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MaoroqaCTBqHbie npoueCCbl II l!HKJll03BBHh18 peaKUl!I! 

Ocaema!OTCsr 0CH0BHbie 3KCnep11MeHTanbHhle peaynbTaTbI, nonytieHllbie 

np11 nccne.tt0BSHBB MH0I'QqacrsqHhlX npoueccoa np11 Bh!C0KBX 3HepI'BSIX 

flpenpBHT 06'1.e.AJl)le&BOro BBCTBTfT& •JlepRWX BCCne,llOB&Jllli. ,ny6aa 1977 

Chliapnikov P. V .. 

, Multiparticle Processes and Inclusiv.e 
Reactions 

P2 - 10681 

'The main experimental 'results obtairr~d in the 
investigations of multiparticle processes at high 
energies are described, 

Preprint of the Joint Institute for Nuclear Research_; Dubna 1977 
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I.BBeJtemie 

B S~tzy HaCTO.!Ill!ero o6sopa BXO,ItHT OCBemeHlll:e OCHOBHWC axcne
!)RM8HT8JIJ:,HWC pesynTaTOB, IIO.nytiemmx II:plI HCCJI8)l;OBamm MHorotJac
T11ItJBWC II:p0Il8CCOB II:plI B!lCOKMX , 8HeprmtX. rJioClaJI:r:.Hoe OllRCaHJll:e MHoro-· 
'IaCTlI'IHWC llp0Il8CCOB B paMKaX ~BRBHoro nop;xop;a, C4JOPMYJllillOBaH
HOro J!OryBOBW C COTPY~ .1/, IIepB!l8 .8KCII8!)RM8HTaJU,HH8 yxasa
RWJ Ha c:,ecTBOBamie wicmTa6HOft HHBapl!aHTHOCTK B ap;p0HHJ:DC BBIDIMO
.ii;e!cTBWJX 2 ,3/H me TeopeTBtJe~oe nepeocwc.11eHHe B paMKaX r1mo- · 
Tes n:pep;eJII,HO! ~parMeHTSIUDf H cxeAmu1ra15/cTHM.YJllillOB8JIH 6ypHoe 
pasBHTHe 8TOfl oCl.nacTH qJHSl!ItH BHCOltHX 8Heprmt H cnocoClcTBOBaJIH·IIO
.n;yqemm orpoMHoro ltOJmtJeCTBa 8RCIIepHMeHT8JIJ:,BHX H TeopeTlf!leCRHX 
pesyJII,TaTOB, CYJll8CTB8HHO yrJJYClHBJmIX Hame IIOmIMaHHe M8:xaHHBMOB 
MHOlt8CTB8HHOro o6paSOBaHHJJ tJacmn.· . 

MHoro :aaxma pesynTaTOB Clwro n:pep;cTaBJieHo Ha_He.ii;aBHett XYIII 
Me.llr,JIYHap0,ItHO! KO~pe~ Iio qJHBmce_ BHCORHX. 8Heprmt B T6HJmCH •. · 
Talt,B 8KCIIe:pHMeHTax B mHpoKOM ,ItHaIIa30H8 8H8prH! OT HeCKOJll,RHX 
raB 'AO 2000 ~3B Ha)l;elOIO yCTaHOBJI8HO ;lij)8.MaTlfll8CK08 Hapymeime CKel
JIHHI'a BneHTPaJil,HOI oCl.nacTB • .lbDytJeH!l B8Clf:H8 p;oxasaTeJII,CTBa Toro, 
tJTO o6paSOBaHH8 Ha6Jl~aewx qaCTJm B MHoroqaCTHtJHWC peaKIUtHX H,D;eT, 
B OCHOBHOY, qepes po~eHHe H ,II~C.118,l:tYD~HR pa~na,It peSOHaHCOB. 
HB.11eHHH JUiacxepHS~HH H xoporxop;eRcrBYD!IIH8 · zjlqlexru _B · xoppe
JUllVljDC. )l;OJJI'Oe BpeWI 6y,D;npaD:BmHe B006paxemte qJHSHKOB. IIO-Bl!JtID,10-
MY, MOryTCl!nl> B SHatJRTeJll,HOI cTenemi: oCl~cHeHH o6pasoBaHHeM pe
soHaHcoB. IIocxom,ey p;eTaJIJ:,HOe omi:omme IIOJJY'ieHHWC sxcnepHMeH'l'aJII,-
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HWC Ml!HHX II 1IX 06CYl!,Iteime COCTaBJIS!llT npe,ll;MeT MHOI'IDC o6CTO.ffTeJll,
HHX 06sopoB/7-rI/, .a, n OCHOBHOM, CKOHIJ;8HTpllpyl) :aame BHIIMaHIIe Ha 

CaMWC nocJie.tUmX pesyJI1,TaTax, n<>JrytJemwx npn Hsy-qemm MHOlltecTBeH
HHX nponeCCOB li 1IHKml81IBHWC peamnrll:, B CBeTe :HTOroB T6:wmCCKOtt 
KOH<l)epe~. ffaHBY 8TOH Jiemnm COCTa.BlIT MOll pannopTepcKIItt 'AOKJia,ll; 
B T6wmcnl67. , 

Bo BTOp0M paS'AeJie npe'ACTaBJieHH 3KCnepnMeHranbHlie ,naHHHe no 
nOJIHRM HHKJil'.ISHBIWM ceti:emmM ,c -MeSOHOB 1I HettTpa.lll,H!:lX CTpaHH!,lX 
ti:aCTlm B 8,!U)OH-8,lJJ)OHHWC BSaHMO'AettcTmmx 1I 1IX 8HepreTIItJ:eCK1IM 38.BH
CHMOCTHM. 'l'peTHttpaS'AeJI nOCB!IllleH 3aROIIOMepHOCT.ffM no.mco.na It cxen
mmry B o6JiaCTH qiparMeHT~ nepBHtillHX ti:aCT~ 1I B ~eHTpaJibHOH 06-
.nacTH. 8HepreTHtJ:eclt1Ie 38.BlICHMOCTlI HHIUOOSHBllllX ceti:em B pasHWC 
lWH8MaTHtJ:ecIWX o6JiaCTSIX CpaBHHBaDTC.ff C npe'ACKaSaHliliMI!'. qleHOMeHOJIO
I'HtieCroIX MO'AeJieti, ocnoBaHH!DC Ha npHMeHeHIIH 0606111eHHott onTHtJ:ecxott 
TeopeMll, qieHOMeHOJIOI'HtJ:8CK1IMH no.mco,naMH, HCnOJll,SyuitID,!11 npe'ACTaBJie
mre IlocTa-JiemHa -JJ,atlcxma 11 aHaJiorlIJ) c RsBeCTHBM MexaHRSMOM 
.llpeJia-.Hna o6pa30BaHR.ff JienTOHHWC nap B 8,lij)OH-8,!U)OHHWC B381IMO'AettcT
BMX. 06CYl!!.nB,B:lTC.ff axcnepnMeHTH no npoBepxe qaKTOpllSyeMOCTlI Be.ny
llll!lX pe,witeBCIWX oco6eHHocTett. PaccMOTpeH Tpexpe'A)Keolllllrlt anaims ne
ItoTopia: ClleIUl(pK'i8ClWX HHMil81IBHHX pe~. lJ:eTBepTHtt pa3'AeJI·no
CMill8ll HHKJID31IBHOMY pclJ!i,Itemm Mesomwx H 6apllOHHWC pesoHaHCOB. 
AnaJIRSHpyeTC.ff 8HepreTHtJ:eCKa.fl 3aBHCHMOCTL BHXO'AOB pasJIHtIHHX peso
HaHCOB. IlpoBO'AHTC.ff cpa1memre excnepllMeHT8.1I1,llHX .naHHllX C npe'ACKa-
3aHH.aMH KBapxonmc MO'AeJieti. 06c~Tc.a xapaxTep~ae cno:ltcTBa HH

RJlllSRBHHX pacnpe'AeJie:mdi peSOHB.HCOB. lISMepe:mm CillIHOBOii MaTP~H 
IIJIOTHOCTH 1I llOJ!.ffpll3lmID! l1,1!SJ p.a,na lIHltJillSHBHHX peaxa;mt, HeXOTOPHe 
CJ!8'ACTBH.a, BHTeitalJlllHe HS 'AOMHHRpynitero B1CJla,na O'AHOllHOHHOro 06Me
Ha B P.ff'A8 HHRJDJSRBHHX peaxa;Htt B o6JiacTH qiparMeHTlmID!, lI HOBE,Je 
'Aamrue no HSMepemm nOJIHHX ceti:emra ~H:Jt1r-pacce.aHH.a. B WITOM 
paS'AeJie, r'Ae npe'ACTaBJieHH axcnepllMeHT8Jll,H!le ~H!le no 'AByXtJ:acmti:
H!lM xoppeJISIIlruJM, OCHOBH°'e BHHMaHIIe Y'AeJl8HO yrJIOBEiM xoppemnur.aM, 
HHTepqiepeHIJ;HOBlil:lM 8qiqieKTaM Melr,ey' TOllr,It8CTB8Hllmm ImOHalm lI npocT
paHCTBeHHott CTPYKTYPe 06JiaCTH BSaRMO'AeflcTBH.a. B noCJie'AHeM pas'Ae
Jie KpaTKO CYMMHPYDTM OCHOBHHe 3aKJIDti:emm. 

2. !IoJIHUe HHKJIDSHBHHe ceti:emr.a 

IloCJie'AHJle ,J:taBHHe no enepreTli!tJ:ecxott aaBHCHMOCTH nOJIHHX RH

X.lIIJSHBHHX cetiemrtt ~, ~-= R ~ Mesonon. ~ =<n$> (j' inel, cxoMIIHJIH-

4 

poBaHH Ha pllC.I. B pp-BSaHMO'AettcTBH.aX CBllllle 50 I'3B/c pocT ceti:e-

120 
Inclusive, ,r~,r~,r0 cross se-dions 

• pp 

o PP 
• 2'•p 

o :rp 
a K,.P 
A K•p 

_,. 
a . .,,,~,,/ 

/ 
/ 

,,//' 
•✓• ,.,,,. / 

• .,.-J.i I ,. . / 

./ 

✓',/ 
•✓ 

'.c 6:i l!:I • _,,,,,,,/ J / 
E ,, ,. 
~ / 

;;- 40 . ■ !-• ...- ■ D A D f /t// 
- D / / 
b a ., / 

2(P. • /' 
; / 

; / , . 
.... 0 J..,.;" / 1 ffi:r-~--r,., ,,/ T 

t/.,..D 
~; 

.... ,: ■ • 

Piao (GeV/c) 

500 

40 

PHc. I Hrutm:lsHBHHe ·ceti:eHH.a ~ =, 
n± H ,r°,-ueSOHOB B 3aBHCHMOCTH 
OT nepBIItIHOro lIMIIYJU,ca (KOM!lll'.-. 
~ ony6JIHxoBaHHWC .naHlIWS • 
Honae ~HHe: I\p 32 I'3B/c'_fsl. 
PP 32 I'3B/~16~ ;?2,4 I'3B/c/I?/,. 
9,I II 4 6 I'3B/clIB,I9/; ,i-p 5 
I'3B/--;;26/); JIHmm npone.neHH na 
rJias ti:epes sxcnepHMeHTaJD:,HHe 
TOtIKH. 

HHtt mroHOB corJiacyeTc.a c Jiora
pHcit,mtJ:ecxott SaBHCHMOCTLID lns. 
OTHomeHRe ceti:eimtt ~(sC)/d('C) 
MS,JtJISHHO MSMeTC.ff OT B~tJ:HqH 
0,74 ± 0,02 npn 69 I'3B/c'I2/ 
'AO 0,80 ± 0,08 npH 303 I'3B#'fl' 
(cM. Ta6JJ:mzy I). OTHomeHHe ce
ti:emrtt r5(sc')/rt(f£+) COCT~eT • 
0,94 ± 0,02 npn 69 I'3B/c ;2/r,1 
r,or ± o,ro npn 303 I'3B/C' • 
llirrepecHO OTMeTHTL, 'ITO B I("p
-B38RMO'ASttCTBH.ffX BIIJIOTL 'AO 32 
I'3B/c t5'(J:.+) Al ef(-£) Ill# 5(5"). 

SHepreTR'l:SCKa.ff 3aBHCllMJCTL 
ceti:em !IHOHOB B peaxa;H.aX C 
'Apyrm,m nytIKOBHMH ti:aCTl!UaMH 
nO'A06Ha na6mo,naeMOii B pp-B3aH- . 
MO'A8i1CTBHSIX. HeKOTOpa.ff paa~a 
!IPR CpaBHlITMLHO He60JILllIIDC 
8H8prmIX o6MCMeTM 'ASttCTBlISM 
3WCOHOB coxpane:mm, aqiqieKTaMH 
Jm.ItlIPYDIItlDC ll:aCTl!U H BKJia,ll;OM 
aHHHrHJ!HIUfOHlWX KaHaJIOBe Trut, 
1IHlt1IIJ3HBHHe ceti:eHH.a $'

0 -MeSOHOB 
B pp-BSaHMO'ASiiCTBrurX BIIJIOTL 'AO 
cepnyxOBCRXX 8HeprHtt SaMeTHO 
na,namT no Mepe yneJIHti:emm nep
BlitIHWC HMJJyJU,COB sa CtIST YMSHI>
meHR.ff BirJia,IUi aHHlll'RJIIIlWoHHoro 
KanaJia. B 'AlianasoHe nepBHtIHHX 
HMIIyJII,COB OT 22,4 'AO roo I'3B/c 
ceti:emm :JC~ M830HOB Ha'lli!HaIDT B0:3-
pacTaTL no Mepe yneJIHtJ:e:mm 
BHepr:im npHMSPHO C Tott ze CKO

pOCTLll, "ITO H B pp-B3alIMO'ASflCTBH.aX, !IOCKOJILKY IIPH HMJJyJU,Cax BS
me IOO I'3B/c BXJ!a'A aHHHrHJ!HIUfOHHOfl XOMllOHeHTH COCTaBJmeT MeHLme 
5% OT nOJIHoro ceti:eHH.a pp-nsaHMO'AeflcTBHfl. B BTOii CB.ff31I HHTepecHO 

5 



. ' 
; 

! 1-

Ta6.ruru;a I 

IbJI!ll1e llHKJIID3HBHl1e ce11emm (M6) 3t±, :t= I'! m:!. M030HOB B 
pp- H Kp-B38JlMO'AefiCTBHHX npn: Bl1COKllX aneprn:RX 

pp K-p 

PLAB . 691121 
100

1111 20~11,14 /11,13/ 
303 143

181 
32

1151 

GeV/c 

ac:ir•) 78.5!1.3 91.8 !9.2 108!11 125 ! 13 25.6!0.8 33.6!1.3 

a(:ir-) 57.5!0.6 66.9!1.3 86!2 99.5!3 25.9!1.5 35.3!1.8 

O(Jl'O) 740!1.5 85 !8 107!7 126.5!9 27.2!1.0 35.3!0.8 

OTM0THTI>, 'ITO 8KCIIepnMeHTaJII,Hl10 a11a11eHUR D0JU!tlllHbl Rn a (5"n (amrn:-
rHJIRUHH)/6' n(pp) (r'Ae 6"n - TOIIoJiorn:11ecrore ce11e1lliJ'!) MR n• 4 
COBMeCTHM!,J co CTeIIeHHOil aaBHCUMOCTI,ID Rn = /tfon (pn:c.2(a)) B lllHpo
KOM llHTepBaJie MMJIYJII>COB OT 6 'AO IOO raB/ci1591. 311a11en:wr 'JKe KOaj)-
cpHUlieHTOB cG '"' InA/lnB H .P ' KallteTCH' 'AOCnrrruoT acnMIITOnr'!eCKHX 
3Ha'leHHfi y'JKe rrp:a ceprryxOBCKHX HJil1 HeCKOJII,KO 60JII>llIHX sneprHRX 
(pnc.2(b)). STo os11a11aeT cymecTBOBa.HHe acHMIITOTn'!ecKOfi 3aJ3HCHMOC-

00 ann;hilaHon TH Rn- B __,,P. n (C ..C, = 0, 73 ± 0 ,04 H 
1000 ,.,.,.f . .,7 j> = I,24 ± 0,02), XOTH, KOHe'lHO, ~ 'AOC-

100~ i ,A;;;:, f TOBepnl1X saKJII011eruri1 11eo6XO.IUIMl1 'AaHnue IIpH 

/J\ ;J· I 6oJiee Bl1COKMX a11eprHRx. ll11Tepec110, 'ITO sa-
,o~: i:,,.. .J., 

.t t\t•~·•1 !'I 
O.l~t:••~ :-::-:• 

/[ • IU-• 

• u, 

ootLL.,__.___._~~ -
2 6 10 14 18 

" 

~ 
In• • 

PHc.2(a) 3al3HCHMOCTI, Rn• ((S"n(pp)-6"n(pp))/ 
/~(pp) OT n MR nJI 4; rrpRMl10 JIH!Um - pe
syJII>TaT IIO~Ol!KH K qiy111aum Rn = A J> n; (b ) sa
BHCliMOCTl> KOsqqJHUHeHTOB ~ • lnA/lns H, OT 
Ins; KpHBl1e rrr;Be'Aelll1 ua rJias 
(H3 pa60T;.;15 I). 

6 

: 11 

( 

BHCHMOCTI, TaKoro Tarra IIpe'ACKa3l1BSeTCJI TeopeTn1Iec~I60/ mi OCHODe 
. ,n;yaJII,HblX CDOllCTB pp-pacceJin:wr. • 

IbBe~emre ce11emri1 o6pa30BaHWr nei1TpaJII>Hl1X CTpaHHl:lX 'l8CTRU 
Kn(K0 /K0 ), A HA npe~CTaJ3Jleuo Ha p:ac.3 H 4. Ce11ellllR HefiTpaJII,HWC 

a) 

15 
• PP -K"X 
• :r:p-K"x , l 
• :rp-K"X l/ T t 
' PP -K"X ........ //1/f" 

Sf- A// .~L ____ J--. .• /.-
·····•·. • ... ; .. •~"~ l!._? ♦✓---

'.o 
~10 
b 

p··· 
01-= 11 I 

4 

'.o 3 
t 
b 

• pp-A•X b) 

o pp-A•x 
■ :l'~-A•X 

D ::,r•p-°X•X 

• ::Jl'"'p-A•X 

• :r-p-X•X 
II PP -A•X 

·•1,-, 
. ..... .. r .. · 

:,t-JJA----------------f 
•L' ;/ t., Aj --------+ f . ._, T --·a-·-1''-/f 

100 500 
P,.0 (G~V/c) 

PHc.3 lliIKJIJJSHBHHe ce11ellllR Kn, 

A H "' B saBRCHMOCTH OT nep
BH'IHOro HMJIYJII>Ca ~ p±p-n .,t±p
B3aHMO~ettcTBHfl (KOMIIliJIRUHH 
ony6JIHKOBaHHWC Mll~i l!OBHe 
~aHHl11:iiJl 32 raB/c'/;.1I6Q/, 22,4 
raB/<Yr11, ~2 raB/c 221, 9.I 
a 4,6 raB/c'181; 3t-.J2 205 
raB/cf23I, 5 raB/c'.::4/); JIH
mm npoBe~eHH ua rJiaa 11epes 
BKCIIepoeHT8JII>Hl1e TO'IKH. 

7 

10,-

•>. 17 -tJ+-r ,i 

! 
-+--++--t--+,,/ 

5 '/ ' 
'l1 ', K'p_,.K"X 

- 4 ',1.l 
b ', , I 

3 ', I K- -', P-+IIX 

t--J I t-----• 

08' • K'p--oAX / 
• frag~l"ll&hon 

0.6f- 0 K'p--+AX 
6 fr•gmimt•lion ,...-• 

04f- • •-p-o;;x /♦ f-
02 / / 1/ 

• ~ I 

/ -----:✓ --•-· 1 I , I I J OI .~ •• -.,ib-
10 

P1, 0 (G~V/c) 

PHc.4 llHKJII03liBHl1e ce11einrH,Kn,A 
H A B 3aJ3HCHMOCTH OT rrepBH'lHO
ro HMIIYJII>Ca MR R±p-B3aHMO~ett
CTBHtt (KOMID!JimlilR orry6JIHKOBall
F-HX MHHWC; l!OBqe ~aHHl1e: 
!P"p 32 ran1.cf25I, I6, 8,21! 
5 ran/cl2~1; I[p 32 raB/cl15/, 
16 n·r.o raB/c/271, 6,5 
raB/c/28/); IIOKa3aHH TaKllte 
BKJia,!Ul _· (Pl)aI'MeHTBlU!OHHl:lX ce11e
HHfl MR" n ih W-p-Bsan:uo~ett
cTBRJIX (cM/26/); mnum npoBe-
~eHH Ha rHa3 tiepe3 3KCII8PH 
MeHtaH1,Hlie TOtiKH. ·~ 



I:. 

l: 

CTpa.HHHX RaOHOB B PP-D3a.HMO,n;eicTBHJIX B03paCTaI>T Ha llOJ)SI,ItOK B HH
'l'epBaJie nepBJl'IHWC mmyJII,COB OT I2 raB/c ,n;o MaKCIDam,HO ,IJ;OCTyllHUX 
B <I>HAJI. B .fl'.-p-B88.HMO,IJ;elcTBHJJX 8HepreTwrec.ItruI 8aBRCHMOCTI, ce"iemm 

n . 
o6paao~mm K-Me80HOB BO BCeM HHTepBaJie mmyJII,COB BWIOTI, ,n;o 205 
raB/c'23/ cor.nacyeTc.a: c ~oral)Hq:MITT1ecxon. B pp-BaaHMO,n;ettcTBHJDC ce
"iemm KI\.Me80HOB CHCTeMaTH"ieCKH Bl:lllle, "ieM B PP-B8a.KMO,n;eacTBimX, 
H B HHTepBaJie ~meprmi Cepn:yxoBa~lIAJI pacTyT Ta.K Ee OlICTpO' KaK B 
pp-cTOJIKHOBemrmc. C~e,n;yeT o6paTHTI> BHRMa.HHe Ha TO, "iTO ce"iemm 
Kn-Me80HOB, H8/e~~e.B 8KCnepHMeHTax rr 781ilPLKOBWC ItaMepa.x 
BEIIJ(I2 raB/c) 2 , Jm,IumJra(22,4 raB/c) 17 H MHpa6eJII,(32 
raB/c );! 6(cHcTeMaT,I1?eCKH ~T~amc.a: oT 6Mee pammx sxcnepHMeH
TOB foM., HaIIpHMep, 0680P' I Wll!I: axcnepHMeHTaJll,HOe 8Ha"ieHHe ce
"iemm npH !4,75 raB/c Ha pnc.3). ITo~emrue 8Ha"iemm ce"ielmi B 
8KcnepHMeHTe IIpH 4,6 H 9,I raB/~18 B ,n;Ba paaa OTJmlUWTCS OT~ 
Hee ~THpOBaBlWX 8Ha"ieHHtt. IlO-BlI,ll;HMOMY, He BCer,n;a 8Ty CHCTeMaTHKy 
MmKHO 06'l,f!CHHTL Heyt;TeHH!,IMH llOnpamta.MH Ha HeHTpaJII,HHe MO,JU,l pac
~ ~cna,n; .It~JII'OJKIUlYJ!tHX RaOHOB, KaK Me,n;yeT H8 · CpaBHemm .n;aH

HHx' 1 B pp-H pp-B8a.HMO,nettcTBRflx. 
Ce"ieHHe polK,ll;emm A-rHnepoHOB B pp-Baaru.10.nettcTBMX B03paCTa-

eT B 06JiaCTH HMIJY~l>COB OT 5 .no 50 raB/c, HO ~60 MeHReTCSI npH 
60JII,IIIHX ::meprrurx. Hat;HHM c cepn:yxoBcKHX :meprntt, '5W npnMepno 
B ,n;Ba paaa Bame B pp-, "ieM B pp-H .:±p-B8aHMO,ItettCTBruJX, K8.K H c~e
,ItOBaJIO oiKH.u;aTI>, ecmr ,n;oMirnnpyiomHM np~eccoM o6paaoBaHrur .A-r1me
poHOB RBJI!JeTCSI ~parMeHTa:ttHR npoTOHa. Ilpeo6~a,n;aHIIe npouecca ~par
MeHTa:ttHH Ha.It ueHTPMl>HHM polK,ll;eHHeM nap .M 06'l,f!CH.fleT TaIOKe CJia-
6yro 3aBHCIIMOCTI, ce"ielnni BWCO,ItOB A -rnrrepoHOB B 06JiaCTll 8HeprHtt 
<IiHAJI. CetreHHe polK,ll;emm A HeBe~Ko, HO CHJII,HO BoapacTaeT c 8Heprn
ett llpH PJIAE;> 69 raB/c no aHMonrn c IlOBe,n;eHH~M BUX:0,!l;CJ3 8.H'llII!pOl'CEOR 

Ha pHc.4 ce-qemm pol!Q:temm neiTpaJII,HWC CTpaHHWC "iaCTRU, ns
MepeHHUe COTpy,n;imtleCTBOM ~pamum-CCCP H UEPH-CCCP B K±p-B38.HMo

~encTBHRXIlpH 32 raB/c, CpaBmma.DTCSI c COOTBeTCTBYJ(lllllMH .n;aHH1,!MH 

IlpH MeH:&IIIHX snepnmx. KaK B W"p-,TaK H B I("'p-cTOJIKBOBeHHSIX Ha-
6.nBmaeTCR 8ruteTmni pocT Ce"ieimfi Kn -Me80HOB: A6' Alo I ,5M6 B RHTep
Ba.Jie OT I6 ,n;o 32 raB/c. 3TOT pocT MOXeT 6UTL, no xpattneft Mepe 
'UlCTHtIHO, 06'l,J'ICHeH 60J.1!,1JJHM Ce"ieHHeM polK,ll;emm K¥ -nap: 
5'(KnKn) = !,I± O.IM6 R I,68 ± 0,24M6 B W-/-25/ H I("'p(I5/ B8a
m.io,n;ettcTmmX llJ)H 32 raB/c, COOTBeTCTB8lillO. HHTepeCHO OTMeTHTL, 
'liTo.no,n;o6noe YBeJmlleHHe napHoro o6pa30:Bamifi ff-Me80HOB Ha6JID
.ItMOCL H B 3KCKJIJl3lmHHX KaHaJiaX peaKUHft B W°p-cTOJIKROBeHWDC IlpH 
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' 

32 raB/d29/. AliaJrOI'H'llll:rn 8®8KT 06HapyxeH COTpy,ItHHt;ec_T,OM WaH
urui:-CCCP H UEPH-CCCP H B I("'p-cTMKHOB8HHRX llpH 32 raB/C' 3o/: . 

d(I("'p ..,I("'pff,r:+n;-)= 0 !8 ± 0 05• 
. o'(I("'p - I('~ 2.rC ) . ' ' ' 

6'(l('"p ..... l('"pKJ[~+ 2.1e-)= 0,55 ± 0,2!. 
5'(I("'p -I('¢ 3.,1:- ) '. ' 

3HepreTH"ieCitruI 38.BHCHMOCTI, ce-qem AH .AB W°p-B88l!MO,llett
CTBWIX no xapaxTepy COBlla,n;aeT C na6Jm.n;aeMOI B PP-B8aRMO,n;eficTBruIX 
B Tott lite o6JiacTH aHepr:Hff: .n;aHHHe xopomo corJiacYl)TCR c JiorapniIJ,m
t;ecxoff aaimCHMOcTLn.B I("'p-naa.HMo,n;eftcTBRRX ce-qemm pol!Q:temm .A-rn
nepoHoB yMe!U,lll8DTCSI C BHeprxett B OMaCTH He60JII,lllllX 81Ieprmi,HO 
npa.KTH"i8CKH He M81Ulll'l'CR B mITepBaJie OT IO lI,O 32 f3B/c. YMeHI>We
HHe Ce"ieHHfi IlpH He60JWlll!X 8Hepnmx 06'l,f!CHReTCSI lla,ItaJ:llIIHM BKJia,n;OM 
np0Q8CCOB C ammnt7lJiUlleft CTpaHHOCTH IlpH Blq)'cyaJll,HOM !("'W"-pacceR
mm B peaKUHH I("'p -+ A+ mi:oHH. lb .Mepe YBMwremm anepr:im: ,n;pyrne 
Mexaim8MU o6pa80BaHWIA-rnnepoHOB, Taroie RaK I("'p-.ARit +_ llKOHH, 
Ha"iHHaJOT ,n;aBaTI, 60Jll,JIIOff BKJiaJt (pnc.5), "iTO H. IlpHBO.n;HT K npn:6Jm-
3HTeJII,HO llOCTORHHHM CEl"i8HWIM A-'rnnepoHOB BRHTepBaJie OT IO ,n;o 
32 raB/c. Hcxo,IUJ HS TeH.n;emnm .n;aHHHX, MODO OXH,n;aTL, 'iTO IIpH 

I 
b 

K-p-A~R.• X 0 

_ ,~ A•p1ons j , - •Kp- /• 
,o~ // 

/~~· 

Os,:-, -~~~~,c"-'~IO'c--~~L,faoc'--" 

J\.b (Gt!'VIC) 

,n;annettmeM YBeJmllemm BHepru ce"ie
HRR o6paao:samm .A-rnneponoB Ha'1HYT 
B03paCTaTL ll B K""p-B88.HMO,IteficTBWDC. 

3,IIogxo;r K CKettmmry 
3.I.Ibmcon K CKeftJnmry BO 

drparMeHTaJlHOHHOfi 06JiaCTR 

8rucOHOMepHOCTH no,n;xo,n;a X CKeft
~ B OMaCTH ~parM8HTattm{ Mml!eHR 
RHT8HCHBHO o6CY3Jl.8J,!CL B TeqeHne . 
llOCJie,ItHHX 11:BYX JieTf'l,8,32-34/. B!l-' 

Pnc.5 3HepreTH"i8CRaJI samr- BO,lJ;J:l, O,n;HaKO, BeCLMa 1IpOTHBOpe"iHBH, 
CHMOCTI, Ce"ieHRi o6paao~ qTo HBJIH8TCH OTpa.llteHHeM · ,;He
A-rmiepoHOB B npoueccax rut- ,llOCTaToqHQCTli 1~aHHllX B 8TOH KH
Hm'llJISJilIDI CTpaHHOCTH l('"p - He.MaTH"ieCKOff OMaCTH IlpH MaKCR.MaJI!,
.A.+ IIHOHH ~~eBM_mxaJia) ll B ma anepr:imx. l{eftcTBRTeJII,HO, 6o.zcr,... 
peaKUHH I('p --m + X (npa- mast "iaCT!, .n;aHHHX no HHKJil)8HBHOMY 
BM IIIKaJla)(cM. II). o6pasoBaHR!l 3l'-MeaonoB, noJJy"ieHH!,IX 
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I; 

Ha HaKO!illTBJII,HWC lt0Jll,U,8X UEPHa (BK UEPH), COOTBBTCTBYBT PT:,, 0 ,4 
rsB/c lLlm YJIAE~ o, B TO Bpe.Mli ItaK MHllHB C IIy31:ijll>ltOBHX ItaMep lIS
-sa He60JII,moft CTaTMCTIIKH o6wmo npoHHTerpnpo:amm no nonepe~HBM 
HMnyJII,C&,. 

