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B Ha.CT9R!IIee apeHR 3HaLJKTellbHoe BtiHMBtJHe yne~TCR: ptppa.fiOTKe 

npoeKTOB CT- H b-QNl6pHK [1). fnaBHWr1 aneHeHTON 3THX ycTaHOBOK 

H BWCOKOA: ( 1033 
C&eTHHOCTbl). 

HCTO'-IHHKOH 60JiblliOrO '-IHC!IIll T-flenTOHOB, 0'-l&po&aHKIIIX H1JH npenecTHbiX 

'-I&CTHU, M3Y'feHMe erHaHI<H KOTOpbiX npeJICT&BJUieT co6oA rlla.BttyiO 3&na<ty 

CIIYHnaNeHTallbHbiX 3BJia'-l, TBKHX K8K nOHCK npofiSneHHA: HOBOA: CIIH3HKH, 

npei..I,H3HOHHoe onpeJ~eneHHe sin2uw Ha Ma.Curra6e H8CK011bKHX f::JB, 

H3Y"'8HHe npoCTpaHCTBeHHO BpeNeHHOA: H H30TOrtH'-1ecKOA: CTpyKTypw 

HeATpanb~ TOKOB. flpH 3TQM HCTO~HHKOM SKCnepHMeHTanhHOA HH~OPManHH 

RBJUliOTCII He KOH8"1HW8 COCTOIIHHII, COJlep•e.JIIHe T-nenTOHiol, O"''apoBatiHWB 

npenecTHYe '-IBC'Mtlllol, a npouecc 06pa30B8HHII npH . -
e e -cT01lKH:oBeHHIDC:. T&KOro cop-ra npe1..1,H3HOHHYe JIBHH.ble npH HH3ftlllx 

3HeprHRX TaK ze H806XQAHMH,KaK H ~H~e DPH BHCOKHX 3HeprHHX (n30) 1 

fionee TOro, OHH npeJICTa.BJ'UliOT cofioA HCTO'-IHHJC BaaHoA Jl000flHHT81lbHOA 

HeCKOTibKHX faB H Ha Z
0 
-ruute, HO&HO cnena.Tb onpe,n;eneHHwe BWBOJlbl 0 

xapaKTepe 380Jll01.1HH KOHCT&HT CBR3H B CT8HllBPTHOA: HOJlenH ( CM) [ 2). 

D.ttHHH H3 HBM6onee o6cyQaeME.ix· cneACTBH:A ·. cynepcTpyHHoA Teop}oll-f 

IIBIVIeTCR .U00011HMT81lbHIIIA HeA:Tpan:btiloiR Z 1 -6030H C HaCCOA He 6onee 

HeCKOllbKHX TaB [3]. DpH oTCyTCTBHH cTpOroA cxeNY nocTpOeMHR: 

HH3K03HepreTH'-IecKOA: cynepcTPyHHOA ClleHONeHOflOrHH 3KCnepHNeHTBnbH08 

H3Y'-18HHe XapaKTBpHCTMK Z 1 --t5030Ha ( ero HBCCiol, yrna CNelliHBaHHII C 
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Z -6o30HOM 
0 

seprnJ.1H c ¢1epMIIIOHa.MIIl) fl03B0Jl!AT 

npOHCH!A.Tb MexaHJ.13M HapyWeHMfl MCXO~HO~ KanM6pOBO~HO~ E
6

- C!AMM€TPMM. 

C~!A.TaeTCR, ~TO 3Ta rpynna MO~eT aapywaTbCH no no~rpynn G
5 

su3cxsu2Lxu1ru1T! (pa.Hr 5) vm!A G6 

6). PaccMoTpeHJ.1e nonrpynn~ paHra 

Heii!TpanbHbiX 6030Ha z 
X 

8 

su3cxsu2Lxu1r u 1!/lxu1x (paHr 

6 naeT usa nononHMTenbHMX 

npe~nonOlKeHM!A 0 ·cy!lleCTSOSaHMM 

npOMeJI(yT04Horo MaClllTa6a MI<:: lQlO-U r38, Ha KOTOpOM npOJ.1CXOllJIIT 

cnoHTaHHOe HapyrneHJ.1e G6 , ocTaeTcH n!llmb oUV!H "nerKM~" Z '-6o3oH [3). 

