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AuHOTanmsa

Buprokos B.M. DddekTuBHOCTE 06BEMHOIO 3aXBaTa B PEXUM KAHAJIMPOBAHUSI B U30THYTHIX
kpucraiuiax: [Ipenpuat UOPBO 96-21. — [Iporsuno, 1996. — 6 c., 1 Tabmn., 6ubnuorp.: 13.

Tlonyuena amamurudaeckast Gopmysa s PGHEKTUBHOCTH MEPEXONOB YACTUIl U3 HAIOAPbEP-
HBEIX B KaHaJIMPOBaHHBIEC COCTOAHUA B rny61/1He N30THYTHIX KPUCTAJIJIOB (O6’beMHbH71 3aXBaT) 3a
CYeT pacCedaHusd. HpeJICKa3aHI/I$I TEOPUN HaAXOOATCA B XOpPOHIIEM COrJIaCuU C SKCIIEPMMEHTAaMHN 1
KOMIIBIOTE€PHBIM MOICJIMPOBAHUEM.

Abstract

Biryukov V.M. Efficiency of the Volume Capture into Channeling Regime in Bent Crystals:
IHEP Preprint 96-21. — Protvino, 1996. — p. 6, tables 1, refs.: 13.

An analytical formula is derived for the efficiency of the scattering-caused transitions from
an overbarrier to a channeled state (volume capture) in a depth of a bent crystal. The theory
predictions are in good agreement with experiment and Monte Carlo simulations.
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BBenenue

YupapneHue ImyIkaMy 3apsKeHHBIX JaCTUI] BHICOKUX SHEPTUH € IOMOIIBI0 KaHAIIPO-
BaHWs B U30THYTHIX KpucTajuiax [1] sBisercs GbICTPO PAa3BUBAIOIINMCS METONOM ONTHUKN
3apSKEHHBIX [IyYKOB HA COBPEMEHHBIX yCKopuTensx wactuil [2]. [Isurasch B Kpucras-
Jle, JaCTHUIIBI PACCEMBAIOTCS Ha OJIEKTPOHAX U sIOApax, B Pe3yibTaTe Yero BO3MOXKHBI
Iepexonbl YacTHUI MeXKIy KaHAJIWPOBAHHBIMU I HEKAHAJIMPOBAHHBIMU COCTOSHHUSMH B
riybune kpuctasia. s mo0of TpaeKTOpHM YacTHUILI B KPHUCTAJle MOXKHO PacCMO-
TpeTb TPaeKTOpUIO, OOPAIllEHHYI0 BO BPEMEHHW, KOI[la HAYaJIbHBIA IIYHKT TPaeKTOPUN
CTAHOBUTCS KOHEUHBIM ¥ HAOOOPOT. OTO BeOeT K MOHSITHIO OOPATMMOCTH IIPOIECCOB
nepexona [3]. B riy6ume xpucraiuia, KpoMe YaCTHIl, MOKUNAIOIINX KAHAIMPOBAHHBIE
COCTOSIHUSL (IEKAHAIMPOBAHKE), MOI'YT MMETHCS YACTUIILI, BXONSIIME B PEXUM KaHAIIM-
poBaHUsl (COOTBETCTBEHHO, PEKAHAIIMPOBAHUE WA 00HEMHbIL 30L6aM).

[Tpr mameHWm pacxXomsirerocs mydka Ha M30THYTHI KPUCTAIII TPAEKTOPUS JIIO00M
YaCTHUIBI CTAHOBUTCS KacaTeJIbHON K M30THYTHIM KPUCTAJIOrpadrIecKUM IJIOCKOCTSIM B
HEKOTOPOI 06JIacTu B TJIyOWHE KpucTajaiaa. B sToMm ciydyae OOBEMHBIN 3aXBaT B PEXKUM
KaHAJINPOBAHMUS BO3MOXKEH [JIS YaCTHUIl, MaNalolINX B IIpelesaX BCEro yrila u3rmba
kpucramia [4]. 3meck MBI 06CyIUM TONIBKO TIEPEXOMbI, BbI3BAHHBIE paccesHueM. Jpyroit
MEXaHU3M IIePeXONoB, O0yCJIOBIIEHHBIN IIEPEMEHHON KPWBU3HOM M30THYTOIO KPHUCTAILIA,
obcyxmaercss B pabore [5].