CoapeMeHHrur CllTyBWfJJ c qia.ItTOpHSyeMOCTl>D BB)tyllllIX o6MeHHHX 
TpaeKTOpm! H no~0,1\0M It c1teitmmry B OOJ!aCTH q>pal'M8HT8IUIH npoTOHa 
B %± - M830HH Ha OCHOBB .118,HHl:lX, nOJJY1ieHHHX Ha IIy31:ijll>XOBHX ItaMe

pax, npoWIJllOCTpHpOBaHa Ha p1!c.6. I'mi;oTesa npe,1\eJII,HOti q>parMeHTa-
~ml4/ He Bl:lllOJIHHeTCR BO BceM 
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s-112 (GeV-'} 

Plic.6 lJ;pH6Jimlte1me K cxett.mmry 
B o6JiacTH q>pal'M8HT8IUIH npoTOHa 
,1\JIH HHKJIDSHBHOro o6pa.s~ 
Jt± - MBSOHOB (:as pa6oTif 3V i 
,1\06aBJiem, HBXOTOpue ony6JIHKo
Ba.HHl:le ,1\aHHJle). 

HHTe!)BaJle 8Heprm1. 0,JJ;HaRO .11an
Hl,l8 npH MaltCHMaJI&HUX BHeprruDC 
yitaSl,ll38JOT Ha TO, ~TO CKBitlmHI'OBUll 
npe.11eJI ,n0-!-BII,ItHMOMY t cymeCTByeT t 
~TO OH ,1\0CTHraeTCR CBepxy H ~TO 
qia.ItTOpHSEmHff, nO-BH)tl{MO.tzy, B!:illOJI

MBTCH npH npe,1\eJII,HUX SHeprwnc. 
Eo.n:ee ,1\8TaJIJ,HOe paCCMOTpe

nne noitasmiaeT, ~o 11,JIII peaitUHff, 
B KOTOpHX HlI 0,1\HO HS ltBaHTOBl:lX 
~CeJl (ab, abc, be• ac) He HB
JISI8TCH 81tSOT~, TaltHX ItaK 

t: ±p-.cx. Irp- .1t""X, yp-£--X 
(H• B8p0HTHOt pp-J:±x) • Ha6Jm

,1\a8TCH CH.lll,HM 8HepreTJ!1:l8CKM sa
:BRClIMOCTl> Ce~eHHti BO BC8M 8Hepre
Tl!'l8CKOM HHTepBaJie, COBM8CTIIMrul 
C MilJt7.tep-Pe)\lteBC.Km.m npe,1\CKB.sa
HIIHMR/35•361 • OCHOBaHHUMli Ha 

o6o6~eHHOft OllTJ!1:l8CKOfi Teope
Me/37 .38/: 

d36" 2 2 ._ 2 ~(0)-1 
E :1: • f(e,pL,PT) • A(pL,PT) + L.Ba(PL,J>ir) s • (J.1.1) 

d p R 
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r.11e °'R ( o) -nepece~emm o6Memmx Tpae1tToplrl! Pe,IJ;llte. ll,rui peaKUJrll, B 
KOTOJ)liX, no Itpafflleft Mepe, 0,1\Ha HS ItOM6HHEmHii ab,abc lIJIH ac HB
JIJieTM SKSOffltllIO:I!: (Ta~a 2),CHTyBWfJJ He CTOJI1, o~eBH,1\Ha. 

Ta6Jllma 2 

8KSOTJifllHOCT1, pasJIH~ 1toM6mraumt ,1\JIH peaKUIIH 
a+b .. c+X 

Reaction ab abc ac be 

pp--JT-x Exotic Exotic 
JT•p--JT-x Exotic Exotic 
K•p-:ir-x Exotic Exotic Exotic 

pp--JT•x Exotic Exotic 
Jl'-p--Jf• X Exotic 
K•p--:ir• X Exotic Exotic 
K-p-7• X Exotic 

.IlJm STKX pe~ 8HepreTR1leCKaJJ Sam!CHMOCTl> JraJIIIBTCH MeHee 
Bl:ijl8:&8HHOI, XOTH CY1118CTl3Y8T, ,1\0CTHrBSI I0-20% B HHTepBaJie SHepr.mt 
Cepnyxoaa..l}HA.n. Iloxoxe, trro pooT ce~eHII:I!: OT nopora, Ha6.m:J,wieMUt1 
B pe~ pp-Jt'±x H ~p+.1:-X H, BOSMOllIBO, B pe~ ~p-~+x. 
CBHSaH C 8KSO~OCT1>1l OOCTOHHHJ'I (ab). IlocKOJU,KY.-Ce~emm B STHX 
pea.mumx paC'fYT, TO npe.11cxasamre (3.I.I.) 11,JIII HRX HenpHMeHHMO. 
IloBe,1\eHIIe ceqeHHti pea1t$I:I!: 2:+p-.1e--X, :-p-3L+x CH, BOSMOlltHo, 
I('"p- fl) , r.11e Ha6.m:J,wieTCR CHCT8Ma~8Clta.'I, XOTH H CJia.68.SJ, SHep
reT~eCKM 3aBl!ClIMOOT1,. OIIJITl, COBM8CTHMO C npe,1\CKB.SaHHeM (3. _I. I) i 
11,JIII 8THX pe~ 81tSOTlI1UWM HBJIJIBTCR COCTOHHlIB (ac). 

Ilpe,1\CTaBJISI8TCR BeC~Ma HHTepeCH!D,f npoc.ne)l;HTl, CBHSl> Melll'.,IJy 8K
SOTI11mOC'l'l,ll pa~HHX KOM6HHaUHft traCTJm H 8HepreTR1leo1tol·saBHCH
MOCTl>ll HHKJll)SHBHOrO Ce~emm o6pasOBaBHJI ,r±- M8SOHOB B 06JiaCTH 
q>parMeHTEmHII nyqxa. Oco6eHHO lIHTepeCHU peamum #-p- g+x II 
I('"p-- ~. r.11e SKSOTHtmll 'l'OJII,ltO COCTOmmsl (ac) (Ta~a 2) • 

HaH60Jiee 6e.IIH!l llpH BUCOKHX 8H8prWiX MHHU8 0 q>pa.I'M8HT8IUIH 
Malll8HH B THJ:eJllle ~CTmUl. I{aqecTBBHHO xapaKTep npH6.mutemm K 
Ma.CmTa6HOyY llpe,1\eJJY B o6JiacTH q>pa.I'M8HT8IUIH npoTOHa B H81TpaJII,HU8 
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Kn -.r.msoHH ll A-r::mepomz llJIJillCTPHPYeTCJI Ba pnc. 7. O.ItHaKO ):talte 
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s-112 (Ge'./) 

Pllc.7 Ig;m6Jmlte:ime K CK8ff.JmHI'Y B o6Jia.CTH ~:parMeH
TB.UIDI npoToBa ;ItJIR HHKJD03BBHoro O6:pasonamm Kn ll A 

(KOMilllJIRUl'lfi ony6Jnmo:samwx ,ttaHJWX) • 

8TH .u,aHHHe llO3BOM!OT npoBeCTH aHaJiormo O Te~emuieil, Ha6Jm,ltaeMOil 
B 8He:premqeoxott 3a:BHCJIMOOTH :poE,IteHWi s-± M83OHOB. B tmOTHOOTH, 
qaICTO:p.l!3BUWI OKa3HI!aeTCJI B nepBOM II:pJI6JID'.emm on:pa:ee,ItJIHBott, 
8He:preTHtJ:ecKaH_3a:BHORMOCTL B o6Jia.OTH 8He:prHil ~HA.II 0Jm6ol,H BO 
noex pearoumx o aKsoTRtJlllJM cooTomm:eM (ab), sa RoltJiiltJeHHeM peax
IUIH W-p -- KnX,Ha6Jm,D;aeTcsi: pooT oeqeHlJil OT nopora. 

OTJIHtJ:He B llOBe,D;emm OetJeHWI perutUHH W-p- Knx MOOWO OBfl3aTL 
C HaJIWmeM BltJia,ll;a npoueooa ammr.lLlll!UHH OT:paHHOOTH B BHPTy8.7ILHOM 
K+Y*+ - :paooemum. B 8TOM o.nyqae perutUWI I{*"p-,.. Knx B o6JiaOTR 
~:parMeHTBUHR npoTOHa H,D;eT qepes O6MeH T:paeKTO:pH~tt f'- ~136 , 391, 
tJTo B cooTneToTmm o (3.I.I) II:p.l!BO,D;HT K s-1 -saBHCHMOCTR HHBa
PHaHTHOI CTpy.KTypHOff ~HH. ,Ue!OTBHTeJ.ILHO, ,D;aHBHe B o6JiaoTH 
~:parMeHTBUHH llpOTOHa (:pHc.S(a)) He DpoTHBOpetJaT Taxott Ka!)T.lIHe, 
llOO.KOJILey 3aBIIOl!MOOTL s-1 .nyqme Boero OllHCHI!aeT 8He:preTlfl!eOKOe 
llOBe,D;eHlle oeqe:imtt B HHTepBMe ID4IIYJII,OOB OT 5 ,ll;O 32 raB/o. 
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Jlpyroe HHTepeOHOe 8.KOllepRMeHT8JII>HOe Ha~emre, O,D;eJiaHHOe 
OOTpy)UW1IeOTBOM ~HSI-CCCP R UEPH-CCCP B ic+~BKOlle:pHMeHTe llpll 
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ueHTpa.1U,HOil 06.JmCTR. CetJeHRe 8TOfi peaKURH B 06.JmcTl:I qiparMeHTauHR 
IIy'IKa (~,c.B(b}} na,naeT B l:IHTepBaJie nepmI~WC HMIJyJII,COB 5-I6 
r3ll/cl3 no 3aKOHY a-112• T.e. B COOTBeTCTB:i!R C (3.I.I), BO 
npaKT.lltJeCKI! COBna,naeT npl:I I~ 1:1 32 faB/c. Ilo,lijl06Hee 8TOT ajxpeKT 
l:IJIJlllCTpl:lpyeTC.II Ha pzc.9 1:1 IO. B 06.naCTH qiparMeHTBUl:IR IJpOTOHa, 
T.e. npH He6om,mmc 3Ha'lemmx p~. (p1:1c.9(a)}, CTPYKTYPHa.lI q,yHK
UH.II CHCTeMaTl:ltJeCKH y6iraaeT npH YBeJmtJeHRH 8Hepr1:1:11. B TO Xe BpeM.!I 
B 06.nacTH qiparMeHTBUID'I nytJKa, T.e. npH He6om,nmx 3Ha'ieHH.!IX P{RJ 
(r,ne prRJ - npO.I(OJU,H!lfi HMnyJII,C ~ -Me30Ha B CRCTeMe IlOKO.!I nepBH'i
HOrO l(T-Me30Ha), 3HatJeHl:I.II CTpyKTypHllX iJJYHitUHil He MeH.IIJOTCJ'J B HH
Tep.Ba1Ie nepBl:l'IHUX RMDyJll,COB OT I6 .no 32 raB/c (pnc.9(b}). Us 
p1:1c.IO Bl:l,IIHO, tJTO cxen.mmr B peaxulll:I ltp-.. KDx B HHTepBaJie OT 
16 .no 32 raB/c HMeeT MeCTO ·H B ueHTpa.1U,HOil 06.naCTU. Jl,HifqlepeHIUl8,ll&
Ulie cetJeHl:I.II d 6" /dell-/a) 'cOBlIB,na.KlT IlpaKTU'iSCKH BO BCeM ,nuanasoHe 
rrepeMe1mon 'll-la, r.ne 'ir- KBa,npaT He,noCTaDI!ell Mace~). IIo,no6H!lfl 
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Pnc. IO Jl.HcixlJepeHUHaJII,HHe cetJe~ ci 15"' / d ell-/ a ) .Il,JIJ'J 

peamum Jtp - n (H3 pa6oTJl 25f). 

~,3a.MeTHruI 8HepreTHtJeCKa.!I 3aBllC.IIMOCTI, ce'iemul: qiparMeHTBUlll:I 
p - Kn M8JIO CKa3!:llla8TCJ'J Ha 8HepreTH'iecxon 3aBllCHMOCTH .I(HifqlepeH
URaJll,HOro ce'ieHIDI ds'/d cu2 /s) B cwzy He60Jil,IlIOro BKJUWl ce'iemm 
cpparMeHTauHll p-- Kn B lIOJIHOe HHKJIXl3HBHOe ce'ieHHe peaKURH 

~p-- K1½c. 
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sifq)e~ o6Hapyl!t8H H B PSaKURH I["p -- K1½c B TOM lite HHTepBa.1Ie 8Hep
rHnf40/. KallteTCSJ ecTeCTBeHHHM,06'1JlCHHTI, 8TO y.I(UBlITeJII,HOe none.ne-
1me 3aM8THllM pocTOM cetJeHHil napHoro polK,ll,eHHSJ KnKn -Me30HOB B HH-

- TepBaJie nepBH'iHHX HMDyJII,COB OT I6 .no 32 ran/c (cM. pas.ne~ 2). 
rrosxe 6y,neT noxasauo, 'ITO, no xpailHell Mepe B ueHTpa.1U,HOi1 06.nacTH, 
HaOJID.I(eHHe paHHero CKSMHHra B peaKUHR Jt p...., KnX B 8TOM HHTep
B8Jle aHeprHfi, cxopee Boero, SJ~eTCSJ CJJY'IallHHM H tJTO CJie.nyeT 
OlKH.I(aTI, 88.MSTHOro B03paCTaHl:l8 CetJe:im:il Kn :-M830HOB npH .I(Ml>Het:!IneM 
YBMH'leHHR ::meprHR. 

lfa.MepeHRe BWCO.I(OB :it:!:, lt-Me80HOB H npoTOHOB B ar:!:p, K±p-1:1 
p±p -BSaHMoiettcTBH.IIX B 06.JmcTH cppar.MeHTBUHH npoTOHa B HHTepBa.1Ie 
nepBH'ilWX W.m,coB OT 4 .no 205 f3B/c npoBe,neHo rpynnon H3 IleH
Cl:!Jll,BaBHll/4 c noMOIIU,10 a~eKTpoHHoro ,neTeKTopa. 8HepreTHtJeCKa.!I 
8aBlfCHMOCTI, C8'!8Jmil BWCO,I(OB 31:± -Me30HOB B qiHKCHpoBaBHott 06.JmCTH 
<pa30BOro npoCTpaHCTBa, npmiepHO COOTBSTCTBj'lOIIleil Pr= 0,3 f3B/c 1:1 

YLAB -o,6,noxasaHa Ha pnc.II. IlepBon xapaxTepHO~ oco6eHHOCTI,D 

- "t ., f • opp-JI'· 

- 05 ■ pp-:ir· 

~ OJ 

:,i 

~ 
~ 

3 OJ~ : ::::;: 

p11b IGf'V/c) 

1!L.JQ_ 6 - ~ 

01~:::::;_:i +~ 

01f--===::::::: _j 

s·111 {Gf'Y). 

PHc.II 3HepreTHtJ8CKa.lI 3aBHCHMOCTI, HHBa
pHaHTHWC ce'!eHl:lil·(npoHHTerpzpoBaHwc no 
KHHeMaTHtJecxoff 06.JmcTH o,J 6 p~ ~ o,6 
faB/c H 60,75°-. Q~ + J,Jo/p~~64,25°) 
(a) Jt--Me30HOB H (b) ~+-M830HOB B p±p. 
I<.±p-H ~±p -B38l!MO.I(eilcTBMX. Kpll:Bue -
- nO.I(I'OHKH K <pOIJMY.naM A+ s-1/ 2 H~ 
A+ Ba-112+ Cs-1• 

8THX .I(aHlU,JX .HBJIJ'JeTCSJ npH6~eHl:le K cxe~OBOMY npe.ne~ CHl:l3Y 
)J.JlSI pe~Hfl PP- ~±x B OTJ!lfl!He OT yxe 06CylK,ll,aBIIIHXCJ'J .I(aBHWC C 
nysupi,xoma: Ka.Mep (pnc.6), r.ne .Il,JIJ'J aTHX peaxuzil ce-qeHIDJ BHatJaJie 
paC'fYT, a saTeM yOUBa!OT no Mepe npn6JrueHHSJ K aCHMIITOTR'ISCKOMY 
npe,ne.ny. IlocKOJll,11:Y .I(aHHHe c nysupi,xoBwc KaMep cooTBeTCTByJJT 06-
.nacrn YLAB < o H npo.miTerplfPOBaH1,1 no Been 06.JmcTH nonepe'iJWX HM
nym,coB, noxa Tpy.I(Ho cxasaT1>,npoTHBopetJaT m arn axcnepHMeHTu 
.npyr 'JI:PYry, TeM OOJiee, 'ITO npH BUCOKl'IX 8HeprH.HX B MeKTp0HHOM 
axcnepz.MeHTe R3MepeHJl TOJil>KO .I(Be TO"iKH. BTopag HHTepecBa.!I oco-
6eHHocT1> noMe.I(HHX .I(aBHUX COCTORT B TOM, 'iTO 8HepreTR'!SCKa.!I sa
BHCRMQ:l'fE, ce'iellllff pe~n pp ... sr±x z x±p-. 3r±x (wmll+X) xopo-
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I:, 

mo ozmeimaeTM Blij)8JlteHReM A+ Bs-112 + cs-1 • Boo6me roBopg,aTo 
He SIBJmeTCII y,nmmTeJil>HBM, TaK Kalt BRJIB,tt BO qiparMeHTanHOHHYJl 06-
JiaeTD OT npoueeeoB neHTPaJII,HOro THlla eYJlleeTBeH .naxe IIpR 3Hep
l'Rf!X ~HAJI. IbaTOMY He06XO,nHMO 3lIB."1fflTe.JII,HOe YBeJililleHRe TO"UIOeTR 
axenepmieHTaJll,HW( ~ B pa3Jll!1Dll,JX o6JiaeTSIX qB30BOro npoeTpaH
CTBa ]I)JSI onpe~e~eHHSI ReTHHHOH s -::iaBReRMOeTR RHBapRaHTHWC eeqe
HllH BO qiparMeHTanHOHHOff o6JiaeTR. 

B 8TOH CB8'3R oeo6eHHO RHTepeeHO R3Mep!ITD BHepre~eeKYJ) ::ia
BRCllMOeTD pa3HOeTR eT:pyKTYPHWC ~ ]I)JSI llHit1D03RBHI:,JX peaxuml 
A+p .... eX R A-p- eX. B COOTBeTeTBRR e (3.I.I) Af ., const s-_112 

HeMHoro~MeHHue ~}le, ]I)ISI KOTOp:iDC TaKOe epaBHeHRe B03MOlmO 

0031 

002 

001 

~ 

., 
t C•b--c)•(Uaj) J dprl(Ed1o/dptedp: )dp~ .... 

. ♦--

♦---.♦------:i:f(K'p-:r-)-f(K'p-,r 

~ 01-"'-----'~-'-~-~-~-, 
-:; 

0lll 

002 

001 

/F' . ~~ 
~f~)>-rH(,r'p-:r) 

0.1 0.2 03 

s112 (G~y-') 

PRc.I2 SHepre~ee:KaSI saBReRMOeTD 
pa8HOeTR CTPYKTypHHX ~. 

(p:e:c.!2), He npoTRBopeqaT 
3TOyY npe~exa::iamm R eoBMeC
TRM}l e npe~exa::iaHReM O qiax
TOpR3yeMoeTH Be]l;ylltKX TpaeK
TOpm!. EJm::iKRe sHaqe:mm na
paMeTpoB HaMOHa ]I)JSI 

.Af • f(K_p_Jt'-)-f(K+p_.,.1C-)R 
R Af-=f(1Cp+Jt-)-f(Jt+p•Jt-) 
yKa8WlBDT Ha BlijlOl!,Il;eHHOeTD 
TpaeKTOpm! f - A2,XOTSI WISI 
60Jiee ;itOeTOBeJ)BBX yTBepirJte
:imff Heo6xo~ HOB1le sxene
pRMeHrn B mRpoKOI o6JiaeTR 
SHeprRii. 

F.cJm SaBReRMOeTD C'l'pYK
TYPHliX ~ OT SHeprlm 
A+ Bs-172 + cs-1 B 06-
JiaeTR qiparMeHTBIUIR. saMeqeH- . 
HM IIeHeWll>BaHeKO! rpynnon, 

He CB8'8aHa C BRJIB,ttOM nponeeeoB neHT~Horo TRlla, TO 8TO Jim!IHee 
no~TBepirJteHRe Toro qiaxTa, qTo M1l He nommaeM ~60 CTIJYKTYPH CRH
ry.IDipHoeTeii Ha SI81lKe llOJIJOCOB Pe,tO!te H o6o6meHHOH on~eeKOft Teo
pe.MH, ~60 .nyam,HWC CBO!eTB TpaeKTOpri Pe,wre (a CKOpee Beero,H 
Toro R ~oro). IIepBOe yxasaHRe Ha TaKyJ) CRTYanm> Me.nyeT R3 
poeTa eeqeHRii B neHT~Hoff o6JiaeTR e YB~eHReM SHeprRR (KaK 

:e: poeTa ceqeHRn B peaxnrunc pp....- ~±x Bo qiparMeHTanHOHHOii o6Jiae
T:e:). 

IlpoBepxa qiaKTOp:e:syeMoeTR Be.llYlllen TpaeKTOPRH IbMe~ 
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ii 

I 
! 

I 
l 

Ed 36'(ap -- c)/d3~ <r'tot (ap) 
Ed3o(a• p - c )/d p :.oo d"tot (a Ip) 

npoBe~eHHas IIeHeHJIL:ea.HeKott rpynno1/4Il np:e: axeTpano.rumim n~eH
HliX ::iaBRe.HMOCTeH A +-Bs-112 + cs-1 (;IT.JISI eTaTHeTHtieeKH o6eeneqeH
mlX ~HHUX:) wm A + Bs --112 (wm eTaTHeTHtieeKR 6emrux ~HHUX:) K 
s _oo, noKaSMa (Ta6~a 3). qro pesynTaTB HaxO,JUITM B pasyMHOM 
corJiaeRH e npe~eKa8aHRSIMII HaRBHOH KBaPKOBOtt MO~e~ (5'c,t'p)= o'(Rp)= 
= ~C5'(pp)) wm napaMeTp:e:sannen/42/ ~qJpa!tUHOHHOH KOMUOHeHTB nOJl
md eeqeHRii, oneHeHHOii npH pLAB = 250 r3B/e. 

Ta6.mma 3 

IlpoBepxa qiaKTOp:e:syeMOCTH TpaeKTO!)HH IbMepaHqyKa 

Cross Asyff'4)totic ratio for produc~ particle c Predicted ratio section 
~ ratio C>: :,r- C: :,r• C: K C = p Rel.

1421 Quark 
mOMI 

l-}- :,rp-c 

t{\ 

Do 

0.63!0.03 0.6210.03 0.2510.18 0.62!0.0J 0.6110.02 0.67 pp-c 

Kp-c 0.6010.06 0.4510.04 . 0.61!O08 0.53 t 0.02 0.67 
pp-c 

'.::) -
AHMo~ BliBO~ e~eJiaH rpynnoii H8 CJIAI{a / 43/, KOTOpaii HSMepHJia 
OTHOmeHRSI R HHltJII08RBH1lX ceqeoo qacT:e:n H aHTRl-laCTRI.t B peaKI.UISIX 
A±p~A±x (A=s,R,p) npa IO R I4 r3D/e WISI ltl<0,25 (r3B/c)2 

(pre. !3). HHTer!)HpOBal:llle R no BCeMY ~OeTyllHOMY llHTepBaJIY He~oe
Ta:!OOlHX Maec M Me'l' R = 0,96 ± 0,04, 0,90 ± 0,02 R I,02 ± 0,02 
,IVJJJ Heynpyroro pacee.gmm R±, .z± ll p±, eOO'l'BeTeTBeHHo, npa I0,4 
raB/e. STR 8HaqeHRSJ yKaSHBa!OT Ha TO, qTo BRJIB,tt 06MeHOB e C = -I 
oqeHD MM B aT:e:x pea.KUWIX no epaBHemm e ynpyrnM paece.1rn:e:eM, r~e 
STOT BK.lIB,lt eYJllee'l'BeH IlpR TeX xe SHeprrui:x. 

IlpoBepxa qiaKTOpRSyeMOeTR Be]l;ylltKX TpaeKTOp:e:tt B ~qJ~HOHHliX 
nponeeeax PP-P + X, PP.-(p.z.+c-) + X, PP- CAK") + X IJPR 
Ya = 53 r3B Ha HR uEPHJ'44/ nOKaSaJia, qTo OHa BlilnOJiruieTeSI e Toq
HOeTLJO JJ.O 5% I1pH ltl<0,5(raB/c)2• O~o npa ltl>0,5(r3B/e)2 Ha6-
JIKJ~aeTM saMeTHOe OTKJIOHeHRe OT qiaKTOpR3yeMOCTR ynpyroro R Heyn
pyroro Jl,HqJ~ROHHlilX eeqeHRtt. STo ~eMOHeTp:e:pyeT p:e:e.I4, Ha KOTO
_POM IIpRBe~eHB OTHOmeHHSI KOJrJ.IRHeap:irux K HeKOJJJDmeapHHM e061i1TIDIM 

17 

061,~;:-;.: .:,u:~ 1;;:cnrryr 
WlCf~!.~f V)~ · •. ;,•2U~Bir'J 

6e:J;:;11~t ... /f2HA 



Ii 
SLAC 

CROSS SECTION RATIO 
A•p-A.X/A-p-KX 

ltl<U25Gev 2 

Pnc.!3 OTHomemm mutmD3lD3mtx: 
ce11eimtt 

tS[a) 1~4 Ge~ K.,K! ~---;4GeV
1 
K·,~ 

R l Of- -+-++-+- -+--+--+-

0 25 ( ) J' A(M)e-B M ltld ltl 

R(M) • g 2J s' (M)e-fl(M)lth,tt 
0.5 0 

O I c) 104 GeV :,r•i,r- I~) 10.4 GeV PIIS I tiaCTHil: H aHTRtiaCTHU B p~a.K
urua: A±p--A±x (A=l;K,p) IIIJH 
I0,4 r3B/c, IIOJIY'l8HHHe H3 
pe3yJII,T8TOB q,RTOB ;ztR{fxpepeH
UHaJil,lWX ce11eimtt IIIJH pa3JIHtI
HWC SHatieHIDJX M H ltl~ 

R 10 -+--+-

-+------
- -+-_._--+--

0.5 

0 L---''---,J'----'---'----'----'----'--' m is w e m t5 w e w 
MISSING MASS (GeV) 

a) .I 
lO~ ,- al .. 

~ 

1_ ;1+ +j+ I 

+ + 

R 

001 
L 
0 

•P•X 
■ P2'•:l'-•X 

•A°K••x 

0.5 

t 
t. 

tO 

o,25(r3B/c)2fa3 pao~:3&i. 

bl 

1 t l .,Factorization •to __ j__-r1-"----------, 

i Rp t Rp:ir:11 

I I I 
t t 

5 

05 to 
-! (G~V/c)

2 

Pnc.I4Ca)OTHOmemm Rp,Rp.J:ff' H R.AK KOJIJIHHeapma: co
ONT:d K HexOJIJIHHeapmm le ytITeHHHMH nonpa.BitaMi{ Ha 
noTepH HeKOJIJIHHeapma: COONT:ml) ,1I,Jm pe~n 
PP- P + X, pp-cp.u)+ X H pp._ (AW") + X IIIJH 
YB= 53 r3B B saBHCHMOCTH oT IIepeMHHoro ~ca; 
(b) R/R~B SaBHCHMOCTH OT t (HS pa6o'l'll4

"1") • 
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I 

B samICHMOCTH OT nepeMHHOrO HMnym,ca t ;IJ.Jm Tpex BH!llenepetIHCJieH
HHX peaxumt. 3TH OTHOmemm CBH38llll C ;ItRqxpepeHUHMI,HHMK ce11emmwr 
CJie~ o6pa3oM: 

S,(d6'81/dt) e\P(~O'sn/dt) 4:¥(~6'sn/dt) 
R • 1 , RpU • --------- , R.AK • -'I-........ ------- • 

P 6P (~6"snldt 6p,l'S(d«s'nnf dt) 6..AK (d6'nnf dt) 

, , 
/reKTOpll3~ Tpe6yeT' tITOOH 4pa: = t pU H c!.AK = 4 .t\K" Bee Tpll na
paMeTpa R corJiacynTCSI lfJJY'r C lfJJY'rOM npH ltl<0,5(r3B/c)2• HO npH 
1t1>D,5(r3B/c)2 Ha6JIBJ,ItaeTCSI pesxoe YMeH1>1lleHHe napaMeTpa R, cBH-- p 

,u.eTem,cTBYl)11tee o Hapymemm qaxTopn3arum .tI,Jm yupyroro paccesnnm. • 
Ju>yroe yxasaHHe Ha HapymeHRe qaKTO~SB.UHH B paMKaX npocToii 

t -ItaH8Jll,HOll MO,tl.eJm IIO.nytieHO B pa6oT/I 5~ r.u.e o6pamaeTCR BHHMa
mre Ha pa3Hyn 8HepreTHtieCKyl) 38.BHCHMOCT:& Heynpyrmc ;ItR<ppaKUHOHHWC 
H ynpyrHX ce11e~: 

<5'(K""p-K""(nS+): "«= 5.3 raB) =; 7 ± r,2%, 
6'CK""p .. K""p;u =5,J raB) 

1/26(pp - p(n.s:+); -ts = 45 raB) = 2, 7 ± o, 7%. 
6'"(pp .... pp; fi = 45 raB) 

ToT xe ca.Mliff BHBO.U. CJre.eyeT H3 cpaBHeHHR ,u.ammx: c lilC UEPHa npn 
'YB = 45 r3ll C PP-MHHHMH IIl)H MeH:&!IIHX 8HeprHmC, r.u.e 1/2e'(d)di; 
•~if(pX°") • 0,EiO ± 0,08M6 , B TO BpeMR Kalt ~el (pn) a o.;1 (pp} • 
• 8,5 ± 0 3M6 npu nepBHlIIWX HMnyJI:&cax•20 I'3B/c (o ,u.eTaJIRX 

cM./I25J). 8TH pesym,TaTH npoTm1ope11aT npe,u.cxasammM npocToll 
t-KaH8Jll,HOll MO,tJ.eJm, cor.nacHO KOTOpoll YIJPYl'M H Heynpyras )tl!!ppa.K

UHOHHHe aMIInH?y,ltli ,tl.OJillHH HMeT:& O,tJ.HHaKOBYJ) 8HepreTHtieCxyD samrcR
MOCT:& ~ e"'P. 0TKJioHeHHe napaMeTpa R .tI,Jm y.npyroro paccenmm ii axc
nepruaeHTe Ha lilC UEPHa, IIO-BH;ItRMOMY, yxasHBaeT Ha nprimly Taxott 
3SMeTHOll pa3JIHUH B 8HepreTHtieCKOM llOBe,tJ.eHHH IIOJIHHX ce11e~n4/ 

axcne1JHMeHT8Jll,HHe sHa11emm RP H Rp.:irz, noJ!Y1ieWtee :a'4 , 
6wm HCilOJI:&SDBaHH WIS! :swmCJreHHR aOCOJil)THHX 3Hal!eHml ;ItR{fxpepeHUH
aJil,HllX H IIOJIHHX ce11emtl! o,tJ.HoBepmmmoro H 1tBYD3epmHHHoro ,tJ.HgJprut- , 
IU!OHHllX BOS6~em1n IIl)H "Ya = 53 r:31144/. n,rs 8TOro HCIIOJII,30Ba
JiaC:& HOpMHpoBXa Ha a6COJillTHHe SHal!eHRR ce11eH11tt ynpyroro paccen
mm, KOToplle KSMepgJIHC:& He38.BHCHMUM o6pasoM. PesyJil>THJlYl)ll!He ,ti.Hep-
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:r 

It 

cpepeHWiam,Hl,le ce'l!elllI.II noKasaHH Ha p:ac.15. OHR xopomo napaMeTp:asy:-

N 

> ., 
C) 

.a 
E 

"tl 

b 
"tl 

~- - f l .• <. ·CERN-ROME a) 

\- -ACGHT • (llO::::~~Jt 10 \ '., 

f \=-•- " \> SAClAY "" 

1 \ 

\ 
0.1 

~n•(7.7 103)mb o-
50 

=(8.6 10.7) mb c,
00

=(5.0!0.S)mb 

0.01 
plo€§ ~+p: 

0 

--,-

~ _____l__ ~ '-€§ 

05 0 0.5 0 0.5 
-I (GeV/c)2 

PRc.I5 )ul:qxpepe~anHl,le ce'l!elllI.II -rpex 
)Ulq>pa.KIU!OHHWC np~eCCOB t H3Af67P,emme 
npH Ye= 45 raB (H3 pa60Tt1 44 ). 

