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JIkcnepuMmenT UA9 mo kosmmmanum
ny4yka SPS M30rayrbiMu KpucrajiamMu

Bompmmoit anpornsrit komnaiinep (LHC) neifctByeT yxe
Tpu rona. [lomydeHo MHOTO BHEYATISIONIMX (H3HMUECKUX
pe3ynbraroB. B Tedenue 3Toro BpeMeHn cucremMa KoJummma-
muu LHC ycnemrHo pabortana, obecriednBasi MOTIIOIICHIE
00pa3yIomIerocs rajo MUPKYIUPYIOMIETO ITydKa M Ipeo-
XpaHsAs OT TOBPEKACHUN y31bl yckoputens. Hebombimas
TBEp/IOTENIbHAS MHIICHb HCIIONB3YEeTCs B KauecTBE Iep-
BHYHOTO KOJUIMMATOpa JUIs yBEIWYEHHs 3a0poca YacTuil
Ha MAaCCHBHBIH BTOPWYHBIH KOJUIMMATOP-TIOIJIOTUTEINb.
OnHako MPHU3HAHO, YTO B CYIIECTBYIOUIEM BHJIE CHCTEMa
KOJUTMMAIIMU HE CMOJKET 00eceunBaTh HEOOXOAUMBIH ypo-
BEHb JIOKAJIM3ALUH TAJI0 MyYKa MPH TIAHUPYEMOM yBEIH-
yenuu ceetumoctu LHC.

Tpebyemast >(h(EKTHBHOCTh CHCTEMBI KOJUTHMAITHH
MOXET OBITh TOCTUTHYTA TPH MCHOJIB30BAHIH KPHCTAILIN-
Yyeckoro fediekTopa B KadecTBEe NEPBUYHOTO KOJUTUMATOpa

A. D. Kovalenko, A. M. Taratin

BMECTO TBEpAOTENbHON MUIIeHN. OOBIYHAs TBEPAOTETbHAS
MHIICHb OTKJIOHSET YaCTHIIBl 332 CUET KyJOHOBCKOTO pac-
cestHUS. [IpyM ATOM MakCMMyM B pacrpenesieHUH YacTHIL
ocraercsl Ha Kparo nomotutens (puc. 1, @). B otnmame ot
9TOTO M30THYTHIN KPHCTAILT OTKJIOHSET YaCTHIIBI B PEXKUME
KaHAJIMPOBAHUS MM 00bEMHOTO OTPAKECHUSI, HAPABIISIS HX
BIIYOb moritoTuTens (puc. 1, 6). DTo CymecTBEHHO YMEHbB-
IIaeT BEPOIATHOCTH UX PACCESHHS U3 TOTIOTHTEINST 00paTHO
B IIUPKYIUPYIOMINH ITyHOK.

B03MOXXHOCTh TPUMEHEHHS! HM30THYTBHIX KPHUCTAJ-
JIOB JUIsl KOJJIMMAIMU U BBIBOJA TIPOTOHOB U SIACP M3 TAJI0
ITyYKOB YCKOpHTENIEH W KOJIJIalaepoB BIIEPBHIC paccMa-
TpHUBaJach METOIOM MOJCIHPOBaHUSA B padorax [1, 2].
Kpucramnmmuecknii nednekrop B KadecTBE IMEPBUYHOTO
KOJUTMATopa MCCIEI0BAJICS B TEUCHUE TTOCJIEIHIX JET Ha
uupkyiupyromeM nyuke SPS B pamkax skcnepumenta UA9

Experiment UA9 on the SPS Beam
Collimation by Bent Crystals

The LHC collider has already been in action for three
years. Many impressive physical results have been obtained.
During this time the collider collimation system has been
working successfully, ensuring the absorption of a growing
halo of the circulating beam and protecting the accelerator
components from damage. A small solid target is used as
a primary collimator to increase the impact parameters of
halo particles with the large secondary collimator-absorber.
However, it was accepted that the collimation system with
its present status will not be able to ensure the necessary
level of the halo beam localization with the increased lumi-
nosity planned for the LHC.

