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In.t'roduction 

·--'-. Ther~ ar~ good p~rspectiv~s of u;ing bent crystals fo~· partide ext~a~tion from the beam I 
' . . ~ ' . - . ·;, ' ,- . f 

• halo.at the largest. proton and ion colliders LHC, RHIC and UNC; The most attrac-.: · 
' .• - ., . -, . ., ' . ... _-. _-. , . 

ti~eJeature of such ext;action is that· the c~lliding mode of n:achine op~~ation -is .not . 

. . . . disturbed, a~d some fixed target. e;periment~ can be carried out sirmi!ta'uecnisly.-: Th~ ' 
'-., ·-. . - r. " . - . . ,- __ - _ .. _r ,' ;' ,.·· ' • ! - • ,, 

• experimentalstudy of appropri~te extiactiorisystems is b~ing investigated,at the Teva~, . 

. itrori and t~e SPS [1·, 2].1 I~portant peculiarities of these experim~;ts are that b:eam halo 
. . - ' ' ' '. .....:: 

parti~les begiri: to hit the crystal very.close toits edge and the ·possibilit'y of multiple 
.,., . - . ' . . .. .. . ; .' ' ' - - "~. _, ' ... - ' . . - - ' 

p~~s~ges8f circulating partii:les;through th~ crystal. , . . . . /. "; .,.. 

. In~the ~P!, beii!Il ·extraction. i;xperiment [3]. the 'reach~d' extni,ction efficienc,Y; was 
., ., . . ' ., . - ,, 

about 10 % what is much;larger than in tlie previous experiments [4,' 5]. : However, ., 
, . ;v • ' • • • ··• , ,. , .·• • , • •; I 

unexpected big widths pf the extracted beam and extraction effici~n~y.depe_n·dence upon . ' . . 
.I"- • , • - .• • 

.· crys·tal orie~tation were obser;ed. · 
·. : <: .' ' -'. -· '; . ·-/ i ~-

✓ • 

In this.paper the multiturn extraction of the SPS beam with the injection of a.white 
.-_ . -., · .. , ,_i_< .... , . :: . . ·-.. : .. ·-. . . , i .' ,\.' ... ·: _,_·\_ ... :, ,:: . <. ' : : ' - ··---~ ~'. • • 

transverse noise to initiate particle diffusion.onto the bent crystal deflector is considered .. · 

~y ~omputer si~ul~ti~n-. The ·d_epen~ence of -t~e e:;r~c;tio~
0

~ffi~ie~_cy a~cl extracted·· 

be,'lm characteristi~s ~pon crystal orientation and its transverse d~formation hav~ b~6n 
, __ -_ : __ .. _ .' 1, -.... • b • .; ·, A, • • •• ,· • • ' • , : - • • :_, •• •• ., :·.. • • ·: -·, 

studied for the case of large impact parameters of beam particles with. the crystal, when ', 
~ ·, • .... .• f ' - ' ; ,.• .- ~ - · •.. ~ '• - .--

the inflJ1ence _of its ~-urface imperfections is -negligible. . 
I 

J 

:2·. Simtilation. program 
., ' 

.. For the simulat10; of beam extraction frorri the SPS, two'points in the accelerator ring . 
. - -·- ~ ·--- ,...: -. . . ' ... ··.'' . ·. />·' ... - '. ·_: - ·. . ' . ; . -
wcr~ considered: _The first on~ is i~ the bent crystal po~ition (BC). Another one in the 

~o~itio'n .of th~ deflector ~!ates ~hhe :reedba:cl<sy~tein, where. p~rtides get uncorrelated 
--. . 1' " • . . . • • . \ 

kicks in the horizontal direction.: This noise gerterator (NG) was used 'to initiate particle 

· diffu~iori · in _tlie. hori~ontal direct~oil .·and brin~ ;h;m;·or1to ,the c~ystiL~ T\Vo transfer' 

rriat;ices -were used •to transport particles from. the crystal to the:noi~~ generatorand •· 
. .· : . : , . ,.. ~ _.: ,: ~ . - -.• ~ ...: -- - . . . .. ,, 

· back: 0The. main accelerator parameters for• these two points are shown. i11 · table 1 . 
.,- / ' ' /" C • '} -• • •, • .; 

Theinrti'!-1 va:lues of x,x<\',Y' are generatei according to Gaussiandish,:jbutio~fo 

the bent crystal position; Th,/ir1itial standard devi~tfons are deterrriirie·d as .,. 
,,/· ) ("""'""".rr.-~~--r.a::.:..: .... w ... . 