IDTCH c~e,nyIOinHM0'. 8KCllOHeHUHanHHMI1 38.BRCRMOCTRMH: 

1.0 

d6"e1 /dt• (57, 1:!:4, 7)exp (10,2:!:o,2 )t M6/CI'aB/c)2• o,J<-t<0,9 ( raB/c)2, 

dosi/dt,. (59 :!: 6)expC<7,0 :!: 0,6)t + (1,7 :!: 0,7)t2J M6/(raB/c)2, 

d6'DD/dt • (11,0 :!: 1,5)exp(2,2 :!: 0,2)t M6/(raB/c)2 • 

CoOTBeTCTByroIItlle noJIHHe ce"l8HHJJ OKa3aJmCb paBHRMR C5'el =7,7±0,3M6, 
~D =8, s±o , 7M6 :a 6"DD =5 , ~, 8M6 , Ta.K "ITO IlOJIHOe ynpyroe H Heynpy
roe )Ulq>paKUROHHOe C8"16HH8 

oel + OsD + ODD • 21,3:!:1, 1M6 • 

T.e. cocTaBJifieT (49,4 ! 2,5)% OT noJIHoro ce'l!elllI.II npH vs= 53 raB. 
8:sa"leJme (S"SD + 6"DD = 13, 6 ± I, IM6 3Ha"IHT6Jll,HO Bwne, 'l!eM 06R'IJH~4&' 
Ctm:TMOCL, R COBMeCTHMO C HaCWJleHReM BepxHero npe,neJia ~ 

(5'dif ~ 112 ¾ot - 6'el • . 

20 

HHTepecHllfl no~o.n K noBe,nemm I!Hl(JIJ)3HBIWX ce'l!emrli BO qipa.r.

MeHTBllHOHHOil o6JiacTH 6~ npe,tµtoxeH ]oryHOBRM c coTpy~KB.MR1'16/. 
HcnoJil>3YR npe,ncTaBJietme nocTa-]eMaHa-;a;ailcOHa,JtJ!fi Cll8KTpaJil>lWX 

_ qJYlII(Uliil , OHR ll0Ra3~, ti'?O lfHKJlll3HBH08 Ce'l!eHHe MOllteT 61:lTb :aanHca
HO B BH,lt8 

3 2 
E ~ ,..,,.a(q ,l>) F(g2,))) , 

d p I (J.1.2) 

r,ne q2a(pa-pc)2, 1'•2pt,(Pa-pc) H r•2pt,(Pa+pc)/Y. 

10'·.------------

--r~~•,•0.Z 
pp-31·X 

.t. 24G.Vlc 
ll Ei9- t-

01,02-. -
400 - ·-

• ISR-1 -IOl~~I)\ 

.. _ \, '',t I 
>, P,•04 ... "\ ~ 

i. .' ~ 
1 ,--~ 

•" 'l 
2 

r 

PRc.16 11HRmo:aHBHRe ce'l!e
HHR peaxuHH pp+:it--X B 

3aBHCHMOCTH OT nepeMeH
HOiy;IIJllJMll8 .mmIDI llpoB8-
.nelJI1 }\a rJia:a {:e::a pa6o
Ttf 47f). 

EcJm cneKT~HaR ~ H8 HM88T 
CRHryMPHOCTett t TO a (q t ,> ),< o, B 
npoTHBIJOM OJlY1lae a ( q2 , ,, ) ;,, o. M:a -
p:ac. rf/47/ ~ep,yeT, "ITO @'HKUHR 
(3.I.2) .neilCTBHTSJil,HO OllHCRBaeT_,naH
HH8 c O"leHL ~6ott :aaBHCHMOCTLD 
a<{,») H F(q2 ,))) OT~. BeJIH"IHHa 
a(q ,l>)-<O ,JtJm peaxumi pp..,.z±x, B 
TO BP8Mf\ ~ a cl, )1 h· 0 ~ P88.KUHH 
pp-Tfl/47/ H Jt"p-I{'xf48/ C CH~b-
HHM 8qJpeKTOM .im,nHPYJOOIHX 'l!aCTHU. Ta
KHM o6pa:aoM, Kallt8TCR BepoaTHllM,"ITO 
CRHryMpHOCTH B cneKTpaJILHOH qiyHK
IUIII B npe,nCTaBJI8HRH nocTa-]eMa.Ha- .. 
-.nattcoHa Ka.K-TO CM3aHR C aqxl)eKTaMH 
~MHRR. IlpH PT = 0,4 raB/c, 
T. e. npH nonepe'l!HOM HMnyJil>ce :t'-Me:ao
Ha, 6~:axoM K cpe,nHeA\Y' 3:Ha"lemm none
pe'l!Horo HM!ly~bca, BeJIH"IHHa a B 
(3.I.2.) npH6a:aHTMbHO paBHa 3. B 
x-npe,nCTaBJierum: 8TO C00TB8TCTBy-8T 
Ed3o/d3p,., (1-x)3• Ilo,1t06HaR x-:arum-
CHMOCTL Ha6Jm,lta8TM H ,JtJlfi CTPYKTYP

HOil ,PYHKUHH yw2(x) r.u:y6oKoHeynpyroro pacceaHHR np:a x = I, 'ITO 
HaBO)UIT Ha M!:lCJil, 0 CY1118CTBOBaHHH mrrepeCHOi ~orHH M8lZl/Y llOBe
.neHHeM HHKJII03HBHl,JX pea.KUHil B 8,lij)OH-JmP,<>HlWX CTMKHOB8HHRX H r.u:y-
60KOHeynpyrHM pacceaHHeM <cM. T~e' 497). . 

Bo~ee TOro, oxa:aimaeT~47 , "ITO HHBapHaHTHoe ce-qemre <Iiax
Top:a:ayeTca llO nepeM8HHRM rr H r 2 1 OTHOCffillHMCH K qiparMeHTaUH.II 
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1
1

1: 

·1, 

IIyl!Ka H MHllleHH. B o6lI'IHWC rrepeMelUWX 

E + P1 m.reY 
x1 •-•--iii Ye 

E - p1 m.r e-Y 
,x2•-•-ys . Ye 

3TO OSHa.":IaeT, ":ITO 

d36" 
E I~ ~Cm.r)f(x1 )r(x2 ), 

d p 
(J.1.3-) 

3 
r.ne ~ f(x) t:s (I-x) B pp-CTOJIKHOB6HMX IIPH X - I. 0.n;HHM HS 
B03MOJO{HX rrpoanneHHli ypaBH6HHR(J.I.J.)tCBSJSaHHUM C r-Jzy60KOHeynpy
rHM pacce.f.lHH6f1 HBJI.f.16TC.f.l 1\16xaHHSM CJIHl!HWI KBapKOB HS CTaJIKHBallr-
1!\IDCC.f.l 8JUJOHoillo/. &roT alUl.Jlor 11sBecTHoro MexaHHsMa. JlpeJia-f!Ha. 06-

>.' . 
PRc.I7 Mexa.HRSM o6pasoBaHHH ":Ia.CT.HU qepes c.1rruume 
KBB.l)KOB BSaHMO.I(eftCTByD!lllX 8JU)OHOB • 

b 

pa30BaHWJ JielITOHHWC nap B- 8JU)OH-8JU)OHHWC BSaHMO,I(effcTmmx 

,I(8.6T 

F.d36' A ~ ~;, • fq (x1 )r4 (x2 ) 

~2 2 '+ c f(x} • i>W
2

(x) H x 1 , 2 • 1/2( x + 4m /e - x) 

Ms (3.I.4) n (3.I.5) CJiepyeT, qTO 

dJ6' A m
2 

E I =i. ""'2' r4 (x)f4(ex) 
d P(x-1) m ' 

d36' A m E I s::s ~ f (x) f-(--) 
dp )m q g,t'T • 

(x~O 
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(pHc. I7) 

(J.1.4) 

(3.1.5) 

(3.1.6) 

(J.1.7) 
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s (G~V 2) 

PRc.IB(b) Cpe.n;rum MHOEeCTBeH
HOCT:& S ±, J{± R p B SaBHCRMOCTH 
OT s; {a) Te ze .n;a.mrue, qTO.H B 
(b) 1 HO CM61!l6HHN6 K cpe.I(Heff MHO

zecTBemtOCTlf xf-MeSOHOB; C.I(BlirH 
B,I(OJII, OCH <D> IIpOIIOpulOHaJil,H!l 
OTHOmemmM COOTBeTCTBYDillD) ~ 
pa'l'OB Ma.CC (1I0,1ij>q6HOCTR if 5!/; 
.n;a.HHH8 H3 pa6oT;/541. 

Ta.KHM o6pasoM, 3TOT MeXaHHSM 
IIJ)e.n;cxasI:lllaeT pasJIKl!Hllff rro.n
xo.n K CK8ffJIHHI'Y BO ~parMeHTa
UHOHHOli H U8HTpanbHOll oonac
TJ'IX (aHepr8Tl{q6CR8JI SB.BHCH
MOCT:& OIIJ)6,I(eJISieTM rrepeMeH -
HHMH mo/s H m/{s B (3.I.6) H 
(3.I.7), COOTBeTCTBeHHo). 
KpoMe SToro, Mll Blf.I(lfM, ":ITO 
MaCmTa6 SHeprHH HSM8Jl.f.16TC.f.l 
B e.I(HH.HUax Maccu m poz,nae
MOii 'IJ8.CTH1Ul (HJIH B 6.I(HH.HUB.X 
norrepe":!Hoff Maccu mT, eCJIH 
IIJ>HH.f.lT:& BO BHHMrume rrorrepetJ
mni HMeyJI:&C). Krut CJie,I(CTBUe, 
cpe,n;HHe MHOE6CTl36HHOCTH tJac
T.HU pasHoro THrra, o6pasyn
lI\IDCC.f.l B a.n;pcm-a.n;poHHWC CTOJI
KHOBeHWIX, MOryT OIIHCUBaT:&
CJJ O.I(HOii ~e!)CaJil,JIOfi KPH'
BOff (1/•c> ~(~s)~ :3To 
.n;effcTBHTeJI:&HO TaK B nepBDM 
IIpHMDeHHH (pHc.I8). 0TMe
tJ6HH!l8 38.KOHOMepHOCTH HMeDT 
BaEHOe 3HatJemi:e H 11,JfH BllXO
,I(OB tJaCTHn B 8JU)OH-a.n;p0HHWC 
CTOJIKHOB6HHHX 1 IIOCKOJII,Ky 
q>aKTOp ;..;m2 B (3.I.4) 
MOlteT IIJ)HBO,I(HTJ:, K HapymeHHD 
IIpoCTUX IIJ)aBHJI KBB.PKOBoro 

C'l8Ta B HalIBHliX KBB.l)XOBllX MO.I(eJIHX (cM. pas.n;eJI 3). JfiITepeCHO OT
MeTHTL, 'IJTO rro.n;o61We SaMlltJemm CJieJJYl)T HS ,n;OBOJI:&HO pa8JllfllllllX 
rro.nxo.noif 52 ,53; •. · 

K BUmecKa38.HHOMy Ji XOTeJI 6u .n;o6a.BHT:& e~e HeCKOJI:&XO CJIOB 0 
Ba.lltHOCTH IIOHCKa 8.HaJIOr:e:ff Melll,Ily ~ecca,,m H B3a.HMO.I(effcTBHJJMH pa& 
HllX THIIOB. CYl!leCTBOBaHHe rJzy60KOI aHaJIOrHH MeJK,ey a.n;poHHUMH n 
JieIITOHHllMII B3a.HMO.I(effcTBHJJMH He BU3Im8.8T COMHemi:n. Tax, muipHMep, 
c:(1emme MHOJ.'.6CTl36BHOCTH 38.p.F.IE6HHUX 8,I(poHOB, rrpe,n;cTa.BJieHH!le B BH-
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.rte qiymaum oT Klla,IU)aTa :meprmr '1- . • RJJYiltel Ha o6pasoBaime SJU)OH
HWC JllUlHeii. xopomo COBil8,U;aKJT l1,7III pasru.a: TRnOB BBa.RMO,rteilcTBRI 
(pRc.19). Hrur6oJiee saMeTime O'fJmtmSI Ha6Jm,lumTCJI lI1lR He6onmmc 

?~ ---PP <nch>-• ~p -a•blnE•cln2E . 

Sf- o ~P , e•r tl I ~ st :,;:; i I _,,-f--
u • YP I . 1-'I 

; 
4 

I .. -},Hf(1 

, LJJJ~wjW I ' 
2 f- I + + .t r • 11 + 

I ' 1~1--~~-'----s5,......_~~,;;;oc--__.___,__~s~o--'--'- '1cooc,--__.___ 

w2 (GeV 2J 

PHc.I9 3amrCJWOCTb cpe,JUieil MHOiecTBeHHOCTR 
BTOPli'IHl:lX sapgxemwx a,tij)OHOB OT W 2• 

BHa'leHH.RX W 2 
t 'ITO, ecTeCTBeHHo, 06MCHSieTCJI paBHllM BXJIB,ttOM ippar

MeHTat:UIOHHWC H neHTpaJIDHWC np~eCCOB II1)R BBaMMOiettCTBRJJX pasma: 
TllllOB (prn.20) • 

:=El·· :El-· :B~· PHc.20 

Tax Kalt JienTOHH HBJis.lDTCJI TO'le'!HO-IlO,rt06:emm 'laC~a.MH,CpaBllll
TMDHHil a.HaJllIB pe~,mna yxasaHHHX Ha pRc.20,npe,rtCT8.B.l!HeT He
COMHemurti HHTepec. B 'laCTHOCTlit B e+e--ammr:wunum He MOllteT 61ru 
nponecCOB ipparMeHTat:UIOHHOro THna. 'ITO IlOSBOJIJJeT. B II1)RfD:Vlllet Bl:l
,IteJIRTb nponecca ipparMeHTanRR B 8,tJ;poH-a,tijlOHHHX CTOJIRHOBemmx nyreu 
cpaBHeHHa me c e+e--ammr:w.IJn:(Reil. CpaBHeHRe nponeccoB rnyOoKoHe
ynpyroro paccesmm ep ...- e + X c a,u;poHHHMliI pe~MH Ta!Oite nosBo
JIHeT nonyqHTl, MHoro IlOJieBHOfi JIHqJOPWUUIH• JlJm IlpHMepa Ha plic.21 
noxasaHO CpaBHeHHe CTPYKTyJ)lWX ~· P2(x) JI "Hif'>) l1,7III Heynpy
rott peamurn It p - Knx JI r.ny6oxoHeynpyroro paccesmm B pe~ 
ep-..- ex. CTPYKTyJ)HM qJYHitnM l!' iX,7 > 11.JISI pe~ W-p--~ 
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PHc.21 Pacnpe,rteJieHruI 
CTPYKTYPHO! ~HM 

li' 2 !IO nepeMeHHHM x R 
t.>:1/x {a), (c)-11,1III Bcex 
co6aTJiii; (b ) (d) noCJie 
y,ItaJieHrul peBOHaHCHOil 
o6JiacTR. To1UW-.rtaHHHe 
l1,7III peaxnmr K"'"p+Ifx 
IIJlK 5.8,2 H 16 I'3B/c. 
CilJlomHHe .mmmr-.namwe 
SLAO II. l1,7III pe~ 
ep-eX. 

TO'le'IHHX ,HO H 11 0,ll8TllX B 

BH'IHCJIHJiaCb/49/ B npe,rtllOJIOEeHIDI ,ItOMH
HHpyillllero BXJIB,tta j>-MeBOHHoro o6MeHa no 
qiopM,YJie 

2.- 2 
d: u S,ro: 43'~E0 2 - = 2 2(1+(1-;r) )l!'2(x,y), 
~ 4S (q-•,> 

r.rte ~J.= qo/2m,i,7=~/E0 H ')):E - E0 -

IIOTepg BHeprRR. 0THOCJITeJIDHO HenJIOXOe 
corJiacRe CTPYltTyJ)HWC qJyHRll;Ril rOB01)liT o 
0 pasy1111ocTJI rHnOTeBH, BHCitaBaHHoil B· 
pa6oTe' 46/ 0 TOM. 'ITO B aCRMil~OTJI'leC
xott o6JiaCTJI npH onpe,rte.neHHWC YCJIOBRHX, 
mm.na,mmaeMWC Ha cneKTpaJIDHHe qiyHRll;llR 
JIHKJIK)BRBHoro np~ecca, BBaRMo.rteilcTBMe 
8,U;POHOB MOEeT 6HTb 11KBaBR-JIOltaJIDHHM11

• 

IJoCJie Toro ItaK no,rto6Hue aHaJiorHR 
y,rtaCTCJI JIBY'JHTb 'AeTaJIDHee, Ha.M 1Ip0,llCTO
HT C,llenarb cruruR BaJJCHUH mar - nonuraTb
ca IlOHHTb npHqHHY nyCTb ,llalll:8 HeOonb
IlllilX ornmqHR BB oomeM-TO IIO,llOOHUX xa
paxTe1)liCTJIItaX. IJoxa ze MH TOJ!DKO IlO,It
XO,ltlIM K 8TOil CaMOll HHTepeCHOli npo6Jie
Me, l1,1III pemeHRH ROTopoll, oqemr,n;Ho, 
IIOTpe6yeTCH MHOrOKpaTHOe yBeJIR'leHHe 
TO'IHOCTH axcnepHMeHTaJIDHHX ,ItaHHWC. 
Tor,IUi t HCIIOJIDBYH JielITOHHHe peamum ItaK 

RBBeCTHHil qlOH, MOlltHO non1,1TaTbCH paso6-
paTbCJI BO BBaHMO.rtellcTBWIX He TOJ!DRO 

myOy"a,u;poHHHX BBaRMO,rtellcTBMil 'laCTHn. 

3.2. TpexpeµeoHHM 06JiaCTb 

Heynpyraa: ,ItHip~ a,u;poHOB IlPR BHCORIDC,BHeprRHX Il0,rtpo6HO 
o6c~CD B pan!IOpTepcxoM ,ItOXJIB,tte I{att,ltaJIOBa Ha xoH(pepeHnllU B 
T6RJIRCR. lJoBTOMY s OCTaHOBJIDCb Jllilllb Ha HeKOTopwc cnenJilpK'IeCIWX. 
perutnJIHX B TpexpeJJ;JteoHHoil o6Jiac.T),!. 

B HeCROJll,.KHX BKcnepHMeHTar26•55-5B/ llCCJie,ItOBaJIOCb RHKJID
• BRBHOe o6paBOBaHHe A , 1., .t + .~- JI 2,,,+ ( 1385) BO qiparMeHTanHOHHHX . 
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OMaCTSDC. ~.MeHT~lll) npoTOHa P-A MOlKHO OIIHCa'rl, C 1101/IOJJµ,ll ,ll;Ra
rpaMMH, noKB.3aHHOtt Ha pHc.22, r,D;e 06.r.,erumaeMIDl Pe,t:.1teoH R npe,D;c

Ta.BJUieT K-H K*(890}-TpaeKTOpim. Xopomo 
•✓• •',,• H3BeCTHO. tITO Tpexpe'A)lteORHM MO,I];eJll, o6ec

11.- f,, ,K-

TA• T: • T~ 

tm TAO. 2K's'112C'R 

T~= p:•(vp••V•p )•p:•,v•••~r.ol 
T! .. "P:! (Vp••V,,pl•p;:<v.,, •v.,. > • 

·_p:!v,. • p~!vri•·P:!v .. 
CTR and J3R ar• th• adjustabl• rara~tHS 

V is th.-. V•n•ziano function 

Pllc.22 iJ.HarpaMMa 
Pe,u.11te ~ <pparMeHTa
URll P---~ 

neqnBaeT HeIIJioxoe oIIHcrume npoueccoB 
~parMeHT~OHHoro THIIa ,Il;alte IlJ)R SKCTpallO
JIHUim B 06.Jia.CTD SHeprrui llOpsmKEl H8CKOJU,
IWX rsH. Pe3oHaHcu B Mi'-Ka.HaJia.X WIH He
aKsoTRtIHHX peaxqmi (B CMHCJie (abc}) o6S'I
HO ytmT:tmallTCSI B paMKaX llOJiyJ10KaJll,HOft1 lJY
MDHOCTH/59/. lfHTepecHBSI llOIIHTKa npSIMO 
HCnOJII,sOBaTD ,D;YaJIDHOe orm:caHll'.e pacceSimm 
pe,niteOH-tiaCTHlla B perua:um IC'"p-.AX 
(.r IC'"p-.r..+x) np:n: 4,2 rsB/c npe,Il;llpHHSITa 
COTpy)timqecTBOM AMcTep.n&f-UEP~Hl,wereH
-Oxccpop,D;. OHR HCIIOJll,30BaJlli 06lfCllJYll pe,D;
l!t8BCieyll ~pM,YJiy: 

2- v2 ~(t) 
~ = ~ ~ !:M lJll T (s1,o,t)(S-Uf7 l 0.2.1) 
ds 1dt 16k 8 'i' 43t' R 28 1 , 

r,ne f ~-BS'I8T • HO BM8CTO IIepeXO,D;a K Tpexpe_nxeOHHOJAY IIp8,Il;eJIY 110-
llLITBJllIOD OimcaTD mt -paCCeSIHRe (pHc.22), BB8;iu:I tI8TI:lpeXTOtI8tmyl) 
qiyl!KlUm Tn(s' ,t• ,t). AMwmTY,D;a TR 38.IIHCaHa Kalt Cy-MMa 'JI.BYX tIJl8HOB 
~ H Ti~ illi~paxnHOruwil tIJ18H T:. KOTOpwl t cor.nacHO ,Il;Byx.tOMIIOHeHT
HOll lfYaJlDHOCTH, MOl!teT 6HTl> np09KCTpallOJIHp0BaH It He60JILllIHM a•. 
OllllCHBa8T HepesoHSHclUrl! (p()H B HHKJIJJ3HBHOM pacnpe,D;MeHRH. He~ 
pal(UHORHM aMIIJil{'ey,Il;a Ti, B3SITM Kalt aMIIJIH'ey,Il;a BeHElUHaHO, B SIBHOJ/1 
Bll,Il;e BOCIIpOHSBO,u;HT pe30HaHCH B Ml-xaHSJle. 

Ha pHc.23 axcnepru1eHTMDHOe pacrrpe,D;M8HR8 d25'/dtdll WIH pe
am:um IC'"p-AX npnBe,D;eHO DM8CTe C a6COJIJlTHHMH npe,Il;CKaSamunm Mo

,D;eJlll. 06~ee cormc:n:e sBJJJteTCSI o-qeHD xopo111m,1, xoTs Ha6.nr>,ltaeTCSI 
H8XOTopoe paCXOE,D;eHRe B OMaCTH WI.CC p~Gi) IIpH 2-x HallM8HlJIIHX 3Ha
tiemmx ftl. IJop;o6HHe pesynTaTu no.ny-qeHU :n IlJ)R HcCJie,no:aamm pe
am:um IC'"p+L+x IIPH 4,2 rsB/c. 0THOCHT8.lll,HHe BitJ1SJUl 06MeHOD K-H . . 
K- Tpa8KTOpruIMH npe,ncTaBJieHH WIH STHX W51X peaKWitt B Ta6.mn\e 4. 
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Arnst•rdam - CERN -Nijm.gen-Oxford Collaboration 
K-p - A • XM at 4.2 GeV/c 

2()0l -l0ctc-Q9 •> -09<1<•0.8 b) 

Pllc.23 Pacnpe,D;eJieHWI He,D;ocTa
:mµa: Mace B perutqHH IC'"p.-.AX 
·npn 4,2 TsB/c WIH pa3HUX HH
TepBaJIOB t B Cpa.BH8HHIJ C a6co
JmTHHM!f IlIJ8,.ECKa3aHruIMH MO,I{8Jm 
fas pa6oTi/ 05/). 

:::, l01 
z 

:f' ,,...., 'f' µ,-, I~ 
:50 ,-a2ct<-0.1 Hl-o.tct,c 00 •> 

200, 

100 

15 20 

Ta6mma 4 
• 0THOCHT8JIDHH8 l3XJ1B,lW 06M8HOB K HK (890) B pe~ 

IC'"J)+.hX a Ir"p-z:+x DpJJ 4,2 raR/c 11,1IH liP,A (~} I ""' I (rsB/c}2• 

Type of exchange 
K·p--A•X K·p-r•.x. 

a(mb) .,. a(mb) .,. 
Dual ~rt of K uchang• 0.11 9 0.01 3 
Dillracliv• part of K •xchang• 0.33 28 0-16 40 
Dual part of K* .xchang• 0-51 43 o.oe 20 
Diffracliv• part of K* •xchang• 0.23 20 0.15 37 

• Mu BR,Il;l{M, "ITO OTHomeHRe o6MeHOB K-:n K-TpaeXTO!)WIMll: COCTaBJISieT 
I• 7 : I WIH peaKqHR IC'" p-.AI H I ,3 : I }1,1ISI P~aKIUUI IC'" p-L+x • B 
TO BpeMII KaR OTHOmeHRe no.rmm: Blt.lrBJtOB ~OHHOro R He~pax
lUIOHHOro tIJ18HOB 6JµI3KO lt I WIH IIepBOA pea.mum H It 3,5: I WIH 
BTOpoA. 

B1m3IW8 l)E!3!?.'TaTH llo.nytf8HH COTpy,I];HneCTBOM B:apMHHI'aM-Bp!DC
C8Jll,-ij~MoH~2 · IlJlR Tpexpe,nxeOHHOM aHaJII!Se peruazym ~p-.AX 
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Ilpli 8,2 li 16 rsB/c B o6JiacTII cpparMeHTBIUm IlpOTOHa. 3,ttec:& 8KSO
TWIHOCT:& CHCTeMU (abc) IlpHBO,ltHT K paHHeMY CKefwrnry, KOTOJ;)lrli ,ttett
CTBHTeJI:&HO Ha6Jno,ttaeTCSI I Kor,tta nopor01me a@)eKTU ytmTLJBaDTCSI lllle
,tteHReM nepeMeHHOli (ll2-~11s BMeCTO nepeMeHHOii 'Ji!-;s (~h=2J\.rvm 
peamum W"p -Ax n ~h= ~ .rvm peaKIUIH ~P - AX) • Ifs ipHTa ,ttaH
HWC K Tpe.xpe,n,KeOHHOii cI>oPMYJie 

d2~ 8 fl2-<h 1-a.t(t) 
~ = ~ Ce:icp(-bt)(-) (3.2.2) 

d(M /s)dt (2p) s 

no.rryqeHa ajxpeKTIDlHalI TpaeKTOpHSI .J,(t), npoXO,ltSilllaSI B6JmSH ItBa,IIJ)a

TOB Ma.CC K, Q-H lrMeSOHOB ll JieJmlllaSI Mew- K-H K~ TpaeKTOPHSIMH 
(pnc.24). 

Birmingham- Br11Ssels - CERN - Mons Col~boration 
K*p -+/\•Xu 

• a2 G•Vlc 
o 160 -" -

t{GeV 2) 

6 5 i, J 

,,4/ 
/ 

c,p 

-2 

_, 
-4 

Pnc.24 8qxpeKTHBHM TpaeKTOpHSI ..C,(t), llOJiy
'!JeHHaSI HS Tpexpe,101teoHBoro ipHTa peaKlUIH 
~p-.AX IIpH 8,2 n 16 I'sB/c; IIyHKTHPHM 
Jm:Hru! COOTBeTCTeyeT O,ltHOBpeMeHHOMY qli!Ty 
Blijlrultemm cG(t)=.Go-.C.'t K 06'I>e)tllHeHHUM TOli
KaM.C(t) Ilp.ll'. 8,2 H 16 rsB/c; CllJIOlllHM Jm

Hru! IIOJiylleHa HS O,ttHOBpeMeHHoro cpHTa Tpex
pe,n,KeOHHOii cI>oPMYJW (3.2.2~ K~ IIpH 

8,2 H 16 rsB/c fas pa6oT:it 26 ) • 

B BTOM ~e axcnepruieHTe noxasaHo, liTO BKJia,IJ; 1Ip<meccoB cpparMeHTa
UHH nepBHtiHOro ~-MesoHa B peaKUMX xt"p..-.AX H W°p-+AX HesHa
'lllTeJieH. llipaMeTpH Be,Dylllett TpaeKTOJmH°'Ci), oueHeHHHe .rvm peax
wm W°P-..EX IIpH 16 rsB/c B paMKaX Tpexpe,101teoHHot!: napaMeTpusaxum, 
SaMeTHO OTJIH'iru:JTCSI OT OlltH,ttaeMOfi B""-TpaeKTOpHH (p:irc.25), XOT.8' 
B npe,tteJia.X 60JI:&lllllX OllllI60K H He IlpOTHBOpe'!JaT ett. Bo BC.8'KOM c.ny,me, 
npe,ttCTruJJmeTC.8' OnpaB,ttaHlil':lM lICllOJI:&SOBaT:& N_; HS~ TpaeKTOpllll C 
ipHxc:irpoBaHHW.W napaMeTpaMII ,rvm ouemm ~a cpparMeHT~:im ~--A 
II ~--A B peaKUMX W-p--AX H ~p--.A.X • COOTBeTCTBeHHO. Tor,tta 
MOlltHO aueHHT:& II noJIHHtt ~ cpparMeHTauHOHHWC llp(meCCOB, npollll
TerpHpOBaB ~ pacnpe,tteJiemur (3.2.2) .rvm BTIIX peaxud no Bee
MY pacnpe,tteJiemm tJy H Jioy. BK.ira.tt ce'!JeHHtt ipparMeHTauHOHIWX npo~.ec
coB B IIOJIHHe IIHKJIIOSHBHHe pacrrpe,tteJieHIDI.A II .A IIOKaSaH Ha p:ac.26 
(cooTBeTCTBYJOlllHe IIOJIHHe Ce'!Jemm cpparMeHTauaomwx npouecCOB IIpH-
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Be,tteHH Ha pHc.4). I1HTepeCHO OTMeTHT:&, liTO B TO BpeMSI KaK axcrrepn-
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eKTOpHSI cL (.) HS Tpex
pe,n;EeOHHoro ipHTa pe~ 
URH ~P• .AX IIpH 16 
r sB / C ; CllJIOIIIHa.8' JilUIHSI

-JIHHe~ cpHT K SHa'ie
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PIIc.26 IfHBapIIaHTHHe ce'iemm pe
aKIUiii ~p....- AX KaK cpyruaum x (a) 

H pi:"13(b) H Kj>-..AX KaK cpy!IK
UWI x(c) H pra (d) •. CJIJIO!IIHHe 

(nyHKTH}lHHe) Jiirnmr - QUeHKH Ce'!Je
Hlltt cpparMeHTanHOHIWX npoueccOB 
,rvm .ttaH1WX IIpH 16 Tsrc (8,2 
rsB/c) (IIs pa6oT126 ). 

MeHTaJI:&HHe pacnpe,tteJieBWt IIO nepeMeHHOll ('Ji!--~h)/s He SaBHCSIT OT 
8Heprml B HHTepBaJie OT 8,2 ,ttO 16 rsB/c B COOTBeTCTBHII C cpop!zyJIOfi 
(3.2.2), HHKJIJlSHBHHe pacnpe,tten:emm no nepeMeHHBM x H Pr, HBHO He 
llO)t'IJHHllllTC.8' CKefwrnry. 9TO o6CT0.8'TeJI:&CTBO OTpalltaeT TOT HSBeCTruni 
cpaxT; liTO IIpH He,ttOCTaTO'IJHO BHCOKHX 8HeprMX rrepexoit OT O,ltHHX ne-
peMeHHHX K JUJYI'HM He SaBHCHT OT 0Heprmr H MOX8T TeM CaMHM 
MaCKHpoBaT:& HCTHHHylll 8HepreTlllieCKyJO SaBHClIMOCT:& lIHKJIIOSIIBHHX 
crreKTpoB. 

