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Scientific investigations in the framework of NA63

• Direct measurement of the Chudakov effect: PRL 100, 164802 

(2008); NIMB 269, 1919 (2011)

• LPM effect: NIMB 266, 5013 (2008); NIMB 269, 1977 (2011); 

NIMB 289 5-17 (2012); PRD 88, 072007 (2013)

• Formation length of the photon: PLB 672, 323 (2009); PRL 108, 

071802 (2012); NIMB 315, 278 (2013); PLB 732, 309-314 

(2014)

• Beamstrahlung in strong fields: JPCS 198, 012007 (2009); 

PRST-AB 17, 051003 (2014)

• Strong field trident production: PRD 82, 072002 (2010); PRL 

130, 071601 (2023); PRD 108, 052013 (2023)

• Logarithmic thickness dep. of radiation: PRD 81, 052003 (2010)

• Quantum synchrotron radiation: PRD 86, 072001 (2012)

• Strong field vacuum birefringence: PRD 88, 053009 (2013)

• Quantum/classical Radiation Reaction: PLB 765, 1-5 (2016); 

Nat. Comm. 82, art. 795 (2018); PRR 1, 033014 (2019); PRL 

124, 044801 (2020); PRD 102, 052004 (2020)



Experiment – CERN NA63

Typically few 100 GeV

Ultrarelativistic particles
passing amorphous and crystalline targets



LPM effect
Ir

Cu

When the formation 
length

exceeds the multiple-
scattering length:

suppression arises 
below:

Semi-infinite target...



Bethe-Heitler

LPM

What is the bremsstrahlung
transition from single-
scattering (BH) to multiple-
scattering (LPM)?



Logarithmic t dependence

’Radiation per interaction as a function of number of scatterings’

Transition between Bethe-Heitler and LPM regimes:



King-Perkins-
Chudakov effect

Burkhardt – white line
Chudakov – Black line (with thickness unc. 
limits), Contours

Mutual screening of charges in the pair => 
reduced dE/dx?



•A substantially decreased energy loss for thin 
targets as the Lorentz factor increases – the ‘Ogle 
effect’ - is incompatible with our measurements.
•A disappearance of the density effect, when 
becomes longer than the target, is possible.



Structured targets

Measuring the formation length
with a micrometer screw....



‘Picture’ of a 1.5 mm 

thick diamond, taken 

with tracked e+e-

pairs:

MIMOSA



Classical -> 

Quantum

synchrotron 

in strong 

fields



Quantum suppression

J. Esberg (NA63) – CTF3, GUINEA-PIG implementation

From:

This suppression 

‘saves’ the luminosity at 

e.g. CLIC



A proposal

1 cm silicon

LHeC



Radiation reaction

An example

from a total of 

22

experimental

comparisons

with theory.
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Tridents

Difference

hints at

direct virtual

contribution

at high 

energies



NA43 NA63NA59

First strong field 

experiments at CERN
‘tests’



Students and tech.s, NA63 (2007-2023)

Students

• Henrik Dahl Hansen, MSc

• Thomas Virkus, MSc

• Alper Dizdar, PhD

• Mark Dalton, MSc

• Jacob Esberg, PhD

• Kristoffer K. Andersen, PhD

• Heine D. Thomsen, PhD

• Mikkel Lund, MSc

• Kim R. Hansen, MSc

• Søren L. Andersen, PhD

• Rune E. Mikkelsen, PhD

• Tobias N. Wistisen, PhD

• Trine M. Poulsen, MSc

• Serdar Yilmaz, MSc

• Christian F. Nielsen, PhD

• Jens B. Justesen, MSc

• Jeppe H. Surrow, MSc

9 MSc

8 PhD

Technicians

• Poul Aggerholm

• Per B. Christensen

• Frank Mikkelsen

• Erik Loft Larsen

• Frank Daugaard

• Peter Lange

• Anders Petersen

… with a big ‘thank you!’



Publications NA63 (2007-2023)

… it has been fun!

approx. 2 per year