1; p,.; .•• ,.,_. _ ..... , ... ;~ ...... .;..,,._ ..... i. 
·, t~- ..;i,/\.i' -.... -:.-.JHH~·~ ~-~•.;_, •. · r,a~.l~'-ij;: .. 

-~ · !:f.·!;:!H.r,; n1ccJ1el;i:au~fl · 
0 '. , 6!'1SilHOTSrV\ ·. ~ · 

'-~ ~~- .1 • " 0 ~ --~= 
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-· 
·_. ,. l ✓-~.N [3_. x_,;_. . --, 
<ix,y =2 .,· _ · 

- . 1~ 
~.,.,; .. =:: ~ V,f3..,,Y ' 

• S - • ~ ' ••, • ' < ;.,, • ; ' • • ', S - \.>: •••h,• c• 

" · where I is the Lorentz factor of proton~ and /3 is the' beta function in the princip~l frame . 
. . ' ·,. - "_ , . \ - - -- . .-_- ~ 

. For· th~ SPS-the normaliz~d emittance determined'at .r 2d-level; lN, is 10-&77i -_rad. It 

gives th~-following· valu~s · ~>f. standard deviation:ux~l.3 · m~, .;-x•=l 4.6 µr~d, • cr~=0.682 . 

' mm; O"y;=28.6 µ~ad .. s? ' at °the ~onsidered di.stan·ce 0~ the bent c~ystal fro~ the d6sed 

mbit, 1~ c:m: we have n~ iiarticles ~hJch hit the crys_!al ~ithouf diffusion. · 

bue to the injectio~ of wliite nois~ in,to the transve~se; feedba~k sisteiri' of theBPS,. 
. .· . ~-- ' , .,- -~- ,. ; --- . : -

. _·circulati~g p~rticle~ begin" to hitJh~'crystal increasing _their hciriiontal betatron.oscilla- ... 
- . - - • -- '., . • 1 - -. ' • 

tion amplitudes .. Fig.lshows the phase traje~tories in the X-X' space- for the SPS beam 
••:--,. f • • '• •-•r -~ •': • •, ,_)'.-:--- ~.•A ,••••• '• .-:• •••• ,, 

. particles at the azimuth of the crystal loca_tion. The trajectory with the amplitude which ~ 

eq:al~-th~ crystal distan~efrom the clos~d orbit deterinin_es the hori;ontala~gie ~f bea~ 

;article
0

s· at th
0

e first hit ~tage ~ith the crystal. This angie is,called ,;the beam direction"; .. 

-;b~fo:-; it cliinges af~er particie' p~s~ges through the 'crystal- dJe to ~ultiple sc~tte~in~ 
- - ; ~ • • ,- • ' • -• • ' ' - •.- • C C • • ' • -- ' • • 

(see'.the dotted line); 'This circu~st.,;-n~e can determine the_orieritatlonal dependeri~e 

-.. . iidt~ of extr£ction efficiency for, the-iry~tal with~utJra~sv~rse defor~ations. '. ~ . . . 
• , >, • .·• 

Fig.2 shows the calculated parti~le distributi~ns in the impad parameters (a) and 
\..::_ . - ,. , - ·- - , > -, --- " . . - . - ,_ - . 

angles (h) for cr...,.o; == 0.05 µrad; where cr~0 ; is a sta~dard deviation for noise. This noise 
- - ~. . : . --,. ' . - -· ' . . . 

is approximately inaxi~um.~sed • in the experi~ent. The ;i:gul~ p~ak position. 0:.am ==· 

- 239µrad. The width-~£ the impact parameter~distributi6~ is l~rger th~n:lQ ~m,v~at 
•. - .•. - . - • • - ___.. ;, ,- •·,. • A •. -. • ·, ' 

allows one to neglect the influence of the Surface imperfections of the crystal on the -

i 

l 
.i. 
J 
l' 
I 

I 
I 
I 

bea~ e~t;action effic;en~y. ;hi~ influence' ca~ be al~~ reduced co~~iderably .for sm~ller: 
, - . - . - -· ' '. . ~ ' -•-. - ,- ' . . . - . - . ~ - ~ 

amplitudes of ·noise by incr~asing the impact parameters~of beam particles with the 
. .·- -.' .· .- .- . - ·- ' . . .·•· - .. , -.. -

cryst!11 by mea~s off their prescattering on a thin foil [6]. 

