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What happens in a bent crystal?

A.I. Sytov et al, Eur.Phys.J. C76 (2016) n

ast qualitatively.
ther than the lattice being a set of atomic points, channeling assumes that the effect of a crystal lattice can
bed in terms of channels or paths where the particle can preferably penetrate to a higher depth before scatteri
re 1a, 1b). Hence, certain orientations of the crystal will backscatter more electrons than others, giving rise
ation contrast.

Channeling efficiency

Illustration of an atomic lattice relative to incoming electron trajectories so that a relatively more (a) “closed channel” or (
channel” condition is obtained. The presence of an edge dislocation (c) can locally convert an “open channel” to a “clos
el” condition.

Incident angle and dislocations affect efficiency.
Incident angle should be below the Lindhard angle θc .

low magnifications the scanning motion of the electron beam ensures that many channels are accessed over a wi
ar range, leading to the wide variations in backscattered electrons and the formation of an ECP in the resultin

Energy loss in the crystal

For e± with E >1 GeV energy loss is dominated by
photon radiation.
E (s) = E0 e −s/LR

(1)

with LR =9.4 cm in Si crystals. For e± traveling for
5 mm in the crystal we lose 5% energy

Kick from a Thin Wedge
 The edge focusing calculation requires the kick from
a thin wedge

What is L? (distance in wedge)

Quadrupole-like defocusing term, linear in position
T. Satogata / Fall 2011
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secondary partides with an intensity of up to '" 108 particles per second.
The experimental investigation of the efficiency of capture and deflectio
of the beam diverging from a point-like source was made at the extracted 7
GeV proton beam of the IHEP accelerator [119]. The experimental schem
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Crystal focusing in a beam line
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Fig. 5.9. Scheme of the experiment.

Crystal focusing measurement

Fig. 5. The reconstructed measured proﬁles and envelope (the curve 1) of the beam for the ﬁrst crystal. The curves 2–5 are calculations, for additional in

W. Scandale et al, Phys. Lett. B 733

ystal deﬂector cut
l is shown.

400 GeV/c protons

W. Scandale et al. / Physics Letters B 733 (2014) 366–372

The function

l =lf = −
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σT (l) has a minimum when
xϕ  − xϕ

ϕ 2  − ϕ 2 + θ 2  − θ 2

.

(9)

Beam focusing takes place if l f > 0, which means that xϕ − xϕ  >
0.
4. Experimental set up

The experiment was carried out at the H8 beam-line of the
CERN SPS using a practically pure 400 GeV/c proton beam for the
measurements. The experimental layout was similar to that described earlier in Ref. [6]. A high precision goniometer was used
to orient the crystal planes with the respect to the beam axis
with an accuracy of 2 μrad. The accuracy of the preliminary crystal alignment using a laser beam was about 0.1 mrad. Five pairs of
silicon microstrip detectors, two upstream and three downstream
of the crystal, were used to measure incoming and outgoing angles of particles with an angular resolution in each arm of about
3 μrad [4]. The geometric parameters of the incident beam were
measured with the help of the detector telescope. The width of
along the z axis. At the top, the cross section of a
the beam along the horizontal and vertical axes was several mm.
The angular divergence of the incident beam in the horizontal and
vertical planes was ∼10 μrad. The average cycle time of the SPS
during
theenvelope
measurements
was 1)
about
45 sbeam
with for
a pulse
durationcrystal. The curves 2–5 are calculations, for additio
Fig. 6. The reconstructed measured proﬁles
and
(the curve
of the
the second
10–11 s, with an average number of particles per spill of about
text.
(1.3 ± 0.1) · 106 .
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Focus x4, discrepancy maybe due to surface roughness

CLIC Crystal Final quadrupole?
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In the case of ideal bending and shaping of a crystal the b
at the focal point is L1x = 2FB and it is governed by its angul
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Crystal funnel from µµ collider proposal
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Crystal focusing advantages
F Potential to reach ≈0.2 nm IP beam size
F No disperion or chromatic effects:
The FFS can be a simple telescope without chromatic
sections (to verify that σpy aberrations at crystal are
low)
No limitation from Oide effect
FFS length down to ≈100m?

F Very small transversely:
e± crystals close to each other and to the IP
Easy position stabilisation
Low crossing angle → maybe no need for crab cavities

F Transverse radiation damping ?

Crystal focusing disadvantages
F Channeling efficiency
Angle stabilisation critical

F Energy loss
Leading also to larger energy spread

F Unchanneled beams, volume reflected beams,
radiation, background ...
F Damage / destruction
It will be fun to make crystal-based FFS designs and
luminosity estimates!!
Stay tuned!

