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An exlwrimrnt is being lwfor~nrcl at, the CERN-SPS to 
st,ud,y t.hr feasihilit,y of rxt.rnct mg protons from t,llc halo of 
a 120 GeV stored lwanl by LII~IIS of plnwu ch,lrmrliug in 
a 8.5 mrad IwrIt, silirou monocrystal. Two diffrrwt, t.ecll- 
ni(lues have lwrrt usrd to Ilriug tilt, protow into thr crystal. 
III one case R kicker magnet wiis rrpeaktlly enrrgkl t,o 
displarr part irks up to 100 micu~ns insi& t,ht, crystbl frout 
face. II1 the othr~r caw a contlll~K,ns flux of m~pingiug Iw- 
ticks was ol>t,ained by powrrini: rlrct,rostatic plaks with 
a white noise rxcit.at.iou. Ill Idl cn.ws WP olwr\.~d all 
rxt,ractrd beau of chnm~rlr~l pwt,iclrs. Thr &t,vrtioll WIS 
prfr~rm~~l wit.11 srvvrnl large size scilltillat OL’R, it ililor(wvnt 
SCI’CPII, a scintillation I~otloscoIw, nnrl a Ilair of lnicrost,ril) 
gas chamlw~s. l?xtractil,ll vfficivtlcirz of t,hr or(lrr of 10% 
IvtTP rnrasllrrd 

I. INTRODUCTION 

Elai~ar channrling call occur WIIIW a protoll I)ram 15 srllt 
out,0 n morlocryst,al wit,11 au iuci(lrnt auglr rrliltlw~ t,o t,lw 
maill crystniliu~~ ~>I;~IIPs a~~allrl~ tI1:111 n given critical au- 
glv [2]. The impinging part,ic.Iw aw confinrtl lwt~wr~ru tlw 
atomic planw and can wwtl~nlly Iw ~lrflrctrrl if the crys- 
tal is mrchauically Iwilt, [3]. Tlw main fvntrlrt~h of’ I~Iaunr 
cllnilnrling aw 1iow wrll rstalllisllrd from tlw tIlw~wt.ic;II 
lwiut, of view [4]: 

. Thr critical angle V,, varirss witll tlrr Iw;~~II IIIO~IIPU~ 1,111 
P as l/v+. Tl w sllrfacr accqbtallcr, which ia the 
prolzrl~ihby Illat illcidrnt I)art,icIw within t.lir critical 
angle get. ltlit,ially cl~al~~~rlrd, (low uot drpw~l 011 P. 

l Rlultiple scattering 011 vlrct,rolls cnu liicli iuitinlly 
cllarmrlfvl lwticlrs out. of the guiding potrntial wrll. 
The dccl~aunrling lrngtlr ih l)roportioual to P ill ;I 
st raigllt, rryst.al. 

l Thr curwrturr of the Iwilt, crystal iutro(lllcrs n(llli- 
t.iollal losws dura to crntrilllgal forces artiug 011 l1;lrt.k 
clrs whru rntrring thr c~~rvwl rrgiou The rwl~~r tioll 
of thr rl&ct,iotl rffirli~tlry is fllllct.iou of the r:rtio P/n, 
wlwrr H is thr Iwnding rnd~~~s. 

I3wdit1g &iciwcirs of al)ollt r,O’X~, wit,ll a clrflwt 1011 of 2.4 
~nr;~cl, havr lw~~n ~nras~~rt~l with 45U (:i>V l~rotorlh ~II;III- 
~wled iii n SI~~COII cry&al [5] Tl krw wslllt,s ww ol~t~aiw(l ,’ 
OII a highly parallt~l rxtrrual I~t~iull wit,Il iii, al~glkliw (llvcr- 
1;wct’ of +:~/IIR~, lrss than t,Ilf, critical uq.$ for planar 
chaun&q at this rllrrgy Q,,(450 c&V) = *7/~ra(l. Ex- 
tract,ion of 70 (;eV proteus fr0t11 2111 mtwnal circ~llatili~ 
Iwatli was rrportt~~l with a 11111cl~ lowrr rificivllcy of albollt 
1 5 x l(J-” [(il. 