. Some of the particles which hit. t~e crystal can be capti'ired into the cha.imeli~g ;tates . - ... ' - . . . . - , . _. . . . 

.. · by bent planar chan'iiek These particles are deflected at a bending angle o: if they .are · 
·-- J h _,. '• . ',' • " • . --• . ' . ·•· • 

- : not de~hanneled due t~ multiple scattering by crystaC'eledrons a~d ni:tdei. Another part 
.·- ,· - .- . : .. _ .. - ,_ . - . '' - ., . ' . .· , .. 

will be scattered' by. thecrystiJ or lost due 'to in~l~stic nucl~ar interactions. }Ne ~s\im~ 

that apartide will.be e~;ra~~~d

0

ifit ~xii~ f;om th~ cr;;t~l _½'ith an~~~gle-X'.> -~~Bait, 
- . '· ' . 

\..:,_;. 

l 
. ,_ .. j ._•· . ··---•.· 

. --.,.( 
j';' 
~ - -

> 

where Be~l is a collimation angle.· When a p~~ticie exitidrori1th~ crystal at an ~ngle 
, -~ ; • ~ • ' f - • •• ' )- ', • • ... ' 

Bae < X'. < ~ :._ 0eol, it is lost downstream at th~ wall of the beam 'pipe. Fo; tlie SPS the 

· acceptance a~gle in the_ crystal pa'sition i~ about 1 mrad. it is aetermined as.: 
' -· , . .- . . 

. ·• rp, 

Bae=_ ✓fJm/Ji ' -~ 

where rp is the r~diu~ ofth_e bea~ pipe and ·pm the maximum horizontal beta function. · 
. . ~ . . .. -~ " ., ' ~- . .' - .. , ... _., -· . - { •' 

· . Otherwise the particle remains in the beam. , . ',.. 
. ' . , . . . '·i" . ··. .. ··. ' .. . _. :· · .. ' . '·, .. '· . ', : ' . . . . 

The: particle .trnjedories in bent· crystal were calcul_ated, by a numericaLsolution of 

-· the equations of. motion· in the p~tential of _bent atomic planes, After pa~sing through· 
;. . - ' . ' . . . ·. . . .• ,. 

.the crystal layer Ll s ;== 0.5 ·µrn, which thickness is much smaller than the wavelength 

. ofpa~ticl~ ~~cillationsL in 'ihe chan~el, the ~hange ?f tran~ver;e velociti due to·mul~ipl~ 

s~attering is computed. More detaili of_th~se siriml~tions can be found 'in° ;ef.[7] . 
• -, •.. - :°' • . ,··1· •. • '· I_- -'. -. 

. 3 ° 'Perfect 'deflector' -
': /. 

. : i:~ this chapter 'we consider' a pe:fect ciystaI de~ector thai is ;h~'crys~aL whh ,(con~ta~£ 
~ - - ' ,. • .- ' • • • ' '. , •• ~ - • • - ' • • , 

; longitudinal curira"ture · and witho'i1f surface iritperfo:tions. The. crysiar'-deflect~i ha~ 

: tJ be :irig~ed ~ith t~e bea~ to'get an optim~m coridition f~r p~rticl~ capt~r~ btt~e 
-~, .... . { .,., .. "; --.... ,: ' -· .· -': -.. :.'", /1 .·· ,---- .· ~ .· ' .. ,.,_,,_: ··-~~_. .. - _i"~ ' :·-'-:___.._--.-

'bent· crystal channels,. Fig.3a shows the dependence·of · extraction efficiency ori · crystal 