[Tpouecc mexaHATIMPOBAHMUS XOPOIIO ONUCHLIBAETCS W AHAJIMTUIECKON TEOPUEN, W KOM-
IBIOTEPHBIM MomenupoBasueM (cM. 0030op [2] m cebuikun B HeMm). OGpaTHEBIN mpomecc
m3ygascs ducieHHo [6,7] (cMm. Takxke pabory [8]), B TO BpeMs Kak aHAINTUIECKAS
Teopusi OTCYTCTBOBajia. B Hactosienn pabore OymeT momydeHa siBHas GopMysa s
ek TUBHOCTH OOBEMHOIO 3aXBaTa B M30THYTHIX KPHCTaJIaX, 0OyCJIOBIIEHHOTO pacce-
STHUEM.



1. OddekTBHOCTh 06HLEMHOTO 3aXBaTa B M30THYThHIX
KpucTasiax

[IycTh mMy4oK ¢ pABHOMEDHBIM PaCHpENesieHIeM TI0 yTily, ¢ IIOTHOCTEIO 1/2®, namaer
HA U30THYTHIA KpUCTAI ¢ KpuBu3HOil 1/R. Jlons KaHAINPOBAHHBIX YACTUI] yMEHbIIIA-
€TCs ¢ TJIIyOMHOU KPHUCTAaJIa 2 COIVIACHO

_ 2z.m0,

1) = g As v/ RIFD(), (1)

rue Ag(pv/R) onucbiBaeT COKpAIEHNE aKCENTAHCA M30MHYTOrO KPUCTAIIIA ISl TACTULBL
C IMILYJIBCOM P U CKOPOCTBIO VU; 0. U X, — KPUTUYECKHUI YIOJl U MOEePevHas KOOPIUHATA,
COOTBETCTBEHHO; d, — MEXKIUIOCKOCTHOI uHTepBai. PakTop 7/4 TOUeH Nyl rapMOHUYe-
CKOTO TIOTEHINAIA, IJI PEAJIMCTIHYECKOrO MOTEHNINAIa OH 3aMeHsercs Ha ~0.8. PyHkius
Fp(z) omuchiBaeT BBHIOBIBAHNE KAHAIMPOBAHHBIX UACTHUIL M3-32 DACCESHUS; OOBIYHO IIN-
wyT Fp(z) xak exp(—z/Lp) (Lp — MHA [EKAHAIMPOBAHUS), TaK UTO IPOM3BOMHAS
Fp(z) = =Fp(z)/Lp.

Yucno gacTuil, NeKaHAJIXPOBABIINX HA MJINHE dZ, PABHSIETCS

df(z)  2w.m0, , 2w, m0,
- dZ - dp 4@AB(pv/R)FD(Z)_

FD(Z)
a, ZgAB(PU/R)?- (2)

YacTumel, mekaHaJUpOBABIINE HA d2, BBIXOOIT W3 KPUCTAJIa B YIJIOBOM WHTEPBAaJe
df = dz/R. TlosToMy yrioBoe pacupeneseHre 3a KPUCTAIIOM €CTh
df(z) 2x.m0,

d R

Msbl He TmpUWHEMAaeM BO BHUMAaHUE MAJIEHBKUUN [OMOJHUTEIBLHBIN YIJIOBO pasbpoc +6,.
NMEKAHAJIMPOBABIINX YACTUIl M3-38 OCIHWIIANUA B KaHaje, MOITOMY s OYeHb OOIb-
moro R (korma Lp/R comocraBumo ¢ 6.) ypaBHeHue (3) mepeoneHUBAET IUIOTHOCTH
pacrpenesenus.

PaccMoTpuMm Temeps TOT XKe IMy4YOK, MANAIOMIAN HA TOT K€ KPUCTAI B 00pam-
HOM HampasieHun. Temepp WacTUIBl ¢ HadaIbHBIMEU (Z;,0;) mapamerpaMu, paBHBIMU
KOHeUHBIM (Zf,0f) mapamMerpaM YaCTHI, AEKAHAJIMPOBABIINX B IIPENBIAYIIEM CIIydae,
3aXBaTBIBAIOTCS BIONb Tex ke (obpareHHbix) TpaekTopuil. COrIacHO HAIEMY PacCMO-
TPEHWIO, YHUCJIO MEePEXONOB U3 KAHAJIMPOBAHHBIX COCTOSHUU B TIEPBOM CIIyUae PABHO
YUCIIy TEePexXoloB 6 KAHAIMPOBAHHBIE COCTOSHUS BO BTOPOM (IIOCKOJIBKY TPAEKTOPHUU
CYTb OIHU U Te XKe).