(1) 

OTB84aeT Ul!/1 ,X- ::mpRUaM. Yron napa.MeTpM3Y€T cxeMY 

HapyrueHMR CJ.1MMeTp!AJ.1 Ha TIPOMe~yTO~HOM MaClllTa6e. 3apRU Q'Jj flOUrpynnw 

Ul'JI COOTB8TCTByeT ¢IMKCMposaHHOMy 3Ha4eHM~ ~E6 :::142.2° 

MaccosaH MaTpMua Heii!TpanbH~X no nell! Z t-~ Z' s o6w.eM cny4ae He 

onpeueneHHbiMI-1 MaccaMM M
1 

J.1 M
2

• Yron Z-Z' cMeiiMBaHMH ¢ naeTCR 

COOTHOW8HMeM M .o 
92.5 

napaMeTp, coananaJOil(J.111! c Maccoll! Z-6o3oHa a CM. OnH noneA Z
1 

VI Z
2 

narpaHJI(J.1aH Heii!TpanbHb~ TOKOB MMeeT BJ.1ll [4,5] 

(2) 

r;ne g
0 
=e, Z~=A~, 

-1 -1 
g

1
=g

0
cos ewsin ew, [6], nanee 

nOJlOJI(J.1M sin
2ew=0.22; e~(f)= e~(f)= Q(f)-3neKTp11148CKII!V'! ::mpHU; v~= . . ) . . . 

eL(f)+eR(f M af=eL(f)-eR(f). OnR 1"'0 M B=L,R 

' em e
8

(£)= e
8 

(f)cos¢ + w e_B (f)sin¢, 

2 -1 em ( ) 
e

8
(£)= e_B (f)cos¢ - w e8 

(f)sin¢ • 3 

sm . 2 sm 2 sm 
8 CM eL (£}= T 3L -Qs~n ew M eR (f)= -Qsin ew. 3Ha4eHMR e 8 (f) 111 

E~(f) npHaeueH~ B Ta6nHue [4]. 
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Tat5nvr~ 

t:L(e-) t:R(e a(e v(e 

zsm _!c + sin
2

ew sin
2
ew _!c ' +2sin

2
ew ' ' ' 

z ' ' ' ' X 2ViO 2TtO ViO 7iO 

z. ' ' ' 0 ,.... -¥24 Yo 

z ' ' ' ' " 2Tt5 ViS 2V't5 2715 

PacCMOTPHM npo~ecc 
- + - + e e -)'t 't snanvr oT nopora ( aHanOrW-tHO 

noii yrnoM 6 

MO*HO 3anHCaTb B BHUe (J:(IlR npaeoro 31leKTpOHa ~R) [4): 

rne npH A,B=L,R vrMeeM 

' ' + bLR(l-coso-) ] , 

s-M~+Ir 1 M 1 
s-M2 +1r M 

' ' ' AcvrMMeTp1-1R "snepen-Ha3an" AFB 3an£-1CbiBaeTcR e B£.1IIe 

' b~R ' b' ~F - ~B bLL - + bRR -
AFB = ' RL 

~F + ~B ' 2 2 ' 2 
bLL + bLR + bRR + bRL 

IToncTasnRR B AFB COOTHomeH£.1R (5) H nonaraR 

4 

(4) 

(5) 

(6) 

HB speMR 



(7) 