··• ·.· ori~ni~ti;n ~~gle 0', which is' the ~ngle bet~een °the
0

plane:direction:~t th~ crystal e~tr~nce . 
... , . : . - ·. ' . . . . ·: . ·:,· ~'. . '.' . : . -~ ... '· .: ·; ,.. . ',: '---; . . i . . ,· ·, .·' •· .. ' :-· 
·:and the clcis~d orbi"t°of the circulating beam., ' ..... ,. .·· . -

. ··.. ·. The ce~~rnl ma~imum is .sti;ui~ted by th: particles extract~d ~t the first hits with the 
·· ... •'•;" .·,:- .. _.,. . ".'_, ,.·· ,-_. ·. ;.~·#. ·. ·.. . · .. -. ··/ ' 

· deflector, that is in a single passage thi-ough i( T,he angular size.ofthis region is deters 

min~d by beaill divergence a~d th~ criti~al channeling arigle,of particles. :The extradion ·. 

'for crystal° orie~tations which are far from Obea,;. •.occ~rs due to multiple p~ssages of par-
. ,,,,.·" , ·.·•- "i - :. ·.' ,- ,. _, -., :·· . . '•, 

ticles thr01igh the deflector.· One can clearly seen thk in fig:4 where -the distributio~s, 
', ,· •• •• ',', "'\ -. .'- ,. • s , 

ofext~acted particles in the nu~ber.of passages through :the defle~tor are shown. Fig.5 
·.-: ) . :· . , '. ·1, ···' ·' . , .• • -. 

shows: the corresponding impact parameter di~tributions. They become appr6ximately 

uniform alo~g the ~ry:~al thickness for. tilt angles outside the si~gle pa,;,siige ;egiciri. 
• ' ' . ,' ' . . . ~ ~<•,. • 

- The extraction, effictency 'due to multiple passages is asymmetric with the crys~al 

; orient~tion. about the; beam direction. It happens because. a cry~tal ·. be~ding breaks . 
,' •• , • • ,: > •• : • - • / ' < , • • • • -. - • ·~. • • ' -, : 

~symmetry with respect'to the plane direction at the crystal entran~~- Ashematic pictU:re 

·. in.the;X'-space_for t~odifferent crystal~rie~tatio~;-{s"show~ in fig.6.. - . 
. . ,,., . . ·- . · .. " , . ' -- ' 

3\• ,( ·" 

-"J 

\ 



_ ... ___ _ 

.· For po~,itive tilf ah~les Owt == 0-0beam, that is fo~ orient~tion 1; the particles move off ... 

the bent plane directions crossing the crystal. Their dire6tions change due to.nmltiple 

scatteiing. For the considered Si cryst~l therms multiple scatterin~ angle.0,-i,; = 66.i 
• • I , • • • ,, . • 

µrad. So, the crystal- will be a sourc~ of a strong additional diffusion of circulating 
. . - • r • • , • ',• 

particles in the horizontal and vertical diredi~ns . 
. _..,. . < . ,.· ' - . \-· "- ' . . _,.. 

For negative tilt angles of.the crystal, ofientation 2, the particles move to the side of 

• cryst~lben.cli~g.' They '.1re· deflectedat the a:~~le which.is ab~uUhe c~iticai chan~eling 

angle to ·the opposite sid~ due ·to volume reflection (8). These asymmetric deflections in 

~ultiple pass~ges of particles through the crystal increase moi;_otonously their amplitudes . 

ofhorizont~lbetatron" oscillations;that ik the drift cifparticl~s in the horiz~ntal angula;. 

spac~ w~ll be ob~er~edin ;dditio~ to diffu~ion ;due to ~~ltiple s~att;ring. '.,This .drift 
. . . - . - ' •' . 

-~educes th~ number of passages through the crystal fhich ~re ~ecessary for particles. 

. ·to come into the angular region where the surface capture by:the bent planar· channels 
. .--< ... ' ..- ,-, . > 

occurs (C~pture Region). Besides; the probability for the volume c;pture of particl~s by 

the ben(cha~nels exists f~r these cryst;i~~ie'ntati~-ns. Bcith these ci~c~mstances decr;ase 

. the l~ss oi particlesin inelastic ~ude_ar _in~era~tions with ~ryst~l atoms fo_r negative.tilt' 

· an:gles (see fig.3b) .. This causes the asymmetry 6b~erved in the orientatici;_al dependence 
: :···· " . ' . '. /' •. . . .. •. . ' . . 

