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[aboratory

Channeling

Particle is trapped by the
@ channeling potential

Very strong field =] strong bending force
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5.3!2!2"*% Application for beam handling

— beam extraction U70 (IHEP), TEVATRON

— Beam Collimetor
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Crystal Collimation at Tevatron & LHC - M. Mokhaov
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High Energy

Laorator ” electron and positron

* positrons ,,, positive particle

—similar with protons but radiation

— actively studied for protons
e extraction

e collimation
— RHIC TEVATRON ,, LHC

e electrons,,, negative particle

— Complicated behavior in crystals
— not well studied
— de-channeling length ~1/10 of positive pariticle?
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roton beam separation at 12 GeV PS

EP2 line

e —
%ﬁd
: 12mm ;
@S}/‘nchrotron -

32mr bent in 12mm

> B =105T
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T Schematic of the experiment

Laboratory,

view from above

deflection
angle

Csl plate

ceramic plate
(10x10cm)

deflected beam

main beam
bent crystal

goniometer

protons
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Advance il S6I6NGES 0 f Matter

defected beam position of main beam

~ _5 —
Ndeff ~ox10 Nbeam = € X gangle X €area Nbeam

~ 2001 85%
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High Energy
morcaary e- beam distortion at INS-ES

Laboratory,

e 1.2 GeV e- w/ angular divergence of ~1mr

Obsevation of beam deflection as well as
distortion of beam profile

e much more clear at ATF as
X'y’ << 0.4;~0.2mr
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ﬂ'ﬁ'f:ﬁ:.é;@ctron beam bending at Hiroshima

150MeV e- ring REFER —
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Si Crystal
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Advanced Sciences of Matter

Observation of a beam profile at the FOS plate
In each combination of 6 and ¢ angles

Fiber Optics plate
with a Scintillator (FOS plate)

Linhard angle : 0.7 mrad

thickness of Si
crystal: 16um

B

beam profile 150-MeV electron beam
direction of

<100> axis
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laboratery, - parameter of bent crystal
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Size of Crystals

case for maximum bend w/ Si crystal
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[2.“22:?.}% example of bent crystals we want
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1.3GeV e-

' LB=40~50um 9 ~1mr \LB
%

R~50mm

\

250GeV e+

! R~5000mm

\
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High Energy
Physics ,} mechanical bent

Laboratory,

under study with

-jran company in Japan

Si
400um,300um,500um
thick

(111) plane
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T
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4mm

45mm
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Laboratory

ciorawny, Bending angle

Advanced Sciences of Matter

@ experiment

. simulation
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Strip crystals

*Size: 70x0,05x0,05 mm3 *As conseguence of main bending along
Channeling axis: <111>. the 70 mm direction, a secondary
*Preparation method: pure chemical bending, called “anticlastic” arises in the
«Crystal orientations: X-y cross section of the crystal. In

x axis along <111> direction, mechanics this is a well know effect.

y axis along <110> direction, Anticlastic bending radius is

z axis along <211> direction. proportional to the imposed main

bending radius

X 0,05mm

v
A
v
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A new generation of crystal suited for
axial channeling of negative particles

«Size: 70x10x0,043 mm3
«Channeling axes: <111>.
*Realization method: polishing and chemical
etching, no lattice damage.
Maximum bending angle: unknown (fracture
strength needs to be experimentaly
determined). —0.043

-

A
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*Using crystals with special
orientations, as conseguence of
bending along the main direction, it
arises not only the anticlastic bending
(which now becomes unuseful) but it
arises also a seconday bending along
the crystal thickness!

0,043 mm, much less

+—>

can be achieved

Due to crystal special
orientations, as conseguence of

fodet Typlcally main bending, it arises not only
......... 10mm the anticlastic bending, but also
another bending mechanism,
L which is bending the <111> axis
Beam
/
Beam

Anticlastic bending
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* R&D of beam handling with crystal is on going
— protons,,,,, first demonstration at KEK PS

— €lectrons,,, test at INS 1.2GeV and 150MeV at Hiroshima
e plan and prospect

~ ATF
o proposal approved (Hiroshima. KEK, FNAL) but suspended dueto ATF2

project
 energy too low for bent crystal but still good place to study e- chanelling
— KEK LINAC et e-
— SLACLINAC S
o crystals
— several way to fabricate crystal are being studied
— both for afew tens of micron and for tens of mm range

Summary

http:/ [ photon.gm.adsm.hiroshima-n.ac.jp



High Energ Comparision between different crystals

Realization method Mechanical methods Chemllcal IENEES (71D Polishing methods (no lattice damage) =
|attice damage)
Sl Sl High (possbllltgeg%)ntercept the full

Reduced with respect to strips crystals,

Torsional effects Yes Yes and easily removable througt an
already available crystal holder
Bending angle L2
consi derir? o 1,39 mrad 0,8 mrad (43 pm thick)
gaman _ )
bending radius of 10 (50 um thick) (50 pum thick) 1,42 mrad
ending radius of 10 mm (50 pm thick)

Maximum bending angle Needs to be measured Needs to be measured Needs to be measured

The new generation of crystals developed in Ferrara should be the best choice to study
axial channeling of negative particles. The method offers a favorable axis, geometrical
acceptance larger than for the strip crystal and geometrical distorsions due to mounting
conditions can be more easily adjusted.
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Lahorator I, parameter of bent crystal
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o critical angle 6

C
— incident angle of particleto crystal axis of planeto be trapped

 Dechannelinglength LD
— length that a particle can be in channeling condition
— not will known for negative particle assume 1/10 of positive one?

e Critical Radius R.

— particleisno longer trapper for R < Rc

« Dechanneling length for bent crystal LB ~length of crystal
— areference for length of crystals

http:/ [ photon.gm.adsm.hiroshima-n.ac.jp
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