
COOfilll8HMR 
Ofi118AMH8HHOro 

MHCTMTYTa 
RA8PHblX 

MCC18AOB8HMM 

B.A.BapaHoB, C.M.KopeHt1eHKO, B.<l>.Kocnrn, 
H.Il.Kpaat1yK, H.A.Kyt1HHCKHH, ,il,.A.M)KaBHSI*, 
3. B. U:aMaJiaH)1;3e * 

*HHCTHTYT <PH3HKH BblCOKHX 3HeprHH TrY, T6HJIHCH 

AYfiHa 

Pl-92-131 

·1992 



BBE.l(EHHE 

3a IlOCJICAHHC r()AbI IlOCJIC Ha'laJia pa60Thl MC30HHbIX cpa6pttK, 6naro):\ap.si 

3Ha'lHTCJlbHOMY pocTy HHTCHCHBHOCTCH ny'IKOB H ycoBepIIICHCTBOBaHIUO pertt-:- · 

CTpupymrn.eii annapaTyphl, AOCTHrttyTI,i 60JibIIIHC ycnexiI' B H3ytiemm PCAKllx' 

npou,eccoB. ITOCTOSIHHbIH HHTCpec IlPCACTaBJISIIOT npou,ecchl, o6yCJIOBJICH~hle 

COBMCCTHhlM npoSIBJICHHCM cna6oro " 3JICKTpOMarnHTHOro B3allMO):\CHCTBllH. B 
uaCTOSIIIJ.Cii pa6oTC paccMaTpHBaCTCSI npou,ecc . 

(1) 

KOTOpbIH o6yCJIOBJICH cna6bIM " 3JICKTpOMarttHTHbIM B3allMO'ACHCTBHCM. PacnaA 

(1) ue ua6JIIOAaJICSI ua OilbITC, 3a HCKJIIO'ICHHCM O):\HOro COOhITii.si, CJiy'laiiuo 3a

perHCTPHPOBaHHOro ern.e B 1955 r. B <pOT03MYJihCH.six [ 1 ]. TeopeTH'lCCKHC on.eu

KH npou,ecca (1) AaHhl B [2,3 ). B [2 I nonyqeuhl nonHasi nepo.siTHOCTh pacnaAa 

(1) "OTHOillCHHC BCpOSITHOCTll paccMaTpHBaeMoro pacna):\a K BCpoSITHOCTH oc.::, 
' -: . ~ 

Honuoro pacnaAa Jt ➔ µv: 

R = W(Jt ➔ µeev)/W(:,r ➔ µv) = 2,59· 10-6• · ,(2) 

B pa6oTe [3 I TaK)KC Bhl'lttCJieua nonuasi BeposiTHOCT& pacnaAa (1): 

R = W(:1t ➔ µe,d,)/ W(~ ➔ µv) = 0,33 • 10..:.6• (3) 

TaKHM o6pa30M, TCOpCTH'lCCKHC OU.CHKH OTJIH'lalOTCSI B :'= 8 pa3, H Il03TOMY 

npCACTaBJISICT HHTepec 3KCnepHMCHTaJibHO H3MCPHTb BCpoSITHOCTb pacna):\a ( 1). 
B AaHHOH pa6oTe Bbl'lHCJICHa IlOJIHaSI BCpoSITHOCTb npon.ecca (1), IIOJIY'lCHa scp

<pCKTHBHOCTb perucrpan.nH 3TOro pacnaAa B ycraHOBKe APEC [ 4,5 ], nocTpOCHhl 

ruCTorpaMMbl HMilYJibCHhlX H yrJIOBbIX pacnpCACJICHHH AJISI e +' e-' µ +. ' 

MO.l(EJIHPOBAHHE, PE3Y JlhTATbl, OBCY)KJ],EHHE 

Ha nepBOM 3Tane 6b1Jlu creuepuponauhl co6hITHSI c Hcnon&aonaHHCM. MaT

pttllHoro 3JICMCHTa, KOTOJ>hlii npHBCAe~ B [ 6 ] n Bhlpa)KaCTcsr CJICAYIOID;H~ o6pa- ' 