· .. for_ f!xtraction efficiency. __ 

·:4 Deflect~~ with tr_ansverse deformation 
,\ . -~ --: 

. ..:.The ~rystal deflector used in the SPS beam e;traction experiment had .different direction~

. of-the b~nt plan~/along'its height~t ibe. entrance ~nd ejcit end~.'. It happen~d-because 
, ' .· .. ··-• . : 1 - - r'~ .. . ' . •• - , • . • 

the longitudinal curv~ture; stuclied iu'the special meas~rements; was ·much' smaller than 

the a{erage 'one ~eir tl{~ middlelirie of b~th cryst~l e~ds. : - ' . . 

. Let the l~ngit~diilal curvature f~r the nystal edges in.the veriic~l -direction.be.u'ni-_ 

-form; Ru(z,y',;,, ±h) = R.. Whereas\he;e is_a sf~aight ~art withlerigth s,, alo~gth~ 

.. middl~ line riear both ends {see fig. 7);.tha:t i~ . . 

R. ( , ~- 0: .) .:_ { R,_-_ So_' <_· _·. z <_s~-::c_ So_, .: 
II z, Y ::-: - ·• S. . . ··s ·- S · - . ·. :-· -oo,_ o>z> er, . o•.· 

Aniflet th~ straigh~ ~art lenght :hang~ for th~ inter~edl~te valu~s ~fY as 

§,t(Y)_·;=_So(I·- 0~/~)2) . 
. ·4 

·i; ;• 

,,.,_ 

/ 

'. 

• • ' -- I" ~ ~ •"· ' \ 

·The bent plane-directions at'both ends change along Y;in the same way,_that is for the.-
. . ' .. . , . . - .. ~ ~ ' . ., - . . •/ ' . . ~ . 
captur~ region i::ent{ein !he Xi-y space ,ve have . 

I. 
. ' ·. . " 

OcR(Y) == q.-;- Om (Y/h)2, 
, ., , . 

,_.' _}". ,_ - . -:_. ' ', ,. ·-·-. 
,where om·-= S 0 / R. Let So= 3 mm, then Om.= 850 µrad. 

. In_-£a:ct
1
~h~r~·is a mo're complicat~d law of longitudina_l curvatiire ~hange at the _ 

cryst;i ends. Mmeo~er, the maximum diffei:enc~ b~tween the plane directions i~ proba~ly 
• • - , ·, . . . ·•~ ~ . ·," ·.' l-" .· , - -' -··'::- . ~· --·/ ···--~- __ :·~,,•- -/· -. ; _-

smaller than 850 µrad, But·.this simple model all9ws one to·cstim~te the effect' of. the 

- trai:1s;er~e !=t;stal deformation on b~a~ -~xt~actiori efficiencY: . 
, ;· . -- - . 

. / . · .. Fig.8 sh'ows the capture regio~ locations· for different c~ystal orientations with respe;;t 
. ···1 J_ . -_ • - . - . - . ,· . .< __ , __ ,,- __ :.,,_.~· ~ ~ ,- : / -_ 

to the. beam. The dependence of· the. extraction efficiency for · the consiclered crystal 
• '• ,' \, --·• ' ·.-• .' \ ' I . - I ,;f' •· : ~ ~-

upon its'oiientation with the bearrii~- shown in fig.9. Fcir an opti~um crystal-alignm~iit, 
' .~ . •·, . . - . . . . . - - ~· \. . . . -- . ' .. . . - , ' 

~hen'. the.·(110) 'J)lane direction in· the middle part. of -th½' crystal coincid~s ·with the . . . __ ,. .. ' ' . . . -· ' ~- , ' ' ·- . . ', . . .: .·-

beam · direction: th'e intersection of the beam with the captur~ region occ'urs only for _the ·. 