O'ieBH,ttHo, 'IJTO He TOJI:&KO ipparMeHTanHOHHHe llp(meCCH ,I\WOT 
BKJia,IJ; B IJDJnme axcrrepruieHTaJI:&HHe pacrrpe,tteJiemm A HA Ha puc.26. 
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Pllc.27 MHK.7m3HBHlle 
pacnpe'AeJie:mm peaxunil 
~p-~\X ll ~P-- 1i:f. 
B ueHTpaJll,~Oil o6JiacTH 
(na pa6oTil 26/). 

,o 

unoIIHID1 npouecc, TO ero MOlltHO OUSHHTL, 
BWIHTWI pacnpe'AeJie:mm • IIpS'ACRa.:31:l:BaeMUe 
( J.2.2 ). (itpHBue Ha pnc.26) HS Ha6~ 
MeMWt pacnpemmemrn. Trume pesyJILTRJ>Y
JOOtHe pacnpe'AeJierum no nepeMeHHoil x no
itasaHH Ha PHC.27 H 'AeilCTBliTeJILHO HMeDT 
11epTH ueHTpa.m,Horo pollr,Il;emm. El:l'Jlo 6u 
llHTepeCHO llCllO.lll,30:BaTL TY xe npoueJ:IYI)Y 
Bll,!(eJie:mm ueHTpaJll,HOil KOMIIOHeHTll H 1I,1ISI 

,IU)YI'HX llHKJII03HBHWC peaxunil 1I,1ISI 'AeTBJII,
HOro aHaJIR3a 3aBllCHMOCTll ueHTpaJll,HOro 
poJK,IteHWI OT Tllila nepBH11HllX ll llHKJDJ3lm
lll:DC 11aCTllUo 

Tpe:xpe,IO!teoHHut! aHBJms 6l:l'JI TaKllte 
Ilpi{MeHeH 1I,1ISI OITHca:mm HHKJII03HBHOro 06-
paso:aa:mm .A, K0 HA llO'A He60JI1,IIIRMll yr-· 
JiaMll ~ ~r-B3aHMO'AeilCTBMX IIpH 300 
r3B/c' 5 • BlmO'AU TaKOBH, 'ITO H'AepHUe . 
ajxpeKTH B nepBOM IIpH6JmllteHHH HeCYJ!leCT
BeHHH, TaK·1JTO TPe:xpe,IO!teOHHWI napaMeT
Pll38llM MOllteT 6uTL ycnemHO llCilOJIL30Ba-
Ha n 1I,1ISI omrcaHM HHKJIPJSHBHoro pol!Qte-
:mm 11aCTllU Ha .fl~. 

TaKHM o6pasoM, Tpexpe,IO!teoHHWI napaMeTPH38llM ycneWHo oITHcu
:aaeT 6oJILmoe pa3H006pa3He HHKJID3llBllllX npoueccoB B mHpOKOM mrreJ)
BaJie 8Heprnn. 0'AffaKO K napaMeTpaM BS,IzyllllIX CHHI'YJI.ltPHOCTeft, nwry-
11aer.rux B TP-aHaJIHse,cne~yeT OTHOCHTLCH OCTOp02tHO, oco6eHHO B TeX 
CJIY11MX, KOrM llHKJID3llBHUe 'laCTllUH ooryT ~HTL npo,nyKTaMH pacna.ita 
pesOHaHCOB. STO npeitpaCHO Ilpo'AeMOHCT~BaHO COTl)Y'AHH1leCTBOM 
EnpMHHI'ru.t-Epoocem,-UEPH-L!OHC-Cepnyxo:e' w/ flPli HCCJie'AOBalllm Me'A
JieHHWC IlpoTOHOB B peaKUBH ~p-pX flPli 16 r3B/c. Kalt Blf'AHO ll3 
pnc.28(a).sa.MeTHOe o6pasoBa.HHe .o.++(1236) - nsodapu CYJ!leCTBeHHo 
HCK8.l£8.e·T lpO!)MY' HHKJIJJ3JIBHOro cneKTpa IlpoTOHOB H, Kalt CJie'ACTBHe, 
pesyJILTaTu Tpe:xpe,u;xeomioro qiRTa (PHc.28(b)). IloCJie YMJieHM co-
6um C ,o.++(!236) MHHUe ORa.3HBailTCSI COBMeCTHMUMH C 'AOMHimpy.lWtm,s 
BJIRHHHeM Tpexpe,Il;llteOHHOil BSplllH}W ff'R, XOT.fl 8TO COBCeM He TaK 1J,1ISI 

llOJIHOi\ Bli60p!m IIpOTOHOB • 
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! 
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.0 

-2 

a) K"p-+p•X at 16GeV/c 

b) 

3 

M (GeV) 

-0.8 ·Olo 
t, (GeV/c)2 

Pllc.28(a)-Pacnpe'AeJieHHe He'AOCTaJOIJIHX 
Mace M 1t npoToey B peaxumr ~p--pX 
llPli 16 rsB/c. 3amTpnxOBaHO pacnpe'Ae
JieHHe 1I,1ISI C06UTHt! C m(p~+)~ 1,4 
·r3B/c2(-r.e.noCJie Y'AMeHM 4++(1236)). 
(b)- 3Ha11eHM b(ii), Haff,neHHHe up.a 
Tpexpe~xeOHHOM ~HTS ~aHHllX B peaKUHH 
Wp-,.. pX npn 16 r3B/c ,lT,1llI Bcex co6u
THt! ,1J,1ISI co6m.att c m(F')>- 1,4 r3B/c2 

H m (ps.+) <. l ,4 r3B/c • 3aBHCHMOCTH 
b(~) 1I,1ISI H8CKOJILKHX B03MOEHUX Tpex
pe.n;xeOHHHX Bep!IIHH nmJ'aHH !IpHMHMH 
JIHHMMH (.a3 pa60TH 60 ) • 

3.3. fiomcon R CK8WHIX B U8HT)?8JILHOt! 06JiaCTH 

B ITOCJIS'Affee BpeMS_BllllOJIH8HO H8CROJILKO BQXHUX 8KCilePHMSHTOB 
Ha ycKOPHTeJIHx CepnyxoBa,qiHAJI H HK UEPHa, aaMeTHO npo.HCHHBmHX xa
paKTep 8HepreTH118CKOil 3aBHCHMOCTH ll~3HB~ ce~emrll B ueHTpaJIL
llOil 06JiaCTll. TaK,cOTl)Y'AHH118CTBOM ECM' 61•62 Ha KOHqiepeHUll]O B T6H
JIHCH npe;nCTaBJieHU peayJILTaTu H3MepeHHJI llHRJlll3llBHOro BUXOM :i±, 
I{±, p± IIpH x = 0 B 06JiaCTH 8Heprllil HK lIEPHa 23-" YB~ 63 raB. IIpll 
He60JILIIIHX 3Ha1leHHJIX Pr: 0,04•PT'-0,4 r3B/c 1J,1ISI:t±, 0,):1'.Pr•D,3 
r3B/c ,lT)IjJ I{± If O,lllpTE.0,5 r3B/c ,lT)IjJ p±. STll MHHHe BMSCTe C pa
Hee llOJiytleHHHMH 'AaHHliMH llPli 60Jildlil!X 3Ha~eHH.Hx p/63/ CKOMIIHJm -
p0Balili Ha pHc.29. Mu BH,IUW, 'ITO Citetl.mmroBut! Ilp8'A8JI He 'AOCTHI'a
eTcst 'Aalte llPH 8HeprH.Hx HK UEPHa. Cpe'AHee YBeJIH11eHHe 'AH<ppepeH
UHMLHHX ce11elillft B 06JiaCTH aaeprmt HK OT -ya = 23 r3B 'AO -('i = 63 
r3B B BHmeyKa3aHHOR KHH8MaTH11ec1tofl odJiacTH COCTaBJI.lteT: 

36 ± 2% H 41 ± 2% 1I,1ISI .1t+ H :It-; 
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Pllc.29 8nepreTH'ieclt8JI sa
BHCMMOCTh HHBapHaHTHHX 
HHRJII08HBHBX ce-qeHHff ~ ±, 
p± H I{± npn G CM= 900 ,IJ)ISI 

pa8HHX 8Ha'lleHHff PT npH 
1rneprma: ISR (vs = 23,JI, 
45, 53 H 63 r:in) (,namwe 
H8 pa60./6I-63/) • 

•:,om,.,, g.,.,.~,., I 
~ o.•0'87(;>), K) 0474(p) I I 

'o.•05(~~"~ •• o',, ••••o• ! ' I J, 60 
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PHc.30 0Tnomemm HHBapHaHTHHX ,D;HqipepeHIUYaJU,Rl:IX ce
'ieHHil R=(5"'1m(63 r:iD.)/~1m (23 r:iB) ,IJ)ISI !t±, K± H 
p± IJl2ll VS = 63 H 23 r:iB B 8aBHCHMOCTH OT Pr (H8 pa-
6oii/ oI, 62/). · 
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IloTOK 'iaCTllU npH He60JU,lllllX Pr, B OCHOBHOM, onpe,n;eJlfl'eTCSJ B:U
XO,ltOM IIHOHOB, HO ,D;OJI!{ 60Jiee T.filKe.JlllX 'llaCTllU, KaOHOB It Jly.KJIOHOB, 
pacTeT IlOtJTH .mmeitHO C Pr(pnc.30) • 0,D;HaKO npn MIUill:MaJll,HlJX 8Ha
tteHH.fIX Pr ce-qe:mm IIHOHOB B08paCTaJOT. KallteTCSJ pasyMHUM 06'blICHHTD 
BTOT ajxpeKT yne.JIH1JeHlleM cetJeimn pe80HaHCOB, KOTopoe npHBO,D;HT K 
60Jil,llleit ~one IIHOHOB OT pacna,tta pe80HaHCOB npH MeHI:dllHX 3HaqeHHHX 
pT(cM. pa8,lte~ 4). 0THOmeHHe BHXO,ttOB -qaCTllU H aHTH'l:aCTllU (pHc.3!) 

British - Scandinavian - MIT Collab0rat1on 

I 
.. "•IJG<N 

. o 7 63 

! ::, //1/lfl ii I 

: 1111111 ,, 
,0 ,.-f ;I.' 
os,1,~-"-~--'~o"'s-~~ 

Pr, G~v,c 

P.0:0.3! OTHomeime BUXO
.tta tJaCTHU K Bl:IXO)ty an-
THtJaCTllU n 8aBHCHMOCTH 
OT Pr npH ii = 23 H 
63 raB (Hs paCSoT/62/). 

CHJil,HO MeHSieTCSJ B 8aBHCHMOCTH OT PT H 
S ,IJ)ISI IlpOTOHOB H aJ!THilpOTOHOB • [qlH Hall

Me~rimx anepr:imx H ne6MI:dllHX PT aaMeT
HM ,lt~ IlpOTOHOB npn X = 0 Ha CaMOM 
.ttMe o6paayeTCSJ aa ctteT ~parMeHT~HH 
nepBHtJHllX tJaCTllU, XOT.fI npn yBeJIHtJeHHH 
PT ll 8 OTHOmeime Bl:IXO,u;DB pH p CTpeMHT
C.fI KI, KaK H Me)tyeT Olm)taTh npll l.leHT
.pam,HHX coy,n;apemmx. 

B llHBapllaHTHllX p'.I"'"pacnpe,n;e~eHH.fIX 
IIMOHOB npll HeCSOJII,IIIHX PT (p.0:c.32) Ha6JID.
.ttaeTCSJ 8aMeTHOe YMe~meHHe SKCIIOHeH
QHaJll,Rl:IX HaKJIOHOB, xopomo H8BeCTHOe H8 
SKCIIepmAeHTOB·npn MBHblllllX anepr:imx. IIo
STOMY pacnpe,n;MeHRSI IIO nonepetJHHM HM

IIyJII,CaM HaHJiy1llllHM oCSpa80M OIIHClllla!OTC.fI 
napaMeTpHs~ett ~exp(-~) c nonepetJ
nott MaCCOfi 1!1,r = ~ +.m2• B ~ Ta
KOll napaMeTpHs~ B = 7,I r3B-I ,IJ)ISI 

.3t + -Me80HOB ll B = 7 ,2 r3B.-I ,IJ)ISI .U - -Me-
80HOB. TaKRM o6pa80M, i/B ,::s ms B BeC:&M8. 
nmpoKOM ~soHe SHeprmi. TaKaSI ~e 
T8H'A8HUM K yMelibmemm Ha.KJIOHOB llHBa
pHaHTRl:IX pacnpe.tte~eHHff no nonepetJHHM 
HMIJYJII,caf1 lffill HaHMelibl!IHX 8HatJ8HHJIX Pr 

naCSJm,naeTC.fI K ,IJ)ISI x± H Ir- M880HOil 627 (c COOTBeTCTBYDJtID,IH 8Ha
tJeH:ruJMH B = 6,6 raB-I H 7 ,09 raB-1), HO He OtJeBH,lUla ,1l;JilJ npOTO
HOB H aHTllilpOTOHOB, r,tte CTaTRCTHKa, O,D;HaKO, cyinecTB8HHO 6e,ttnee. 

Pacnpe.ttMeHHSI no 6HCTPOTaM % -Me80HOB npll MaKCMMaJIJ':,RHX 
BHeprHJDC HK UEPHa (pnc.33) c.na.CSo MeHSIDTCJI B HHTepBMe 6ucTpoT 
y < I, HO TOtJHOCTh 8KCII8pHM8HTaJil,HHX 'AaHRl:IX nee _eme He,tt~CTaTOtJ
Ha ,IJ)ISI o,D;Hosna'llioro onpe,n;Memm ~PMH pacnpe,1tMemm no CSucTpo-
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H YB = 53 I'sB .11,1IH HBCl50.lil>~ 
sna~emrli PT fas pa6oTi:l 63 } • 

34 

Tlll-1 npH MaKCHMaJll,HWC y • B 
~aCTHOCTH, yTB8J)llr.n8lm8 0 TOM, 

~To rH,D;PO;n;mmMII'iecKaf{ Mo,n;em. 
lau.nay He OimCimaeT CllCRTpH 
no 6~CWTaM BO BCeM HHTeJ)lla
Jie y' 637 .CcM. nyHKTHJllJYD RPH
ByD Ha pHc.33, IlOJIYtI~ npH 

<pHTe MO,D;8Jm K ,n;aHHw.r 631 npn 
MHHHMaJll,HllX 7 cm.) 1 C MOefi TO~
RlI spemm, HYJ(,na0TCSI B MJU,
HefimeM Il0,D;TB8l)llt'A0HRH, TaK RaK 

eme He HC.KJlll~CHH BOSMOZHHe 
CHCT0MaT~ecKHe OIIIH6KH M8J:JJ.Y 
,n;aHHllMII HCCKOJibKHX 0RCilepHMeH
TOB. 

CHJII>Hoe HapymeHHe cxei!:
JIHHra B ,D;OCTYilHOff 06JiaCTH 
0Heprnft npx X = 0 MOXeT OSlUl
~aTl> JIH6o Heo~elIHlrli pocT 
HHKJiilSlIBHllX ce~emrli npH 'J11J,Jfh

HebeM yB~CHHH 8Hepr:im, 
itait npe,n;cxasiroaeTM B P!I'Ae 
Teope~,c~ MO,n;eJiei!: foM., 
HanpHMeIY, 64 ) , Jm6o cymecTBO
:smme acmmTOTlf!lec1t0ro npe,n;e
Jia. nocne~HHtt no.mco~ L 

B~aeTCH B ~ WXJ)e,n;
xeoHHoro npe,n;~65 •661, .ttK
arpaMMa ltOTOporo npe,D;CTa:BJie
JieHa Ha pHc.34. B 3TOM cny11ae 
HHBapliaHTHOe ce11eHHe HH-
KJIDS:IIBHOli peaxnm1 sarmcUBaeT
cs B BH,D;e: I 

/I 

/ 
I 

:f. :f · 1· :!:. :f 
b bb bb bb bb b 

PHc. 34 JlE:ar,PaMMa ,D;Byxpe.n;xeoHHoro npH6JIID1teHWJ · 11,1!Jl HHKJIDSHB
uoli peamum a + b-c + x B neHT:pa.7II,HOfi o6JiacTH. -'p H"'R -
o6~e cmiry.llJlpHocTH c 8qlpe1tT:1IBHHMH nepece~emrsMR olp (0)=1, 
eC.R(0):1/.2. 

E:;Pr/ = PPP (~)+s-1/4[ ZfRP(~)•;y/2 + ZhB,C~)•-7/2 J + 
R R 

-1/2 Z:, ARR(~) • + s R J J (3.3.1) 

.nono.mmTeJII,HOe npe,D;nOJIOZeHHe O qaKTOJ)HsyeMOCTH OT,D;eJII,HWC BePIIIHH 
.'1j (~) IlJ)lIBO,ttKT K Blijlallt81UDO 

}1j<~> = c-1>2<•1~> otd~ 111j<~>. (3.3.2) 

r,n;e ~eH (-I} 2 (-' 1 +"'j > Bosmmae./ 66/ ns-sa a1tcnepnMeHTaJII,Ho ycTa
HOBJieHHoro pocTa ce~emrli B neHT:pa.7II,Hoft o6JiacTn, a .c

1
,j -nepece

~eHllli -"p(O) = 1 u .CR = 1/2 IloMepoHHOft H Pe.n;xeBCROi!: TpaeRTopmt. 
~J)NYJIH (3.3.I} lI (3.3.2} npllBO,D;f{T K H8Clt0Jll,KHM BalltB!lM CJie,ItCT
BWJM •. B -cmcTHOCTH,HS ma: CJie,n;yeT: 

I} cymecTBOBaHRe acHMIITo~ec1toro IlJiaTo B pacnpe,neJiemm: no 
6HCTpOTaM C 0,nJ!HalCOBOft BHCOTOA (1/~0t)Ed-'6°/d3p • !lpp (m!r) ,ItJIJl 

'iaCTm:tH CH aHTH"UlCTHIUl c; 
2) 8HepreT~8CR8Jl Sal3RCRMOCT1, cpe,D;Heft MHOZ0CTB8HHOCTH ~ac

THI( THna c,onpe~enaeuaa BHpallteHHeM 

r,n;e 

"n0 .> • ~ + bcln s + c0 /{i + dclns/{s , 

be• .J_ 
G"tC:t 

j . d
2
6' 21 f 2 , B ~ dpT • l' llpp(~)~ 

dpLdpT • 
pL.O 
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KpoMe 8Toro, (llOPMYJia (3.3.I) CB.II3HBS.eT :mepreTH'leceyro 3aBHCRMOCTI, 
HHKJI103HBHWC ceqem c qiopMoft pacnpe,ne.n:em no 6ucTpoTaM llPli 
pasHHX aneprHRx, a qepes Bupal!temrn (3.3.2) M0'1tHO cB.1IsaT1> HHKJll03HB-. 
HHe cneKTPH ~CTHU c, o6pa30Ba~ ~~HHMll nepB!f1lliHWI -qacTm:ia.
Nm. KaK 6wro IlOKa3aHO B pa60TalC 66- • 8TOT nop;xo,n.,neHCTBllTeJI1>HO 
OllliCHBS.eT 8HepreTli'C!eCicy10 3aBJICHMOCT1> HHKJII03HBHUX ceqelllill H (llOPMY 
pacnpe,neJiem no 6HCTJ)OTaM B neHTpa.Jll,HOli o6JiaCTH }J)II{ QeJIOro pg,na 
HHKJI103HBHh!X pea.KUmt. Ba,mllil pesym,TaT COCTOHT B TOM, 'C!TO snaqe
lUIB Bepnnrmru:x: ipyHKUnfi .PFIR H f>pp OKa3HBaIOTCSi o~oro nopg~. IIo-
8TOMY npn HCITOJll,30BaHHH .nrunrux npn 11e6on1>D1IDC s11eprMx }J)II{ onnca
HIDI 8HepreTR'!eCKOH 3aBllCHMOCTH HHKJII03HBHUX ceqemtii B neHTpa.1.ll>HOH 
06.rraCTH nocne,nHRM 'C!neHOM B (3.3.I) npeHe6peraT1> H8JI1>3Si. 
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PMc.35 SnepreTH'!eCKaSI 3aBHCII
r.rocT1> mmapmUITHHX MHKJII08HB
HHX ceqeimfi ,r± - Me30HOB B neH
Tpa.Jll,HOH 06.rraCTH (KOMJmJISID;M 
ony6JirutOBaHHHX ,namru:x:; HOBHe 
,naHHl,le: pp• .1t± IIP.H fi = 23, 
3I,45,53 H 63 ra1l6II. Kpm3He
- pe%n1>TaT ,n:ayxpe,ll;llteoHHoro 
wnTa 6/ B npocTpaHCTBe(s,m.r,Y> 
K MHHl:lM pe~ .,.PP-31: ±x IIPH 
I2 H 24 r:iB/cf 691. 
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Pnc.36 311epreTJ11eCK8Si BaBH
CHMOCTl> HHBapHaHTHHX mm.mo-
3HBHHX ceqemtil: ir; -Me30HOB 
B pp-H Ir°p-B3aHMO,neilcTBHSiX 
B ne11Tpam,Hott 06.rraCTH (KO!'r 
IIHJimlHSi ony6JirutoBaHlIHX ,na11-
HHX; HOB'e ,ttaHHlle: Ir"p 32 
ran;c/25 ; pp llPli rs = 23, 
3I,45,53 n 63 raB/621). 

J 

( 

Ha pac.35 npe,ncTaMeHa .KOMIIlIJlSiIUISi .naHHUX npli BHCORHX a11ep
rMX ',wm JU!It1Ill8HBHOro BUXOM 3l± -Me30HOB B neHTpanl>HOit 06.rracTR. 
HacTOSillla.R' CHTYm SaMeTHO OTJml!aeTCSI OT Omr,na.BilleilCSi HeCKOJIJ,KO 
neT TOM'/ HaSBJt O (nyH.KTHpHa.R' KpHBaSi Ha pHc.35 c be = 0,78). 
C1teff.nHHI' JIBHO He ){OCTHraeTCSI ,nallte npH CaMHX BHCORHX BHepr:ruJx. Ho 
,na.HHHe sacTaBJIJmT npe,nnMOD:Tl>, 1JTO C.KeilnHHroButt npe,neJI MOliteT cy-
111ecTBOBB.Tl>, 'C!TO OH ,'qOCTHraeTCSI CHH3Y H 1JTO qialtTOPH88UHSi MOlKeT,B 
xoime KOimOB,TaIOKe BHilOJIHSiTl>CSi. 

Juiyxpe,ll;llteOHHW qiopMaJmSM BOCnpOH3BO,nHT TeH,JJ;emum ,naHHHX 

BMOTl> ,no Ma.KCltMaJil>m/Heprntt. l{pHBH8 I H II Ha pHc.35 npe,tCTaB
JISiJOT peayJI1>TaT qiHTa 66 qJOpMynH (3.3.I) It ,naHHHM pp-3t±x npH 
I2 H 24 rsB/c B npocTpaHCTBe (s,~,;r)~ KpHBue IY l+y IIO~eHH npu 
Hcnom,soBaHHH cooTnomemm (3.3.2) co sna11emmMH ~i u61 ~ B8Si
THMH HS aHBJIKaa IIOJIHHX ceqeHHtt. KalteTCSi y.nHBHTeJil>HHM, 'C!TO ,n:ayx.
pe,tJ;JteOHHHtt a.HaJllI3 npli Tama: CpaBHKTeJIJ,HO He6om,tmJX aneprHSIX (npo
Be,neHHHil ,to Toro, Kalt 6WIH nOJIY'{eHH ,naHHHe npa aHeprHJIX cBwne 
IOO rsB) o6ecIIetmBaeT TB.ltOe o6entaJOll!ee OIIHCaHHe NtHHHX, IIOMHMO 
He60JII,lllHX OT~ ]1)fSi pea.RUHH pp-+-9C +x. 

B pea.RUHH 3',-p-,...s.-X C CHJII,111:lM 8qlpElKTOM ~ett 'C!aCTJlUH 
a11epreTR1Iec1tWI saBHcHMOcT1> ce11em .npli 11e60JI1>111HX aneprHSIX cHaqa
.na 38.MeTHO oTnnqaeTCSi OT ,lUlYI'lDC perucwrii. O'AHB,ICO IIO Mepe YBeJIR
'l!eHWI. BHepr~ :aa6.mo,naeTCSI Ta n ca.MaJI TeH.1teiiu11a.BoJiee Toro, 
8HepreTRtieCKaSI 3aBHCHMOCT1> ceqeHHtt 8TOil peaitnHH xopomo OIIHCHBa
eTCSi qiopM;Vnott (3.3.I), .KOr,na 8Ha1JeHHe be 3aqlliltCHp0BaHO paBHllM 
b O }J)II{ pea.KUHit PP- .1t±x (KpHBaSI III Ha pac • 35) • CHTYattml c npli-

6JmateHHeM R c.Kett.mmry B ueHTpaJU,HOii 06.rraCTH }J)II{ pea.KUHtt pp-K:x 
. HK•p•K:x npe,ncTaMeHa Ha pac.36. Mll BH,1tID,I, 'C!TO 8HepreTJftI8CltM 
3al3HCHMOCTI, ceqemtiJ: }J)II{ perucwr:a PP- x:;x OIISiTl> cor.rracyeTCSi C 
,n:ayxpe,tJ;llteOHHHM npe,ncTa.BJleHHeM. HeIIJIOXO .• OIDICHBa!OTCSi C IIOMO!lll>ID 
,n:ayxpe,ll;llteOHHOtt IIapaM8TPHSattHH H CIIe.KTPH. x:: -Me80HOB IIO 6uCTJ)OTa.M 

'°rr-,~~~~~ B c.u.u.(p11c.J7). 
PP-tt:X t 12Gf!t/lc 

o 14 -•
• 69 -•-
0 300·•-

I 

i·~_,1_. 1~:<' \ 
,o-~~-;•"'•~a\,_,.'--:,.a-, -<-c,:'._,~~, • .,..~ 

' 

_Pnc.37 Pacnpe,neJiemm IIO 6HCTp0Ta.M B peB.lt
n:ruJX pp..- x:x H npe,ncxasaHHSI ,ttByxpe,ll;llte
oHHott IIapaMeTpHsaum:1. 
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To llte,c 60JII,Illlill!H orOBOpKaMH,OTHOCHTCH H K perucumr Ir"p-K;x 
(pHc.36) 

1 
r;a;e RR -TJJieH B qx>pMYJie (3.3.I) OTB8TCTBen Sa n~em,:e 

cetrewrli B HHTep:aa.1Ie nepBH"lllllX HMl!YJibCOB OT 5 ;a;o I6 raB/c/
681. B 

HHTepBaJie OT I6 ;a;o 32 raB/c cetremm BWCO;IU{T Ha IIJiaTO, H .neyxpe;a;
JKeOHHaj! '1T, npo;a;eJiallllllll coTpy~ecTBOM ~HSI-CCCP rr UEPH
-eccp'25 }J,lfJ{ ;a;aHHWC oT 5 ;a;o 32 raB/c, yxasimaeT Haro, trTo ce
,remm ,r.«)JI)KHH Ha~Tl> pacTH IlIJlI 6oJI:r,nmx :meprHSix. 3Hatremre b0 = 
= 0 , I52 ± 0, 030 }J,lfJ{ 8TOll perutUH.II, IlOJJYll6HHOe H8 ~Ta ;u.a:mmx: B HH
TepBaJie OT 5 ;a;o 32 raB/c B IIpOCTpaHCTBe(s,m.r,;r) 51, BIIOJIHe COB
MeCTHMO C aCUMilTOTmecIDIM 3Hatre:imeM }J,lfJ{ perutUH.II PP- K:x (pHc.36). 
Ilo3TOMY o6pa30Ba!IBe K: B ueHTpaJIJ,HOtt o6JiaCTH TaKllte COBMeCTID40 

C qiaKTOpH3au1rntt • 
3HepreTHtreCKM 3aBHCHMOCTl> cetreHHil BWCO;na A-H ii. -r:imepo-

HOB IlplI X = 0 (y = 0) Bpp -B3aHMO

:0- 10-
1 

E 

0 

_i, . ,., _, 
"0 10 

b 
"0 

10 

+ . t ♦ t 
•PP-AX t -
opp-AX 

p-M tr,19"'flltahon 

~rr···· . . t / ,~,,., ,,, '"'""'~ 
/ '::i:~5~ 

~' ·[1\\_ 
0 • 

1000 

Piab (GeV/c) 

~c.38 Cetremm nwco;a;aA-H 
/\-runepoHOB B pp-BSaHMO;a;ett
CTBIDIX npu Y = 0 B SaBHCH
MOCTU OT ne!)BmHoro HMl!YJll,
ca Cua pa6oTuf ISI/). 