30M: 

'i Otn.,l;,. r,•. ;ail.ill lUicn.ttyi ( 

' 1m1:1tmu, '.:JCC'~~!IOBlUltiO 11 
, __ ._&v'rSJfftiO~ ~~ 
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- 4-uM

rryJihC.:hI .7r.:.~C30Ha, HCiITpHHO, µ-MC30Ha, n03HTpoua H 3JICKTpoua COOTBCTCT
BCHHO; 

K = P +:p · Q = p, + P· G= l0-5/M 2• e2/4n = 1/137· 
2 3' I , ' . . p' ' 

- -
e0 = U(P3)y0 U(-P2); l/3 = U(P)yp(l + y5)U(-P

1
); 

/ onpCACJISICTCSI BepOSITHOCTblO w pacnaAa Jl + ➔ µ + + V : 
:,c • .• • . :,c . . fl 

W = (G2J2 /8n)Mm2(1 - m 2 / M 2) 2; 
:,c :,c fl fl 

F(K ~) - 3JICKTpoMarnnTHhiii <f>opM<f>aKTOP peaJihuoro n-Me3oua, 3aBHCSlllJ.Hii 

TOJihKO OT. OAHOro HHBapuaurn K2 
u YAOBJICTBOPSIIOIIJ,nii yCJIOBHIO uopMupoBKH 

(F(0) = 1); a, b, c, d - <f>opM<f>aKTOpb1. 

.ll.eTaJibHhle paC_l!CTbl BepOSITHOCTH pacnaAa (1), BhlnOJIHCHHbIC B [3,6 J, no

Ka3aJIH; 'ITO BKJiaAhl, COiJ.Cp)KaIIJ,ue <f>opMcpaKTop du MHO)KHTeJih 1 - F(K2 ), npe

ue6pe)KuMo MaJibl, n03TOMy aMIIJIHTyAa pacrra)J.a (1) 3{p(pCKTHBHO xapaKTCpH-

3YCTCSI TpeMSI napaMeTpaMn: a, b, c. KaK u B pa6ornx [3,6 ], AJISI y)J.o6crna MhI 
TO)KC BBCACM rrapaMeTpbI y H ,;: 

y = b/a0 ; ,; = c/a
0

, (5) 

rAe !lo-:- aMnJIHTyAa· pacrraAa Ji-0 ➔ yy. Mb1 noJiaraeM 3HaK s = sign( a, f,/.= -1 

B HH3lliCM IIOP51AKe TCOpHH B03Mym.euuii no CJia6oMy H 3JICKTpOMarnHTHO- .· 

Pi Y. P, / 

~~ 
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Pn~ I. ,ll.narpaMMbt, OnHCblBalOII\He pac
na):I (1) 

MY B3aHMOACHCTBHJO rrpou.ecc (1) OnHCbl

BaeTCSI AHarpaMMaMH p11c. 1. 
CorJiacuo pa6oTe [3 ). BepoSITHOCTh 

npou.ecca (l) MO)KCT 6b1Tb 3anucaua CJie

AYJOllJ.HM o6pa3oM: 

dW = dW1B + dlf sD + dW111sD' (6) 
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rAC dWIIJ, dWSD' dW111SD npcACTaBJISIIOT co6oii, · coorneTCTBCHHO, BKJiaAhI 

BHYTPCHHcro TOpM0311oro H3JIY4CHHSI, CTPYKTypHoro H3Jiy4emrn u nx nuTep<f>e-. 

pCHlJ.HH. OTHOWCHllC BCp051THOCTH CTPYKTypuoro H3JIY4CHHSI llHTCpcpepeHU.1111 K 

BCp0SITH0CTH o6bI4HOro pacna.na Bbipa.)l(aCTC51 cpopMyJiaMH: 

