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Abstract

Resultsof the computersimulation of the SSC beamhalo multiturn extraction by the

crystal deflector with imperfect surfaceare presented.
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1.0 INTRODUCTION

One of the essential features of the bent-crystal extraction schemesproposedfor

multi-TeV machines’3 is a very small value of the impact parameterb of the beam-

crystal interaction. The first interaction of the proton of the circulating beamoccurs in

a very thin layer of the crystal edge. The maximal impact parameterbmar of the first

interaction is expectedto be of the order of a few microns.2’3 Protonsare distributed in

this parameterfrom 0 to bmar.

For this reason,an appropriatequality of the crystal deflector surfaceis required. A

lack of flatnessor a misalignmentof the deflector surfacerelative to the beam direction

would result in an inefficient layer near the crystal edge. Protonshitting the crystal too

closeto its edgecannot be extractedby this pass;they may be lost dueto the nuclearcol

lisions or theymay becapturedinto the short bentplanarchannelsor "dashed"channels

anddeflectedon an inappropriateangle. The protons,if not lost in this layer, experience

somescatteringin the correlatedor uncorrelatedcollisions with the crystal nuclei.

We shall presentbelow the resultsof the computersimulation of the Superconducting

Super Collider SSC beamhalo multiturn extraction by the bent-crystal deflector with

an imperfect surface.

2.0 SIMULATION

The simulation was carried out using a crystal deflector consistingof two parts: an

ineffective layer with the thickness1, adjacentto the crystal surfacethe "skin" layer, and

a perfect part of the crystal.

The interactionof protons with the ineffective layer wastreatedin oneof threeways:

1. the ineffective layer was consideredas an amorphousone;

2. the sameas above,but with additional scatteringon the anglesof the order of the

critical one, O, due to correlatedcollisions;

3. all the protonswhich hit this layer are lost.

For the particles incident to a perfect part, the probability of being channeledwas

calculatedas a function of the incident angle, as was the probability of the dechanneling

insignificant here along the crystal. The nonchanneledparticles make a pass, as in

amorphousmatter, experiencingmultiple scatteringand someprobability of the nuclear

interaction.



The betatron oscillations of the particles in the acceleratorring were representedby

the two-dimensionalmatrix with the betatron tune Q being someinteger plus 0.29, the

beta function j3 = 5l7m, andthe alphafunction a = 0.68.

The 4-cm silicon crystalwith 110 alignmentbenton 100prad wasusedfor the 20-TeV

beamextraction. The crystaledgewas 1 mmfrom the beamcenter. The impactparameter

of the first interaction was uniformly distributed between0 andbmax = 2 pm.

The resultsof the simulation are presentedin Table 1 for a wide rangeof the "skin"

thicknesst andthe threeoptionsmentionedabove.

TABLE 1. THE BENT-CRYSTAL EXTRACTION EFFiCIENCY AS A FUNCTION
OF THE IMPERFECT LAYER THICKNESS.

Option 0.lpm 0.3pm 1pm 3pm 10pm 3Opm 100pm 300pm

noncorrelated
collisions

0.94 0.93 0.87 0.77 0.71 0.59 0.32 0.10

correlated

collisions

0.94 0.92 0.86 0.77 0.74 0.68 0.49 0.28

disappearance 0.90 0.80 0.46 0 0 0 0 0

3.0 DISCUSSION

As seenin Table 1, the third option is the most elementaryone: the extractionefficiency

is roughly a linear function of the t parameter.For I > bmax the efficiency is zero. With

the t = 0.1 pm value for the well-polishedsurface,the efficiency would be near 90%, lower

than the efficiency with a perfect crystal by about t/bmar = 5%.

For the first two options, understandingthe depth of the beampenetrationinto the

crystal is important. Let us consider the particles of the beam halo in touch with the

crystal. The proton scatteredon the angleO at the point of touch with coordinatexO will

hit the crystal after a few revolutions in the ring somewhereon the correspondingphase

ellipse arc. The maximal depth of its penetrationinto the crystal would be
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bpen = + fl29 -

2x:
1.

The bpen value after a pass through 4 cm of amorphoussilicon would be about 30 pm.

The correlatedcollisions with the scatteringangle of the 0,, value order would lead to a
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penetrationup to 200pm, namely

b
fl2Uo

2pen
- x0E

where U0 is the interplanarpotential well depth and E is the beamenergy. The nuclear

interaction length LN limits amaximal numberof nonchanneledpasses,andso limits the

O value. By this reasonthebeamcouldpenetrateinto thecrystal depthup to the following

value:
p2

b p N 3
2x0E2L

if there were only uncorrelatedcollisions in the "skin" layer; here e = 14 McV andLR is

the radiation length. The above estimateis about 200 pm. A larger angle of scattering

dueto the correlatedcollisions enlargesthis estimateby a few hundredmicrons.

The above estimatesexplain the very slow dependencesin the first two options in

Table 1. A considerablechangein efficiency occursonly whenthe I "flatness" parameter

cressesthe bmax andbpen values. The larger scatteringangle meanslarger penetration;for

this reasonin the I > 10 pm region the dependencein the first option significantly exceeds

the dependencein the secondoption.

The dependencein the secondoption should be more realistic. For the I = 0.1 pm

value the extraction efficiency is only 1% smaller than the efficiency for a perfect crystal,

being larger than 90%.

The bmax = 2pm value used in this simulation is rather conservative. The RF-noise

methodsof the halo generationcan provide us with the valueof the order of 10 pm.2

Another schemehas beendiscussed4usingtwo crystals. The first crystal an ultrathin

one of 50 pm longitudinal size works as a scatterer,and the secondone bent crystal

works as aseptum. The two-crystal schemecould provide us with the 6max value of about

100 pm with a Si scatterer,or 400 pm with aW scatterer. Note that in our simulation

the ineffective layer was playing the role of this scatterer.
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