MOJK€T npOBO.UHTb;;H B .QEYX B3aJA:MOllOnOITHRIOIUVlX HanpaeneHio1RX. llepSOe-

3TO npRMOe Ha6n10ll€HJA:e po~neHJA:H H pacnana Z'-6o3oHa npJA: ceepx-

Bb!COKI4X 3HepAHRX [ 7] . KOCB€HHbl€ Ha6moneHV!R. ManbiX 

OTKITOH€Ht<1lll pe3yiTbTaTOB np€UL'l3MOHHblX H3M€p€HHPJ: OT npe):lCKa3aH~t~lll CM 

[8]. 8 nepeoM cny~ae Heo6xonHMO yeenJA:~Io1BaTb 3HeprJA:IO, eo eTopoM -

TO'-IHOCTb t<'!3MepeHVIOI.. liccneJ].oeaHV!H 

+ -
e e -aHHI'Il"""VIITRUVIVI npV! BbiCOKVIX 3HeprvrRX 

npoRaneHvrlll Z' -6030Ha B 

( o6nacTb Z - nJA:Ka VI Bb!We l 
0 

llOCTaTO'-IHO WJA:pOKO npellCTaED€Hbl B ITMTepaType [7-9]. Q6cymnaiTJA:Cb 

eonpocw KaK npRMoro polllueHMR, TaK VI KOCB€HHOrO npoReneHVIR 

Z 1 -6o3oHa B 3IT€KTpocna6btX aCVIMM€TpV!HX. llpM 3TOM aCMMM€Tpl-1111 Ha 

Onpe):lefl.fUOTCR p€30HaHCHb!M BKITa.D.OM T. e. 

OTHOWeHM€M CTapWJA:X no Xt '-IIT€HOB B '-IJA:CflMTene M 3HaM8HaTene ~OPMYflM 

(7). 0.UHaKO neiKO 3aMeTMTb, YTO npM HM3KMX 3H€p1MHX, cymecTBeHHO 

HMMe Z0~nMKa, pe30HaHCHM~ BKflaD OTCYTCTByeT, 6flaiO.UapH 6oflblli0~ 

onpe~enHTbCH neps~ qneHOM B YMCnMTene ( 7). T.e. 

npOH3B8):1€HHeM qHCTO aKCHanbHWX cna6~X KOHCTaHT nenTOHOB.B npeAene 

5 « ~ .UITH aCMMM8TPMM "snepe_u~Ha3a..n:" M3 (7) MM€€M 

' 

B CM Torna A sm 
FE 

no cymecTay, 

(B) + a~a~(wM 1 /M2 ) 2 J. 

3 xl sm sm 
8QeQ"t ae a"t fl03TOMY npeUM3MOHHOe VI3MepeHMe 

3KCnepMMeHTaflbHOe onpe):leneHMe 

aKCManbHbiX nenTOHHbiX B€p1llVIH. EcnM CYMTaTh 3fl€KTpOHH':/10 aKcManbH':fiO 

KOHCTa.HTY xoporno M3BeCTHOI:It, TO 3a..n:a'-la CBO.illo1TCR K 
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3KcnepHMeHTanbHOMY HaX0)!(,n€HHI0 aKCHaJibHQi.:): KOHCTaHTbl -r-nenTOHa a,. 

nocnenHee MHTepecHo XOT.fl 6w C TOYKH 3peHH.fi npoeepKH e-~--r-

YHHBepcanbHOCTH. C4HTaR, 4TO B 

nonyYHM Asm 
FB 

,npeeeCHOM 

_, 
"' -10 npw 

X = 
' 

UnR oueHKM sKnana Z'-6o3oHa BWYHcnHM He 3aswcRmee aT 3HeprHH 

OTHOCHTeDbHoe 0TKDOH€HHe KOTOpoe H€06XOUHMO cpaBHHTb 

Ha pwc.l npencTaeneHbl 

KpHBble, OTBeYaJOlQYI€ ilJVIKCHpoeaHHOMY 0TKDOH€HVIIO OT CM, KaK ¢iyHKl.U1M 

¢IH3H4€CKO~ MaCCbl M
2 

.QOnODHHT€DbHOrO Z'-6o30Ha H yrna CM€WHBaHHR ¢. 

