Channeling experiments at the
Mainz Microtron MAMI

« The MAMI Accelerator

* Principal of a crystal based light source
« Experimental setup and methods

* Results

 The new Positron beamline
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Ground plan of MAMI
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X-Ray Experiments @ MAMI
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W. Lauth et al., Coherent X-Rays at MAMT,
Eur. Phys. J. A 28, (2006) 185.
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Channeling Radiation
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Undulator Radiation at Positron/Electron Channeling in a
Single Crystal

A. Solov'yov, A. Korol, W. Greiner et al.
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Superlattice principles

Normal cubic crystal: flat planes
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Superlattice principles

Strained superlattice:

[B]

Undoped substrate

Growth with increasing doping
= increase in crystal parameter
along [100].
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Superlattice principles T

Strained superlattice:
[010] SS== On several successive
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4 Period Diamond Undulator
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4 Period Diamond crystal, 855 MeV
Ay =3.5V2um =5um, A=0.138 nm, K=0.291, y=1673

Aty “hc

ha =n/1(1 + K?/2 4+ y4(86 — 6,)%)

= 1.33 Mel

at (6 — 6,) = 6,= 0 and first order n=1



Definition of Observation Directions
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Principle of Peak Search
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H. Backe et al. Nuclear Instruments and Methods in Physics Research A 1073 (2025) 170236.
https://doi.org/10.1016/j.nima.2025.170236 and arXiv:2404.15376
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Events [e- sr MeV—1]

Energy spectra, central position, 855 MeV
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Difference Spectra, + 0.2mrad, 855 MeV
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Spectra at electron beam Energy 765 MeV
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Comparison with simulation calculations
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First Conclusion

First observation of crystalline undulator radiation.
Peak energy, peak width and intensity agree

with predictions.

Undulator radiation at (110) and (111) planes

New sensitive experimental method for the peak detection
supported with simulation calculations

High quality diamond crystals for the backing
Production of new crystals with smaller period length -> higher energy

y-ray source for nuclear physics
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Pair production with the MAMI beam
in combination with a monochromator

to electron
beam dump
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High quality Positron beam @ MAMI
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Overview Positron beam line
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Flat 30 ym Si crystal (100)
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Bent crystal

Guidi, V., et al.,, 2009. Journal of Physics D
Applied Physics42(18).
Germogli, G.,NIM B, 2015. 355: p. 81-85

Thickness along the beam: 29.9+0.1 um Bent
planes, exploiting quasimosaic effect (111)
Bending angle: 970+£10 prad



Deflection of Positrons with bent a crystal
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Channeling efficiency e+ vs e- INFN

Advantage of positrons for CLS —> higher channeling efficiency!
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Channeling of Positron
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Without crystal, direct beam

20 mm horizontal
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Conclusion positron beam

* Positron beamline is available.
« About 20 kHz Positrons with 530 MeV

» Experiments with the deflection in bent crystals
Fine structure

* First Channeling Radiation measurements

 Ready for Channeling experiments
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Experimental results on beam steering INFN f=m1
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Channeling of Positrons in a bent crystal
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Floor Plan at MAMI for X-ray Experiments
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How Channeling Comes About
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Radiation detection with Ge-Detector
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Crystal Ball:
672 Nal(Tl) crystals

93.3% of total solid angle
Each crystal equipped with PMT
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