 

So we have verified that radiation 
emission works as predicted in the 
regime relevant for beamstrahlung at 
future colliders 



Spin-flip 

Equals incoming energy if  

is one Phys. Rev. Lett. vol. 87, 054801 (2001) 



Spin-flip	

’Polarization	time/length’	



Radiation	reaction	



Jackson	1975	p.	786-798	

N2	

Lorentz-Abraham-Dirac	(LAD)	equation	

No	field,	solution	to	LAD	eq.:	
(runaway)	

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

Classical	Radiation	Reaction	
Larmor	

(no	radiation)	





Crystal	planar	
alignment	

Crystals prealigned 
with x-rays 

2017	data	
(planar	case)	

Lindhard critical angle @ 50 GeV: 
23 microrad 



In	a	purely	electric	field	(in	the	lab	frame),	’Landau-Lifshitz’	equation	:	

Derivative	term	not	
accessible	in	laser	
interactions	



2016	data	
(axial	case)	

After propagation 
through analysis 
algorithm 

Lindhard critical angle @ 
178 GeV: 36 microrad 

https://arxiv.org/abs/1704.01080,	Nature	Communications	9,	795	(2018)	



0 10 20 30 40 50
0

0.005

0.01

0.015

0.02
4.0 mm sim aligned no RR
4.0 mm sim aligned
4.0 mm exp aligned

0 10 20 30 40 50
0

0.005

0.01

0.015

6.2 mm sim aligned no RR
6.2 mm sim aligned
6.2 mm exp aligned
6.2 mm sim amorphous
6.2 mm exp amorphous

Unpublished	(to	be	subm.	soon),	
50	GeV	e+	in	Si	(110)	

‘Landau-Lifshitz	equation’	

Preliminary	
Preliminary	

2017	data	
(planar	case)	



In	a	purely	electric	field	(in	the	lab	frame),	’Landau-Lifshitz’	equation	:	

Derivative	term	not	
accessible	in	laser	
interactions	

aim	for	
2018	data	



Thank	you	for	your	attention.	



MIMOSA-26	detectors	
(M. Winter, Strasbourg) 

Vertex detectors for CLIC (?) 



Detectors	and	
crystal	



MIMOSA	spectrometer	

Danfysik permanent 
magnet (shuntable) 

MIMOSAs 3-6 



Beamstrahlung 

 Journal of Physics Conference Series, vol. 198, 012007 (2009) 

Phys. Rev. Spec. Top. Acc. Beams vol. 17, 051003 (2014) 



Similar situations ? 

ILC / CLIC 

Bunch-size: 300×0.6×0.006 µm3, 2·1010 particles 
 
Density: 0.005 Å-3, 0.6 Å-3 (at IP) 

Si 
crystal 

Density: 0.05 Å-3, of Z = 14 

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

Spin	contr.	to	beamstrahlung	

Phys.	Rev.	Lett.	vol.	87,	054801	(2001)	



Pair	production	



Pair	
production	

T.	Erber,	Rev.	Mod.	Phys.	1969	
Baier,	Katkov,	Strakhovenko	

Nucl.	Instr.	Meth.	B	vol.	135,	143	(1998)		

http://www.phys.au.dk/~ulrik/
Doct_dis_UIU.pdf		