The required efficiency of the collimation system may
be achieved using a crystal deflector as a primary collimator
instead of a solid target. A usual solid target deflects par-
ticles due to the Coulomb scattering. Therefore, the maxi-
mum of the halo particle distribution stays at the absorber
edge (Fig. 1, @). On the contrary, a bent crystal deflects halo
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particles due to channeling or volume reflection direct-
ing them deeply onto the absorber (Fig. 1, »). This should
significantly decrease the possibility of particle scattering
from the absorber back to the circulating beam.

An opportunity to use bent crystals for the collimation
and extraction of protons and nuclei from the beam halo of
the accelerators and colliders was considered by simulation
for the first time in [1, 2]. The use of a crystal deflector as
a primary collimator was studied in the UA9 experiment at
the circulating beam of the SPS during the last years [3-6].
The JINR team actively participated in the UA9 experiment
together with the teams from IHEP, PNPI, INFN, CERN,
and the Imperial College (London).

The silicon crystals used in the experiment were 2 mm
long with bend angles of 140—170 prad. The crystal bend
along 2 mm has been fulfilled due to the curvature produced
along the crystal plate width (anticlastic curvature) or along
its thickness (quasi-mosaic curvature) when the plate was




B JIABOPATOPUAX MHCTUTYTA

AT THE LABORATORIES OF JINR

[3-6]. Corpynnuku JIOBD OUAN akTuBHO y4yacTBOBaJIU
B 3TOM HKCIEPUMEHTE COBMECTHO ¢ Kojuteramu uz MOBI,
[UsId, INFN, LHEPH u Mmnepckoro xosemxa (JIonmaon).

B skcniepuMeHTe HMCIONIB30BAINCH KPUCTAIUIBI KPEM-
HUSL C JUIMHOW TI0 Ny4YKy OKOJO 2 MM M yIiamMu H3ruba
140-170 mxpaa. M3ru6 Ha anuHe 2 MM co3jaBalcs 3a
CUeT KPUBU3HbBI, BO3HUKAIOILEH B/IOJIb IIMPHHBI (anticlastic
curvature) WIM TOJIIMHBI (quasi-mosaic curvature) ria-
CTHHBI ITpU M3rube BIOJib ee JuIMHBL. Ilepen ycraHOBKOM
B Kamepy SPS HM30THYTbIE KPHUCTaJUIBI TECTHPOBAIKMCH Ha
BBIBEJIGHHOM ITy4yKe MPOTOHOB ¢ ummyibcom 400 I'HB/c.
[11Th MUKPOCTPHUIIOBBIX KPEMHHUEBBIX JIETEKTOPOB, ABa M3
KOTOPBIX YCTaHOBJICHBI NEpe]] KPUCTAUIOM M TPH TOCIIE,

HCHOJB30BAINCE JUIsI U3MEPEHHs YIVIOB OTKJIOHEHHUS Ya-
CTHI[ B PeXKHMME KaHAJMPOBAHUS U OOBEMHOTO OTPAKEHHS
C YIVIOBBIM Pa3pelleHHeM OKOJIO 5 MKpal.

Ha puc. 2 noka3zana ynpoleHHas cxema 3KCIepUMeHTa
o Koymumanuu myuka SPS ¢ ucrnosnb3oBaHHEM H30THYTO-
ro kpuctamia. IIepBUUHBIH KPUCTAIIMUECKUN KOJUIMMa-
top C ycranosieH nepen Gpokycupyromum Marautom QF1.
Bropuunslii kommumarop-noriorutens TAL — mepexn ¢o-
kycupytouMm MarautoM QF2. JIByXCTOpOHHUH KOJUIMMAa-
Top COL ucnonp3yercst [Isl HaXOXKACHUS MOJIOKEHUS Op-
OWTBI ¥ BBICTPANBAHUSI BCEX TTOJBIDKHBIX 31eMEeHTOB. [Ink-
cenpHbIi 1etekrop MED no3Bosisier HaOmonars OTKIOHEH-
HBII KpHCTAIUIOM Iy4ok. Mumenbs SC B 061acTH € BBICO-
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Puc. 1. Cxema KoIIMMAaIMy raio My4ka Kojulaifiepa: a) ¢ UCTIOb-
30BaHUEM TBEPAOTEIbHOMH MuleHH-paccenBarens SC B kauecTBe
MIEPBUYHOTO KOJUIMMATOpa; b) ¢ HCHOIB30BAaHUEM H3O0THYTOTO
kpucrauia BC, OTKIIOHSAIONIETr0 M HaIPaBJISIONIEro YaCTHIIBI [0
BIIyOb norotutenst TAL