It has Iwrn proposed t,o use thr krhnique of crysbl 
chauwlitlg to ext,ract, protons from t,hr beam halo of both 
fut.urr nndt,i-Tt=V colliders SSC [7] and LHC [8], allow- 
ing fixed t,nrget, rxperimrnt,s t,o run in a parasit,ic mode. 
Thv main rxlwct.ed tlifficlllty camps from a reduct,ion of 
t.lre rhamwling ~fficisncy when t,he prot,ons hit, t,he cryst,al 
wit,h small imp-t, parameters and remain close to t,he sur- 
face whrrr drfanlts of the cryst,allinr st,rwAure can occur. 
01~ is alno roncernrd about. t,he alignment. of the crys- 
tal wlativr to t.hr circulating beam. The aim of the RD22 
rxpwimrut. [‘J] is t,o inwst,igat,e t,hesr effects in t,he environ- 
mrut, of R rral accrlrrat,or The exIwrimrnt,al equipment 
was installed in t.hr CERN-SPS and hrcamr operat,ional 
Ity mid l!M!. 

II. EXPERIMENTAL LAYOUT 

Thr rxlwrim~ntnl scat-up, locakl in St,raiyht Sect,ion 5 of 
t,llr (:ERN-SPS, is shown srl~rmat.irally in Fipr? 1. The 
wwullm tank cout,ains t,wo silicon monori-yst,als, each 3 cm 
1011g, 1 cm high and 1.5 mm thick. Thrir upper and lower 
tvlg~‘s are clan~pd onto rylindrical formcxrs to bend t.hr 
cry&l { 110) latt,irr planes by 8.5 mrad. Each crystal is 
nlouutrd 01, a goniomet,rr which can mow horizontally int.0 
thr Iwalu and which cau providr ang~lnr adjustment, wit,h 
a wsolutioll of np t,o 4 11rul. Follr Iwnm scrapers, thrw 
ill the horlzont~;d plans and one iu t,hr vertical plane, are 
wwl for R precise posibioning of t,hr beam. Prot.ons are 
rxt.rnrt,Pd in t,hr horizontal plane, t,owards t,he cent,rr of 
thr rillg. Tlw drflrctrd Iwam st,ays in t,lw vacuum pipe for 
allont, I5 Inrkrs alld rxik t,hrough a 0.2 mm t.hick st,ainkss 
skrl w~udow. 

Tlw tllrre srilltillnt.ors Sl,S2 and S3 form a klrscopr~ 
tu &trct. a~(1 count the rxt.ract.etl prot,ons. The light, att,- 
pIIts of sciutillat,ors 54 and S.5 are at.tenuat,ed bo operate 
at, higIl flllxrs. S4 is ill the extracted Iwam line while S5 is 
plawd ou t,Iw opposit.r side to monit,or hackgrom~l. TV1 
is a sci~~t~illati~~y (Crsilml Iodidr) screen read by R CCD 
TV cim~rra providing an inlmrtlinte ima.gr of t.hr ext,ract,etl 
Iwam [lo]. H11 and Hv are two hodoscope planes 32 x 32 
~IIII’, I rl11n pikll. t,o mriisuw horizonta.1 and vrrtlral pro- 
file. Cl alld C2 are pairs of Micro %rip Gas Chambers 
(nrsc:c:) [II], 26 x 25 llld, wit.11 horizont~nl and vrrt.ical 
st,riIas (X10 ,u11 pit,cll), sl~nwd I)y I meter. Their sI)at,inl res- 
(llllt.ioll is I)rt.trr t,hau 100 ,,m They are used t,o mea.wre 
tllfx dirfacl ion an(l profiles of t,lle rxt,ract,rd Learn. Conut,er 
53. t.1w hodosco]~r and thr h4SGCs are moullt,ed on a mov- 
al~lr t;~lplt* 1.0 follow tllr posit,ion of thr rxtra&d bram and 
accollllt for t,llr l’“‘“ll,zX I~rt~wrwl the two crystals. 
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III. KICK MODE 