3UeCb me .QaHbi KOHTYpH, orpaHH4HSai01QYI€ nonyCTHMble B HaCTORW€€ epeMR 

3Ha4eHJ.1R napaMeTPOB (10]. HM€€TCR cyWBCTBBHHaR 3aSJ.1CHMOCTb OT 

xapaKTepa HapyweHHR KanH6pOB04HO~ CHMM€TpHH Ha npoMemyT04HOM 

MaCWTa6e (3aBHCJ.1M0CTb OT '(JE
6 J. TaK, H3MepeH11R C 3% T04HOCTbiO B 

1aJ 16) no3eOnRT cywecTBeHHO yMeHbillt1Tb 

o6naCTb nonycTH"'.fblX 3HaYeHH171 napaMeTpoe, 1%-Hble t~~3MepeH1>1R soo6tue 

MOryT HCKDI04HTb 3TJ.1 MOll€DH 1>:13 Y1.1cna ¢1eHOM€HODOrHY€CKM .QOnyCTMMbiX. 

ITnR z
11 

(pHc. 1B) JIHWh 1% H3MepeHHA cnoco6eH HeCKonb.KO ynyYIUHTb yme 

VIM€101QYI€CR orpaHHY€HJ.1R. 

Q6bi4HO 1JDR non.qp!.130BaHHbiX nyYKOB paCcMaTpMBaiOT neeo-npaey10 
~(eL)-~(eR) 2 

acHMMeTp£110 ALR= {e )+ {e )' 8 npenene s « M unR Hee, o-Lo-R 1 no a~;anorHM 

c (8 ), ;{1 1 1 2 2 2 ZQ Q (aev-r+ aev<(wM1 /M2 ) ], OUHaKo 
e T 

!.13-3a 

ManOCTM B CM B€KTOpHOVI KOHCTaHTbl V~ffi "' 0. 06 OliH1.Qa€MO€ 3Ha4€HJ.1€ ~R 
npMMepHO Ha nopRUOK MeHbrue AFB' no 3TOO! npW·H1He orpaH!.1YMMCR nHrub 

yKa3aHM€M Ha TO, 4TO B OTDJ.1YW€ OT AFB' nponopUWOHaDbHO~ aKCHaDbHOt'l 

B pa6oTe [5] nnR cnyYaR nenToH-anpoHHoro pacceRHMR 5hlJ!o 
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npeurromeHo cooTHoweH~e R, KOTopoe npe;ucTaanaeT co5o~ OTHOWeH~e 

pa3ITW·I.810rr,u.1XCR SKIT8UOS He~TpanbHbiX TOKOB.. AHanOr~'-IHOe B_bipameHMe 

nerKO OOCTpO~Tb UITR '-IMCTO nenTOHHOrO B3aMMOUe~CTBMR; 

(9) 

rne NF B(e~ R)- '-IMCno 't -nenToHos, 3aperMcTpMposaHHblX s nepenHe171 
' ' 

(3anHel7!) nonyc¢epe ~ pomueHHMX 3neKTPOHaMM c nesol7! (npaaol7!) 

KMpanbHOCTb!O (cnMp8nbHOCTb!O) .. B npenene S« ~ nony'-IMM 

R 
c~(e)a~ + c~(e)a;(wM 1 /M2 ) 2 

1 1 2 2 2 cR(e)a't + cR(e)a't(wM1/M2 ) 
( 10) 

0TMeTHM OTCyTCTBHe B ( 10) Marro~ senM'-IVIHbl ;t
1

.. B CM nony'-!aeM 

' + sin
2
aw , 

" ' sin
2

aw 
,, ( 11) 

np111 3TOM nonHOCTb!O Bbtila..o.aeT 3aBMCMMOCTb oT sToporo napaMeTpa CM 

2 -2 -2 
p= MW Mz cos aw. 