Fig. 1. a) Collimation scheme using a solid state primary collimator-
scatterer (SC). b) Collimation scheme with a bent crystal (BC) as a
primary collimator. Halo particles are deflected and directed onto
the absorber (TAL — Target Aperture Limitation) far from its edge
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Puc. 2. Cxema sxcniepumenta UA9

bent along its length. The bent crystals were tested before
the installation in the SPS using the beam of 400 GeV/c
protons extracted from the SPS. Five microstrip silicon
detectors, two upstream and three downstream the crystal,
were used to measure the deflection angles of particles in
the regimes of channeling and volume reflection with an
angular resolution of about 5 prad.

Figure 2 shows the schematic layout of the experiment
on the SPS beam collimation using a bent crystal. The crys-
tal primary collimator C is located upstream the focusing
quadrupole (QF1). The TAL acting as a secondary collima-
tor-absorber is upstream the quadrupole (QF2). The two-
sided collimator (COL) is used to find the orbit position
and align all movable elements. The pixel detector MED

20

Fig.2. The layout of the UA9 experiment

is used to observe the beam deflected by the crystal. The
target SC in a high dispersion HD area is used to detect off-
momentum particles produced in the collimation process.
BLM, and BLM, are the beam loss monitors.

The goniometers produced at CERN and ITHEP were
used for the crystal orientation relative to the SPS circu-
lating beam. The IHEP goniometer ensured the better ori-
entation accuracy of £10 prad. The tungsten bar 60 cm
long was used as a secondary collimator-absorber (TAL).
The primary and secondary collimators were installed at
the SPS azimuths with large values of the horizontal beta
function of the magnetic structure of the synchrotron. The
relative horizontal betatron phase advance between them is
close to 90 degrees. Protons or Pb nuclei were accelerated
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koil mucnepcueit HD ucnonb3yercs aiasi 1€TEKTUPOBAHUS
YaCcTHUI[ CO 3HAYMTENBbHBIMU OTKJIOHCHHSIMH HMITYJIbCa OT
PaBHOBECHOTO, 00pa30BABIINXCS B TIPOIIECCE KOJUTUMALINH.
BLM, u BLM, — MOHHTOpEI OTEPH MTyUKa.

Jng  OpueHTHpOBaHUS KPUCTAJUIOB OTHOCHTEIBHO
rayo IHUpKynmupylomero mydka SPS mcmomb3oBaimch To-
Huometpsl, cozganHsie B LIEPH u M®B3. Tonunomerp
NDBD obecrieurBan Jydllyl0 TOYHOCTb OPHUEHTHUPOBA-
Hus + 10 Mxpan. B kxadecTBe BTOPUYHOTO KOJUTMMATOpa-
MTOTIIOTUTENIS. HCIIOIh30BaJICS OJIOK M3 BOIb(paMa UTHHOM
60 cMm (TAL). [TepBUYHBIH KPUCTAIUTUYCCKUN KOJUTUMATOP
¥ TIOITIOTHUTENb PACIHONAraliuch HA a3UMyTaxX C OONBIINM
3HAYEHUEM TOPH30HTAIBHOW OeTa-(QyHKIIUH MarHHUTHOM
CTPYKTYpPBbI CHHXpPOTpOHA. (Da3oBBI CIBUT MEXAYy HUMH
coctaBisi okosto 90°. TIpoTOHBI MM sAApa CBUHIA YCKO-
psmuck B SPS 1o 120 wimm 270 I'3B/c Ha epuHuty 3aps-
Ja. CKOpoCTb pocTa rajo yCKOPEHHOIO My4YKa U ero Bpems
JKU3HHU OIPEENSUINCh pacCesHHeM Ha OCTaTOYHOM Trase.
CKOpOCTh pOCTa Taji0 MOTJIa TaKKe PeryIHpoBaThCs 3a
cueT BO3OYKICHHS ITONEPEYHBIX KOJICOAHWH YAaCTHIl ITy-
MaMH, TeHepUPYEMbIMH BHEIIHUM HCTOUHHKOM BBICOKOYa-
CTOTHOTO HampsHKEHUS Ha MH(PICKTOPHBIX ITACTHHAX.