RSJJ = Ws0 /W(n ➔ p+ + vf) =SD+ y2sDy2 + y,;SDyg + .;2SDg2, (7) 

RIBSD = W18s0 /W(n ➔ fl++ vf) =/BSD+ y/BSDY + ,;IBSDg. (8) 

11cnOJih3YSI MaTplll!Hblll :JJICMCHT (4)' Mbl Bbll!HCJIHJIII 3TH BKJia,nhI. Ouu npnBe

)J.CHbl B Ta6m111.c. B HaweM CJiy'lae 6hIJio npuHSITO,; = 2,56, y = 0, 74. KaK BHAHO 

H3 Ta6JIHIJ.bl, II0JIHa51 BCpoSITH0CTb IIpo!J.CCCa (l) onpeACJISICTC51 npaKTH'ICCKH 

IIOJIHOCTbIO BKJiaA0M BHYTPCHHCro TOPM03H0ro H3JIY4CHHSI, II ce MO.)l(HO npeA

CTaBHTb B BHAC 

+ + + - + + + - I + + o 3 o-6 R(n ➔ 11 e e v) = W(n ➔ fl e e· v,) W(n ➔ 11 v) = R18= ,3 · I .. 
, f .. f .. f (9) 

TaKIIM. o6pa30M, IIOJIY4CHH3SI Har.111 BCJilllJHHa R COBna,naeT C pe3yJihTaTaMII 

pa6oThI [3 ), pa3Hnu.a T0JihKO so BKJia,nax SD II IBSD, Ho ::>To Ha OKOHllaTeJihHhlii 

pC3YJihTaT HC BJIHSICT. 

Ha BTopoM :nanc MOACJIHpoBaHnH 

Mbl paCC'IIITaJIH BCpOSITHOCTb pcruCTpa

IJ.HII pacna,na n ➔ /teev , nponycKasi 

co6hITIISI, noJiyl!CHHhIC Ha nepBOM 3Ta

ne MOACJmpoBaHHSI, 4Cpc3 APEC. 

IlporpaMMa M0ACJIHpOB3HHSI npOX0.)1(

)J.CHHSI 1l3CTHIJ. '4CpC3 CIICKTpOMCTp C0-

3AaHa C HCII0Jih30BaHIICM CHCTCMbl 

GEANT3 [7 ). 
Ycrn11osKa APEC (pnc. 2.) onncaHa 

B pa6ornx [ 4,5 ]. B uaweM CJiyllac B yc

TaHOBKC APEC ue 6wJio nepeoro pSl)J.a 

CIJ.IIHTHJIJISIIJ.H0HHhIX Cl!CTlJHKOB II MH

lliCHH. TT1Io11w c nMnyJihCOM 170 M3B/c 

pacna,naJIHCh B BaKyyMc B U.HJIHH,npe, 

IIMCIOIIJ,CM ,nmrny 70 CM u ,nuaMeTp 10 CM. 

Ta6JLUL{a. lJUCJlCIIHbte 3Ha•te

l/Wl c1eJLWlll1t, axoaa14ux a paae11: 

cmaa (7 ), (8) 

/8 (33,17 +0,08)10- 8 

SD (7,61 +0,02)10- 13 

SDi (9,17+ 0,02)10- 13 

SDrt (5,17 + 0,02)10- 14 

SD~2 (3,73+ 0,02)10- 15 

/BSD (-23,87 +0,07)10- 11 

/BSD (48,47 +0,09) 10- 11 
y 

/BSD~ (12,11 +0,04) 10- 12 

.ll.JISI YMCHhWCHHSI (pOHOBbIX 3(p(pCKTOB BXOAHOC H BbIXOAHOC OKHa BhlllOJIHCHbl 

113 JiaBCaHa TOJIIIJ,HHOH 0, 1 MM, a CTCHKH - 113 KCBJiapa II 3IIOKCH;:\HOH CM0Jibl C 

cyMMapHoii TOJIIIJ,11uoii B pacna,n11oii 30HC 1,2 MM (:::::4 • 10-3 
pa,n.,nJI.). PacnaA

mrn 30Ha _,;.; 40 CM orpaHH4HB3CTC51 YCJIOBH51MH Tplirrcpa. TpaCKTOpHSI IIY'IKO-
+ . 