COOTHOW€Hllle R npe:UCTaBITReT MHTepec C UBYX T04€K 3peHMR .. 

Bo-nepsblX, ¢OPMYna (11) o5na..o.aeT SMCOKOI7! '-IYBCTBMT€ITbHOCTb!O K 

sin2aw: 

t..sin2a =K-lb.R ~ 
w R 0 .. 22, 

npM HYI3KMX 3HeprMRX ( H€CKOITbKO r3B) .. EcrrM, K npMMepy, UOCT~'-Ib 

OTHOCMTei1bHOI7!.. OWIII5Kll! Ha R B 2%, TO 0 .. 0025 .. 

npaKTII!'-!eCKO~ peanlll3auMM, OUHaKO, cnep;yeT npli!HRTb BO BHII!MaHMe 

pa..o.lllaullloHHMe nonpaaKM .. 

Bo-BTOpblX, ¢opMYna (10) MOMeT 6MTb ~Cnonb30BaHa :UITR M3y4€HYIR 

BKna..o.a Z 1 -6030H8.. llOCTpOMM OTHOCMTenbHOe OTKilOHeHMe: b.R=R/Rcm-1.. 
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M2aoo,---.---.---,--.--, 
(GeV) Zx 

f,()O 

400 

200 

~~O.~IO~~~-~OT.On5~~n0.~00Tn~~0~.05 
tp(rad) 

la 
M2 aoo,-----,---,--,-,--,-~--~ 

(GeV) Z.y 
600 

400 

200 

Am 
o04.•,0cr--~cr,_"o".oo~rrTT~,-c0-.i10 

!I'( rod) 

16 

M2aoo,-----,--,---,----,. 
(GeV) Z" 

600 
,. 

400 
A 

~o4.,"o""·----·-'o'.,'o''"oo'o.'oo~--i 
!I'( rod) 

M2 BOO 
(GeV) 

6<JO 

400 

200 

~ODS 0,00 0.05 

f(rad) 

2a 

M,ooo,.-------------~~ 
(GeV) Z.y 

600 

I 

400 

200 

o'h-T-c~~-crmo-cT-cTT 
~0.10 ~o.oo 0.10 

~(rod) 

26 
M, ooo,----------,-.,-,--, 

(GeV) Z" 
6<>0 

400 

2B 

P111c. 1. OrpaH~4eH~R Ha yron Z-Z' cMeWHBaH~R ¢~Macey Z'-6o3oHa 

M
2 

B MOJJ;enl'IX X( a), lJ(B) . A KOHTyp, 

orpaH11!411!Ba~mMA (sHyTplll ce6R) .n;onycT~MY~ B HaCTOl'lwee 

apeMR o6nacTb napaMeTpos [10]. KpYJsble oTBeYaJOT nY.- MY 

PYle. 2. To me, YTO Ha pYIC. 1, HO nnR BenMYYIHbl R (10). 
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Ha pV!C. 2, s nonHoCI! aHanOrV!V! c p1-1c. 1 , npe;o;cTaeneHbJ KpV!Bble ;o;nR 

~V!KclllpoeaHHblx 3HaYeHIIICI! AR. no cpa.s.HeHV!JO c AFB ( pV!c. 1 J s cnyYae 

2al 2:a) MQ)KHO llOCTV!'-Ib T€X ltle orpaHII!YeHIIIIi'l Ha 

napaMeTpbl nplll MeHbW€!il TO'-IHOCTYI. llnR Z!/J( pY!C. 25), Ha050POT, 

MeCTO M€HbiDaR '-IYBCTBV!T€DbHOCTb. 