B Hagane ka)xmoro ceaHca ONpeAessIOCh MOTOKEHIE
OpOUTBHI ITyyKa C MOMOUIBIO JIByXCTOPOHHETO KOJUTMMaTopa
(COL). Benmnumna pacTBopa KoJUIMMaTopa 3ajaBajia TakxKe
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3HaueHue orudaromeil mydka. 3aTreM OmnpenelisuIuch Mo-
JIOKEHUST KPHCTaJla, TOMIOTUTENS M JIPYTUX DJIEMEHTOB
OTHOCHTEIEHO OpOUTHI, ¢ (puKcamueid WX Ha Kparo TCHU
xoyutumaropa COL. JIng usMmepeHuit OqUH U3 KPUCTAIIIOB,
BBIMOJHSIOMNN POJIb MEPBUYHOTO KOJUTMMATOpa, TPUABH-
rayicsi HOMHOTO K OpOWTe, a MOIIOTHTEb, HA000POT, OTO-
JIBUTAJICS, YTOOBI MEXIy HHMH OBIT HEKOTOPBIH 3a30p.
OTOT 3a30p AaeT BO3MOXKHOCTh YaCTHUIIAM, PACCESHHBIM B
KpHCTaJlIe, MUHOBATh MOITIOTUTENb U ITOTIACTh Ha KPUCTAIIT
MIOBTOPHO Ha MOCJIEAYIOINX 000poTax, 4ToObl UMETh J0-
TIOJTHUTEJBHBIN IIAHC OBITH OTKJIOHEHHBIMH B PEKHME Ka-
HaJIMPOBAHMS.

Jlyist moncka pexxnma KaHaJINpPOBAHUS TIPON3BOAMIOCH
CKaHWPOBAaHHE TOPU3OHTAIBHBIX YIVIOB OPHEHTALUH KpH-
CTaJyla C TIOMOIIbIO TOHHOMETpa. B opHueHTHpoBaHHOM
KpHCTaJUIe, KOTAA KpHUcTamiorpaduieckne IUIOCKOCTH
Ha BXOJ/Ie B KPHUCTAJUI CTAHOBSTCS MapajuiesIbHbI Ornbdao-
mieil myyka, OOJbIas YacTh YACTHI[ I'aJio, IOMAAaoIInX
Ha KPHCTaJlI, 3aXBaTbIBAETCS B PEXHUM KaHAJIMPOBAHMS.
TpaekTopuy KaHAJIMPOBAHHBIX YACTHI[ OCIMIUIMPYIOT
MEXJIY COCEAHHUMH IUIOCKOCTAMH KpucTamia. IIpu stom
XOpOUIO KaHATMPOBAHHBIE YACTUIIBI, KOTOPBIC HE TIOIXOASAT
0JIM3KO0 K CTEHKaM KaHaJla, He HCIIBITHIBAIOT SJIEPHBIX B3au-
MOJIeHcTBU B KprcTasuie. TakuM 00pa3oM, MOTEPH YACTHII
B OpPHECHTHPOBAHHOM KPHCTAJUIE PE3KO YMEHBIIAIOTCS.

in the SPS up to 120 or 270 GeV/c per charge. The rate of
growing accelerator beam halo and the beam lifetime were
governed by the particle scattering with the residual gas.
The halo growing rate may also be regulated using the exci-
tation of the transverse oscillations of particles by the noise
generated by the external RF voltage source on the inflector
plates.

At the beginning of each run, the position of the beam
orbit was found using the two-sided collimator (COL). The
COL half gap determined the reference beam envelope.
Then the positions of the crystal and absorber as well as
other movable elements were determined by fixing their po-
sitions at the COL shadow edge. For the measurements, one
of the crystals, as a primary collimator, was moved closer
to the beam and the TAL moved further away from the orbit
to produce a gap between them. The gap gives a possibility
for particles scattered by the crystal to pass by the absorber
and to hit the crystal repeatedly at the subsequent turns to
have an additional chance to be deflected in the channeling
regime.