BbIX llaCTHIJ. Jr pcruCTpupycTC51 ABYMSI napaMH pa3HCCCHHblX ABYXKOOp;:\HHaT-

HbIX nponopIJ.l!OH,UlbHbl~ KaM~p. BTOPHl!HblC 43CTHIJ.bl ;:\CTCKTHPOB3JIHCh CHCTC

MOH H3 12 IJ.IIJIHHAP114CCKIIX nponopunouaJibHblX Ka~cp. C o6IIJ,HM l!HCJIOM 
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P11c.2. CxeMa 3Kcnep11Me11rn no 11Jy'le111110 pacnaAa .ir + ➔ I'+ e + e-v . KpecTaM1111a Tpe-
µ 

Kax 'laCTlfl.l OTMe'leHO cpa6aThIBa1111e AeTeKTopoe: I, - ABYXKOOPAl1llaT1lhle llY'IKOBblC 

nponop1.t11O11anbHhle KaMephl, 2 - eaKyyM11poaa1111hlH 061.eM, 3 - BaKYYM11pOBaJlllblH 

pacnaAHhlH OOheM, 4 - l.l11n1111APH'leCKl1e nponop1.t11O11anbllhlC KaMepbl (To•1KaM11 OTMC-
'lellbl ABYXKOOPAHHaTHhle KaMepbl). 5 - Cl.ll111Tl1RR!ITOpb1 ' 
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Puc.3. Pacnpe,lene1111e noa11Tpo11oa no yrnaM 
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P11c.S. 3aBHCHMOCTb yrna BblJICTa /l-MC3OHa 

OT K11IICTH'ICCKOH 311epr1111 

P11c.4. PacnpeAenem,e noa11Tpo11oa no yrnaM ah1-

nernI1-Meao11a 

EMeV . ' 

110 

100 

90 

80 

70 

60 

so 
40 

30 

0 3 S 7 9 11 13 

8, rpaA 

aHOAHhIX npOBOJIOlJeK :::: 8 ThIC. n ABYMSI ~HJIH,ffAPH'IeCKHMH C~HHTHJIJISl~HOH

HblMH I'OAOCKOnaMH (32 ClJeTlJHKa). 

KaMephl I, 2, 4 H 9 SIBJISIIOTCSI CTpHnOBblMH KaMepaMH, perHCTpHpy10rn;HMH 

a3HMYTaJibHY10 H oceByio (Z) KOOPAHHaThl, 11To Mhl H ncnoJih3yeM AJISI Bbl6opa 

TpHrrepa. MOAeJIHpoBaHHe 6hIJIO npoBeAeHO npH MarHHTHOM none 500 re. , 
IloJiy'IeHHhle npocTpaHCTBeHHhle H :mepreTHlJt!CKHe pacnpeAeJI,eHHSI AJISI 

e +, e - , µ + H3o6pa)KeHhl Ha pHC. 3-5. Jfa puc. 3, Ha KOTOpoM IlOKa3aHO,pacnpe

AeJieHHe Il03HTpoHOB H :meKTpoHOB no yrnaM BhIJieTa, :meprnu H nonepe'IHblM 

HMnyJibCaM, BUAHO, 'ITO cpeAHHH yron, 3Heprnsi H nonepelJHblH HMilYJibC n03HT

poHa H 3JieKTpoHa paBHhl 45°, 8 M3B H 4 M3B/ c cooTBeTCTBeHHo. MaKCHMYMhl B 

pacnpeAeJieHnsix 3JieKTpoHOB u no3uTpoHOB no yrny, 3uepr11H u nonepe'IHOMY 

HMnynhcy paBHbl npu 30° 5 M3B u 3 M3B/c cooTBeTCTBeHHO. KaK BUAHO H3 

puc. 4, MaKCHMYM B pacnpeAeJieHuuµ + -Me30HOB no yrny HaXOAHTCSI npn 0 = 9°. 
J,fa pnc. 5 BHAHO, 'ITO KHHeTHlJeCKaSI 3HeprHSI µ-Me30Ha MeHSieTCSI B o6JiaCTH OT 