.I(ettcTBHSIX (pHc.38) B6Cl>Ma HaIIOMHHa
eT no;a;o6Hyl0 3a.BHCUMOCTI, }J,lfJ{ IIpOTO

HOB H aHTUllpOTOHOB. Cetiemm A-ru
nepoHOB c.na6o MelUiIDTCH B ;D;OCTyIDIOM 
UHTepBaJie ::meprntt, B TO Bpewr KaK 

cetreHHSI 'ii. -rnnepoHOB BOSpaCTa.IDT 
llOtrTU Ha TpH IlOJllJ,IUCa B HHTepBaJie OT 

IO ;a;o IO0O raB. 3TO noBe;a;emre cetie
imft An A npH y = O nHTepecHo 
CpaBHHTI, C 8HepreT.IN6CKOil 3aBHCH
MOCTJ,ll HX llOJIHWC HHKJIIDSHBHHX cetre
mm (puc.3). 0;a;Ha H3 B03MOlltlWX HH
TepnpeT~Htt 8TUX 3aBHCliMOCTell coo
TOUT B CJie.eyD!leM. ~ D ce-qeHHe 
A-runepoHOD OT npoueccoB qiparMeH
T~ ;D;OJD!tCH 6uTl> He60JIJ,lI!UM, TaK 
KaK B PI>-B38.RMO;D;ettcTBHSIX CHCTeMU 
(ac) H (be) HMellT 8K30TlltrCCRHe 

ltBaHTOBue ,mc.na. Ilo8TOMY 6HCTJ)!:ra 
pocT cetieHHtt A -rnnepoHOB c aHep
ruen. no-BHJtHUOMY, CBll8aH C UX ueHT-
paJil,Hl,JM poJK,IteHHeM. lapHoe poJK,Iteime 

AA He MOJKeT 6UTl> 60Jil,lllllM IlIJlI He60JIJ,Jl!HX 8HeprHSIX, TaK KaK nepe-

38 

I 

,ItaBaeMUe HMl!YJil,CH t1 H t 2 (BCTa.mta Ha pHC.38) He MOryT 6uTl> o;a;
HOBpeueHHO MaJIH. Ho no Mepe yBemrcremm aHeprHH napHoe po;;r,neHHe 
AA BospacTaeT. 06pasoBaHHe /I -rnnepoHOB B npoueccax qiparMeHT~HH 
npoTOHa TaKl!te SaBHCHT OT tmin H,CHatraJia BOSpacTaeT C yBeJIHtreIDieM 
8Hepr:im no Mepe yMem.memm ltm1.n,. O;a;HaKO npn ;D;OCTaTO'lHO 60JIJ,llIIDC 
8Heprrurx BKJIB,lt npoueccOB qiparMeHT~· p-A B cetreHHe BUXOM -/\
-r:imepoHOB np:ir x = 0 HaimHaeT na,naTl> (Bepxrum BCTaBRa ua pHc.38), 
IlOCKOJIJ,Xy 

2 
2 <mt\X,. _j__ 

tm1n ~ (1 - xl\X)lll;p (1 -~ Ix I). 
. lll;p :/IK 

1Io8TOMY llOCTOHHCTBO cetreHiril A -r:irnepoHOB npli y = 0 HBJmeTCH CJie;a;
CTBHeM cynepnosnumi: ;a;Byx aqxlieKToB: pocTa ce-qemrtt A B ueHTpam
runc ~eccax n na;a;eHIDI B.KJI8,1ta cetreHHft OT npoueccoB qiparMeHT~Hli. 
CJie.ey-eT OJKH;a;aTl>, tiTo np:ir ·;a;aJil>HeflmeM yBeJIH-qeHHH aHepr:irn cetremm . 
/\ -rnnepoHOB HatfHYT SaMeTHO BOSpacTaTl> • 

TaIWM o6paSOM, axcnepHMeHTaJIJ,HHe ;a;aHHUe O,ItH03Ha'llIO yKaSI:1-
BaJDT Ha QlfJIJ,HOe Hapymemre CK8MHHHra B ueHTpaJIJ,HOfi o6JiaCTH B ;a;oc-. 
TyllHOM HHTepBaJie BHeprrrll. B ro xe Bpem _HS BUlllenpHBe;a;eHHoro pac
CMOTpemm MOJOIO 6wro 6u C;D;eJiaTJ, BID30;D; 0 COBMeCTHMOCTa;a;amrux C 
CYllleCTBOBaHHeM aCHMIITOTHtrecxoro npe,IteJia, npe,ItCKaSUBaeMOro B paM-

/ xax ;a;ByXpe;ltllteoHHoro no;a;xo;a;a. 0,D;Hruco Trutoti: Bimo.rt 6WI 6u, noza-
.nyt!, npez,u;eBpeMeHHHM. KOMIIHJIJJUll'H ~t;IIpO;D;eJiaHHWI R:M-coTpy;a;-

~ pp - ll' • , anything H.H11eCTBOr.r O , IIpe;D;OCTeperaeT HaC OT "i eo BOSMOlltHOft npe;a;BSHTOCTH. lllmapHallTHHe 
f 70 l ceqemm }J,lfJ{ perutUl!fl pp-~±.x npH x=O 
..:: 60 . J;\ H PT = 0,2 raB/c, npe~CTaBJieHHHe Ha i 50 . ~t pHc.39 B BR.rte ~ OT logs, XOTH 
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Pac.39 SnepreTH1:Jec.KaJI saBHCHMOCTl> 
mmapHaBTHWC ce-qeHHtt pea.Klld PP-'l"±x 
lIJlll x=O n Pr=□ ,2 f3B/c Cns pa6o-
Tif6I/). . 
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ll cor.nacj'IDTCSI C rrpe].tCKa3amtfl.Mll ;iu3yxpe~eOHHOro qiopMaJIB3Ma, HO 
Ta.IO!te COBMeCTHMH H C ~orapHq:t.!ll'IeCKHM rum ].truKe CTerreHHHM poCTOM 
cetJ:eHHii (-A.+Bs-' H.C> 0), T.e. c OTCYTCTBHeM cKeitlmHI'OBOrO rrpe].teJia. 
Heo6xo.nm,.m 6o~ee TO'l:Hl,Je ].ta.Hillie }J)I.SI IIpoSICHeHHSI 8TOii KapTHHH. 

B 8TOfi CBSI3H HeJI1,3SI He cxasaTb O Ba.1KHOCTH H3Mepemm pas~
H!,IX MOMeHTOB pacrrpe].tMeHHfi IIO MHOJKeCTBeHHOCTH BTOpH'l:HWC tJ:aCTHtl B 
pa3JIH'IHWC 06.naCTSIX (p8.30Boro rrpoCTpaHCTBa H oco6eHHO B 06.nacTH 
ITHOHHsaumr ,r].te Ha6JIIO].taeTCSI ].tpa.Ma.THtJ:eci<:oe ~pymeHHe cKettml:HI'a. 
Cor.nacHO TeopeTH'l:eCIWM rrpe].tCTaM8mtfir/71• 8HepreTH'l:8CKHfi pOCT MO
MeHTa <nend> }J)I.SI l!HKJIID3HBHOll peaimmt a + b- C + d + :Z: B O~CTH 
IDIOHH38UHH MOlK8T 6HTb llpH orrpe].te~eHHHX YMOBHSIX Ha BH60p (p8.30BOro 
npocTpaHci:sa otJ:eHb doJII,llllfM ~ s/ln"" s ( -.> O). HcMe].tOBaHHe accouHH
poBaHHblX MHOlKeCTBeHHOCTefi<'n(~)> }J)I.SI pSI].ta l!HKJIID3HBHHX peatmHtt 
a + b - 0 + 1,( IlOKaSaJIO , HarIJ)Htmp,. '!TO omr xapaKTepHSj'IDTCSI paSHll

Mll Sa.BHCHMOCTSIMK OT Mi BO q>parMeII:rSUHOHHHX H neHTpanbHHX 06.-rrac
TSIX, B03paCTM HaMHOro 6ucTpee C fAi B neHTpaJibHOI o~cTv/

72-
74

/. 
:3HepreTll'l:eOKaSI SaBHOHMOCTD l!HKJIIOSHBHl:DC oetJ:etmil B ueHT~ 

HOU 06.nacTH (pHc.35,36) H OOOTHomeHHSI(3.3.3),(3.3.4) HM8DT Ta.KlK8 
O'l:eHb BaJKHOe SHa'l:eIIHe }J)I.SI SHepreTH'l:ecxon SaBHCHMOCTH ITOJIHOii MHO
lKeCTBeHHOCTH sapglKeHHHX 'laCTHtl, KOTOpruI ].tOJDitlia HMeTb Ty xe qlOPMY, 
'ITO H (3.3.3), C KOaj$mHellTOM nep~r logs -'IJJI8llOM, ll8JIHKOM Orrpe].te
MeMt,IM ueHTpanbHHMH coy].tapeHH.fiMH • Hs TeH,D;eEUHlf ].taHHHX Ha pHc. 
35,36 MelJYeT, 'ITO STOT KO~HeHT rrepe].t lns B 8HepreTH'!eCKOii 
Sa.BHCHMOCTH cpe].];Hefi MHOlKeCTB8HHOCTH sapsmeHHHX 'l:aCTHtl ].tOJDlteH 
6HTb~2,5, T.e. DWI.le, 11eM o6wmo rrpe].tllo~aeTcSI. IloaTOMY Heo6xo
].tllMO co6JIIO].taTb OCTOpolKHOCTL IIpH Cpa.BReIDm MHOlK8CTB8HHOCTett BTO
pl!tIHHX tJ:aCTHtl B KOCMH'l8CKIDC JrY'laX IIpH 8HeprHSIX I012-I□l6 aB C 8KC
TpalIOMUH8ii ].taHHHX rrpH yCKOpHTMDHUX 8HeprHSix. 

0].tHaKO aila.Jl!iS ].taHHHX no mlfp01G1M aTMOC\I)epHL!M JWBHSIM' IIOXOlK8. 
YKaSHBaeT Ha ].tal!te 6o~bmee yBeJIH'l:emre '10lK8CTB8HHOCTett BTO~'IHWC . 
tJ:aCTHtl npH SHepr:imx xocMHtJ:ecKHX JIY'l:8fi 5/. .llpyrHe ].taHHHe' '6-?B/ / 
IIO KOCMH'l:eCKHM JrY'laM, rrpe].tCTaMeHHHe Ha KOH\I)epeEUHD B T6H~HJ : 
Taitllte yKaSHBaIOT Ha OTMOHeHHe OT cxeitlmHI'a (o ].t8Ta.JISIX CM. g ). 

• ) ~ B cpe.nmm MHOlK8CTB8llHOCTb sapSIJKeHHUX tJ:aCTHtl OT qiparMeH
TSUHOHHHX rrpoueccoB ~ n;,, fragm.,. a·+ b/,'s. 
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KoHetJHO, 8TH yKasaHHSI He SIBJIJU:lTCSI 'l:eM-TO HeOlltll,!UlHHHM, Tax KaK 

CRJll>H08 HapymeHHe cxeftmmra HMeeT MeCTO H IIpH ycxopHTMbHHX 8Hep
rHSIX. BaxliO ,JUlYI'Oe - CT8ll8Hb HapymeHHSI cxe~HI'a, KOTOpruI MOlKeT 
6HTb JIH60 COBMeCTHMOii C CY1118CTBOBaHll8M acHMIITOTH'l:eCKH H8SaBHCSilllHX 
OT aHeprIDI ce11eHHii, ~60 C HX clecrrpe].tellHHM poCTOM. B 8TOfi CBSI3H 
SI XOTM 6u eme pas o6paTHTb BHHMaillle Ha TO, 'ITO MaCmTa6 SHeprHH 
B ueHTpanbHOfi 06.naCTH 8CTbYs no Cpa.BH8HHD Ca BO <pparMeHTSUHOHHHX 
npor~eccax. Ilo8TOMY MOlKHO O!W].taTb COBepmeHHO HOBHX SIBJieHHfi rrpll 
8HeprHSIX,Ha.MHOro.rrpe~HUl8DnBX ~HeprHH,].tOCTylIHH8 cerO'AHSI Ha ycKOPH
TMSIX. AHaJms IlpoXOl!,U;eHHSI BTOPH'IHHX tJ:aCTHU 'l:epes aTMOC<pepy B KOC-

. MH'l:eCKHX ~ .YKaSHBaeT Ha :ro, 'ITO,B03MOJICHO, Ta.Koe CJiytJ:ae:rca rrpn 
SH8J;)I'HJIX !□14-IOIG SB• 0'l:8BimH0 1 '!TO yOKOpHTe~ HOBOro IIOKMeHHSI 
c 8HeprHefi ~2 TsB H C HaKOITHT~HHMR KMl>UaMlI He06XO].tllMH 1I,7ISI KO
JllirCI8CTBeHHoro a~sa STHX HHTepecHHX SIBJieRHfi. 

·4. JfmcJmSHBHOe o6paSOBaHHe peSOHaHCOB 

B HaCTOsmtee BpeMSI MHOro BHHMaHHSI Y'A8MeTCSI H3YtJ:8HHD HHKJJl)
SHBHOro o6paSOBaHHSI peSOHaHCOB, IJTO o6yMOBJI8HO H8CKOllKHMH rrpH
'l:HHaMiI. r~aBHM - 8TO 06Ml,HOe o6pa30BaRHe pesoHaHCOB, ITpolJYKTii 
pacna],ta KOTOPHX COCT~T SaMeTHYJ) ].tOJm OT Ha6Jm,naeMUX B KOH8'q
HOM COCTOJJHmt 'laCTHU. KoppMS!llllOHHHe a@JeKTH, Ha6Jm].ta8MH8 B rrpo
ueccax MHOlteCTB8HHOro o6pasoBaHWI 11aCTHU, YKaSHBallT Ha TO, 'ITO 
MHOrHe IIHOHH BOSHHKaDT OT pacrra].ta K.naCTepoB C ·60~:&IIIRMH MaCCaMlI. 
CTaHOBHTCSI Bee 6o~ee OtJeBH,IUtHM, '!TO Ha6JIIJ].taeMHe KOPOTKO].teficTByt)
Illll8 xoppe~ Ha OaMOM ].te~e MOryT 6H~D o6yMOl3JI8HH o6paSOBaHHeM 
peSOHaI!COB. Eonee Toro, pe3Dll8llCU, SIBJIJIJICb, TaK cxasaTb, po,lU1-
T8JlbCKHMH 'l:ac:rnnium, Hyllme OTpalltaDT xapax:repHHe, nepBHIJHUe IJ8pTH 
B3aHMO].tettcTBHSI, 1i8M 'AOtJ:epHHe tJ:aCTHUH, Ha KOTopue OHM.pacna,nruoTCSI. 
STO 0'l:8Hb BaltHO 1I,1ISI rrpo13epKH pasJlHllllHX MO)tenel OHMMeTpHH H KBap
KOBUX MO)l;Mel. HsYtJ:eHHe Ma.TPHU OIIHHOBWC MOTHOCTefi IIpH pacrra,ne 
peSOHaHCOB rrpe].tCT~eT Y~HHe BOSMOlKHOCTll }J)I.SI HCMe].tOBaHHSI 
,lU!HaMHKH rrpoueccoB pol!,U;eHHJt tJaCTHU. Haxolieu, H80D].t8llHO 60JII,lll0ll 
BHXO].t rrpSIMWC ~elITOHOB B a,Iij)OH-8,ItJ)OHHHX BSaHMO].teficTBHSIX TaKJKe yBe
JIH1lHBaeT llHTepec K llCMe].tOBarum Me30HHHX peSOH8llCOB, KOTOpHe MO
ryT 6HTb OTBeTCTBeHHI:l', IIO KpallHett Me~e, sa 'l:aCTb Ha6Jm,ItaeMoro 
aqxpex-.ra. 
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4.I. lli!Kmo3HBHOe o6pa3o:eamre M030HHWC pe30HaHCOB 

8HepreTH'lecKruJ 3aJ3HCHMOCTl> HlllQII03HBHWC ce'lemrli odpa3onamm 

2Qr--------------, 
t PP-p'X 
o PP -p•X 

D 151 • :rp-p•X a) 
E ':r•p-p•x } 
- 6 Jrp- fX 

• 10 • ,:p- fX a.. o JI' n-p•x 

,; 5 t ----.- .-- j:_:.::-f?'+✓-=q- ---
O' ••*?,-,-•J 

b) 

06 

~ 04t J ------+·+:::: ~ __ .. -~---♦- ❖~ 
02_,.-,-t- ----. ..------• 
i ,:r,·l-,---~--11--- ----- -t c> 

~ 01 _I ·-•-l+-==-=+=4= 
V 0 

5 ~ICIOl-'---'--!50~~,;--'--'-.J 100 500 
P1ao (GeV/c) 

Pnc.40 8HepreT~ecKaR 3aBHCH
MOCTl> HHKJI103HBHHX Ce'lemrli 9 q__ H 

f-Me30HOBi (a)-HHRJIXJ3HBHHe ce
'lelUf.R g0 H f B 3aBHCHMOCTH OT 
PJIABi (b)-cpe,n;rum MHOllteCTBeH
IIOCTl, j> 0 B 3amICHMOCTH OT PJIAB; 

(c)-OTHOmeHHe <'n(j> 0 ~/..:'n(%~)> . 
B 3a:BHCHMOCTH OT PJIABi ltpl!B!,J0 
npoBe,n;eHl,J 'lepe3 BKCHepru.ieHTaJII,
HHe TO~ (KOMIIHJIH!llUJ ony6JIHKO
Balil!WC ,D;aHH!DC; ,¾Oie ,D;aHHHe: 
~-P 200 rsn/d 80 , 40 rsn/c/81/ 
2I rsB/.c (11:-p H aC n '}3 ~HHwc 
no ,i-ai'82/ :i:s rsn/cf 83/; jip 
9, I rsB/c/fa/). 

p 0 I1 f B a,D;pOH-a,IU)OHHJDC B3aIIMO,D;eitcTBHJIX ,D;eMOHCTplfl)YeTCJI Ha pHc. 
40. 3,D;eci, lite IlOKa3aHH cpe,n;IDJJJ MHOlKeCTBeHHOCTl, j> 0 Ha Hey~e 
CTOJIKHOBeHHe 11 OTHomeHHe <n(si 0 )>/<:n(a'c)>. Kalt H B pa60Tef 83/, 
M!I onpe,D;eJIBJIH <n <=--c )> KaK cpe,D;lllOD MlIOl!t8CTBeHHOCTL po~eHHHX :It - -

-Me30HOB, ,D;JIJl Toro 'ITOO!,J y-qeOTl, CHJII,M B@ieKT JIH,D;HPYJ)lltH 'lac
T,m H sifxpeKTH coxpaHeHrut sapg,D;a:✓n(.1t'c)~-<'n(,lC};,,-1 ,D;JIJl :-pH 
..::n (gc l,> .. ci ( .X - )> ,D;Jili 'BCeX OCTaJll,H!DC B3aHMO,D;eficTmrli • .If.aHHl:le CBH
,D;eTeJU,CTBJDT 00 O'ISBH,ItHOM p0C'1'8 O'(s, 0 ), O'(f) I1 <nw 0 ),- C Yl38Jm'le-' 
HR8M sneprmI. cor.nacy!)lllI1MCII C JiorapH(JWf'leCKOH 3al3HCHMOCTLD. JIH
mm Ha pn:c.40(a) :a {b), npoBe,n;eHHue Ha r.na.3 'lepe3 sxcnepn:MeH'l'8Jll,
HUe TO'lltll, COOTBeTCTBYJOT 

o(s, 0 )PP~ 2 ,4lno , 

6'(o o) "' 1 , Una , 
;i- #P 
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<'n~ 0 )~p ~ 0,08lna , 

<n(_p 0 >:p ~ 0,04lna • 

TaKHM o6pa3oM, HMeeTCH cepLe3Hoe yxa3aHHe Ha To, 'ITO snepre
TH'l:eCKM 3aBHCHMOCTl> Ce'leHlifl o6paso:eamm .f'o -M030Ha IIpHMepHO B 2 
pa3a QHJil,Hee B PPT 'leM B sp-B8aHMO.n;ettCTBHSIX B HCCJie,D;OBaHHOli 06-
Jia.CTH SHeprmt. 8TOT sqxf>eKT CJie.ey-eT OTHeCTH sa C'leT C.IIJII,HOro Bq>
ipexTa JIH,n;HIJYX)llleti 'laCT~!l B peaxurunc 3t±p - j> 0X (pHc.4I) •. lfa SMIIH-

0004 

INVARIANT CROSS SECTION 
FOR ~ IN 2"-p-pex• 
ANO K"° IN k.p _K .. x• 
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T 

: 0003 
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-o 001L____i_ 
·10 _05 I 

.,·ct . " ".;; 

05 l0 

x:s p; Ip:..._ 

PHc.4I Hru!apl!aHTHHe x-pac
npe.n;eJiemm .9°-Me30HOB B 
x"°p-B8al!MO,D;eficTBHJ!'X H 

K.(890)B K""p-B3aHMO,D;eitcT
:rumx npn: I6 rsB/c H me 
pa3HOCTL {R3 pa60T✓B3/) • 

I6 rsB./c: 

6"fragm. <.f O) • J, 1±0,JM6 , 

pl!'qeCKOro q>a.RTa, 'ITO B o6JiaCTH 
X> 0,4 x-pacnpe,D;eJieHlifl ,D;JISI peaxuutt 
.1t-p-_p 0X H K'"p-K* 0 (890)X IIJlU 
rsrsB/c IIpaKTH'l0CKH COBIIa,n;am7831, 
pasyMHo npe,D;IIOJIOlKHTL, 'ITO <pparMeH
TanHOHHM KOMIIOHeHTa Ce'leHHJI J'o -
M030Ha Pal3Ha llOJIHOL\Y Ce'leHHIO o6pa-
30BalU1R K* 0 

(890)-MeSOHa, IIOCKOJIL
ey llOCJie,D;Hee IlO'ITH UeJIHKOM OOR3a
IIO q,parMeHTBUHOHHOL\Y npoueccy. Ta
IG!M o6pa3oM, MOxtHo ouemrTL ce'lemre 
ueHTpaJILHoro o~pa30Banrut_s> 0-Me3o
Ha, B!l'ql!TruJ 1!3 llOJIHOro HHRJIXJ3HBHO
ro ce-qe·mm J> 0 -Me3oHa ce'lerui:e o6-
pa30Banrut K* 0 (890). nettCTBHTeJil,HO, 
pe3JJI1,THIJYX)lllee pacnpe,D;eJieHHe 
(pHc.4I) o6Jia,n;aeT BCeMH 'lepTBMlf, 
KOTOpHe MOlKHO OlKH,D;aTl> OT ueHTpaJII,
HOti KOMIIOHeHTl:l. 8Ta npoue,n;ypa, Ta
KHM o6paSOM, IIOSBOJilleT C,D;eJiaTb Bll
BO,D;, 'ITO q,parMeHTBUHOHHOe 06pa30-
Bamre j> 0 -Me80Ha RBJ11I0TCH ,D;OMHHH
PJDllID.f B s"p-B3aHMO,D;eficTBHJ!'X IlpH 

~entr. ~o) • 1,G±o,5M&8;/ 

Mu BH,D;eJIH paHLme, 'ITO 11,1lH peaK!Vftt 31,-p-.,cx l! W-p - Kllx, 
r~e wparMeHTanHomwe npoueccu OKa3HBaDTCJI ,D;OMHlllIJlYDlltHMlf, sHepre
TH'lecKBJ1 3aBHOHMOCTl, ce'lemrfi B ueHTpaJil,HO! 06.nacTU CHa'laJia ·cHJIL
HO OTJmliaeTCH OT ,n;pyr:ia: peaxumi (pHc.35,36), a 3aTeM cTaHOBHTCR 
YHHBepca.nJ,HOtl no Mepe BOspacTamm BHeprl!l!. lfMeDTCH Bee OCHOBaHHJJ 
IIpe,IJ;IIoJiaraTL, 'q'l'O Trutoft ze Mexrum:3M OTBeTCTBeH H 3a eaepreTH
qecltyl) 3a.BHOHMOCTb Ce'lelildl o6pa30BaHrut ~ 0 B :11.±p-BSaHMo,n;eao~-
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me. IloBTOMY MOlitHO ,n;onyCTHTJ:,, 'ITO aCHMilTOTH'IeCKH, KOr,n;a 
0-centr. Cj> 0 )> O'fr gm(_p 0

), BHepreTH'!ecxrur 38.BHCHMOCTI, 6"~<>) H 

<n(p 0 )> 6y,n;eT B x!p-B38.lfMO.n;efiCTBruIX TaKOfi xe. KaK H B PP-B3aHMO
,n;eficTBHSIX. 

Ma BToro paCCMOTpemm CJiepyeT, 'ITO OTHOmeHHe 
R = <n(_po)>/~n(fl.)> 6y,n;eT aCliMIITOTH'IeCKH O,n;HHaKOBHM B zp-H pp-B3a
llMO.n;efiCTBURX ll He 38.lH!CSllllllM OT :meprm1. TO'IHOCTI, HMeIOOUIXCR ,Il;aHHBX 
H CpaBHHTeJI!,HO He6om.mofi llHTepB8.11 BHepr:irfi IlOKa He Il03BOJISIDT pe
llIHT~, ycTaHOBJ!JraC]:, Jm Ta.KBR aCHMilTOTH'!eCKM TeH,neHIJ;HR np:ir ,n;oc-ryn
HBX 8HeprHRX (p:irc.40(c)). Mcc~e,n;oBaHlle 8HepreTH'!eCKOfi BaBHCHMOC
Tli OTHomeHHR R BCCJ:,Ma KPHTH'IllO lI,1IR npoBeprur ~KOBBX MO,n;e
~eri/84 •85/ • .AmiCOBH'I H mexTep npe,n;CKa3I:lBB.ID'l"' 841 , "ITO aCHMilTOTH
-qecKH R41:p = Rpp .. 0. I8. Kor.na r.naBHI:lfi ~ B o6pa30BaHHe Me30-
HOB ,nruoT ueHT~I,H&e co~peHHR. Jl:aHHue np:ir HeClO.lI1,IJIHX BHeprrurx 
npoTliBOpe'!aT O,n;HHaKOBI:lM 3Ha'IemtfIM Rsp 11: Rpp • IlO-BJI,ll;HMOMY, r.naB
HI:lM o6pa30M H3-3a ,ll;OMHHUpyiomero Bit.Jia,n;a q>parMeHT8UHOHHWC npouec
COB B peam:i;l1:RX s±p..- n°X. IlpH MaKCHMaJU,HWC 8Heprrurx R •R , 

~ 4tP pp 
HO MeHJ:,me npe,n;cKaawiaeMoro 3Ha'!eHHR. qTOOI:l yMeHI,IIIHTI, 3Ha"!eHHe R 

B KBaPKOB0:0: MO.n;e.im, MOIDIO BBeCTH KOpoTKO,n;efiCTBym1ue KOppe~HU 
MelK,JJ,y KBapKaMH (u.im napTOHBJ&r). EcJm: Me30H MaCCI:l M o6paayeTCR 
KaK c:rurnaimoe cocToJJmre KBaPKa u aHTHKBapxa (c r.iacca.MH m1 n m2 ), 
TO cpe,mr.RJJ pa3HOCTI, 61:lCTPOT MelKJJY JmMHAy..,ln(M2/(m1~)). Bepo
SITHOCTJ:, HafiTll TrutylO napy yMeHI,UJaeTCR C yne.imqeIDieM 4Y KaK 
ex~(--.{Ay), 'ITO llpHBO,!(IIT K Ha~emno SU(6)-cm.!MeTpHH c (p!UCTOJ)OM 
(M )--'. Taxoe paCCMOTpeHH✓8 { Il03BOJISleT IlOJJY'IHTl, OTHomemm JJ/Z = 
= o,07, K/Jr= 0,09 H K*/.il"aO,IO, e~. Kalt BTO CJiepyeT H3 HecKom.
IruX TeopeTU'IeCKllX paCCMOTpeHHt1:l52 ,531,npe,llIIOJIOJmTJ:,, qTQ ~ = I 
(cM. Ta.IOKe paa,n;M 3.I). 

Ha pnc.42 np:irne.n;eHu .n;aHHue 06 8HepreTH'IeCKOfi SaBHCHMOCTH 
ce1Ie1mfi K*:!:(890)-peaoHaHca. B ap-H pp-nsa:irMo.n;eficTBHRX ceqemm Bu
xo,n;a peaoHaHca K* (890) saMeTHO HIDKe c_eqemrn .,p 0 -MesoHa, HO 
6ucTpO B03paCTruoT C yne~eIDieM 8Heprmi:. Kax BH,ll;HO H3 pHC. 43' 
pe30HaHC K"t890) OClMl>HO po,ir.,naeTCR B K±p-B3aHMO,n;eficTBHSJX, r.ne 
BHepreTJitiecKM BB.BRCHMOCTI, ceqemrn (pHc.42) saMeTHO 6o~ee CJia6M, 
'!eM B PP-B3al1:MO,n;efiCTBHRX. Ce'!eHHe po'1Q];eHHSI K*(I420) HeBeJmKO 
(pnc.43) n no oueHKaM cocTaBJI.fleT ue 60.m,me o IO% OT ce1Iemm 
K,890). Eo~I,maa: 1IacTI, K.(890)-Meaouon B K±p-naa11:Mo,neficTwx 

poJK,JJ;aeTCR B C06I:lTUJIX C MaJIOfi MHOJlteCTBeHHOCTJ:,ID {p:irc.42(b)), HO 
B~ 60~1,IIIHX TOITO~orufi B03paCTaeT c_yne~eHHeM eueprHH. 
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Pnc.42 8HepreTH'!eCKaR 3aBHCH
MOCTJ:, ce'!eHHfi peBOHaHCa K*(890) 
(a)-HHKJIIOSHBHoe ce'l'.eIDie K* (890) 
B 3aBHCHMOCTH OT PJIAB; (b)~aamr-

100 

±r-----. i---, 

32 0.V/C K •~•···· l 
,. A •I K•p-K•n•x 

. .. 

bl K-p-K•,rx 

M(K"ntl,OeY 

Pnc.43 CrreKTPH BqXpeKTHB
HBX Mace (~)ti,~+ ll (b) 
K~- B JCTp'_88/ H I("/_.87/ 
B3aHMO,IlefiCTBJIRX, COOTBeT
CTBeHHO,Ilpll 32 rsn/c; Kpu
Blle - pesym.TaT q>HTa K 
pacnpe,n;e~eHHID BpattTa-Bur
Hepa H q>OH. 

CHMOCT!, ~(K*-(890) B K""p-BSaHMO,IleftcT- . 
BIDIX OT PJIAB lI,1IR pa3HBX MHO~eCTBeHHOCTei/871; (c)-,n;~ Kn-Me3o-

HOB (K0 +K 0 ) OT pacrra,noB K*+ (890) HJm i{*- (890) B K±p-B3aHMo,n;ei!cT
BHRX B 3aBHCHMOCTH OT p.lL\B; (iOMI111:~·ony6J2oBaHHBX ,naHHBX; 
HOBHe .n;~HHije: K""p 32 ran//87 , I6 H IO roB/c 271; W-p 32, 8,2 n 
5 ran/d881; r-p 40 ran/cl8I/). 

Ha p:irc.42(c) IlOKaBaHa SHepreTJitieCKaR 3aBllCHMOCTl> OTHOmeIDii! 
B!lXP)l;OB HefiTpaJU,HBX KaOHOB, o6pa3YJO!IlllXCR OT.paCIIa.IJ;a K•±(890)-pe-
30HaHCOB. Ilpu cepnyxOBCKHX sueprlilJX 3aMeTHM qacTI, KaOHOB B Jr'-p
H PP-B3aHMO,IlefiCTBIDIX o6paayeTCR KaK llpoJJYKT pacna,n;a K•(890), u 
,Il;OM TaKHX KaOHOB BOBpaCTaeT C yBeJm'!eIDieM eueprnn. B K±p-B3al1:
MO,IleficTBIDIX npHMepHO 50% Bcex HefiTpam,HBX KaOHOB R~TCR npo
.llyKTaMH pacIIa.IJ;a K•(890) (ec.im yqeCTl> ceqeHHe po'1!,ll;eHHR 
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1: 

K**(890)- K0 .r0 ; Kalt B.11,I\HO H3 pn:c.42(a), B I("p-B3aHMO;iteHCT:amnt 
(S'(i*-(890)) ~ 6'(i• 0 (890)) ). B npe,u;eJiaX ,u;ocTaTO'tffiO 60JII,IIIHX Olllli60K 
sxcnepHM6HTOB OTHOmeHHe a'(K• 890..., r1r,/(f(F!1) B K±p-B3ruIMO,D;eHCTBll
.f!X He 3aBHCllT OT SHeprmI. J].an:r,Hefimee yTO"llieHHe 8TOH 38.BHC.IIMOCTll 
B HHTepBa.Jie SHepr:vzfi OT IO ,u;o I00 rsB npe,u;cTaBJIReT neco~meHHh!ii HH
Tepec B CBH3ll C CHJll,HllM pocTOM ce"!eHHH BWCO:ita~·-Me30HOB npH 
cepnyxoBcKHx aHeprrurx (cM. pas,u;eJI 2) u HaMeTHEl!HMCSI pocToM ce-qe
m1ii K• (890). B "laCTHOCTll, Ilpll: IIapHOM pOJK,Iieruur CTpaHHHX "laCTHU 
O;l(Ha H3 HHX (a npH pocTe SHeprml: ll o6e) MOllteT 6HT1, IIpO,JzyKTOM pac
Ila;Lta 6oJiee TEllteJioro pesoHanca. Truwe .HBJieHHe na6Jno,naeTCSI µe npn: 

Scandinavian Collaboration 
pp--(AK~)-x and pp---(t(,~K:}•X at 19 G,,V,c r,~-~~-~.20----~--~ 

b) 
M(AJr") 

AK:events 

cpaBHHTeJII,HO He60Jll,IIIHX 8Heprrua. 
T~,C~HWl'.HaBCKOtt KOJIJia.6opanir
eWIG2/ np.r n:ccJie,u;oBamm pe~n:tt 
pp..,. (.A.It: )+:X ll pp ._ (it;it; }+:X IIpli 

I9 rsB/c o6napyxeno (pn:c.44) sa
MeTHoe o6pa30BaHlle Z: ± ( I385 )- ll · 

K*+(890)-pe30HaHCOB. He HCKJllO"l6H0 1 

•> l "ITO CHJII,mnl pocT ce-qeruftt IIapnoro 
M(~Jr") 

•:.:.-.ents o6pa30BaHWi ~ - B l{±p-B3a.HMO,u;eif-
CTBruIX B llHTepBa.Jie OT I6 ,u;o 32 
raB/c, IIO Kpailneil Mepe -qacTll"t!Ho, 

I) MOllteT 6m:r, CBH3aH C Ha"tlaJIOM napHO
~:~~~~;:ts 1 · ro o6pasoBaHWI pesoHaHcoB 1:

0 

(890), 
XOT.I! 8TOT a@leKT I IIO-BH,IUIMOfAY, 

1• 1• 22 2-• eD1e nesHa"t!HTeJieH npn: cepnyxoBcKHX 

PHc.44 CIIeKTPH a@leKTHBJWX 
Ma.CC ,A~± lI K;w± B pe~ 
pp-(AK;)+:X ll pp-(1t;x::)+X 
npH I9 I'3B/.c 
(ns pa6oTuf1621). 

aneprMx. SnepreTn:"tlecKHe saBHcH
MOCTH cpe,u;HHX MHoxecTBeHHocTel r1-
ll K

0{89O)-Me30HOB B l{±p-B3aHMO
,u;ei1CTBWIX IIOKa3alW Ha pn:c.45. Ce
-qeHH.I! Kn ll x:*(890) Bl:lllle B l\p,"leM 
B Ir"p-Bsa.HMO,u;ettcTBH.HX, HO cpe,JUiee 
tlliCJIO KaK x_D t TaK ll K

0
(890), 

pollt,D;aeMHX na o,JUio neynpyroe Ir"p
I:tJllI l\p-B3aRMO,D;eHCTBHe,npHMepno O,u;HHa.K0B0. 