The horizontal angles of the crystal orientation were
scanned using the goniometer to find channeling regime.
In the oriented crystal, when the crystallographic planes
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at the crystal entrance become parallel to the beam enve-
lope, a larger part of the halo particles that hit the crystal
are captured into the channeling regime. The trajectories of
channeled particles oscillate between the neighboring crys-
tal planes. Well-channeled particles, which do not approach
closely the channel walls, do not have nuclear interactions
in the crystal. So, the particle losses decrease strongly in
the oriented crystal. This property was used to orient the
crystal primary collimator. The secondary particles gener-
ated due to nuclear interactions of the beam halo particles in
the crystal were detected by the beam loss monitors (BLM).
In our experiment, the scintillation telescopes possessing a
better sensitivity were used as the BLMs together with the
ionization detectors developed for the LHC. Such BLMs
were installed near the beam pipe behind the crystal col-
limator (BLM, in Fig.2).

The crystal collimation experiments were performed
using the SPS beams of both protons and Pb nuclei. The
pixel detector MEDIPIX with 256 X 256 square pixels was
used to detect the particles deflected by the crystal. The
pixel size is 55 pm. The detector was installed inside the
box with thin walls (Roman pot), which can move along
the radial direction, approaching the beam orbit (MED in
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VIMEHHO 3TO OOCTOSITENBCTBO UCIIOIB30BAIOCH HAMU IS
OPHEHTHPOBAHUS TEPBUYHOTO KPUCTAIUTMUECKOTO KOJUIN-
Mmaropa. BropuyHble 4acTHIIbI, TEHEPUPYEMBIEC B SIIEPHBIX
B3aUMOJICHCTBUSAX YaCTHUI[ TaJl0 LUPKYJIUPYIOIIEro Mydyka
B KpHUCTaJlIe, JETEeKTUPOBAIIUCH MOHUTOPAMHU MOTEPh ITyd-
ka. B Hamem skcnieprMeHTe Hapsily ¢ MOHU3AIMOHHBIMH
JeTekropamu, paspaboranHeiMu ans LHC, B kauecte
MOHHUTOPOB IOTCPhL HCHOJb30BAJIMCh TCJICCKOIIbI CIUH-
THIIAIIUOHHBIX CYCTUMKOB, UMCHOIIIUC 60J1])1Hy10 YyBCTBH-
TENBHOCTh. TaKue MOHUTOPHI TOTEPh OBUTH YCTAHOBIICHBI
BOJIM3M KaMephbl YCKOPUTEIIS 32 KPUCTAIIHUECKUM KOJUIH-
maropom (BLM, na puc.2).

3KCHepI/IMeHTLI IO KOJUTMMAllMu TMPOBOJMUIIUCH Kak
Ha Iy4YKe IPOTOHOB, TaK W Ha Iydke sijaep cBuHUA. Jljist
JACTCKTUPOBAHUA OTKIIOHCHHOI'O KPUCTAJIJIOM ITy4YKa HC-
noJsib30Basicsl nukcenbHblil nerekrop MEDIPIX, umeto-
it 256 X 256 KBaJpaTHBIX MHUKCENEH pa3MepoM 55 MKM.
[TukcenbHBIA IETEKTOp OBUI YCTaHOBJIEH BHYTPH TOHKO-
cTerHoro 0okca (Roman pot), KOTOpBI MOT IepEeMEIIaThCs
B TOPH30HTAIBHOM HAIIPABICHNH, MIPUOIIDKASACH K opOuTe
nupkymmpyromero nydka (MED Ha puc.2). Ha puc.3 mo-
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Ka3aHO OTKJIOHEHHOE KPUCTAJZIOM Tajio ITyyka IPOTOHOB
120 I'»B/c u ero ropu3oHTaNBHBIN Tipodwib. BumHo, aro
OTKJIOHEHHAs] KPUCTAIIOM (pakiys Tajlo ITydka IajieKo
OTCTOUT OT IUPKYIUPYIONIEro mydka. DPPEeKTUBHOCTD OT-
KJIOHEHHUS YaCTHIl Iajio KPUCTAJUIOM HA TOJIHBIN yroi u3-
ruda (3¢ (PeKTUBHOCTH KaHAJIMPOBAHUS ), COINIACHO U3Mepe-
HHUsIM, gocTturana 85 %.