First, rvidrucr of extraction by rryst,al chnntlrling with a 
clrrnlatlng 120 Gev/c hva.nl was ohbni~~rd using llle so 
callrd “kick modr”. A fast, kicker magtwt, was rilrrgizrd 
during oilr SF’S rtvolut~ion (23 p) t,o disl~lace horizoi~t~rlly 
thr clrculat,irig heam ahout 100 ,rm at, t,lre cryst,al I)ositloil. 
Tl~a inns cvlge of t,lw cryaM was 10 mm front t111, IK)~III;LI 
closecl orbit,, ahont 3 17 of tlw Iwam siw aft,w (wit taller 
blow np, so that, only a wry sltlnll fract.iou (- IO-“) of t.hr 
st,orrd protons could hit, thr cryst.al at, rach kick. ‘I‘hr Iuri- 
zont,al /Y func.t.ion was 90 m at, I llta cryst,d locntioll. Itaadiilg 
to a,, horizollt,;ll aIlylll;lr spwl of 1.1 /Id for thr ,‘lu- 
toll trajrctorirs when t,lwy tilst rnt.rr the crystal. Tlti:, is 
~~rnch lrss t,him thr rrlt.ical ch~~r~urlii~g mlglr V,)( 120 (:e\l) 
= &14/1rad. The t,imr Iwtwwu two coirswutiw kicks ww 
long rnollgh for tlw Iwnm filalnrutatioll to refill tllr i>ligi- 
ually nvailsblt~ phase spz~ce 

-r IIYrld I 61, ,I” I, I” I.,U”,4 2 51, ,,I ill 111 
Fignrr 2: Extraction signal in “kirk modr” 

A clear signal synchronisrd wit11 tlw kirkrr Illngibrt, f,xc- 
t,ation was olwwv~d iii tllr S4 iwlmtrr ;rfI txi’ ILIL~:II~:I~ ;I(l,lubt- 
Intat, of the cryst,ziI (111)pcr tlaw of Figllrr 2). Tllt~ twtllrvl 
patlrr11 rrsults fro111 t1w Iwt;ltroll lrlotloll of t,llr ~llmtoll 

Iwitm which is wccrwivrly (lih~~li~wd towar& tlir cryatdl 
or away from it. Thr lowrr tracts of Figure 2 shrews t11~ S5 
crllliltvr which ewrlltinlly rru~i~~lt~~l particles ~>ro~l~~r fvl 1)~ 
IIIICICLT int,rrnrt,iou in t.hr crysf .)I. Thr ;Iml>litrldv (IL’ I,lltll 
t.rares wrfr ahont, rqual when tllr crystal wits uot ;Iligile(l 
ancl no cl~alinrliug ocr~wrvl. 

IV. CONTINUOUS EXTRACTION 

Thr coutinuoua cxt,rartiou ww achirvrrl I>y tzscitlllg all 
rlrrt.ro,sl.nt,ic tlrfirctor with allll~lit~ll(lr tilllnlrlc whit.r noiw. 
Encl~ circulntillg l)rotoil fewivwl ii ~llliill r;111110111 l~~~rlzot~ti~l 

kirk whw passing Iwt.wrrn the rlect,rodes of t.he deflector, 
and thr global rtfrct, was a ront,inuous blow-up of t,he hor- 
izolltal rluit,t,nrlcr of the barn. Under t,hcse con&ions, 
thr crysl al rrceivrtl prot,ons in a st,rady-st.at.r regime wi1.h 
inlp:lct, prnmet.rrs in the micron range. The hodoscope 
coriilt.ing rate as a function of t,hr crydal t,ilt, angle is showi 
on Fignrr 3. 
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Flgllrr 3: IIodoscopr rrsponw versus cryst.al t,ilt, 

Tlw (listriblit,ion has a CT of - !lOprad, much larger t,han 
t,he ch;rlmrliug accept,anrr rxprt,ed from t,he crit,ical angle 
q,, The penk posit,ion corrrspontls to the same goniome- 
t.car srtt.iug as t,llr one that, gave tlw maximum signal of 
cl1~11111r1rtl probns iii the kick mode. 