;: . 't _ce~tra1··;ar: of the cry~tai°,' fig.Sa/It decre~ses the'm~ximum extraction effi~i~vci F~r 
< : •-, ~ • • \ • .'• ' ''• • \ • ' I ✓ • .• '.. •.: ''" - • ... • • •~ : 

negative tilt itngles the.situation is approximat~ly the same as for the perfect deflector,-
, ' _, . . . . -,- . . ' ' - . . ' •. - . '·. ~ . "• . 

. buL the efli~iency decreases fasti£with removing.from the opti111um ~lignmerit because ,: ' 

. the central p~rt of the crystal wo;ks' basically.<'., ' 
: • - . •· . - • ~ : ·,, : r • ' - •' • ' , ,;_.." .' \ ,,. 

For positive tilt angle~ (fig.Sb) the situation is q~ite. differenL The beam direction 
' ; : _. -.- ';<·~·' '; /. -1

: ••• -~r,' .. i .. '.:. -~•~ _,: r _/ '. _ • • • 

·can_ intersect the capture region ove_r a wiµ<region· of crystal tilt .angles (0 ~-• Om)- It 
' - '-'- .. ' ' •. - ,, 

~itkes the extraction efficiency consider~bl~ high~; for. the con~iciered cryst~lthan for · 
• _• I • •• ' ! ' • •••_ ' ' .- •,: •• •• • ' • \ 

the perfect one for the oriei1tatioris which are far from ·perfect alignment. · 

Th~r~' are two int~~sedions ~{the;capture regio~' wi!h thebea~ directiQn that.can 
. . - ' ~ . - . 

· lead to the separation of extracted particles in the vertical plane'. Thes~ intersection~ are . '·.. . . . ' ~ -. . - . '' -, . 

. far from the crystal centre for large Wtangl~s. When,as the_vertical beam dimension at. ' 
' . . . . . . 

the first hit' stage is sm'all. Therefore, only after a few. passages through the deflector the 

. · ... p:rtides. com.e int~ the ~ptur~ regio~ due "to. beam 'broadening by'in~ltipl: scatt~i-ir'ig. 

.'p;g'.10.shows the distributi~ns ~fextracted parti~les in th~vertical c~ordi~~t~ Y at the . - .· . . '· . . . . . \ ·- . ,· 

·· Erystal; e~tr~~ce:· · The' maximum· di;tance bet~eeil; two, pe~ks ·can· achieve _the crystal 

,height: Thi~ st~i:rcture with two m~ima in. the vertical ·and horizontal pro'file of the 

: ixtracted bea~ ~~s 'observed in .the· exp"eri~e~t (3] .. The appe.ara~ce of ,tw: peakdor . 
- ,• >.· ; ' .. - . _' ' •·.. ' : . , ' '~: ' - . - __ ;_ '•. • - ·, ' ,·_ : ; -.- . ' ·.' ,, . - . . - . -

. -the horizontal profile can occur when we have.different bending angles· for the upper 
. . -, -c' ' ' ' . ,· . . "5· . ., . . . . :~ ' . . ' 

<':'-',-, __ ...., / 

/ 



. - . . -· .,/ .. / ' ,,- . . ' - . -- . 
and lower edges of the crystal._ That -is when the channeling region is different and .. . . ·-, . .,: . ·. . _·-... ,· 

~ymmetric with respect to th~ middle line near the crystal encls. 

-· Fig.11 '~ho~s the aistributio~s of ~xir~cted particles in ho~z~ntal angle;'. Witli crys.:: 

tal rotation to.'the b~nding side, tli~ distribuiion beco~es wider and shi;ts to bigger 
_,. • I' . . ~' ·• • < • ' '. 

angles. It' occurs. because f~r the considered -crystalthe bending angles a~~ different 

along the cr~stal heighf -They.ch~nge from 6.8 ~radfo~ th~ middle li;e up to 8.f/ rri;ad 

for the crystal edges i; the verdcalderection. ·The/width of the extracted beam can 

incr.;ase up to th,e ~rtgul~r spre~d o; t~~ be~(planes ~~iois t~e ~~yst~l h:ight a.Uts exit 
. . . ~- . . - ' ' ,- ...,_ ' . ~ ,_ 

end: 

-__ 5 _ < Conclusion 
~--: 

