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Manufacturing and characterization of
bent silicon crystals

Channeled
particles

. Germogli et al. NIM B 355 (2015) 81-85



Steering of a Sub-GeV Electron Beam through &> )

Planar Channeling Enhanced by Rechanneling

MAINZER MIKROTRON
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Investigation of the Electromagnetic Radiation &)

Emitted by Sub-GeV Electrons in a Bent Crystal
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CRYSTAL simulation code*

Main conception — tracking of charged particles in a crystal in averaged atomic potential

Program modes:
@ 1D model — particle motion in an interplanar potential
@ 2D model — particle motion in an interaxial potential

Simulation of the different physical processes:

@ Multiple and single Coulomb scattering on nuclei and electrons.
@ Nuclear scattering

& lonization energy losses

@ Crystal geometry

Advantages:
@ High calculation speed (up to 103 particles/s/core)
@ MPI parallelization for high performance computing

Max number of cores used
simultaneously by CRYSTAL
@ FERMI: 2048 @ FERMI: 200 kh
@ GALILEO: 768 @ GALILEO: 100 kh
@ MARCONI: 2152 @ MARCONI: 400 kh

What have we been granted by?

*A.l. Sytov, V.V. Tikhomirov. NIM B 355 (2015) 383—386.
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Bent crystals: Si and Ge

Interplanar potentials for low

U (ejV)

Si x (A)

@ Crystal length: 15 pm
@ Bending angles:

¢ 315 prad

¢ 550 prad

¢ 750 prad

¢ 1080 prad

60

401

0

—20}

20f

est curvature values

EGe volume reflection

€ o

ST e
x (A)

Ge

@ Crystal length: 15 pm
@ Bending angles:

¢ 820 prad

¢ 1200 prad

¢ 1430 prad

A.l. Sytov et al. Submitted to Eur. Phys. J. C, preprint: arXiv:1709.01482



Dynamical holder: bending without breaking of vacuum
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A.l. Sytov et al. Submitted to Eur. Phys. J. C, preprint: arXiv:1709.01482



Angular scans for lowest curvatures
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Beam distributions for lowest curvatures
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Fitting model
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Fitting model: overbarrier particles contribution
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Initially overbarrier particles cause a reduction of the dechanneling length, if it

is comparable with the crystal thickness. Therefore, it influences on the angular
distribution shape, reducing correlation between normalizing coefficients.

A.l. Sytov et al. Submitted to Eur. Phys. J. C, preprint: arXiv:1709.01482




Channeling efficiency and dechanneling length

0.6F Si, simulation 1= Ge, simulation 20t Si, simulation 1
o5k  Si, experiment - Ge, experiment -+ Si, experiment
~ 15[ ]
0.4F § - H
= > [ ! I
- =gl =]
= 0.3} 5 10f + T T
= 3 | i o > el B
0.2F 3 :
= A= st e :
0.1F M [ - 1+ Ge, simulation
00 - [ ol == Ge, experiment
. _._"_"HH I '] 1 1 1 O A r A i 1 A A i A L A A A i 1 A A A A 1 A
0 5 10 15 20 25 30 3 0 5 10 15 20
R/Rc; R/R,
A R Exp Exp Sim Sim ’
Material 0y (urad) 7>  Ovr (urad) mcn Ovr (prad)  meh Laech Bxp  Ldech sim  Ldech Dsim  Ljeen Dsim
Si 315 299 224 0.40 4+ 0.08 235 0.3818 + 0.0004
Si 550 171 204 0.248 +0.016 203 0.3000 £0.0004 17.74+3.0 164+21 18.96+0.05 21.14-+0.10
Si 750 126 194 0.206 £ 0.013 190 0.2519 £0.0003 14.0+2.2 156+1.4 16.48+0.05 18.05+0.07
Si 1080 82 183 0.165+0.010 182 0.1907 £0.0003 10.14+1.0 122409 13.62+0.05 14.73 + 0.06
Ge 820 1853 i 0.084 £0.017 178 0.0909 +£0.0002 9+5 10 + 2 7.97 £ 0.07 8.95+0.26
Ge 1200 12.5 165 0.036 £0.007 161 0.0468 £0.0002 7.34+1.2 7.1+£0.5 6.02 £ 0.03 6.46 = 0.11
Ge 1430 10.4 162 0.019 £0.004 156 0.0320 £0.0002 5.94+1.5 6.1+0.4 5.29 4+ 0.03 5.58 £ 0.09
New record of channeling o channeling in a Ge bent crystal:
.. . : > 35%
efficiency for negative particles never done before for sub-GeV electrons

A.l. Sytov et al. Submitted to Eur. Phys. J. C, preprint: arXiv:1709.01482



Volume reflection
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bent crystal, preliminary results
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If we compare the

radiation emitted by the silicon crystal with that emitted by the

germanium crystal the increase in the radiation production rate is very evident
and the channeling peak occurs at higher energy for germanium.



Conclusions

@ An experiment on beam steering of 855 MeV electrons by using 15 pym
bent Si and Ge crystals has been carried out at the Mainzer Mikrotron.

@ Through the exploitation of an innovative piezo-actuated dynamical
holder, both channeling efficiency and dechanneling length have been
measured for several radii of curvature of the same crystal.

@ An unprecedented level of steering efficiency of about 40% in a Si crystal
for an electron beam has been achieved.

@ The evidence of beam steering of sub-GeV electrons in a Ge crystal has
been demonstrated for the first time.

@ The influence of initially non-channeled particles on the dechanneling
processes has been highlighted.

@ The dependence of the ratio between the VR angle and the Lindhard angle
vs the RIR. has been investigated, demonstrating that it does not depend on
the energy, being useful to make predictions at different energies.

@ A study of generation of radiation at different curvature values for both
silicon and germanium crystals has been carried out.
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