TaKV!M o6pa3oM, sx.nan uononHMTenbHOro Z'-6o30Ha cocTaBnReT 

HeCKODbKO npo~eHTOB, '-ITO OTKpbiBaeT npMHUYinV!anbHYJO B03MOltiHOCTb ;D;n.R 

era o6HapyltleHMR Ha c-,;:-~a6pMKe. EcnM 3TO cuenaTb He y;o;aCTCR, To, 

nO KpaCI!HeCI! Mepe, MOltiHO 6yU€T YM€Hb~Tb o6naCTb UOnycTV!MbiX 3Ha'-!eHII!Ii'J. 

napaMeTpoe. ITonyYeHHble pe3ynbTaTbl MoryT 6b!Tb V!cnonb30BaHbl 14 B 

Ka'-!eCTB€ OU€HOK CV!CT€MaTIII'-I€CKV!X HeonpeueneHHOCTetf! npV! V!3BD€'-I€HL-'IM 

napaMeTpos cTaHnapTHoCI! MOUenV!. 

none3HbiX co5biTV!CI! N. 5yueM C'-IV!TaTb, '-ITO nr..-oTKnOHeHV!e oT CM a 

acV!MMeTpllllll AFB MOltleT 6hlTb 3aperV!cTpV!poeaHO, ecnV! 3TO OTKnoHeHV!e He 

M€HbWe CTaTV!CTIII'-I€CKOCI! OTHOCIIIT€flbHOCI! OWV!6KV! V!3M€peHV!.R aCV!MMeTpV!V!~ _, 
n·lO <::.OA/A VDTAJ7!f /A. 

nony'-!aeM, '-ITO Un.R perV!CTpaUV!t-1 n%-OTKDOH€HVI.R H€06XOUV!MO MM€Tb KaK 

MVIHVIMYM none3HbiX co6b1Tt-~CI!. HecoMHeHHO, na.HHaR oueHKa 

HOCMT BeCbMa npV!6DMJft€HHb!CI! xapaKTep ( B '-!aCTHOCTYI, H€ YYT€HO BDYIRHY!e 

cHcTeMaTH~ecKHX aeonpeneneHHOcTea).OnHax.o npennonaraeTcR, '-ITO 3a 

ron Ha C"t- ~a5pV!Ke 6yneT nonyyeHo npV!MepHo 10
7
-10

8 
nap -r-nenToHos 

(1], c TO'"IHOCTbiO a 

H€CKOnbKO npoueHTOB CTaTV!CTVI'-!eCKV! He Ka.Jft€TCR H€BblnOnHVIMOA. KpoMe 

TOre, B '-!Y!Cno none3HbiX Co6biTII!Ci! HapR;ny C "t-nenTOHaMH MOlKHO TaKJO:€ 

BKillO'-IV!Tb MJOOHbl. 

llnR Toro '-IT06bl BbiRBV!Tb Ha OnblTe paCCMaTpV!Ba€Hbl€ OTKJ10HeHV!R 0 

Heo6xo;nV!MO Bbi'-IV!Cnt-~Tb B CM aCV!HHeTpV!JO AFB c yYeTOM panV!aUV!OHHbiX 

nonpa.BOK C TO'-IHOCTbiO, no KpaAHe&'l Mepe, He xyme CTaTV!CTV!'-!€CKOA. 
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YTo 3Ta ::3a.OaYa enonHe pa::3pewi-1Ma [2,11]. 

0TKpWT~ OCTaeTCR n~Wb BOnpoc 06 3KCnep~MeHTanbHWX CI-1CT€MaT~YecK~X 

HeonpeneneHHOCTRX. 

0TMeT~M, HaKOHeu;, B03MOlKHOCTb npeU~::3~0HHOro J.1::3MepeHMR B 

+ -
8 8 -cTonKHOB€H~RX aKcY!anhHO!/J B€KTOpHO!/J KOHCTaHT CBR::3J.1 

A sTop 6nar-onapt.1T 10. n. HeaHoBa, c. r. KosaneHKO' A. A. Oet .. moea J.1 

A .riJ .POlltU8CT:B8HCKO!'O 3a CTHMYJIHPYJOU:IH€ 05CY)!()J;8HHR. 
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