[TosToMy 4YMCIO YACTHI, 3aXBAUEHHLIX U3 UHTEepBaja df u 3aTeM MepelaHHLIX B
KAHAJIMPOBAHHBIX COCTOSHUAX HA IJINHE 2z [0 TOPIA KPUCTAIIIA, MAETCSA yPABHEHUEM
(3). Mer sanumem 3To uncio Kak wgFp(z), mpoussenenne BepOSTHOCTHU 3aXBaTa Wg W
daxtopa nepemaun Fp(z). Paxrop mepemaun Fp(z), mis dacTul, KaHAIUPOBAHHBIX B
TeX ke CaMBIX COCTOSHUAX, SIBIIIETCA TEM K€ CAMbIM HE3aBUCUMO OT HAIPABIEHUS MX



nemkenns. Hopmupys 4mcso nepexonos (3) Ha YHCIO YACTUIL, TAHAIONIMX HA KPUCTAILI
B 5TOM YTIJIOBOM nuamnasoHe, df/2®, momyuaem BepOATHOCTH 3aXBaTa

df(z) 1  7wx. RO,
dd Fp(z) d, Lp(pv/R)

wg = 2 Ap(pv/R). (4)

Ilns rapmonudaeckoro norennnaita Ap=(1 — R./R)?, rme R. — xpuTuueckuit pammyc.
B 10 xe BpeMmsa Lp cokpalaeTcs B M30THYTOM KPHUCTAJIE HA TOT K€ CaMblil (HAKTOP
(1 — R./R)? ornocutensHo Lp B HemsormyToM Kpuctamie [2]. I1a peanucTmIeckoro
HOTEHInAIa OTHOIeHne NBYX GaxTopoB 1. CremoBaTenbHO, MBI MOXKEM OIyCTUTh Ap
B (4) m mompasymeBarh BenuuuHy Lp [ OPSIMOrO KPUCTAJUIA; APYroe YIPOILIEHUe
xc/d, ~1/2. Torma momydaeM BepOSTHOCTH OOBEMHOIO 3aXBATA B BUIE

mz. RO, N ERHC
d, Lp ~ 2Lp

(5)

wg =

Tor dakT, 9yT0 Wwg MOMKHO ObITH mopsnka RO./Lp, GblI paHee HaieH U3 IPOCTHIX
KadeCTBeHHBIX coobpaxeruit [10]. UToObl yBHOETBH SIBHYIO 3aBHCHMOCTH BEJIMIMHEL (5)
OT CBOHMCTB KPHCTAJLIA U SHEPTUY YACTHUII, MOXKHO HCIONB30BATH HOPMYIIEl st 6, [3]

0. — 47rNdeiZeQan 1/2 (6)
c p'U )
u mis Lp [9)
256 v arrd
Lp=n- 2 e (7)
972 In(2m.c?y/I)—1 Z;e?
rme N — obbeMHas MJIOTHOCTH aTOMOB; 4 — ATOMHBIN HOMED; Z;€ — 3apsl JacTUIIH;
arp — pamuyc skpanupoBaHus Tomaca-Pepmu; m, — Macca dIEKTPOHA B TOKoe; [ ~
16Z%° 5B — noTennman wuoHmsamum; y — pensTuBucTcKuit daktop. Popmymna (5)
MPUHAMAET BUI
9572 ( 7, 3/2 N1/271/2¢3 )
Y56 \po) T T g (n2mecty/1) =1) . (8)

Cnenyer orMeTuThb, uTO muHa Lp MeKaHATUPOBAHUS U3 ‘YCTONYUBBIX KAHAJTUPOBAHHBIX
cocTosiHU OBLTa W3MepeHa B OOJBIIIOM KOJINYECTBE HKCIEPUMEHTOB, W HAXOMUTCS B
xopomeM corsiacuu ¢ dopmyioir (7). TlosToMy BEpOATHOCTH 06BEMHOTO 3aXBaTa YACTHIL
B Te XKe CaMble COCTOSHUS €CTh CTOJIb YK€ XOPOIIO ONpPeNesIeHHAsl BEeJIMUNHA.