B OCHOBHOM 8HepreTll"l6Clta.l! 3aBHCllMOCT1, ce-qeHllfi K0 (890) ll 
llX cpe,u;HHX MHOllteCTBeHHOCTefi B K±p-D3aHMo.u;ettCTBH.l!X He CllJIJ,H0 OT
JIH"tlaeTC.I! OT aHaJI0rll"llUlX 3aBllCHM0CTei1 )J,JiiJ ,f 0-Me30H0B B ,r±p-B3alf
M0,u;ettcTBH.HX, II0C.KOJII,ey MaCCH 8TllX M630HOB 6JIH3Kll H o6a OHH B oc
H0BH0M o6pa3yIOTCSI B npoueccax qiparMeHTSUIDI. JieficTBHTeJII,H0, 6om,-
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PHc.45 Cpe,lUI.l!.I! MH0JJ.teCTBeHH0CT1, Kn ll K*(890) B 
HeyIIpyrHX Ir"p-lI I("p-B3aHMO,u;ettCTBlI.l!X (KOMim.lI.l!lUI.I! 
orry6Jllllt0BaJIHWC .u;a.HHHX; H0BHe ,u;amwe - Te xe , . 

"t!T0 ll Ha pIIc.42). . 

lllasI '!aCTI, K* (890)-.MeSOHOB poz..u;aeTCH B nepe,JUiett IIOJiycq>epe {pn:c. 
46). HeT mmaroa: yxasaHHtt Ha 38MeTHOe o6pa30BaHlle K*{890} npn: 
qiparM8HTanHH IIpOTOHa H, IIO-BHJtHMOyY, TOJil,lt0 H660JII,mruJ 11aCT1, 
K*(890) polf,ItaeTCSI B ueHTpaJII,HHX coy,u;apemmx. 0,JUiaK0 .u;aHBHe C0T
py.mm11ecTBa ~paHIU!fI-CCCP H UEPH-CCCP IIpn: 32 I'3B/c II03llOJI.l!llT 
Ilpe,u;IIOJI0ZlITI,, "t!T0 ueHTpaJII,H0e p0l{,lt6Hlle K*(890)-Me30HOB Ha"tlaJIO 
B03paCTaT1, H 6y,u;eT 38.MeTH0 BHllle IIpll auepr.imx 6y,Jzyllll1X 8KCII6.PIIMen
TOB na KaMepe BEII!. · 

Mu MOJJ.teM TeIIep1, CpaBHRT1, cpe,IUme MH0JJ.t6CTB6HHOCTH J>~ }taoo) 
c IIpe,u;cxasammt.nI "npe:itaCIIMIITOTH'lecxor KBa_pK0B0I MO,Il;eJm 89 , B 
K0T0pol npe~Ta II0ilHTKa yJJy"tlllllIT1, npe,ncxasamm 0_pHI'llHaJI1,H0I 
ltBa.PX0BOI .MO,u;emi84/, lICIIOJII,3Y.I! 8XCIIe.PIIMeHTMI,nyD lIHq)Op.MaD;lIIl 0 
cpe,u;imx MH0JteCTBeHH0CTSX "laCTlm • Ilpe,Itcxasamm 8T0I MO,u;eJIH 
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l("p -K•-1_,, • X K1p-K"'tl90) •X at 32 GeV/c 

•> bl 
•10 Ge'l/c f • K•p 

•16·•- #~ o K"p t~ 032 -•-

t -hf ,. ittf ... 
-t[ ·I -t-f 

... 10 

~1, + + 

- f t 32 GeV/c Franc~ - USSR 
and CERN -USSR CotW>, 

., "" .~~;: 
•I 0 I •I 0 

X X 

PHc.46 MlmapmUITH!:le x-pacnpe,1te.1remm K* (890), o6pa-
3YJlltlDCCSI B I('"p-H Wp-BSaMMO~eflcT.mmx: (a)-~ ~e~ 
I('"p ._ ic*-(890)X IIpH IO, If127/ H 32 raB/cl87/, (b)

B pe~ W.P- K*+(890)X H I("p._K*-(890) IIpH 32 
raB/c/88 ,871. 

<nC.S, 0 )>-p_p'" 0,30 + O,I5ln(s/s
0

) :e: <n~0 );,,Sp '• 0,45 + O,I5ln{&'sJ 
(s

0 
= bb I':.iB-2 ) CpaBmmaJOTC.!J C 8ItCIIe!)HMeHTBJILmn.m ,l{aHHlD,lll B Ta6-

,mme 5. 

Ta6Jmua 5 
CpaBHBHHe cpe,ltHHX MHOEeCTBeHHOCTell BeKTOpHHX MeSOHOB B HeynpyrI« 

CTOJIHOBeHH.!JX BJU)OHOB C npe,1tCKa3ammMll "nye)T.aCRMIITOTJ!tlecxofl" 

KBaPKOBOli MO,lteJJJlf./89/ 

Reaction pLAB Average multiplicity 

GeV/c experiment prediction 

40181/ 0.25 !0.06 0.45 

rp-p0 x 147190/ 0.35 !0.06 0.67 
200/801 0.35!0.04 0.75 

pp-pox 
69 /12/ 0.20 !0.05 0.30 
205/91/ 0.33!0.06 0.60 

K•p-K;0x 321881 0-224!0.026 0.41 

K-p-R;;0x 32187/ 0.22! 0.03 0.41 
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*+ • .+ TaK KaK K -(890)-MeSOHH B n-p-B3aliM0,1{8liCTBWIX B OCHOBHOM p0.lK,I4alOT-

C.!J BO ~parM8HT8UliOHllBX IIpOU80~1/ TO .IDC cpe,l{Hlle MHOEeCTBeHHOCTll 
cpaB:im:aaDTCJI c 11p8,1{0Ka38.HH!I.MK' 89 BO ~parMeHTBUHOHHOll 06Jia.CTH. Ms 

Ta6JIKUH 5 BH,IUIO, ~TO KBaPKOBM MO,l{eJII, pacXO.ItHTC.!J C 8KCIIepIIMeHTaJJ:&

HHMli ,l{aHHI,JMH Ha qiaKTOp llOpsI,l{Ka 2 • 
Peaxumi: W-p ,_ K*+(890)X :e: I("p-,.. jc*-(890)X MO!'yT H,l{TH ~epes 

o6Mellll C I = 0 H I = i C pa3HlilMK ~eTHOCT.fIMH s-B' .f -Av (J) - f • 
9~eM8HTI,J CIIHHOBO! Ma.TPHl:Ul IIJIOTHOCTH (Ta6,mma 6) 

Ta6.mma 6 

a~eMeHTU CIIHHOBOll MaT!)HUU II.,~OTHOCTH K*t(890) B K±p-pea.KqHJIX 

npH 32 r:.iB/c ~ ltKK*I< 1 (rall/c)2 H (M//s)<o,5787,BB/. 

Reaction Rep10 
Jto•P11-P1-1 

Pao P1-1 P11 • P1-1 

K•p--..KssoX Q.451 0.08 -002!0.08 -0.03!0.07 2.9 ! 1.1 

Kp--KwoX 042!0.10 0.07! 008 -007!0.06 1.8 ! 0.6 

YKa3I,JBal}T Ha SaMeTHUit BKJia,It % -M830HHOro 06MeHa B 8THX pea.KU.WIX, 

KOTOpml: 1 Kalt xopo~o RS,eCTHO, ,l{OMHHHPYBT B 8THX peaKUHRX IIPH 
MeHL!lllIX anepr:wuc 92 ' 93 • OTHOmemrn 06MeHOB c HeecTeCTBBHHOll ~eT

HOCT:&D is-- .Poo+ ..P11- ..P1-1 K 06MeH8.M C ecTeCTBeHHOii ~eTHOCTI,10 
+ * 6 = ..P11 + ..P1-1 ;Jr.J!R 060l!X 8Ha'l'.el!lrH Cimpa,ll,HOCTeii K -Me30Ha. (,\=() 

RA =I) yKaSHBaeT Ha 60JII,!110ll BitJia,It 06M8HOB C HeecTeCTB8llHOi;t ~eT

H~CTI,IO IIplI ltKK*l<I(I'aB/c)2 H (M2/s)<. 0,5, XOT.f! 3aMeTHa.!J -.:raCTI, 

K -MeSOHOB B o6emc peaJtUl'tl:[X H,lteT H ~epes o6MeHH c ecTeCTBeHHoll 

~eTHOC'll,10• B 11p8'AeJiaX TO'l'.HOCTR 8KCnepIIM8HTaJIJ,HHX MHHIJX llHit1ll03HB

HUe x-pacnpe,1teJI8ID!fi K* -Me30HOB B l9=p-B3aMMO,ltellcTBK!DC IIpllMepHO 

0,l{RHaKOBU no ~!)Me (pnc.46(b)) n:, rpy6o roBOpsI, HaxO,IUITC.!J B OTHO

men:1m IIOJIHWC Heynpyrmc ce~eHldt W-p-H I("p-BsaHMo.ttellcTBHil. 

Ha !)HC.47 pacnpe,1t8J.18HH.!J nettTpaJILHHX KaOHOB IIO P¥ B perucuRH 

K'"p-+- Kll:x: IIplI 'l'pex 8H8prlIHX CpaBHHBa.DTCSI C COOTBeTCTBYDJlliMH pac
npe,1teJieHIDI.MH i*- (890) B peamum I('"p _.,. i*-(890)X. Pacnpe,1t8Jlemm 

no P¥ Kalt ;wm Kn' TaK H ~ K*- (890) CJia.60 38.BHC.!JT OT SHeprim 

B UHTepBaJie OT IO ,1{0 32 raB/c. OHH He SIBJI!IIOTC.fI 8ltCIIOH8HnHa.Jll,lIW,1U, 

n: ll3M8H8IDI8 HaltlIOHOB B 06.n:a~TH P¥ ~ 0,4 (raB/c)2 oco6eHHO SaMeT

HO ~ Kn -MeSOHOB. XapaxTep11ott oco6eHHOCTI,IO 8TRX cneKTp0B RB.Im-
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p~ 1 (GeV/c)
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Pnc.47 Pacnpe~e~emm no p¥ 
HettTpaJIJ,HHX KaOHOB B pe8ltl'.tlIB 
Jr-p .... Kilx u K*- (890)-Meso
HOB B pe~ Jr-P,...., K*-(890)X 
(AAHHUe HS pa6oJ'27,87/). 

f· 

: 
·11r "\,~ 

I
. ,o 

,.J 
" 

,o 

,itx Q. 
.. J p 
"¾ • 

0 

~ 

ABCLV COLLABORATION 
K-p INTERACTIONS at t6 GeV/c 

a) I 
t ALL K" ••--+ 
~K" FROM K•1890l+• -

DECAY + •+++ 
... + --+-+ t+ 

/ +\ 
+ -4- t ' t 

b) 

+l 
t:+-

++++ 
' ·-t--+ 
I ~ _, 

Puc.48(a}MimapRaHTJWe x-pac
npe~en:emm Kn-MesonoB B peax-
1~:e:u Jr-p- Kilx npli I6 r3B/c H 
Kn -MeSOHOB OT pacna,na i'L.(890); 

(b)-OTHomemm COOT~eTCT:syJI!lliDC 
ceqeimil: (as pa6oTtt271). , 

eTCR ~SOCTb K e~mme OTHOmemm K*/Kn npli P¥ ~I (r3B/c)
2

, B 
TO BpeMJI Kait npu MJIHRM8Jll>HHX SHa'lelmJIX P¥ BTO OTHomeime COCTaB- . 
JmeT OKMO 0,2. JI.rut Kn -MeSOHOB OT pacna,na ic*- (890) ~OH P¥ -
- cneKTpa sru.ieTHO 6oJlldlle, qeM ;rr,,m BCCX Kn -MeSOHo:el

27
• 3TO CBH

~eTe.Jl:bCTByeT o TOM, qTO . npu 60Jildl!HX P¥ B OCHOBHOM poz,naDTCR "DPi- i 

we" K11--MeSOH!J, He CBffSaHJWe C pol!;D;eHHeM K* -peSOHaHCOB, TOrM 
Kait "Henpm,we" Kn-MeSOHlJ B OCHOBHOM ,nax>T. BKJia,It ~ MaJWX P¥, npH
BO,It!J K 60Jll,llleM;v HaKJIOHY P¥ -cnexTpoB npH MaJWX PT• Panpe~eJieime 
no nepeMeHHOtt X "HeDpaMmt" Kn -MeSOHOB (pHc.48(a)) xaqeCTB8HHO 
no~o6HO pacnpe~en:emm BC8X Kn-MeSOHOB, HO OTJmllaeTCR OT Hero KO
JmlI8CTBeHHO (pHc.48 (b)) : 60Jll,IIJ8jJ 'JaCTb Kn OT pacna,tta K* (890) 
cocpe~OTO'leHa B O~CTR x,::, 0,5, T.e. npRMepHO TaM lite, r~e pox.Ita-

eTCR 60JU,lllM qaCTb K*(890) (cM.pHC.46). . 
* 0TMeqerume SaP:OHOM8PHOCTR B oneKTpax Kn R K (890) -MeSOHOB 

B K±p-BSaHMO~eiiCTBWIX eD!e orqeT~ee IIpoJmlISJJ)TCR IIpH CpaBimTe.nz,..; 
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P:, (Ge,V/c)
2 

P:e:c.49 Pacnpe~eRemm no ~ i,> 3t- ,! H '! B r+p-BSaH
Mo,neilcTBHRx llplI I6 I'3D/c' 9 i; ~) s+ H J'o B ~-p

-BSaRMO~eficTBWDC npll 200 r3B/c' 80 • 

HOM aHaJmse cneKTpoB JC- ll _p0 -MeSOHOB B £ p-cTOJIRHOB8HMX, r.ne 
HHTepBa.11 ~OCTyllH!JX 8Heprmt CYI!leCTBeHHO Dume. Pacnpe~en:eHHR no 
P¥ ,lJ.JIH ~- • j>0 ll f B ,t+p-Bsanr.10,ne-ffCTDrutX Ilpl! I6 I'sB/c H ;rI.Jm ,,t + 
n J> 0 B .,Cp-BsaHMo~eiicTmmx IIpH 200 rsB/c noxasaHs Ha pac.49 • 
3aMeTmrtl _qRK IIpH 15e6o;n,imrx J4 B pacnpe,nMeHWll ,JJ.JIH j>0 -Mesona B 
.s:-/-83 ,941 H a+p1 95'-B3al!MO~eficTBMX npH I6 r3B/c CBJISaH C e~e 
SaMeTHHM Bltlla.ltOM KBaS~CT:e:qHlJX peaianrtt foH He Ha6Jm;taeTCR 
]WI .P O -MeSOHOB B U8HTpaJII,HOff OMaCTR, pHC. 49 (a). Ii 6HCTp0 BllMR
paeT np:e: Y:BeJm'leHRR :meprHR (pn:c.49 (b)). OTHomeHHR _p 0ftr. H 
K* (890)/Kn Ma.JIU B o6JiaCTH He60Jil',IIWX Pi, HO BOSpaCTaDT ~o JlJ ! c 
pocTOM 14. 3Ta TeH,neHltlIJI Otrellb 1IeTKO BHl)alteHa ;rr,,m ~amrux npH 200 
I'sB/c, r~e OTHOmeHHe ,si 0 /z+ paBHO,:, 0,02 IIpH WIHID.1MI,HllX p¥ • 
Tax rum SaM8THasJ 'AOJl!I IIROHOB o6pasyeTCR OT pacIIa,!Ul pesoHaHCOB, 
BTO pasJmlme B cneKTJ)aX no nonepe'l!HHM HMIIyJIJ,caM MesoHJWX pesoHaH
coB H IllIOHOB MOlltHO paccMaTpH:Ball Kalt Me,ncTBRe KHH8M.!lffi10:[ pacna-: 
M peso~COB. 3To npeKpaCHO npo~eMOHCTpHpo:BaHO ABreC~COTpy,ttHII_; 
'leCTBo.r.1961. ,l{oqepime IIHOHH OT pacna,na pesoHaHcoB "' II '1. , o6pa.:.. 
soDamrux B KBasJli-HHltlil)SHBHllX peaKUWIX · 

.s;+p.... w + sa:pm,emrue 'laCTHIUl , (4.I.I) 
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,i;+p - 'l. + saPJU(emme -qacTllIUl (4.I.2) 

HMeIOT 8Ha"!llTeJil,HO 60J1ee KPYTtJe p¥,-pacnpe.n;eJ1emm' "!eM "' H 'l. ' :s TO 
:speMH Kalt ~pacnpe.n;eJ1emmm:--MeSOHOB OT pacna.n;a f -pesOHaHCa 
O"!em, 6Jm3KH K COOT:SeTCT:BylllllleM;V Pf-~cnpe.n;eJlemm f-MeSOHa (pn:c..'I)). 
3Ha"!emm 8KcnoHeHUH8.JII,ffiDC HB.KJIOHO:S p¥--pacnpe.n;eJ1emrli ~ "'· 'l. H j>0 

:S K:sa8H-HHKJil08HBHWC pe~rua: npn:6Jm8HTeJILHO O,ll;RHaKO:S!l H x-pacnpe
.n;eJ1emm c.>-n: ,z,-pesOHaHCO:S :s pe~ (4.I.I) H (4.I.2) 6Jm8KH K 
x-pacnpe.n;Memno HHKJ!XlSHBHoro9°-Mesona (p:e:c.50(e)}. 

ABBCCHW and ABBCCL VW Collaborations ,r•p at 16 G~V/c 

I .. , 10, bl • • I 
~ rs>-tpc.,.rg._d partk:I.. ~Tp-w•CNrged p.rtlclQ ,t, i.:..,r•r2· l..Jr•,r·ll'• 

"!-.. 10 10·
1 

., .... 
'°uf'•. :f • •:• .• ; 

i l(f l() I ..,ct f t f 
~ ♦ 'tJ t t t . ~ 10 J 'I ' 1~.r I I I I 

j 10·
1 

0 1 2 0 I 2 '2 10 1 

.. 10' C) 10 d) ~ I I 
"lt ~ ••-(:' r •l>-t•l ~b I j ~ 10 ~ ,r·,r• :

11
; I ~-,r• •ll',- ~ . • 't 

" :,. ., tit ., J ·• t :" 
10.., i f W 10 p-

: • • . j 1, 1' 1.··-•··•·• ........ 10' 
f 10 f ..., :; ::.;:~::IH 

IJ O 1 2 10·0 ~ 10:f-, ---'---+--'---I 

p:, (G.Vlc)2 

Plic.50(a)-(d)-Pacnpe.n;eJ1erum no p¥ ~ pesoHaHco:s n: 
IlHOHO:S OT pacna.n;a 8THX pesoHaHCO:S B K:sa8H-mutJll)8RB
HWC peaKUWIX (4.I.I) H (4.I.2) :e: :s Hmtm:l8RBHWC peaK-:
u;ruIX jt+p-j> 0X H ~+p ~ fX; (e)-mraapn:aHTime x-pac
npe.n;Merum rz. n: u> :s peaKUWIX (4.~.I) H/(4.I.2} n: J>" 
B peaKUIDI s +p _ .f' 0 X (HS pa,6oil' 96' 97 ) • 

Ha pn:c.5I pacnpe.n;Me:mm no 6scTpOTaM :s c.u;.M. H P¥--pacnpe.n;e
J1emm ,ll;O"!epHI!X IDIOHOB OT pacna.n;a 'l. ' w ' i H f CpaBmraaDTCH _p;pyr 
C 'JJ:PYrOM H co cneKTpaMI! mmJIIOSHBHWC s--MeSOHOB. lfa pacnpe.n;eJlemrlt 
no 6HCTpOTaM mr,IUIO, '!TO Henpin,m:e IDIOim .n;aIDT 6oJILIIII!tt OTHOCHTeJll,
Imtt B.KJia.n; :s 06.nacTH ipparMeHTau;HH ny,ma. IlpH MIIHI!Ma.lILHWC P¥ .n;ow-, 
HHpyxllllKM OKaSH:BaeTCH BXJia.n; OT pacna.n;a Cc) ' B TO :spem KaK llpH 
60JILimIX P¥ HaH60JILlllHii BKJia.n; :s HenpaMHe IIlIO_lm .n;aIDT j> H f. 

3TH 8KCnepHMeHTaJII,H!Je na6JI:ro.n;emm :SMeCTe C aHaJIHSOM 8KCKJID-
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Plic.51 Cpa:sHeHHe pacnpe.n;eJleHHii (a) no 0HCTPOTaM$--Me80HO:S 
OT pacna.n;a '1. , <:> ,f O n: f ; (b )- p}-paonpe.n;eJ1eHHH .,C -Me3o
HOB OT pacna.n;a 'L• w I J' 0+ J'- H f C CO?TBeTCTBYlllllHMH HIIK

JIDSHDHW,m paonpe.n;Memmwr :t--MesoHo:s n .t:+p-nsruwo.n;eii
CT.BHJIX npn: !6 I':JB/o • .!Lamme nopMlq)o:sam1 na ce"!eHruI6''i)= 
= I,5M6, 6'(c.>) = 4,0M6, 6'(£ 0

) = 4,8M6, 6'(,() = I,6M6 H 

C5 {f) = 0, 63M6 (n:s pa6oTJ'96/). 

3H:SHHX RrulMO:S 06paSO.BaHrul 'l,, cD JI ,p 0 1108:SOJIHJm ou;eHHTL HHKJIIOSH~ 
HUe BWCO,ll;H 'l.• w H .P"-~eSOHOB B .st±p-:ssaRMo.n;elicT:mmx npn: !6!':J}W~ 

'1,:"':f°= 0,34:0,9:I 

C O'{p 0
) = 4,8 ± 0,4M6, o'(c.J) = 4,0 ± 0,&!6 H 15'('1,) = I,5 ± 0,3M6. 

3TH ou;emar HaXO,ll;IITCSI :s pasyMHOM corJlaCIDI c OTHomemmMJHO/.f O = 
= r,o ± 0,2 HI l ± 0,2, nOJJy"!elil!l,lMII :s PP-BSWIMO,ll;eiicT~X np..~ 
I2 H 24 I':JB/d9~/, H HOBl.lMII pesyJ1LTaTSMH c HK UEPHa/99 ~ peaK
mm PP - ppX (X = 9°, Cc>, f ,A2) :s orpaHlI'Ieruroa 06J1acTn: 11epe.n;amwx 
liMIIyJILCO:S t , t H 6HCTp0Tll ueHTpaJILHoro KJiaCTepa (y~ 0,8): 

PP1 PP2 

./s(GeV) (wlp) (w•p)Jf {A2/fl <-t>(Ge,/) 

4.9 198
' 0.78 •0.13 3.3 q_Q 

6.9
1981 

0.66tOJ3 089 1 0.15 

23.5
1991 

051025 1.1 ! 03 0.7! 0.2 0.22 !0.05 

30.5
199

' 0.810.5 0.7!0.3 08 1 0.3 0.30t.0.07, 
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i<-

~aHHHe COTpy,nHW?eCTlla/rBBCCLVW Trutllte ltOCB8HHO no,nTBe:plrMDT pe
sym,TaTu axcnepmteHTa IOO/ Ha HK, yitasUBaDitlte Ha saMeTHoe o6paso
l3aHHe 'l. -MeSOHa IIpH (50Jil,IIJllX ~- TaKRM o6pasoM, 3t-M880Hll OT pacna
M TOJII,KO tieTupex peSOHaHCOB j> , u> , ,z. H f ( (5'(f )= 0, 63M6) COCTaBJiff
m 4~ OT nOJIHoro BWCO,na Im:OHOB B Jtp-BSaJIMO,neiicTBWDt IIpH I6I'aB/c, 
H liM8DTCSl' cep1,esHue OCHOB8lll!Ji noJIB.raTI., tJTO aTa ~prucwm OCTaeTCSJ 
nOCTOHHHOtt B IIIHpoKOM llHTepBa.Jie 8Hepr:irtt. 

06pasoBaHHe 'I,!.. H ¢ -MeSOHOB . no'AS13JleHO t no Kpa:liHeii Mepe t • IIpH 

OTHOCHT8Jll,HO HHS.KHX SHeprMx. HrutmoSHBHOe cetiemie ¢-M880Ha coc
TaBJIHeT 15'(¢) = I58 ± 35w6 C ¢/p0 = 0,045 ± 0,0I2 B pp-Bsa.HMo,nett
CTBHHX IIpH 24 raB/c/B,IO. B;!:;rTO.JIKHOBemmx IIPH I6 raB/c 
¢{p 0 ~ 2,5% H 'l.' /,z. q:. (5-IO)f/9 7. Ilpn HSMepeltHll B:SXOM / ~,880HOB 
B .n-Be-R K""Be-BSaHMO,nettCTBllHX IIpH 43 raB/c B CepnyxoBe' I 2 no 
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Pnc.52 CIIeKTP a@,eKTHB
HUX Ma.CC Jt)t- 'B peamum 

~Be - <Ji:,,-) + X IIJlll 
43 raB/clI02/. 

cnexTpaM Jt .I'---nap o6HapyxeHo, tiTo p<)Jlt

,nemie ¢ CWII,HO nO'AS13JI8HO B s""'Be-Bsmnao
.nettcTBWC (pe:c.52), TOrM KaK B K""Be-Bsa
nMo.nettcTBRJJX Ha6Jm,l:taeTCH cnm,HH!i cnrHM 
OT ¢ -MeSOHa (pe:c.53) c o'(K""Be-r,«) = 
= 2,0 ± 0,5M6/H.npo IIpH xa:0,4. &ro M8T 
6'(I('"N -¢1) = 0,43 ± O,IIMd 11,11R x~ 0,4, 
eCJIH npe,nnOJIOZHTI., trro cetieHHe o6pasoBa
mm fa OT aTo~oro HOMepa IIO,JtlmHli8TCSl' sa
Bl'ICllMOCTH A2 3• OTHOmeHHe cetiemiit o6pa-
80Bal!llJI ¢-MeSOHa B«-lle-H I('"Be-BSaHMO
,neitcTBMX COOTaBJiff8T (2,I ± I,I)% 11,11R 

X ~ 0,4. 
Paonpe,neJieHHe IIO X 11,1IR fa -M830Ha 

(pno.53(a)) xopomo omrcmiaeTCH srumo.0:-
MOCT!,D i-X, KaK H ,nOJDUto CJie,OBaTI, HS 

BWll80IDfcaHHOro M8xamISMa JI.pe.na-:IIHa H KBaPKOBOro ctieTa: ro3/_ lb
,no61We 3aBHCHMO<;TH Ci-x)n 11,11R CIIeRTpoB f,"' H 'f Ha6Jm.neHH H Boc
TOHCKOtt rpyIIIIontI04/ B &Fe-H pFe- BsaHMO,nettcTBHHX IlPll 200 H 240 
raB/c. Kale H OlrH,ttaJIOCl>,n•J H n•1 B pFe- H t:Fe-Bsamro,nelCTBH
HX, COOTB8TCTBeHHo. 

il:>'AS1!JleHHe poz.neHM !3-M880Ha B SP-H pp-BS8.IUIO,nelc'l'BHJDC M0-

llt8T 6HTI, CJie,ncTBHe.M npamr.na UBeftra, cor.nacHO ROTOpo.tq IIapa .KBap
ltOB B Mesone He MOJt8T ammrwmpoBaTI,, Tax tJTO o6pasoBaHHe H pac
IIa,n l'IJIY.T tiepes CBSBaHHll8 ltBaPltOBH8 ,nilarpaMMH. Il,PHMeHHMOCTI, npa
mwa UBelra yCTaHOBJ18Ha npH H8YtJ8HHH p0Z'A8HM fa B peamumx 
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Pnc.53 CIIeKTp ajqleKTHBHWC MaCC }")'- B 
peaK!llm K""Be .... Y,jC>+X npn 43 
raB/~ID2/ H pacrrpe,ne~eHHH ~MesoHa 

t I I 2 
"' , 

1 0 
•1.f-Oe""' 1 no x n pT; KJlHBHe: (a)-saBe:cnMocTI. ,, Ci-x), (b)-SaBHCHMOCTI, exp(-3,1 p/). 

M,_,,.., Me-V 

,p- WI('":ic+lr H pp-WI('".a;+Jt- np:ir 3~6 raB/c/I05/. OTcyTcTBHe co
,:9Tnii c He60.1l1,JIIHMH MaCCaMH P¢ B pe~ I(" p - I(" ¢P no CpaBHemm 

SB.MeTHHM Im:KOM IIpH MaJIWC Ma.CC,¥ fc.> B p88.KIU!H K""p- I(°<.o)p B 
'p-aKcnepHMeHTe npe: I4 ,3 I'3B/c IO ✓, tiTo rrpeKpacHo HJIJIDCTPHPYDT 
arpa.MMll ,lla.:rmT1.1a (pe:c.54}, Ta.RJKe .IIMHeTCH npgMHMC~e.ncTBHeM rrpa

UBettra. 

K-P-+K-wp 
.:- 20 

~t 
"' ~ 15 

.. 
E 10 

3 
a. 

0 o;------~,.~-.,,o,-,,;;,5--,;;o,-;;2s 

K-w mass2 (GeV2) 

25,...--,-~~~~-,--,-~~~~ 
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K-.- mass7 (GoV 7) 

Pnc. 54 ,llHarp8.MW JlaJmTl.la ,lf,7IH perutU.!fii 
K""p- K""Cllp n K""p- I("fap np:ir I4,3 raB/c/I06/. 

eficTBHTeJil,HO, eCJIH ,nBe .nnarJ)aMMU Ha p:irc.55(a), OTB8TCTB8HHHe sa 
6paaoBa.HHe CHCTeM P"' c MaJIHMH v.acc8.MH B pea.mHn K""p - I(" co P, 
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paapemeHH. TO COOTBeTCTBYJ)lltHe llM ,IUiarpa.MMN C poll!'JteHHeM 16 B pealt

K-=..c~@K-=..c:-
p~P P_.eC.., 

K:.,c:~K~:-
p~P P~P 

UHH I("p- I("~ aanpenteHH IIpaBWIOM 

UBetlra, HCIUiiJ'ia.mtlIM cyniecTBOBaHRe 

Bepll!HllH pplll • B TO lite BpeMH o6pa30-

BaHH8 CHCTeM l\p C M8JiliMit MaCCa.MK 

paapemeHO ~YMll HlDIUUIMH WtarpaMMa

MH Ha pHC.55(b), K OHH )teitCTBHTeJII,

HO HB.6Jl!l)t8J)'l'CH B axcnepHMeHTe. Hc-

PH:c. 55 J!Byxpe,YQ1teoHHHe CJJe)toBaHHe o6paaoBamm 111-H "' -Meao-

)tllarpaMMH, COOTBeTCTBY- HOB B 8RCRJil03KBHllX RaHaJJ,8X B S: p, 

JOiltll8 OR~onoporOBHM nH- Kp-K P,J2;::B3a:aMO)tettcTBIDiX npH ID 

R8.M B cnexTpax a@ieR- raB/c11.u7/ TaRJ!te yima:imaeT aa cnpa-

THB~ MaCC (a) pu>. Be.JJ)IHBOCTl> npaBHJia UBetlra. 