_ -The performed simulation shows that there is an asy~~etry of extraction ~fficiericy with:_ 
.' .·_,. .: - ·. . . , ,·_. . . .- . •, 

cry_stal orientation relative. to the be~. For the perfect deflector it is stipulated by the 
'' .. , . .· . . . .. ·. . . ' • .. -... 

voii:tme' i:eflecti~n of particles by the planar crystal potential and their 'volurirn capture 

by ti: ;1~nar 'ch~nnelsi. For the defl~ctor. ~ith ;he· trais~~rse defor~atiori' it. ~icur; due 

to· the~~ym~etric transforlllati~n ~Lth~ ;;,ngular _.r~gion fo~- par;icle: capture. int~ the 
• < • .. ._ • L. --.• • •· :, • • •• • • • • . ' \ - - • •• .• •• :: •. • - • • 

channeling states . 

- Th~ ;pr~ad oLthe at~mic plane directions along'the crystal height at.its entrance 
. .. ' . ', . ' - - . . : . - ·. ---- . - -•. :_ ... '' . _ ... ~" . 

and exit ends for crystaLd~f~rmatio; ~hicli appeirs with the bending device used in . 

. the experim~t [~] increases· the region ~~-crystal ori~nt.ations for,_pa~ticlecapture-and 

the iriterv;l of crystal bending angl~/_ This le_ads to ~- considerabie -b~6adening of the ·. . . ' .. :· .- . 

- e~tra:~t~d beam an_d the orientation~l dependence of th; ~xtra~tion effici~ncy in compa;-

is_onwith th~ ~ritical ,c:h~nneling ~ngle andbeam.d7;ergence. ~11~reover~ th~ possibility 

appears to observe -two ~axirria fa th_e vertical and horizontal profiles ofthe extracted 

bea~ . Both .the;e ;~culiarities '. hii.ve\ieen observed iii the exper~IIle~t.:: --· . - . 

, ;· 
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TapaTnH A.M. 
KoMITbIOTepHoe MOAeJIHPOBaHne BhlBOAa nytIKa 
H3 yCKOpHTeJI.sJ H30nIYThlM KpHCTaJI./IOM 

E9-94-255 

C IlOMOID;bIO KOMilbIOTepHoro MOAeJIHpOBaHJrn paCCMOTpeH BhlBOA nytIKa 
npoTOHOB c :mepme:ii 120 f'::iB H3 ycKopnTe.n:.sJ SPS npn HaBeAeHnn tiacTnu; Ha 
n3omyThlH KpHCTaJI.II B036y~eHneM nonepetIHO:ii AH<i>cpy3nn tiaCTnu;. O6Hapy
)KeHa acHMMeTpH.sI ::icpcpeKTHBHOCTH BhlBOAa C opneHTau;ne:ii KpHCTaJI.lla 
OTHOCHTeJibHO op6HThl. IloKa3aHo, lITO He)KeJiaTeJibHa.sJ AecpopMau;n.s1 KPHCTaJI
Jia B BepTHKaJibHOH ITJIOCKOCTH rrpHBOAHT K 3Ha1IHTeJibHOMy ymnpeHHIO 
opneHTaIJ;HOHHOH 3aBHCHMOCTH, a TaK)Ke K ymnpeHHIO H pacm;eITJieHHIO BhlBe
Aeirnoro rrytIKa. 

Pa6oTa Bhrno;rneHa B Jia6opaTOpnn BhlCOKnx 3Hepm:ii O11.SIM n U:EPH. 

IlpenpHHT Om.e11wHeHHOro HHCrnryra 1111epHbIX HCCJie)'.10BaHHH. JJ:y6Ha, 1994 

Taratin A.M. 
Computer Simulation of Accelerator Beam Extraction 
with a Bent Crystal 

E9-94-255 

The extraction of a 120 Ge V proton beam from the SPS with transverse 
particle-diffusion onto a bent crystal deflector has been considered by computer 
simulation. The asymmetry of extraction efficiency with the crystal orientation 
relative to the beam direction was observed. It was shown that the crystal 
deformation in the vertical plane led to a considerable broadening of 
orientational dependence and also a broadening of the extracted beam and its 
split. 

The investigation has been performed at the Laboratory of High Energies, 
JINR and CERN. 
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