BepostHOCTL 00BEMHOTO 3axBaTa B M30THYTHIX KPUCTAJIaX HCCIIENOBAJIACH DKCIIE-
puMeHTanbHO Tpu SHeprusx or 1 ['sB B [IUAD [4] mo 70 T'»B 8 UPBO [11]. Beuto
HAfiIeHO, UTO wg MponopmuonankHo R m p~3/2 [11], uTo HaXOmMTCS B MOIHOM COTIACHE
¢ dopmyioit (5).

[Tockompky B okcmepumenTax [4,11] mamepsiuch u BEpPOSTHOCTUH OOBEMHOIO 3aXBa-
Ta W W IJIWHBI IEKAHAJIUPOBAHUS YaCTUIl Lp B TEX XKe CAMBIX YCJIOBUSIX, MBI MOXKEM



noncTaBuTh B Gopmyiay (5) BEIMUYMHBI, HENOCPENCTBEHHO W3MEPEHHBIE B SKCIEPUMEH-
re. Tabn. 1 mokaswplBaeT BEPOATHOCTH 3aXBaTa B “yCTONYMBBIE COCTOSHUSA (KOTOpPBIE
IEKAHAIMPYIOT IO SKCIOHEHINAILHOMY 3aKOHY) B Kpuctamuiax Si(111), msmepenuble B
skcrepumenTax [TUAD u UDPBDO, naiinennble B KOMIBIOTEPHOM MONEINPOBAHUU METO-
nom Monre-Kapmo [12], u paccumrannbie mo dopmyse (5); MOKa3aHbI Takke NAHHbBIE
M3MEPEHU JIMHBI MeKAHAIUPOBAHUS W PAINyChl m3ruba KpucTasoB. VMeeTcs moHOe
coryacme IJis BeJIMYUHBI BEPOATHOCTH OOBEMHOro 3axBaTa B mpemenax ~10-20 %, T.e.
B mpemeiax OMMOOK SKCIEPUMEHTA U MONETUPOBAHMUS.

Tabmuna 1. BepostHOCTSH (B IpOIEHTaX) 06BEMHOIO 3aXBaTa B “CTAOUIIbHBIE COCTOSHUS IIPO-
ToHOB B Kpucrasuie Si(111), msorHyToMm ¢ pammycom R; 5KCHEPUMEHT, TeOpUs U
koMmnboTepHOe Mozmenuposanue (Monte-Kapio).

Oxkcnepument || R (M) | Lp (vm) w (%) %%2—% MorTe-Kapio
P
(%) (%)
InAd 0.46 | 1.26+0.09 | 9.2+1.4 10.0£0.7 —
NPBO 3.0 52+2 0.23+0.03 | 0.19+0.02 0.17+0.02

Cornacro dopmyie (5) orromenne (Rywi Lp1/RiwsLpo)(Er/Ey)'? Benmmauns, m3ve-
PEHHBIX B IBYX PA3HBIX HKCIEPUMEHTAX MPHU PA3IUUHBIX dHEPrusXx Fy u Fy, MOMKHO
paBHITBHCs enuHUIE. s pacCMOTPEHHBIX HKCIEPUMEHTOB 3TO OTHOIIEHUE COCTABIISIET
1.3 £0.4; ormMeTuM, 9TO caMm; SHEPTUM U HEMOCPENCTBEHHO M3MeEpSIEMble BEJINUYMHBI W U
Lp, BXomsiime B 3TO OTHOIIEHUE, OTIUYAIOTCS MPU TOM HA MIBA TOPSIKA.

Crenyer oTMETUTH, UTO HANIEHHOE COTJIACHE HE TOJIBKO MONTBEPKIAECT HAIILYy Te-
OpHIO, HO O3HAYAeT TaKXKe COrJIache MeXIy NBYMS SKCIepUMEHTaMU, rie oTOOp KaHa-
JMPOBAHHBIX YACTHUI[ BEJICS COBEPIIEHHO pasnudabiMu MeTomamu (B [IUAD — nmerex-
TUPOBAHUEM WOHU3AIMOHHBIX ToTeph sHeprum, B UOPBD — orkmonenmem wacTuir Ha
GomnbiIoit yroi). Bomee Toro, 5T0 03HAUAET B3aMMHYIO COIJIACOBAHHOCTH MEXIY H3Me-
PEHHBIMU BeIUYUMHAMU W U Lp B KaXIIOM W3 HKCIEPUMEHTOB.