30 AO 100 M3B. MaKCHMaJihHhlH yron BhIJieTa µ-Me3oHa cocTaBJISieT 13°, T.e. 

µ + -Me30Hbl BhIJieTalOT BnepeA II He AeTeKTHPYIOTCSI ~HffAPH1IeCKHMH KaMe

paMH II roAOCKonoM. CneKTpoMeTp APEC MO)KeT ncnoJih30BaThC~ AJISI perncT

pa~nH n03HTpoHa H 3JieKTpoHa OT pacnaAa Jt + Ha JieTy. IlpOBOJIOlJKH B KaMepe 4 
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H KaMepe 9 CKOMilOHOBaHbl B 48 rpynn. JI.JI» JanycKa ycTaHODKH Tpe6yJOTC51 paJ-, 
Hble BapnaHThl cpa6aThIBaHHSI 3THX rpynn. 

Bep051.THOCTh Toro, \JTO e +He - AOHAYT AO 4-ii KaMepbI, COCTaBJI51CT £(4,4) = 
0,012, \JTO OAHa HJ 3THX llaCTHU, AOHAeT HAO 9-11 KaMephl - £(4,9) = 0,0092, l.!TO 
o6e 11acTHU.hI AOHAYT AO 9-ii KaMepb1 - £(9,9) = 0,0053. Bo ncex 3THX BbI4HCJIC
HH.SIX He YllHTbIBaJIHCb CU,HHTHJIJI51U,HOHHblC C4CT4HKH. Mbl Bbl4HCJIHJIH BCp051T
HOCTH H npu HaJIH\JHH CU,IIHTHJIJI51U,HOHHblX C4CT4HKOB, H OHH paBHbl E (4,4) = 

Cll . 

0,0053, E (4,9) = 0,0044, E (9,9) = 0,0023. Ilptt Bbl\JHCJICHHH s<P<PcKTHBHO-
Cll Cll 

CTH YllHTbIBaJiaCb Bep051THOCTb pacnaAa Jr+ -MeJOHa. O)KHAaCMOC \JHCJIO CJiy4aeB 
AeTeKTHpoBaHH.SI npou,ecca (I) onpeAeJI»CTC» no <t,opMyJie 

N = IRE(9,9)t = 430-450 CJiyllaCB, 
:n.➔1,eev 

rAe / = 5 · 105 I c - nuTeucttBHOCTh nnouon, R = 3,3 · 10-7 
- noJiy4ennasi naMH 

ou,euKa OTHOmeHHSI Bep051THOCTeii, £(9,9) = 050053 - BCpOSITHOCTh Toro, 1ITO 
o6e llaCTHU,bl AOXOA.SIT AO 9-ii: KaMepbl, t = 5 . 10 C - BpCMSI 3KCil03HU,HH. 
KorAa npttcyTCTByeT nepBbIH P51A CU,HHTHJIJI51I.l,HOHHbIX C4CT4HKOB, HMCCM 

N = IRE (9,9)t = 180-100 CJiyqaen. 
:n.➔1ieev Cll 

JI,aHHbIC ou,eHKH ue YllHTbIBalOT noTepH, CB513aHHblC C s<P<PcKTHBHOCTblO yc
TaHOBKH H BOCCTaHOBJieHH51 TpeKOB llaCTHU,. 

J13 BCero CKaJaHHOro BbIWe CJICAYCT, \JTO CCTb peaJibHaSI B03MO)KHOCTh HJy- · 
· llaTh pacnaA :,r + ➔ µ + e + e - v ua yc,anoBKe APEC. 

µ 
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