011r I~rewItt Iludwst~nnrling of t,hr large angular response 
c urw is thr, following: TIP cl;~rnpir~g of t.lw crystal on it,s 
1w11dt~r iutrodllcw st,rrssrs alid tlw crystal curvat,urr is not. 
pvrf+ctly Iluiforui. An X-ray survry of t,he cryst,al sur- 
face, lwior to its installntion 011 t,he (:ERN-SPS, indicat,rd 
tllat tllv ~wivnt~;ltion uf the crystnlliiw plaiws variw at, t.hr 
rnt rallcr and exit rdgrs as one depart,*; from blir midtllr 
~)li~t~t,. By (lisl)l;rcing thea Iwrm vwtically along t.he crystal 
rtlt~rallcr~ law, wr ol~srrvrtl ;I shift of t,hr prak posit,iou of 
tllr ~ug111ar rrsponsr curve as sl~own on Figurr 4 

Tlw vxtract,t’d Iwam WLS olwrvrd on t,he TV screen and 
r~cor~l~d Itiy thr hotloscope and t,lw MS(:C!s. The horizon- 
tal Iuofilta oht~aitlfvl wit,h t.hr hotloscopr is ctisplayd on 
Fig:llrr 5 The wit1t.h of tlw dist.ril)ut,ion rorrespontls t,o a 
Iwail~ rlivrrgww of CT - 40//d at, 1.1~ rrysbd exit,, again 
I;trger. tllnu tlltz (rit,icnl anglr V, t,hnt one w~orild rxprct. 
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Tlw i-xtrarl ion efficirury is Ilriiuwl as t hc rat ii) of’ 11.x. 
tractrtl proteus to lhr nu~nlwi. of 1lrotow iuit,i;rllg llitr ill& 
111,~ cryst,a1. ‘I’hr llullllIrr of f~xtl~actrd prt,tous was ~I~~~lllCl~~l 

froin tlw conntiile) ratw irl Sl,S, r ‘9 -1nr1 S3 wllilr tlw f’rrlrtloll 
,,f tll<, IMWIII hitting t hr cryHa wii* cull-tautly ~11~~u~l~w1~~1 
111wq$ 11~ Iwnm lifditrw mr:wrlruarr’lll 

Protons 011 (:ryStiLI (Hz) . - 
~~~ 

T;~l~lv 1: Ext.ract,lou Efficirllcirs 
‘riot> Sl.S2 S3 ;rcrrlltallw ib linlitrcl by 53 au(l (ldiuatl 

a 1 9 lo-” Steradiau solid ang,li~ rodiliuillg thv ex~l.art<vl 
IWIIII. The l~ackgrou~~d was rsl.ltuat.rtl in thv hllruluuclillg 
fi I) IO-” Strrachan dill wvf~r~~l 11s t IL* Sl.S2 u)ilici(li~ll(.i. 
11’11.11 colisrrwtlvr ~ouutrr rfliciencir* of’!)O+ lU’%, ou(’ g~,th 
1111, t,xtr;rctiou r~ilicirll(,ii% of T.ll)lr I 

V. CONCLUSIONS AND PROSPECTS 

Stal)le continuous Iuwtou rxt,ract,iou from t,he periphery 
of a I20 (:rV/r beam circulating in t,he CERN-SPS was 
a.rl~iwtd I)y mraus of part,iclr rhannrling in a bent, silicon 
monocryst.al. The intrnsit.y of t,hr rxt.rarkd beam could be 
rollbrollr~l hy t,lw strrlgtll of t,he rxritdion usrtl to blow up 
the 1lorizont.d emittancr Wr tested surcessivrly 2 crystals 
ad rxtraction rfficifwcirs of u 10% wcw measured with 
hotI s;rlrlplr~s. 

L;q,:p kill hs were nlwrvrtl for hotli the channeling ac- 
crptatlcr ;III~ thr drflrcted ham. Mrrhanicd dist~ortions 
of the cryst,als could cxl)laill thr rffrrts and we will invrs- 
tigatr tllr 11id~lrm usmg rliifwrnt, bending devirrs during 
t hr COlll’h~’ of I 9!13. 

M’r WISII to thank the Brnm Transfer, t.hr Beam Instrn- 
nwtlt,;ltioll ;rll(l tllr Opratiou groups of thr CERN SL Di- 
vision for t,lwir hrll3. 
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