VY Tedkn cCHCTEMBI KOJUTMMANUH (POPMHUPYIOTCS B OCHOB-
HOM 32 CYET YaCTHI], TePSIOMNX 3aMETHYIO JIOJI0 CBOETO
HMITyJbca MPU B3aUMOJCHCTBHAX € KoymmMaropamu. Ha
a3UMyTaxX C BBICOKOM JUCIEPCUEH TaKU€ YaCTHULBI MOTYT
MIOKHJIATh allepTypy YCKOPHUTENS Ha oxHOM oboporte. s
M3MEPEHUI yTeyeK KOJUIMMAlMU B HalIeM JKCIIEpPUMEH-
T€ B TIEPBOU 32 KOJUTMMATOPaMH OOJIACTH C BBICOKOH JIHC-
nepcueii (HD) ncrnonmp3oBanacek mepemeniaemasl MUIICHbD
(SC), xoropasi ycraHapiauBanach Ha nepudepuu Kamepsl
B TEHU MONJIOTUTEINA [UIsi OOHAPYKEHUS YacTHUI] C OOJIBIIN-
MH OTKJIOHEHHSIMH UMITYJIbCa OT PaBHOBECHOTO 3HAYCHUSI.
BropudHble 9acTHIIBI, TEHEPUPYEMBIE B 3TON MUIICHH, Je-
TEKTHPOBAIIMCh MOHHTOPOM ToTeph BLM, (puc. 2).
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Fig.2). Figure 3 shows the image of the beam halo deflected
by the crystal and its horizontal projection obtained with
the MEDIPIX detector in the case of 120 GeV/c protons. It
is seen that the halo fraction deflected by the crystal is far
from the circulating beam. The deflection efficiency of halo
particles by the crystal bend angle (channeling efficiency)
reached 85% according to the measurements.

The leakage of the collimation system is mainly formed
by the particles losing a sufficiently large part of their mo-
mentum in the interactions with the collimators. At the azi-
muths with high dispersion such particles can exceed the
accelerator aperture at one turn. The movable target (SC)
was installed in the first high dispersion (HD) area behind
the collimation system at the beam periphery in the shadow
of the absorber to measure the collimation leakage detect-
ing particles with large deviations from the equilibrium mo-
mentum. The secondary particles generated in the SC target
were detected by the monitor BLM, (Fig.2).

Figure 4 shows the dependence of the beam loss value
in the crystal (a) and in the HD target (b) placed at 35 mm
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from the orbit on the crystal orientation angle. The experi-
ment was performed with the SPS beam of Pb nuclei ac-
celerated up to 270 GeV/c per charge. The particle losses in
the crystal for its channeling orientation (the left deep mini-
mum in Fig. 4, @) decrease more than 7 times. The losses are
mainly formed by particles uncaptured into the channeling
regime. This fraction also generates the particles with large
momentum losses, which can interact with the HD target.
The beam loss reduction on the right from the channeling
minimum occurs due to volume reflection of particles in the
crystal. The loss dependencies in the crystal and in the HD
target are nearly identical because the contribution of the
secondary collimator is small. Practically all Pb nuclei that
hit the absorber have interactions with its nuclei. A strong
decrease of the beam losses in the HD target at the chan-
neling crystal orientation is the evidence of the population
reduction of the far longitudinal halo and consequently the
evidence of a strong reduction of the collimation leakage.
The experiments on the crystal collimation of the SPS
beam showed that the crystal alignment could be obtained
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Puc.4 nokaspiBaeT 3aBUCUMOCTb OT yIVIa OPHEHTAIUU
KpHCTaJUIA JUIs BEJIMYMHBI TIOTEPb ITydKa B Kpucrajuie (a) u
B HD-mumenn (), ycraHOBIEHHOH Ha pacCTOSHUM 35 MM
OT OpPOUTBI. DKCIIEPUMEHT BBIIOJIHEH Ha ITyYKe siiep CBHH-
1a, yckopeHnslx B SPS 1o 270 I'5B/c Ha equnuiny 3apsaa.
[Torepu vacTuIy B KprcTaJule NPYU KaHATUPOBAHUU (JICBBII
n1yOOKMH MHHUMYM Ha puC.4, @) yMEHbLIAIOTCS Oosee
yeM B 7 pa3s. [lorepu GopMHUpYIOTCS B OCHOBHOM 3a CHET
YacTHIl, HE 3aXBauCHHBIX B KaHaJMpOBaHHE. JTa (pak-
LSl TEHEPUPYET TaK)Ke YAaCTHLBI ¢ OONBUIMMH TOTEPSIMHU
HMITYJIbCa, KOTOpPhlE MOTYT B3aUMOJEHCTBOBATh C MHMIIE-
b0 B HD-00nactu. CHIbKeHHE MOTEph MydYKa B OOJIACTH
YIJIOB OPUEHTALlUU ClIpaBa OT MUHMMYyMa KaHaJIMPOBaHUS
00yCIIOBJIEHO 0OBEMHBIM OTPa)KEHHEM YacTHIl B KpHCTaJI-
ne. HaOmoaercst npakTHYeCcKy MOJHast HASHTHYHOCTD 3a-
BHUCUMOCTeH noreps B kpuctamie 1 HD-mumenu, tak kak
BKJIJ] BTOPUYHOTO KOJIMMATOpa Maj: MPAaKTHUYECKU BCe
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sJlpa CBUHIIA, [10Ma/asi B MOMIOTUTEINb, UCIIBITHIBAIOT B3a-
HMMOJIEUCTBUE C €ro SiApaMu. 3HAYUTENIbHOE YMEHbIIIEHUE
notepb B HD-muIlleHH Npu OpUEHTAIMM KaHAJTUPOBAHUS
CBUJICTEIILCTBYET 00 YMEHBIIICHUU 3aCCICHHOCTH JIAJICKO-
TO TPOJIOJILHOTO Tajio U, CIeJ0BATEIbHO, O 3HAUUTEIHHOM
YMEHBIIEHNU YTEUEK KOJLTUMAIIIH.