Heckonmpko sameuanuit mo ¢dopmyse (5). MaTeHcuBHOCTL nekananupoBaus 1/Lp
Ha MaJbIX TJIyOMHAX B KPUCTA/Ie OOJbIIEe MU3-33 ‘KOPOTKO-XKUBYIIIAX  COCTOSHUN C
BBICOKUMU TIOTIEPEYHBIMU SHEPTrusMu. Torma Mbl HAXOOUM W3 HAIIEr0 PACCMOTPEHWUS,
9TO0 00BEMHBIN 3axBaT wg ~ RO./Lp 6 Takme COCTOSHUS COOTBETCTBEHHO OOJIBIIE,
UTO SIBIISIETCS TAKXKe KAUECTBEHHO OYEBUIHBIM.

C yBemumuenneM R 1mo BenwuwH, CpaBHUMBIX ¢ Lp/0., Bemuuuny (5) orpaHumunBa-
eT mpyroi mporecc. [leficCTBUTENBHO, B 3TOM CiIydae IPOHOIbHAs O0IACTb DPa3MepoM
~ Rf., rme TpaekTOpUU YACTUIL KACAIOTCs (C TOUYHOCTBIO +6.) KpucTammorpaguaecKkux



IJTOCKOCTEW, CTAaHOBUTCS CPAaBHUMOW C MinHON mekaHajupoBauust Lp. CooTBeTcTBEH-
HO, CTAQHOBUTCS BaXXHBIM IIPOIECC MEKAHAJINPOBAHUS OOBEMHO3aXBAUEHHBIX YACTUIl, U
CIIe[lyeT YYUTBHIBATH OMHOBPEMEHHO (B KMHETHYECKOM IOIXoze) oba Impouecca: peKaHa-
JAUpoBaHUe U nekaHanuposanue. Moxuo ckasarb, uTo Lp B dopmyie (5) B oToM cirydae
npuobperaeT CMbICI 5()GOEKTUBHON MIMHBL neKaHanuposanus (cMm. pabory [10]). C po-
ctoM R sddekTusnas mmHa Lp Takxke BospacTtaeT [10], m KOIMUECTBO 3aXBATHIBAEMBIX
YACTUIl OCTACTCS KOHEUHBIM.

CoorHomenue obparumoctu (5) MMeeT CHIly HE3aBUCHMO OT MEXAHWU3Ma Iepexo-
moB. Ilpu mamuuum B xpuctaiute Jducsokayuti BeaumunmHa Lp Maiia, W MOTOMY IOJIKHA
CYIIIECTBOBATH BBICOKAs MHTEHCUBHOCTH IMEPEXONOB HAMNOAPBEPHBIX YACTHUIl B PEXKUM Ka-
HAJIMPOBaHWUs B COOTBeTCTBUM ¢ (dopmyioil (5). DT0 coOTHOIIEHNE HAOIIONATIOCH Meii-
CTBUTENILHO B SKcmepuMeHTe [13] ¢ KpUCTa/IoM TepMaHUsl, CONEPIKAIIMM AUCIIOKAIN,
Ha MPOTOHHOM IIyuke ¢ sHeprueir 70 ['sB.

XoTs mporeccsl 0ObEMHOI0 3aXBaTa HE MOTYT yBEIUUYNTH 3D(HEKTUBHOCTH OTKIIOHE-
HIs Ty9Ka, OHU TIO3BOJISIOT CO3MATh KPUCTAJUIMIECKUN MedIeKTOp MydYKa C IIMHPOKUIM
YIJIOBBIM akcenTaHcoM (3> 6.). DhdeKTUBHOCTE OTKIIOHEHNUST TAKOTO nediIeKTopa MOXKeT
BapbUPOBATHCS B IIMPOKOM MUAMA30HE BEJINYNH. DTO MOXKeT ObITh IEeHHO, HAIpuMep,
KOTIa OCIabJIeHne MydKa, ero CTabmiIbHOCTh, W HU3KWUI (GOH SBIISIOTCS BAaXKHBIMU YCIIO-
BUSIMU.

Arrop mpusuatenen B.M. KotoBy 3a momesnbre oOcy:xkmeHusl u mommepxkky. Pabora
Obuta mommepxkana PoccuiickuM ¢hoHIOM GyHIAMEHTAIBHBIX MCCIIEIOBAHUI.
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