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Quasimosaic effect in silicon

• Calculations of deformed crystal plate 
done by V.M.Samsonov (Preprint No. 
278, LIYaF AN SSSR,  1976).

– Resulted in predictions of elastic 
quasimosaic effect for some other 
quartz and silicon plate orientations

– Large elastic quasimosaicity for (011) – Large elastic quasimosaicity for (011) 
plane of silicon predicted 

• Zero result in the first experiments in 
1999

• New calculations using Samsonov 
approach and new measurements:

- (111) plane, not (011)

- published in JETP Letters 81, 99, 2005

Figure from article: V.M.Samsonov and 
E.G.Lapin, On some possibilities and 
pequliarities of a curved crystal use in crystal 
diffraction instruments,  Preprint No. 587, 
LIYaF AN SSSR, 1980



Quasi-Mosaic Effect Applications

� Improvement of efficiency of X-ray focusing crystal-
diffraction spectrometers by two orders (chemical 
shifts of atomic levels)

� Possibility to optimize focusing crystal-diffraction 
spectrometers according to structure and width of line spectrometers according to structure and width of line 
under investigation (world best measurements of pi-
minus, K-minus, and Sigma-minus masses)

� Record resolution of gamma-ray focusing crystal-
diffraction spectrometers (~1 microradian)

� Possibility to increase efficiency of X- and gamma-ray 
double flat crystal spectrometers 



New Application of Quasi-Mosaic effect started 
from Crystal Beam Multi-Turn Extraction 
Experiments at IHEP (1997-2001)



Crystal beam extraction at U-70 

Bending angle            (~ 0.4 – 1.0  мрад)

Small crystal legth along beam to provide multi-turn passage 
of 70 GeV protons



Strip crystals (IHEP)

Sizes ≈ 3 x  1 x  60  mm3



Elastic quasimosaic in dependence 
on cut angle for Si (111) plane

∆θ∆θ∆θ∆θ = 2k9 T , where

Plate bending  radius R = 1 m

T  – thickness of plate

k9 – deformation coefficient

( formula taken from V.M.Samsonov, 
E.G.Lapin, Preprint No. 587, LIYaF 
AN SSSR, 1980 )



Rocking curves for Si plate 
with quasimosaic before 

and after bending.

Quasimosaic effect in Si with X-rays

Rocking curves for Si plate 
without quasimosaic before without quasimosaic before 

and after bending.



Shape of bent Si plate with 
elastic quasimosaic



Bending device



First quasimosaic silicon crystal prepared 
in 2002 for channeling experiment with 

70 GeV protons

 



Samples 0.3 mm and 2.7 mm with 
~0.4 mrad bending angle



Sample 10 mm with ~100 µrad 
bending angle



Crystals for experiment on extraction of 
high entensive proton beam at IHEP

Plane (111)Plane (111)

Length along beam 2.65 mm

Bending angle 400 µrad



Quasi-mosaic crystal installed at gonio



Crystal installation at U-70



Beam extraction from U-70

Number of protons in the ring 5.5·1012 p

Number of extracted protons 4.0·1012 p

Extraction efficiency                       ~ 70%



Experiment at IHEP with 70 GeV 
proton beam (2002) 
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Yu.M.Ivanov et al.PRL 97, 144801 (2006)



The beam distribution after quasimosaic 
crystal measured with photoemusions

C – channelingC – channeling

Why A и В  ?



Volume Reflection Effect

A.M.Taratin and 
S.A.Vorobiev, 
Phys.Lett. A119 
(1987) 425(1987) 425

and

A.M.Taratin and 
S.A.Vorobiev, NIM in 
PR B26 (1987) 512



Volume Reflection of 1-GeV 
Protons by a Bent Silicon Crystal

Yu.M.Ivanov, N.F.Bondar, Yu.A.Gavrikov,
A.S.Denisov, A.V.Zhelamkov, V.G.Ivochkin,
L.P.Lapina, S.V.Kos’yanenko, A.A.Petrunin,

V.V.Skorobogatov, V.M.Suvorov, 
A.I.Shchetkovsky (PNPI)A.I.Shchetkovsky (PNPI)

A.M.Taratin (JINR)
W.Scandale (CERN)

JETP Letters, 2006, Vol. 84, No. 7, pp. 372–376.



Observation of Volume Reflection with 
1GeV protons at PNPI using Quasi-Mosaic 
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Results

Deflection angle of reflected protons:

2θθθθR ~ 240 µµµµrad = 1.4 ⋅⋅⋅⋅ θθθθc

Probability of the volume reflection: 

PR ~ 0.7

Probability of the volume capture: 

PVC ~ 0.3



Channeling experiment with 
400 GeV protons at  SPS CERN
(H8-RD22 Collaboration, 2006)

H8  beam  line
FAR_DETECTOR areaCRYSTAL area FAR_DETECTOR areaCRYSTAL area



Result of typical angular scan 
with one of the crystals



Not aligned 5 crystals Aligned crystals

~55 мкрад

Observation of volume reflection effect from 5 
quasi-mosaic crystals



Deflectors QM33 and QM34 for LHC

31



Materials

Holder       - alloy VT6   (Russian analog of Titanium grade 5)

Spring      - alloy BRB2  (Russian analog of Alloy 25)

Coating on the mirrors   - alloy Ni-Mo (Mo-10%),  non-magnetic,  
2500Å

Crystalline plate    - high pure silicon ingot  used for QM1-29



Technologies

Bending device                         - lab mechanical workshop

Metal polishing         - lab optical workshop 
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Coating on the mirrors   - lab magnetron sputtering

Crystalline plate      - lab optical workshop and X-ray setup



Crystal parameters 
Sample                                                QM33                             QM34

Channeling planes                              (111)                               (111) 

Length along beam (mm)                    4.0                                   4.0

Miscut  (µrad)                                      ~ 20                                 ~ 20
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Miscut  (µrad)                                      ~ 20                                 ~ 20

Surface layer  (nm)                           ~ 200                               ~ 200

Bending angle (µrad)            44 ± 3                              47 ± 3

Torsion in center  (µrad/mm)              ≤ 1                                  ≤ 1 

Saddle curvature (µrad/mm)               ~ 6                                  ~ 6 



Future plans

To study installed crystals at SPS and
LHC (in the ring and with externalLHC (in the ring and with external
beams)