UccnenoBanus KpucTainueckoi kojumManuu Ha SPS
MOKa3aJik, YTO OPUEHTUPOBAHUE KpHUCTaLIa JIJIsl OTKIOHE-
HUS YaCTUI[ Tajo B PEKUME KaHAJIUPOBAHUS BBIMOJIHSET-
csl OBICTPO M XOPOIIO BOCHpom3BoAUTCs. Mcmonk3oBanue
KpUCTajla B KayecTBE MEPBUYHOIO KOJUIMMATOpa IO-
3BOJISIET 3HAYUTEILHO YMEHBUIUTh YTEUKH KOJUIMMALUU B
ONTUMAIILHBIX YCIOBHSX Oojice YeM Ha MOPsIOK. Takum
00pa3om, KpucTajumdeckas kojummarus rano myuka LHC
MOXKET CTaTh BYKHBIM BKJIAJIOM B PEIICHUE MPOOIIEMBI I10-
BBIIICHUS CBETUMOCTH KOMILJIEKCA.
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Puc. 4. Kpucrannmueckass xommmmanus mydka SPS mnsa smep
cBuHIA ¢ uMIynbcoM 270 [9B/c Ha enununy 3apsaa. Kpusbie
1 — oKcIepuMEeHTalbHbIC 3aBUCHUMOCTH ITIOTEPb ITy4Yka B KpHU-
craiuie (a) u B HD-mumenn (b) oT ymia opHeHTanuu KpUCTal-
J1a, HOPMHUPOBAHHBIC HAa 3HAYCHHUE TT0TEPh B HEOPHECHTHPOBAHHOM
kpucramie. Kpusbie 2 — pe3yasTaTbl MOACTHPOBAHUS

quickly and is well reproducible to achieve deflection of
halo particles due to channeling. The use of a bent crystal
as a primary collimator allows one to decrease strongly the
collimation leakage, more than 10 times in the optimum
conditions. Thus, the crystal assisted collimation of the
LHC beam halo has a good chance to be successful that
will be an important contribution to solving the problem of
the collider luminosity increase.

200
Angle, urad

Fig. 4. Crystal collimation of the SPS beam of Pb ions with
270 GeV/c per charge. Curves (/) are the dependencies of beam
losses observed in the crystal (@) and in the HD target (b) on the
angular position of the crystal normalized to its value for the
amorphous orientation of the crystal. Curves (2) are the simulation
results
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