(b) I("lll B pealtl.l,WiX TaltKM o6pa30M, CitJiaJUJBaeTC.11 

I("p - I("f.t)p H I("p .... I("ilp, JIDCiOIIHTHaH CHTYanruI. ROr)ta IIpaBWIO 

COOTBeTCTBeHHO. UBeilra BHnOJlll.lleTC.11 B SRCRJil03KBHllX 

Ra.HaJIBX, HO He BUnOJIMeTC).! qH IDI

RJII03HBHOM polK,ll;eHHH 16 B pp-BSaHMO)teilCTBHliX npH 24 fsB/cfID • B 
STOM sxcnepRMeHTe o6paaoBaHHe Ill -Meaoaa tJeTKO aa6Jno,u,aeTM B CIIEKL'

pe ~KTHBHllX MaCC nap K±h+ (pHC~56(a)) • B COOTBeTCTBHH C npa
BHJIOM UBetlra CJie)toBaJIO 6H O.lltHMTI>, "ITO pOlK,ll;emre Ill conpoBol!,Jl;aeTC.11 

a) 

M!, (GeV
2

) 

I I j Ii I ji I I j If I j I 

~ 01~ 

f t I f t t 
() 

t ½ 

0.8 tO 12 1.4 16 ts 2.0 

.M~K {GeV
2
) 

t 
2.2 

PH:c.56 (a)-Pacnpe;neJiemre no KBa,lijla

TY a@)eRTKBHOtt MaCCH t'-h+ ~ ¥7: 
-axcnepHMeHTe npH 24 raB/cfID ; 

I{± -MeSOH H)t8HTH~HpOBaB IlD MO)te 

pacna,na, a h+ -Jm6ott m>YTOtt HeH)teH-

TH~poBS.llHHil 8,Iij)OH, ROTOpofr!Y . 

npHnHcaaa mcca K-Meaoaa; (b)-cpe)t

H.11.11 MHO.l!t8CTB8HHOCT1> C-rpaHHllX 1!aC-

· TJm Ha Heynpyroe BSaHMO)telcTBHe, 

IlOMHMO napH K:!:h+ ' B SaBHCHMOCTH OT 

ri2(K:!:hi). 
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'AOilOJ!HHTeJ!l>HOH napott CTpamnnc -qacTim. 0,IUiaRO B COOTB8TCTBynileM 

pacrrpe)teJiemm: accou,mpoBaHHmc ( c napott K:!:h+ )MHOJKecTBerumcTefi 

cTpaHHl:lX tJaCTJm He Ha6JIJO,IJ;aeTc.a: COOTBeTCTBYJOlllero ITHRa B pattoHe 

MaCCll ft'! -Me30Ha (puc.56(b}). "ITO 3aCTaB.1ifleT aBTOIJOB STOil pa60TI1 

rOBOpHTl> 0 aapymemrH npaBlt/Ia UBetlra B HHKJIIOSHBHl:lX IJCaKUl1fIX. l1H
T,epeCHOe npe,ItJIOJKeHHe, Il03BOJIRJJ111ee 06'hHCHRTl> STO npoTHBope-qae, 

c)te;rr:ao B ~ npe)tCTaBJ.leHHWC Ha T6HJmCCRyi) ROHqiepeHUMIO pa6o-
Tax IDB• I09 • Ha OCHOBaHHH npocToil aHaJIOI'llli p-f B rune IlOCTyJill'py

eTC.11 B03MOJltHOe cyniecTBOBaHHe HOBoro B036yl!,Jl;eHHOro COCTOHHH.11, pac-

* na;naIOmeroCH no . cxeMe p J. -- ft'! x., 
Ilo,naBJiemre po,ir.nemm 16 H 'L npe'ACTaB.1ifleT eme o]Uly cep1,eaHyIO 

rrpo6Jieruy .ItJIH npocTUX RBapKOBHX MO)te.neil84• 85/, Ka.R HeTJ)Y;nHo BH

)teTI> HS COIIOCTaBJierum npe,CRa3aHHH Mo;neJIH C peayJII>TaTaMH :n.+p
SRCII8PHM8HTa IlpH I6 raB/c 94/ (Ta6JIHUa 7). 

Tac5.mma 7 

DTHomeHHH cetJeHHil BHXO)tOB/gecTpaHHHX MeaoHOB B :n:.+p-Baau

Mo;nettcTBruIX·IIPH I6 raB/c 94/ c npe;n~3aHHRMH npocTofi 

RBapKOBOft MO,I(em(B4/ 

Ratio Pr«:lic:tion Exp•rim•nt 

wlp• 1 1 
'I/W 11181 0.39 !0.03 
ftp• 119 0.025 

~•11 19/lt 0.05 -0.10 

:XoFl~ ... u 1/14 0.5 

EcJIH ,ItJIH M830Ha. C Maccoll M BB8CTH RO~eHT IlO)taBJI8HHH (lif)-.f, 
OOCylKJ{aBWllitCSI paHee B CM3H C MexaHHSMOM Ju)eJia-HHa, TO CHTyaullH 

HeCROJll,RO YJIY'tJIIla8TCH, HO H63Ha"iHTeJil>HO. 

Tax Kalt Hac5.lno)taewe nHOHH tJaCTO RBJISJfilTCH npo;nyKTaMH pacna

)40B peaoHaHCOB, He06XO)tKMO pasJmtiaTI, IlPIJMO po,ir.naeMHe IDrOHH OT 

Tex, "iTO o6pa3ymTCR OT pacna;na )UlYI'HX 'tJaCTJm. ~e~ 'AOJIH IlPIJMI,JX 

IDIOHOB, ~Dm/lt'ALL• IIOJIY1ieHHM B :rrp-axcnepHM8HTef9'¼1' npoCTlJM 

CYMMRpoBaHH8M BXJIS,ll;OB Bcex H3BeCTHHX pe30HaHCOB B IIOJIHOe HHKJII0-

31IBH08 cetreHHe «--Me30HOB B pea.KLU:IB .z+p_,31:- + X, TaIOK8 HeCOB

MeCTHMa C npe;ncxasammMH RBapKOBOil M0)48JIH (Ta6J!ima 7). ]lpyrott 

IlO'AXO'A K oueHRe OTHOWeHHH 3nml-'l.11 HCIIOJI1>3yeT TOT qrutT, "iTO B 

06JiaCTH 60Jil>IlllIX P¥ HaH60Jiee 3Ha"iHT6J!8H BR.1IB,Il npHMHX nHOHOB. ,llaH
H!le YRa3HBa!OT. trTO OTHOme:mre J> 0 /~m ITpH6JIH3HT8Jil>HO paBHO 1 

,ItJig PT> 1 raB/c B :lp-B3al!MO;ne~CTB1ISJX npli I6 ran/c H H8CKOJil>RO 
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Hlillte IIpH 200 r3B/c (p:ac.49); TaKHM o6pasoM, #Dm/KALL~o,2 + o,J. 
O:rnomeHHe _p 0 /~m = 3, Olm,Ir,aeMoe B RBaPKOBOll MO;a;eJIH HS IIJlOCToro 
cqeTa CIIHHOBWC COCTOSIHHll, TB.KHM o6pa80M, HCRJIDliaeTCg sxcnepnMeH
TaJil,Hl:lMR ;a;amrnr.m c qiaKTOpoM 3 + 4. O;a;HaKo eCJIH OTHomeHHe 
XDm/ fl ALL no~IITJ, Ha. ~ S-MeSOHOB OT pacna;a;a ,Po H f B 06-
Jia.CTH 60Jll,lllllX PT 96/, TO STO OTHOmeHHe y-MeHI,1118.eTM ;a;o Znm' 3' ALL~ 
aO,I5. BTOT pesy~J,TaT Bee e~e. TeM He MeHee,He COBMeCTHM c npe;a;
CKa88lmHMll KBapKOBoii.Mo;a;eJm. BMecTe C TeM, noCJie;a;HJ)I) oueimy T-py;a;
HO corJia.COBaTI, c oueHKoll Snml-'CALL 111- 0,50, nOJzy'tieHHOll npoCTllM 
cyw.mpoBaHHeM BKJia.;a;OB OT peSOHaHCOB, ecJm TO~KO o6pa80BaHHe 6a
pHOHH!lX pe30HaHCOB He OTBeTCTBeHHO sa 6o~ee cymecTBellllyi) ;D;OJIID 
HeIIpgMHX IIHOHOB, qeM MH npHBmtnll npe;a;no.naraTI>. 

4.2. llmcJmSHBHOe o6pasOBaHHe 6apHOHmlX pe30HaHCOB 

Eo~HCTBO ;D;OCTYilllOtt HHqX)pMaUHR TIO llHKJIID3HBHWI ceqelmlJM 6a
pHOHHWC pesOHaHCOB CM3aHO c llCCJie;a;OBaHHeM pollt,D;elmlJ A++(I236) K 
A0-Hso6ap B 3KCIIepHMeHTax Ha DySHJ)l>KOBl:lX KaMepax. IloSTOMY ;a;aH

H!le B OCHOBHOM orpaHHqellll 06Jia.cT1>D tPparMeHT~H npoToHa, xor.n:a 
Me,W-leHH!le np0TOllll OT pacna;a;a HS06apH MOryT 6HTI> H;a;eHTHqim:uipoBaHH 
no HOHHS~H. Onpe;a;e.neHKe ceqeHM A++(I236) ;a;o xaxott-To cTeneHK 
g~eTCSl llpOHSBO~HllM, TaK 1taK A++ npe;a;cTaBJUieT co6ott mHpoKHii 
pesoHaHC H ,W-lSl oueHKH iPOHa ~CTO HCIIOJIJ,SyroTM pa~~e MeTO;a;H. 
XapaKTepH!le qepTH SHepreT:aqec1t0tt srumcHMOCTH ceqemrlt A++(I236),. 
TeM He MeHee, OTqeTJIHBO BH;a;Hll Ha pnc.57 • .Ii.7m HeSKSOT.Hlll!HX (B 
CMHCJie abc) peaK!llrli B pp-, s+p-H ~ p-BsaHMO;a;ettcTmmx ceqemm na
,n;ax>T B o6Jia.CTH He60Jildllll'.X 3Hepr»n npHMepHO C O;a;HHaKOBOI cxopoCTl>D. 
OTHomeHM ceqemrlt 3THX peaKUHll B STOA o6Jia.CTH npH qiHKCHpDBaHHHX 
s COBMeCTHMl:l C OTHOmemunm nOJIHWC Heynpyrnx pp-,atp-H ~p-ceqe
HHll H, TaKHM o6pa30M, COBMCCTHW C BllII~e:imeM qB.KTOpHSaumt. 

B pp-Bsam.ro;a;ettcTBMX CBllllle IOO rsB/c ceqeHHe · ,r1++(I236) 
npaKT:aqecKH He 3WIBCHT OT 3HeprHH H, np:e:MePHO, paBHO I,5M6' Hc
CJie;a;oBaHHe o6paso.BaHHJI 4++ lipll SHeprrua . HK UEPHa no:itasa.n:O' II2/, · 
qTo B 06.nacTH 0.-:PT"'0,7 rsB/c H x,..0,6 ceqeHHe ~++ npaxT:aqecKH 
o~OBO npH SHeprMX YB = 23 rsB H (,j = 35 rsB: 
~({s == 23 rsB)/6'C ✓ri= 35 rsB) = I,03 ± 0,03. B orpamrqeHHoli o6-
Jia.CTH nepeMemrux (I,I6"' M(pa+) .o:.I,32 r3B, 0,864.X"' 0,92, 
O,I.(-t.(0,5 rsB2) npH (i = 30,4 rsB o6pa30BaHHe .A++ B TOM lite 
sxcnepHM8HTe cor.na.cyeTCJI C ;D;O.t.!HHifpympIM BKJIB,ItOM O;a;HOllHOHHOro 06-
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PHc.57 Hrutlw3HBH08 ceqeme ,1++(!236) B 3EllmCHMOCTH OT nepmrq
HOro ~~ca; 4++ onpe;n;e.neH B noJioce Mace I,12< M(p&+)<. I,32 
r3B/c

2
(c H86o.lII,I!IKMI{ OT~MH B H8KOTopux SKCnepnMeHTax) l! yxa-

3aHHHMH o6pesammMH not. 0,lUUUCo iPOH B pasHux aitcnepHMeHTax 
oueHH~CSl pa3:imMH MeTO,ItaMH. B H8KOTopwc 8KCIIeJ)HMeHTax lJ)ISI no
.nyqemm ceqeHM A++ 11cnom,soBa.JmC1> npoue.izypa Epei!Ta-BHI'Hepa 
(xo~ng ony6~o~HHijlt .n:aHHUX; ijO~ije ;n;ruuwe: ~'}> 200 
I'3B/c

180
/ H:7 I'sB/c'IIO/, 40 rsB/cl8I/, Ip rsB/cf_III/; ,:,+p 

IS rsn;cfhII; K""p 32 r3B/cl87/, IS rsB/clIII) • 

MeHa H, B qacTHOCTH, C ypaBHeJmeM TJy-Jioy, MO;a;HgamJipoBaHH!lM BBe
,IleJmeM <PopMqia.KTopa .lwpa-11wrxyita. lfHTerp.HpoBIUW:e SToro ypaBHeHM 
no Bceuy HHT8PBSJIY nepeMeHHUX nOSBOJIWIO no.ey,mTJ, He 3a.BHCR~ee OT 
s ceqe1me tr(A++) = 4,5M6 B o6eHX no.nyccpepax. BTOT pesy~TaT He 
llpOTl!Bopeq:e:T .n:aHHllM C Dy3HJ)l>lt0BllX RaMep npH SHeprHSix CBlllll8 IOO 
ran, B KOTopux HcnOJIJ,soBaime o6pesamm no t c~ecTBeHHo y-Mem,ma
eT pawn.Hoe ceqeHHe A++-:e:so6apH. 

JJJfJi 8K30T:aqecrurx #-p-H K""p-peruaun! c~e,IJyeT OltH,IlaTJ, OTCYT
CTBHSI SHepreT:e:qecmtt 3aBKCHMOCTH ,ttallte npH H860JlJ,IIIHX 8H8pl'MX. B 
npe,u;e.nax OrJ)!UmlJeHHoH CTaTHCTmru .n:amme COBM8CT.IOO,I C TaxHM npe;a;
nOJI0.1teHHeM. 3Ta T8H,1{8HIU1JI 0Tq8T~BO IIJlOCJie.llWBaeTcg B ll!HpoKOM 
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,IUraIJaSOHe ~meprmt B ,Cp-CTOJIKHOBemmx, r,n;e 8KCIIepHMeHTaJll>HI,e ,JJ;aH
HHe IIOJIYlleHI, !IpHMepHO 0,JJ;HHaltOBliM cnoco6oM. Ha BeCI,Ma npH6JimKeHHO
ro cpaBHeHIDI TeH,JJ;eHU.im ,n;aHHilX JJ.JI!I HeaKaOTliI'IHNX W-p-n Jt +p-pea.xumi 
C COOTBeTCTBYDJ1I™H IIOCTOll:HHilMH ceqeJOOIMR I('"p-H.11:p-perutUHH CJle"JJY
eT. qTo SHepreTnqecKruI 3aBHCUMOCTI, ceqeHH:lt o6pa30BaHM .A++ B W-p
H t;+p-B3aHMO,JJ;e:ltcTBI11IX ,JJ;OJ.OKHa BWCO,Jl;HTI, Ha IJJraTO npH 3Heprumc CBH
we IOO raB,TaK xe KaK 8TO Ha6~eTcH·B pp-CTOJIKHOBeJOOIX. KoHeq
HO, peaJil>HaH 3HepreTWiecKaJJ 3aBHCHMOCTI, ceqeHH:lt .A++ B perutUHHX, 
HH:lmHifpoBaHHHX pa3JmllllllMH nepBHqHw.m qacTmJ;aMl!,MOJKeT 6HT1> HeCKORL
KO OTnnqHoff OT o;m.n;aeMOH li3 IIpOCTOH 8KCTpalIOJ:ISIUIDI ,n;aHHl:lX npa 
He6o.m,wnx aHeprHHx. 0Ha onpe.n;eJ18eTM Be,IJylllliMli MexrumsMaMH o6MeHa. 

AHamrn yrJIOBl:lX pacnpe,n;eJiemrn li MeMeHTOB CllliHOBOH Ma.TpllIUl 
IJJIOTHOCTH .1++(!236) B Pff,D;8,3KCIIepnMeHTOB IIOSBOJilIJI ycTaHOBHTI, ,JJ;O-, 
Ml'!HHpyromyIO pOJII, O,JJ;HOIIliOHHOro 06MeHa Ilpli He60Jil,l!IliX SHaqemmx ltl 
,n;aJKe npH aHeprIDix HK UEPHa. Tax, SKCTpanOJIHUM B ITHOHHHH nOJmc c 
llOMO!rI,IO~HeHIDI 'tJy-Jioy B perutUHH pp-.6.++(I236)X IIpHTs = 30,4 
raB Il2 IIOSBOJOOia IIOJIY'lliTI, °tot (;r-p) B liHTepBMe OT 21,J ± I ,3 
M6 ,JJ;O 23,7 ± 0,5M6 (Ilpli pasHHX npoue,uypax 3KCTpallOJimzym), qTo xo-, 
pomo cornacyeTM c HCTUHHHM SHaqemreM °tot (3--p) = 24,3M6., 8KCTpa
IIOJIHUHH 'tJy-Jioy B·ITHoHHHH IIOJIIOC, JIH6o HCIIOJII,30BaRHe pe,D;llteSOBal!HOH 
O,IJ;HOllHOHHOH MreJIH B pea.KUHHX l{±p- .A++xf!I3-II5/, 3"-p-nxfII6{ 
.r+ n -pX/II?, IIOSBOJIHJIH lfSMepHTI, · IIOJIHile ceqeHIDI I{± Jr= u 7+~--

- pacceHHIDI (pnc.58). 
lloJIIn,ie ceqeHHH S+,1C -paCCMHIDI 6HCTpO na.n;aIOT OT peSOHSHCHOH 

06JiaCTH K acHMIITOTHqecKOMY ceqeRHIO Ha YPOBHe I4-I6M6 B COOTBeT
CTBim C npe,n;CKaSaHIDIMH, OCHOBaHHllMli Ha cpaKTOpli3aUIIPI: (j't t(tt+£-) = 
= 6tot(:"p)6tot<~Cp)/6t

0
t(pp).Ceqemm W-~C, HSMepeHHile 'AO aHep-. j 

I'llii 3,5 ran. B c.u.M., CJlelJYIOT TOH•JKe TeH,JJ;eHU.m, HOB npe,n;eJiaX 
,JJ;OCTYIIHOro HHTepBana 3HeprHtt e~e IIpeBHlllalDT COOTBeTCTBYJOll1Re npe.n;
CKaSaHM, CJle,IJ,yIOllllie li3 i%iaKTOpli3auPIH. MOJKHO npe,D;IIOJIOJKliTI,, qTO 9TO 
CBiI3aHO C CYIJ.teCTBOBalU!eM MHoroqnCJleHHl:lX peSOHaHCHl:lX COCTOHHHH B 
He3R30TWieCKOM w-:e - KaHaJie • Ilo.mme ceqe:mm I('"s-:.. paCCMHM, ·B 
3K30THqfiOM I('"a-:.KaHaJie, SaMeTHO HHJKe ceqem W-JC-pacceHHHH H 
Ilpli6mma.IoTM K aCHMIITOTWieCKO~ npe,u.9JJY 0Hll3Y • F.cJm TeH,JJ;eHIUllI 
,n;aHHHX, o6osHaqeHHaH Ha pHc.58, coxpaHHTM IIpli 60JII,WHX aneprHHX, 
TO MOlKHO OJKH,JJ;aTl>, qTO ceqem1a o6pa30BalOOI .A++ B 06JiaCTH ippar
MeHTau1ur npoTOHa CTa.HYT' 0,11,HHaKOBHMH B W-p-H I('"p-BSaliMO,JJ;eil:cTBMX 
H ~P-H u""p-BsaHMo,n;eficTBWIX, cooTBeTcTBeHHo, IIpWieM 
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Total K~:;,r- and ::rr• :;,r- cross sections 

a) b) 1001- j 

~XM ~~ - ]1'. 

~2·• p n 
sot- II 

~ 
• K•p 16 GeV/c 
+ K_p. 143 -• - XM 

:,r-
, K-p 4.2 -,-

~ "p !] I 
60 

:,r-p 25Gevtc 
:irn 100-.• - 0 

• -005<-tc0.25 

40 • 025<-t <0.55 t o 055<-I < 100 

i I,,. 11 ,I~" ,,. f1 fl 201-
tff 

201- 111w1ttt-±+ + + --01 .. .,.... .. 1 t £ 

0 1 2 3 ,, 0 2 4 6 8 10 
M (G•Vl 

PHc.58 IbJIHile ceqeIOOI w-..-::, I('",r=. H ;r+Jl"--B3aHMo,n;eil:cTBitii, rro.ny
qeHHHe IIpH aHaJIHse pea.xun:tt K±p-.6.*x, ~-p .... nX 11:,;+n.-pX D 

3aBHCHMOCTH OT Ma.OCH X, T.e. 3Hepr~ K:r,.r.r-0110TeM B liX CHCTe-
Me IIOKOH {,n;aHHI,e HS pac5o./II3-II7 I) • 

~++ (pp):~++ (ap):~++ (Kp)•6tot {%p):6tot (U):trtot (KJt) • 

0,JJ;HaKo BKJIB,It ,Iijlyl'IDC 06MeHOB c HSOCIIHHOM 1, TaKHX KaK j), ,½, KO-, 
Top1,1e MOryT ,JJ;aBaTI, BKJia,JJ; B 3TH pea.KUHH, TaK lite KaK HHTeppepeHUHSJ 
MeJK,Dy paSJIHtffillMH 06MeHaMH, MOryT B HTore IIpHBeCTH K SaMeTHO 
OTJmtJali'.J!ItHMM pesyJU,TaTaM BO Boen 06JiaCTH rrepe.n;aBaeMHX HMIIyJll,COB. 
KpoMe BToro, SaMeTHaJI qaCTI, ceqeJIH! o6pasOBaHM A++ CBHSaHa c 
npoueccaMII 06J)aSOBaHllH H IIOCJie~ero pacna.n;a ~OHHOH CHC
Te.MH p~+¥,-, r.n;e Tpexpe,JJ;JKeOHHaH napaMeTp.HSauM H cpaKTOpHsyeMOCTI, 
IlOJlloca IbMep,!lHTzylta MOryT IIpHBeCTH K SaMeTHO OTJIHq~MCH npe.n;cKa-
3aHHHM. 

Qqem, MallO 8KCITepHMeHTaJil,HOil: l'!HqJOJlMBIUm 06 HHKJIIOSHBHOM 06-
pasoBarum ~(I236)-Hso6al)H. Mil sHSeM, qTo o6pasoBaHHe cncTeM I>Jt+ 
H I«- C WlJiliMli MaCCaMH CI!JII,HO aq>peJIHJ)OBaHO Hs-sa ,rurip~om1oro 
l)OJK,ll;emm p£+.lC-cHcTeMH. Tax KaK ,JJ;Hq>J)aKUI!OHHM CHCTeMa pr« HMe-
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eT ll30CimH !/2, TO cetJeHlle A++ - p~ B ;n;eMTL paa BW!le cetJemm 
A0 .po pt"". 8To 06'hlIC1UieT HaJnPme 60JIIillloro qioHa rro;n; A0 -rmKoM ll aa
Tpy;n;HReT Bll,ll;eJieime A.0 -peao1:1attca. O;n;HaKO, B IIpOTllBOBec HeKOTOpb!M 
3aruDOtJeHruIM. SI XOTeJI 6u rro;n;tJepiteyTL • 'ITO cetJeHlle o6pa30BaHIDI t,,. 0 

MOllteT 6HTL cymecTBeHHO :mnne, 'leM i/9 OT cetJemm A++, · TaK .KaK 

;n;HippaK[lIIOHHOe o6pa30BaHlle CHCTer.ru p,it+,c- C I = !/2 OTIDJ,!U, He SIB

JUieTCSI e;n;HHCTBeHH!lM MexaHli3MOM o6pa30BaHIDI t::,,0 , IIO KpailHeii Mepe 
B llCC~e;n;oBaHHOM llHTep~e 8Heprmi. TaK, B 06.naCTH He6~11ll1X l~I. 
r;n;e ;n;ownmpyeT o;n;noimoHHliil o6MeH, cIIpaBe.u.mmu c~e,llYlOlltl!e cooTHome-
mm: 

6'{pp-.AOX) (j"tot c~+p) 

6"(pp _.A ++x) 
= (4.2.1) 

30tot (JCp) 
"I 

6'(r:!:p-A 0 X) 

6'(S:!:p~A++X) 
• 

tS'tot (r:!:,e+) 

' (4.2.2) 
30tot ce,) 

6'(K:!:p-A0 X) ~ot (K:!:31:+) 

5'(K:!:p-A ++x) "' 
(4.2.J) 

J(j"tot (K:!:,i:-) 
. 

HarrpHMep, B peaxumi I("p ... A ttx o(A++) = 700 ± I00MK6, 
TOl'M Ital< B pe8.KIWI ?-A0 X 6(.d0 } = 985 ± I80MR6 B 8KCIIepnMeH
Te rrpH I4,3 ran;~IIB. B 3TOM xe 3KCII9pllMeHTe IIOKa3aHo, 'ITO OT
HOmeHlle (4.2.3) ;n;M I("p-peaxunil: H OTHOmeHHe 6'(W-p- A ttx}/ 

. / 6(1\ p ~A0 X} , KOTopoe ;n;oaHo paBlUITLCSI 3 B CJzy'Iae JDX5oro o6MeHa 
C ll30TOIICimH011 I= 1t ;n;eiicTBHTeJII,HO Bl,IIIOJ!HSIJJTCSI Kalt 'AM i,P".i 1 J,118~ 
TaK II WUi W-p' 1r4, r9/ MHlWX. TaKllM o6pa30M, o6pa80BaHHe H pac
Ila,It H306ap A++ II .A0 OTBeTCTBeroru aa 3aM9THYJ) ;D;OJID HerrpSIMWt IIIIO
HOB, o6pa8YJlllllXCSI B 8,IJJ)OH-8,IJJ)OHH!,IX BSaHMO;n;eitcTBWJX. 

HHTepecHaSI IIOill,ITita Bll,ll;eJmTL o6pasoBaHHe t::,,++ BO BCeit .tarne
MaTlllJ8CltO~ 06.nacTH rrpe;n;IIpHHSITa co~eCTBOM ABBCCHLVW B 51: ±p
l! Ir"p-8KCIIepHMeHTax Ilpli 16 ran/cl • Ta6Jllllla 8 IIOKaSUBaeT, 'ITO 
llHlCJll03RBHl,le ceqemm A++(I236} IIOlJTll B,?tBOe Bl,lllle TeX, 'ITO IIOJJyTi9Hll 
l1l)R rrpllMeHeHllll o6peaarorff I, I2"' M (p.s +}'"' I ,34 raB H It l-' 0, 6(rall/c~ 

IIOitaSIUUWX Ha pnc.57. HHTepecHo, 'ITO OTHOCRTeJll,Hllff Blt1I8,1t ceqe
HRSI o6pa80BalmSI A++ B IIOJIHOe Heyrrpyroe ceqeime BOSpaCTaeT C 
YBeJilllJeJmeM MHOX9CTB9HHOCTl! BTOP.lr1nWX qacTHU,_Ii OT 45 P,O 49% OT 
Bcex A++ o6pasyeTCSI B co6HTHSIX c n> 4. Ms pnc.59 BR;n;Ho, qro 

OCHOBnaSI qacTL A++(I236}-R306ap poJKMeTCSI B 88,ItHJJJ) rro.nycipepy. 
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Ta6.mma 8 

GetJeHIDI o6pa30BalmSI A++ II OTHOCHTe~LHllH BK.IIa,D;A++-cetJeHIIil B IIOJI
HOe Heynpyroe cetJeHHe .ltJifI paaHHX Torro~ornit Br±p-n U-p-a1tcnepn

MeHTax IIpll I6 raB/c 

Fraction (°lo) Reaction O'inel(mb) 
inclusive 4prongs f6prongs Bprongs 2prongs 

Jl'•p 3.39 17.2 6.1 19-6 21.9 23.4 
,r-p 1.41 6.6 - 7.5 10.5 18.0 
K-p 1.2:; 4.4 - 7.7 12.0 13.3 

T.e. o6pasyeTCSI lipii ippal'Mew.ramrn llpOTOHOB. O~Ha.KO He3HaqnreJib
HaJI qaCTL ceqeHHtt CBH3aHa C poJK,IJ;eHlleM 1,,.++ B nepe;n;moro IIOJJyCgjepy. 
8TOT IIOMe;n;rorff rrponecc xaPaKTepnsyeTCSI H~eM llMOMa B COOTBeT
CTBynll9M pacrrpe;n;e~emm d6'/dt rrpir ltl or,3(raB/c)2 n, IIO-B~HMOMy, 
c:rurnaH C ;n;pyl'HM MexaHH3MOM p0Jr,Il;etmH A++(I236). HailpIIMep C 06Me
HOM 6apnOHHHMH KBaHTOBl,IMU qIICJiaMll • 

.0 
::i.. 

" ~ 
b .,, 

¥ 
!~ 
! ~ 
• b 

i ~ 

o 2 prongs 

6 4 -· -0 6 -11-

x it8 -H -

\ 
' ' ' 

b 

,r"p-+ 6 .. • X 

at 16 GeV/c 

,, I I I I ' I I I I I I 
-10 -08 -0.6 c0.4 -02 o.o 0.2 04 0.6 0.8 1.0 

ll 

PRc.59 JLH@iepeHIUIMLHHe cetJeHWI d6'/dx pe~mt 
a+P-41++x rrpa I6 raB/c wm BCex co6uTHtl /mcTo
I'l)aMMa) II pa8JlHT.lHIDC TOIIMOI'lrlt (Im pa6ont III/). 
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Hs-sa npaKTR~eCKHX Tpy,IUIOCTeii o~eHb Ceyp;Ha RHqlOPMalUUI 06 HH
KJII0311BHOM o6pasooomm 6onee T.!IllteJWX Hso6ap N*, KOTopue, rJiaBHl:IM 
o6paSOM, pacmuruoTC.lI IIO TpexqaCTHtffi!IM KruiaJmM IIJm KaCita,D;HO. HOB!.e 
.naH1rne rro.nyqeHH rro o6pasoBaHHJO cTpaHHoro 6apnoHHoro pesoHaHca 

K-p~I!<l365> •X 

05f- '·+ .• ,,, ! 
r·t=g,.~!~, ···-.L.t ·_----! 
b t ', ·o, J 

---♦------+-)1 -----
0.22 5 10 20 50 

Piab (GeV/c) 

Pnc.60 l1HKJnosHBHHe ce~eHH.!I 
.?:,± (I385) B K""p-B3a.HMO'JJ,eiicTBH-
.!IX B 3aBHCHMOCTR OT rrepBH'rao
ro lWIIY~Ca (.I@.ll{qe ns pa-
60/57,87 ,I20,I2I/); KJ)HBHe· 
rrp0Be'JJ,e1m Ha r~s. 

