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oherent interaction In crystals

O Atoms in crystal medium are arranged in a precise and periodic lattice
structure

Pa

O Planes/rows of aligned atoms are observed from specific point of view

O Incoming particles along such trajectories behaves significantly
differently than in an amorphous medium




Planar Channeling

O Particles aligned with atomic planes
perceive a continuous potential with wells
and barriers

O Particles within a criticangle  / ¢'Y j U
can bg’bound to potential:

© Between adjacent planes if positively charged
Into plane if negatively charged

cattering is strongly different in two cases:
© Reduction of inelastic collision with nuclei

@ Increased inelastic collision with nuclei
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Bent crystals

O Being channeled particles trajectory
confined along planes, bent crystals
can act like waveguide

O Positive particles at high energy can
traveldong distance in crystal with large

eering power equivalent to hundreds
esla magnetic dipole achievable in
compact (few mm) object with zero
energy consumption
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Evolution of crystal -assisted deflection

O First theorized in 1976 by Tsyganov

O First experiment achieved small efficiency
(~10-4 ) but demonstrated the effect

O Numerous experiment followed, performed in
la (U-70), Europe (CERN) and USA
(Fermilab)

O/For increase of efficiency critical
C Simulation for optimal bending and length

C Technological precision in crystal shaping
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Ferrara Laboratories

O During last decade acquired in simulation and
bent crystal samples production

O Collaboration with international collaboration




haracterization techniques

O Laser interferometer Zygo Verifire HDX:

~

O large field of view (150 g mm),
O max lateral resolution 0.044mm,

O max/vertical resolution <1nm

O HRXRD with monochromatic 8.14 KeV beam
(/Cu )K7Paxis handling. Goniometer with
ngular resolution 1.7 1 rad

Beam test with bent crystal at accelerator
facilities (CERN SPS extracted beamlines,
ainz MAMI and SLAC)




O Efficiency of beam collimation limits
maximum luminosity of an accelerator

O Currently collimation exploit series of
target to scatter particles away from
beam into absorber

O At FeV scale of energy extremely difficult
to’deflect

Bent crystal intercepting beam halo would
efficiently steer particles away from beam
Into absorber:

O More control over particle trajectory

O Reduction of secondary particles
production near main beam

Applications 1: collimation
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Applications 2: beam extraction

O Beam of steered particles conserve its energy and
emittance

O Such particles can be employed for experiment in
external beamline

O LHC and future accelerators external beamline could
provide unique tool for detector development and fixed
target experiments

O Beam halo could be redirected in specific area inside
the accelerator, for dedicated experiment



Applications 3: Spin precession

Both electric and magnetic
dipole moment (EDM & MDM)

’|' Bent crystal Y] can be studied by observing
d precession of particle spin in
A /. LQ . .MC external field

1 | | L~ _ A EDM is strongly suppressed:

2 | "<B" | ! any observation would be

Target | | ,' ! ‘ clear signal of new physics .
T A Baryons MDM precise study
E can provide confirmation of

QCD calculation.

Exploiting channeling in bent crystal instead of artificial magnetic
dipole, even short -lived particle like charmed baryon can be

studied!




Seldom experiment

O Seldom proposes an experiment based on bent crystal in order to
study EDM andbaviond of 0

O A first upstream crystal deflects protons into a target placed before
LHCDb detectors

cond crystal af t-gmdutedintgrget c hannel

ODecay of ¢ haisabserveddvithg. HCb in order to define its
original spin state after precession in the crystal
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Beamtest for SELDOM at HS
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