K-p--I•u3asl•X K_p_I-(13!5)•X 
o 4.lO.V/c + 4.lGftV/c 
D 10 - II - ■ 10 

-g__ ~ 1::J=:= &16 -N-

. 
Net 
'O '•1 ,.+ ♦ + I, 

I •• ' 1 i °1t 10' ~ -+-r-• • + _f.. ' ! I 

~ i 11 rt + •, J j't t r,n 
~ t" ; 
i·1 11. 

~!-, .w.~~~-!:0~~~~4 

X =p17 IP;..,,. 

Pnc.6I HHBapHaHTHHe x-pacrrpe'JJ,e
~eHH.!I ;u.nJI peaKUirt\ l\p~Z.±(J3S5)X 
(,naHHHe HS pa6o/57 • I20 • I2 I/). 

Z.±(I385} B l\.P - BSallMO'JJ,eiicTBH
.lIX/57,s7,r2o1(p11c.60). YMeHl>llle-
HHe ce~eHHii o6pasoBaHl1.!I .z:.+ ( I385) 
C B03paCTaHlleM SHeprHH BeCbMa 
HaIIOMlIHaeT SHepreT~eceyJD SaBH
CHMOCTb ce~emni pea.KUHH l\p-.AX 
(pnc.4). Ce~eHH.!I IIa,D;aIDT B HHTep
Ba.n:e oT 4,2 'JJ.O IO rsB/c, Ho CJia-

60 MeH.lIDTC.lI B.IIpe'JJ,eJia.X OT IO 'JJ,O 
32 TsB/c, r'JJ,e C8'i8HHe ,%_+(I385}_ 
BeCbMa 6Jm:SKO K ce~eHlllOZ..-(I385r, 
rroc~e'JI,Hee CJia6o MeHHeTC.lI c poc
TOM SHeprHH. Hs lrHBapHaHTHl:IX 
pacrrpe'JJ,e~eHllii rro x (pnc.6I) :rum
Ho, ~TO pe30HaHCZ.-(I385) po~
eTC.lI CHMMeT~HO OTHOCRT~HO . 
x::O, T.e., rJiaBHHM o6pasoM, B 
coy,napeHH.!Ix ueHT~Horo THrra. 
!JpH qiHKCHpoBaHHOH SHeprHH pac
rrpeli,M0HH.!I IIO x ;u,nJI z.+(I385) H 
z.-( I385) npaKT~ecKH COBIIa'JI,aIDT 
B rrepe'JI,Heii rro.nycipepe, Tor.na KaK' 
IIpH X"' 0 Ha6JlJO'JI,aeTC.lI SaM0THOe 
rrpeBllllleHlle ~CJia z_+ ( I385) , ~TO 
MOlltHO IIpHIIRCaTb KBa3R'JI,ByJC'IaCT~-· 
HHM rrpoueccaM c o6MeHOM r~epsa
PHM, KOTOpue, KaK HSB8CTHO, xa
paKT0pRSYJDTC.!I C~Hoii SHepreTH
~eCKOH SaBHCHMOCTbD. neiiCTBH
T~H01 TpexpeµeoHHHii aHaJIHs 
poll!,IteHH.!IZ.+(I385) IIpR 4,2 rsB,/c 
B o6~CTH (fillaI'M8HTatlIDI IIpoTOHa 
(H' c~e'JJ,OBaTMbHO' C amnri:'HJm
~ett CTP.l!HHOCTH B 1\-BepmHHe) 
IIOKasd571. ~TO peµeBCKa.lI Tpa-
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eKTOpH.lI, OTB8TCTBelll!a.Jl sa rrpouecc ammr:a.run,mn CTpaHHOCTH B peaK
wm KK- IIHoHH, coBMeCTHMa c r•.-~ -TpaeKTopirn. 

HliqJopM8.1UtlI O CJia60M pacrra,n;e A-rHIIepoHa B 'JI.BYXCTyIIe~aTOM 
npouecce z_+(I385)---:ir+(.A- pr) ~ IICIIO~SOBaHa COTPY'JI.HH~OC'l'
BOM AMcTep.rtaM-{(EPH-H:r,IOMereH-0Kcqiop,n: 57 lI,1Iff BoccTaHoMemm rro~
uoii CIIMHOBOH MaTPIIUH ~OTHOCTH z.+(I385) B pe~HH l\p-z+(I38$X 
IIpH 4,2 rsn/c. XOT.!I n:s-sa Heorrpe'JJ,eneHHOCTeii, CB!IsaHHHX c 6o~lllliM 
q>OHOM, OIIIH6KR B n~pRSauHH OKaSHBa!OTC.lI 6~1llRMR, pesy~TaT 3TO
ro 3KCilepHM8HTa IIOSBOJIR'eT C'JJ,e~TD BHBO'JJ, 0 TOM, ~TO IlOJifipHSauII.lI 
z+(I385) B 06~CTR ft• z:+1<0,5 (rsB/c)2 ~ n: COBMeCTIIMa c 
ay~eBOH, B cor~mm C npe'JJ,CKaSaHl1.!Ir.m/I22/ a'JI,'JI,HTimHOH KBapKOBOH 
MO'JJ,e~. 3TH pesyRbTaTH CR~HO OTJm~a.lOTC.!I OT CHTyaun:u c IlOJIR'pusa
uueii A-rn:nepoHOB B pea.KUJIBx l\p-A~B KOTOPHX ycTaHoMeua sa
MeTHruJ n01IHpnsau1ISI .A-r.0:rrepoHoB (cM/ I, r.n;e co'JJ,epmaTc.lI ccblJIKlI 
u ua 6Mee paHHHe pa6oTu) • 

0.5,r-~~~~~~~~~~~ 

•> ~ ~{:::::ta:i:.ons}4-2G.Ylc 
e K-p-A•I, 14lG•Ylc + 

+4-

t ~ ! 

_;_ '1'tt.,i;~* 
-osl , , X , ,[ \ J 

-to -0.5 0 05 lO 

05~ " ~ b) 42Gl'Vlc 
cK),-,.,plOl'IS 

■IC-P-f,•Kii:•p;,;,n• 

+ -0~+,-4--

+ t 

o,,,~~~--' 
cl 

•IJP-A•.llU'G•V/c 
■ Kj)-A•1tii•pior,s 

+ 0~--t-·:t:=+---
+ 

·0.5L , 1 1 1 .J -05,L,._~~-,d<.....J 
00408t2004os1.2 

Pr (Gev/c) 

Puc.62(a) ~pusauM /\-rn:nepoHOB 
~ •(J,(,cN) ·1;1 qiiti (B 06HWHX o6osHa- . 
~eHH.!Ix) B SaBHCHMOCTH OT nepeMeHHOll X 
B pe~n: l\p...,...A + IIHOHH '} l\Jl...,..A + 
+ KR + IIHOHH rrpn 4,2 r3B/cf I237 n: 
K""p.-,A + X IIpR I4,3 rsB/dI24/;(b)(c) 
noMp.0:sa.mm A -r.0:nepoHOB c -I< x < -0 ,2 
B 3aBHCHMOCTH OT PT B pe~ 
l\p - A+ IIROHH' l\p--.A+ KK + IIHOHH 
rrpH 4,2 rsB/c H PP-A+ X npu 5,7 

rsn/clI23/. 

Ms pnc.62(a) Me,!t,VeT, ~TO n~pliSauII.lI.A.-runepoHOB IIPll 
x < 0,5 CYDleCTBeHHO OT~aeTC.lI B pe~.IIBX 

K'"p- ,A+ IIHOH11 , (4.2.4) 

K'"p- .ARR + IIHOHH. (4.2.5) 
0Ha IlO~OJKn:T~Ha lI,1Iff peaKUIDI (4.2.4), HO MerKa OTp1IUaT~Ha }l;JI.lI 

perua:um (4.2.5). ,lJ.mJ C06HTHH B 06JraCTH ~parMeHTauHH IIp0TOHa 
(-I< X ~ -0,2) 'AJilI 3THX lW{X peaKUHii Ha6JIIO,naeTC.lI SaMeTHM pas-
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~ l:::., 

Hima B 3am!CHMOCTH llO.liffJlli3aI.UIB ~ OT PT (pnc.62(b)). B TO xe 

BpeMl1 ~ B pea,mzym (4.2_.5). He CM3aHHOil C npo~eCCOM aHIDII'HJI.lI-

~ cTpaHHOCTH, Bec1,r.ia 6.lmsKa K noBe;o;erum ~ B pe~n pp- AX 
(pnc. 62 ( c) ) • He60JI1,IllaJI Be.mrn1ma nOJIJJpH3ElllHll A B o6JiaCTH qiparMeH

TaI.UIB npoTOHa ,JJ,1IR pp-B3aHMO;I{eficTBHil H I("p-B3aHMO;I{ellcTBHil C BHp

'cy'aJil,JWM np~eccoM KK- RX + llHOHH B03Moimo yKa3UBaeT Ha TO , 11To 

B o6omc np~eccax ;I{OMliHHpyeT 06MeH llOJllOCOM IloMepaH'l!yKa. 

5. J!ByxqacTHt.nrue KOppMITTJirn 

Mllorne saKJIIO'leIOOI o CTa-ryce .mzyxqacTI11IHHX Koppe.mmuu B npo
cTpaHCTBe 6ucTpOT B HaCTOffi!lee BpeMl1 3Ha'l!HTeJil,HO OTJIH1I8.10TCH OT BH

BO;I{OB. c;o;eJiaHHHX Ha KOHqJepeHUWIX B :3Kc"".aH-I(po:&mce li JioH,llOHe. 

BalKHOCTl, npe;I{CTaBJieHHH pesyJil,TaTOB B TepMIUiaX ll0JIYHHKJII03HBHHX 

KOppeJim.Urll (nOKa3aHHaH B 8KCllepliMeHT8X Ha ny3upI,ltOB!:1X ItaMepax B 

CepnyxoBe H EaTa:BHii), ;o;HCKJlliMli~HH 11acTim pasmoc 3HllltOB H HaKOll

JieHHH pasyMHOH CTaTHCTHKH Terrep1, BCeMli xopomo llOHSITa, H 8TO o6'b
RClUieT yMeHl,llieHHe IIOTOKa 8KCnepHMeHTMI,HOH (HO OTHXJ,JJ;l, He Teope

TII'ieCI<Oii) HHqiopMaUHH Ha STY TeMY. 

IlpocTaR Mo;o;eJil, HesaBHcHMoro ncnycKaHIDI KJiacTepoB Bee eme 

npo;o;oJDKaeT OllHCUBS.Tl, HB.H60Jiee xapaKTepHl,le CBOHCTBa 8KCnepHMeH -

TamHHX ;o;aHHHX. &!ecTe C TeM, HaKaIIJIHBaeTCR Bee 6oJU,llle ;I{OKa3a

TeJil,CTB, 'l!TO 06RJil,HOe o6pa30BaHHe pe30HaHCOB MOXeT B 3HB.'l!HTeJil,

HOti CTeIIeHH 06'1:.HCHllTl, 8qlpeKTH KOpoTKO;o;eilCTBHH, Ha6Jm,ItaeMHe B 

;o;Bj'X1IaCT.ll'iHWC xoppeJIJnUmX. C MOell TO'l!Kli 3peHHH, O,lUlllM H3 cep1,e3-

HHX ;I{OBO;I{OB B llOJil,3Y Ta.KOH liHTepnpeTawru HBJIHeTCfl llOCTOHHHaJr 

CTpyKTYJ)a C06HTllH ~ ~Koll o6Jia.CTH aneprHii. . 

. Tax,B pa6oTe' 125 llpli cpa:snemm ;o;HqipaKUHOHHOro B036Yl!t,IteHHH 

lJyKJIOHOB B COCTOHHHH N - N,r, N ,_ N:rJr" H N -- /\ K I(" -Me30HaMH C 

RMIIyJil,COM I4,3 raB/c H npoTOHaMH llJlli aneprru1x BK UEPHa ycTaHOB

Jieno Y'AHBHTeJil,HOe no;o;o6He xapaxTepHCTHK 8THX ;o;Hqipa.RuHOHil!:1X npo
~eccoB. B Ka'l!eCTBe npHMepa Ha JlliC.63 IIOKa3aHO, 'l!TO qiopMH cneK'l"

poB 8qxp(!KTHBH!:1X Ma.CC pJr+z- Hp~+ B peaRUHJIX I("p-,.I("(p:r+.r-) 
llJlli I4,3 raB/c H PP- (p~+~-) (pa-+..--) IlpH • 500 raB/c llpaKTH-

11eoK111 O'AHHB.KOBH KaK ,IµIJJ pe30HaHCH!:1X OTIJYKTyp, TaK H ,IµIJJ Boero 

qiparMeHTauHOHHoro qioHa. ;11.RqxpepeBIUiaJil,HHe ce11eHHH dti"/dt .u.im Tpex 

,nHqipaKUHomwx npoueocoB I("p- I(" (pr+:r-) npH'VS°' = 5 ,3 raB, 

pp..- p(p:r+..--) npirle = 45 raB H pp-(p:r+.ri(pa-+r-) npH 

ff = 3I ra:8, (p»c.64) Ta.Kllte BeO:r.MB. 6JIH3KH ,lUlY1' K l1J1YTY. XapaxTep-;

HW,!H 11epT8MH 8THX pacnpe;o;eJiemi:tt HBJlfI!lTOH 8KCllOHeBIUiaJil,HOe rra,n;e-
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M(p:n-•)GeV M{p,riG~V 

PHc.63 Cpa.BHeHHe qJpal'MeHTauHOHHUlC CHCT8M 

p -p.r+..- - B peaiavm C O)UIOBepmmrnoff 

;o;HCCOlV!auHeli I("p _. I(" (p:r+.JI'- ) llJlli 14,3 
raB/c H peaiavm C ;IU3yXtlaOTH1IHOil MCC~a

~eli pp .. (p.r+;,r--)(p;r+ill'- )llJlli •500 raB/c: 

(a)-cneKTPH Mace pa-+;r"" ; (b) II Cc)-cnexT

PH Ma.CC llO,ItClICTeMH pr+ (na pHc. (c) B npo
H3BOJ.I:r.H!DC e,nmnmax); CHs pa6on/125/). 

Ime ce11eRd llJlli MaJWX -tKK (wm -tpp> c 60JlI,JliHMH n CpaBHHTe.m.no 

6JIH31tHMl,I llapaMeTJ)al,m Halt7IOHOB II HaJmtme lI3JIOMOB llPH 1tl•0,:1raB/cY; 
Ib,1to6.1re pacnpe,IteJiemtli llHBaJlHB.HTH!DC MB.CC, yrJIOBWC pacnpe;o;eJieHlltt, 

H ;o;H@lepemumm.HWC ce11eHHil WISJ 8THX llJlOlleccoB llJlH OTJilITmDlltIIXCfl 

Ha llOPfl;I{OX B8.1Ilflmllll 8B8J)I'JIISX B c.n.». YKa3HBaer,Ta.KHM o6pa3oM,Ha 
llOpa3HTe.nI,Byl) HeammoRMOcT:r. OT 8HeprHH MHaMIUtH: 'AliqJP8KIUJOHllla 
llPOneccoB B 8TOfl IIIHpOKOff 06.iracTH 8Heprnfl. 

Ecole Poletechnique-Rutherford-Saclay Collaboration 

'°E ,,,.,,, 
500 K"p-K"(p:,r•,r·) pp-p{p,r•,r·) 

[-(p,r•:r){p,r•,r·) Ii •S.30.,V /s•45~V ls:31~V 
.. 

M(p,r•,r·)c1.6~V M{p,r•,r-)cl6~V 
,.- M{p,r•,r·>,,•16~V t .. 

:;! 100' •> =t l b) ~ 1. c) l::; 50 I!) 
I!) 

~ \ 9.B~v-> .CJ 
.CJ .. 

f+ 
g 

3-c IO ~ .1 .. 
i.os 

> 
II.I 5 + .\.. 

11 ' ''' ~ ' 
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111111 
11 .u1, 1 I 'IQ'1 

.()10 ~5 0 (15 10 15 0 OS tO 10 15 -t .. GtoV2 
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-tP.P r,,- G11V 2 

Pxc.64 Cprumemre .ItHqxpepeH[U!aJIJ,HWC ce11emrt1 oCSpaso:Bal!WJ i/ 

.ItH~omna CHCT8M 111'11"' c .Ma.1llilm Maecrum(H3 pa6oTJ/ I35,J. 
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JlpyrliM BaJitHHM CBOHCTBOM 3KCIIepllMeHTaJII,JWX MlllWX SIBJISieTCSJ 
CJia6ruJ 3HepreT.li'leCKB.fl 3aBUCHMOCTb KOppeJISIUliOHHOii qly~R !IO 6ucT
poT8.M R(YpY2) B ueHTpaJll,HOfi OMaCT'.d (rrp:iu,y = Y2 - Yr• 0) B 
lIIIIpoKOM :imTep~e sHeprnil. CoTpy,rumtieCTBOM UEPH-CCCP n ~:im

-CCCP noKasam/29/, "ITO STHM JKe cBOHCTBOM o6Jia,ua.IoT H IIOJJYRHK.lID-
3HBHue KOppeJUIUROHHUe qJyHltnl:llio [fi}H CpaBHHTeJU,HOM aHa.mrne KOppe-

JlflUllOHlll:lX qJylnautiJ: 

--( ) ( d26' ) n-1 (dG°' ) (dt5" ) 
Gn Y1 rY2 a ay':'E'y n- nir· ay. n' Ty: n (5.0.1) 

1 2 n 1 2 

B peru~rnx W-p-.:11"_:I"_ + :X: IIPR 32 rsB/c _R I2 rsB/c B STOM sxcrre
pllMeHTe ycTaHOBJieHO SIBHOe cymecTBOBaHlle !IOJJYllHKJIJ03llBHllX xoppeJISI
UllH MeJK,Dy Jr--Me30Ha.MR B ueHTpaJll,HOii o6JiaCTR B 6,. 8, IO ll I2-Jiy
"l8BllX C06!lTllSIX !IpH 32 rsB/c (puc.65). BeJm"lllHa ROTOpllX CJIB.60 Me
HSieTCSJ C YBeJill'l:emteM MHOJKeCTBeHHOCTll H !IpH6Jm3HT8JlbHO IIOCTOSIHHa 
B llHTep~e OT I2 'AO 32 rsB/c. IbcJie~ee nps!MO ~TllBOpe'tlllT yT
Bep:M,IJ;eHHSIM, C'AeJiaHHL!M Ha JloH,D;OHCKOH KOHqJepeHUH:ir'J.

63/. 

CompygHuuecm~o q>PAHUl1A-CCCP u UEPH-CCCF' 
K'p-+JT-JT-•X, 32 r,~,c 

a) 

10 

G-1.y1.1eU I c) 
(15078) 

10-1.y1.1eU 
(9912) 

H···~-~---~•·· ;-- lb) I 8-•yoeu f , I ' I ' I • , 1 
~c lO . (19266) d) 

~ 
~ 

12-Ay'-leO I (:990) 

0 •1,tlJi11M1rti't!f IJ~ 

-10L_•'-'-_.;.2~-eo!--~2~_,._,_-'•-'---_2!-"--!-o-'---2!-"--LI• 

6Y = Y2 - Y, 

j C 

Pllc.65 3aml:CllMOCTb xoppeJISI
UllOHHOtt qJyHRUl:lli (5.0.I) lI,1ISI 

IIOJJYRHKJIJ03llBHOfi peaKUIDI 
lt+p -+.1r-.ir + X IIPR 32 rsB/#2/ 
B 6,8,IO-H I2-JIY1IeB!lX co6uTH
SIX OT AY=YrY2; B CR06Ka.X yxa-
38H!l 'fflCJia ~-:r--KOM6RH8ll;litt;,. 

mrHHR - 'AaHHHe IIPR r2rsB/~ ... ~ 

AHaJIOI'll'!Hlle B!lBO'A!l C'AeJiaHll !Ipll llCCJie'AOBaHllll 'AByxti8.CTll"lHNX 
xoppeJISIURH !IO 6ucTpoTa.M B ueHTpaJII,HOH o6JiaCTll B ~~3llBHllX 
pe~ B 'Jl'-p-B3allMO'AeHCTBII.fIX OT 8 'AO 360 rsB/c' I2 . • lfuipoKlni 
HHTep~ BHeprllli B BTOM BRCIIepHMeHTe nosBOJIHJI 6oJiee 'AeTaJII,HO 
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ncCJie'AOBaTb BHepreTll"leCKyJo 38.BHCllMOCTb MaltCID.!aJII,JWX 0 3Haqemf1t ROP
peJISIUHtt B ueHTpaJll,HOil o6JiacTH. YCTaHOBJieHo, qTo Ma.KCIIMaJll,HUe 3Ha
qemm xoppeJISIUliOHHoil qiymaum .ll;JilI IIOJJylllmJmsllBHllX (- - ) II C+ -) 
xoppe.JISIIllltt pac'cy'T C BHel)I'Reil RaR lns • IIPR"leM BTOT pocT HaH60Jiee 
cymecTBeH lI,1ISI xoppeJU!Ullli MeJii,DY 'tlaCTRUru.m: pasH!lX sapi:r~oB. IJoc
Jie,ttmm qaKT 06'1,CHSieTCSJ B paM!ta.X RJiaCTepHOil lpeHOMeHOJIOI'IDI, HO Ha 
caMOM ~eJie eme .nyqme cor.nacyeTcSI c JiorapnqiMir11ecRHM pocTOM ce'tle
Hllil o6pa30BaHHSI Me30HH!lX pesOHaHCOB (c_M. rrpe;lUl.lJYlllltit pa.3~eJI). 

F,JtlmCTBeHHUM cepbe3HHM ~OBO~OM !IpOTHB "pe30HaHCHOU11 HHTep
rrpeTawm Ha6mwleM!lX ~CTlI'iHWC ROPPe.nsmHil, IIO-mr,nHMOMy, SIB
JmeTCSJ HeCROJt&KO 60Jiee B!lCOKaSI CP,e)U{.IJSI ~OJKeCTBeHHOCTb sa,IigxeH
HNX qacTRU "RJiacTepa.", ~k>a2-:1127•1281. CJie;rzy-eT, o~o, 
HMeTb B BJIIJJY, qTO BTH 3Haqemm IIOJJY"IeHn He BRC!IepHMeHTaJII,HO, a 
B pa.MKaX orrpe'AeJieHH!lX MO~eJJeit ll ~e oueHKR Wil)T ~ k> ~ 2 (60-
Jiee II0~6HO CM., HallpllMeIY, !2~/) • q'l'o He !IpoTHBOpe'!IIT pe30HaHC
HOil HHTeprrpeTauIDI. KpoMe Toro, pa.CIIS'A 6apHOHH!lX peSOHaHCOB C 
00.lil,IIIHMll MB.CCaMlr MOJKeT MBaTb 6o~ee B!lCOeyIO MHO~eCTBeHHOCTb sa
pSJJKeHJll:lX 'tlacTRU B "RJiacTepe". 

Hm!te rrpe~CTaBJieHO Rpa.'l'KOe o6c~e:ime IIOCJie~ BRC!IepRMeH
TaJibmDC MHlll:lX !IO )U3yXtiaCTii'llIHM KoppeJISIUHSIM, B KOTOpllX OCHOBHOe 
BHRMamte Y'AeJieHO yrJIOB!lM KOPPeJUIUHJIM, HHTep:JlepeHUHOHH!lM eifxI>eRTaM 
MeJK,Dy TO~eCTBeHH!lMll llllOHaMll H rrpocTpa.HCTBemroii CTPyRTYPe o6Jiac
TR B3allMO~ettCTB:imo 

5.I. YrJIOBlle Koppemnum 

ASHMYTaJII,H!le xoppeJUIURR o6mHo HsyqamTCSJ B TepMHHaX rrapa
MeTpa. acm.lMeTpHR A ::. (N(~T> 3" /2)-N(~ < ;JI" /2))/(N('1T> r/2) + 
+ N(~T~ 7/2)), r~e ¢T -asaMyTaJII,H!lil yrOJI Mellt,JlY rrorrepeqH!lMll 
HMIIYJ!bcaMll pT

1 
a pT

2 
'AByx qacTnu. B Ta6Jill!Ue 9 rrpRBe~eH!l sxcrre

paMeHraJILHHe 3Ha~emm IIapaMeTpa. A lI,1ISI rrap TO~eCTBeHH!lX/ll HeTOJK/ 
~eCTBeHHNX 'tlaCTRU, UOJJY"IeHHUe B HeCROJU,RllX BKC!IepllMeHTaJC r30-r33_ 

Ha pnc.66 rrp:ime~eHa 3~CHMOCTb napaMeTpoB AL H Au B :ir-p
-BKC!Iepn:MeHTe !IpR II,2 rsB/c' 13I/ O'l' pa.3HOCTH 6ucTpOT AY. ROTO
pru:r CpaBHHBaeTCSJ C rrpe'ACKa3aHHSIMR cTaTHCTll"leCKOit MO~eJm. Hs BTO
ro pncymta n Ta6JIRUll 9 MOXHO C'AeJia.Tb CJie,Jl;,VDJIHe saKJJJOqemm. EoJiee 
BllCOime MH01t8CTBeHHOCTll HeflTpaJll,HllX "laCTRU npn 60J!blllIIX 0Hel)I'RSIX 
!IpRBO.ItHT . R y61mamm AL. Au. H Au-AL C POCTOM et Torwa .KaR OTHO
meHRe (Au-J-L)/(Au+AL) B rrpe'AeJiaX onm6ox llOCTOSIHHO. PasHOCTb 
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3Haqemm napa.MeTpOB aCHMMeTp.1:!.1:! A }J)IJI nap TOJlt

,ll;eCTBSHHUX (AL) .I:! H8TOJ!t.n8CTB8HHHX (Au) qacTHU 

pn/1301 JT~p 1131/ JT-p/1321 pp 1133/ 

(1-t6) GeV/c 11.2 GeV/c 40GeV/c 102 GeV/c 

ALIKE(ll 0.182!0.008 0.1074!0.0008 0062!0006 0.040t.0010 

AUNLIKE(U, 0335t.Q.006 ~.1764 t.0.0008 0.106!0.003 0.078!0.010 

Au -AL 0.153!0009 0.0690!00011 0.044!0.007 0.038!0.01 

Au -AL 0296 !Q.018 0.243 ! 0.004 0.262!0.04 0.322!0.08 
Au •AL 

BFGMOP Collaboration ,r-p at 11.2 GeVlc 

a) •lih pairs b) without p• 

A 
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6Y 6Y 

PHc.66 llipa.MeTpH a3.1:!MYTaJILHOA 

aCHMMeTpH.1:! }J,1m nap TOJ!t.n8CTB8H-

lillX H pa3HWC qaCTHU B Jr-p-B3a

.l:!MO,ll;8HCTBlliIX npH II,2 raH/c B 

3aBHC.l:!MOCT.I:! OT pa3HOCT.I:! 6HCT

poT AY = Yr - Y2 ; (a)-}J)IJI :ooex 

C06HT.l:!Hj (b)-noCJie Y,ll;aJiemm 

co6aTHH c napaMH a-+y- .l:!3 06-
JiaCTH f 0 

-Me30Ha(.l:!3 pa6oT/I3I/) • 

MelKJCV Au :a: AL mw6o.nee SHaqH

TeJil>Ha }J)IJI MaJIWC paSHOCTett 6acT

poT. AcHMMeTp.1:!H }J,1m nap pasHUX 

qacTHU noCJie Y'AaJiemm co6irr:a:tt 

HS no.noes MaCC so CTaHOB.l:!TCH 

COBM8CTHMOii C upe,ll;CKaSaH.l:!H.MH C'la

THCTHqecKott MO,ll;eJIH, HO OTJJlt'meT

CH OT 8THX iwe,ll;CKa3amdl }J,1m TO.llt

,ll;8CTB8HIWX nap. Ta.Km~ o6pasoM, 

pocT Au IlpH MaJIHX AY MOXHO .l:!H

TepupeTHpOBaTL KaK CJie,ll;CTBHe 

pacna,ll;a peSOHaHCOB' TOr,ll;a KaK m
,ll;SHHe AL Up.I:! M!lJillX /ly np0.1:!CXO

,ll;HT, no-B.l:!,ll;HMOMY, B CJ18,IICTBM e 8q>- , 
WSKTa C.l:!MM8TpH3E1UH.I:! B CTaTHCTH

Ke Eoae-3ttJ!lnTettaa. 

IbCKOJILKY o6pa30BaHHe peao

HaHCOB BJIWieT Ha yI'JIO:syKl aCHM-

MeTpHD, TO KaJKeTCH ecTeCTBSHHHM 

HCCJI8,ll;OBaTL yrJiqBae Koppe,rummr 

MeJK,ICV lffiCTHUaMH B SaB.l:!CHMOCT.I:! 

OT .l:!X aqq>eKTHBHOH MaCCH M, a He 

OT paSHOCT.I:! 6HCTpoT Ay. B Ca.MOM ,ll;eJie, KaK. o6pasoBaHHe pe30HaHCOB, 

TaK H aqq>eKTU, CM3amme co CTaT.l:!CTHKOH TOJ!t.n8CTB8HllHX qaCTHU, · 

llpOHBJIHIOTCH, rrpex.ne Bcero. np.1:! Ma.JIUX 3HatI8HHIIX AY H n08TOMY Tpy,ll;

HO pa3,ll;8JI.l:!Ml:l. JfccJie,ll;OBaHHe lite yrJIOBHX KOPPeJiml.l:!H B 3aBHCHMOCTH 
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OT aqqieKTHBHOH MaCCU napH qacT.im n03BOJI.fI8T pa3,ll;eJIHTL 3TH aqq>eKTH, 

' TaK KaK CTaTHCTHKa Eoae-8Hlil!ITettHa llpOHBJIH8TCH' rJiaBHUM o6pa30M' 

B OKOJIOilOporOBOtt o6JiaCT.I:! Mace. 

TaKaJI 3aBHC.l:!MOCTL napa.MeTpa aCHMMeTpHH A OT ajxpeKTHBHOtt Mac

CH M }J,1m nap 1T -M830HOB Jr+,...- H :I± :I'± HCCJI8,ll;OBaJiaC:b COTpy,mrnqecT

BOM ,IJy6Ha-MocKBa.-T6.l:!JI.l:!Cr/I34/ B :r-p-BSaHMO,ll;eHCTB.1:!HX npH . 40 ran/ c. 

Jl,IJSi BCett COBOKy-llHOCTM C06HTMH 3a:BHCHMOCTM napa.MeTpoB AL H Au OT 

M rrpHMepHO O,ll;HHa!tOBH, HO llpM ,aye; 0,2 M .AP¥ c:. 0,2{raB/c)2 B napa

MeTpe acHMMeTpHH }J,1m .J'+JI'--nap Ha6JIIO,ll;a8TCH OCTPUtt IlMK npH M=M.fo 

(pHC • 67 {a), {b)). EcJI.I:! pacrrpe~eJieHHH 110 a3HMYTaJILHOMY yrJiy fl }J)m 

BCett COBOKYIIHOCT.I:! C06HTHii OKa3HBalOTCH BeCLMa OTJI.i:!TIBHM.I:!. }J,1m :r± ;Jr±
H Jl+,1'- - nap ,.TO noCJie y,ll;aJISHHH ;,r+;,r-- nap HS IlOJIOCH Mace g 0 -Me-

30Ha 3TH pacrrpe~eJieHHH B rrpe,ll;eJiaX CTaTHCTHKH BeCLMa nO,ll;06HU 

(pHc.67(c}). 

Dubna - Mos!=OW -Tbilisi Collaboration 
a) ~-lb}' . .• 1 J .. ♦-♦ all ~~t, C) Jr Jr "' 

0.51- . .. 1\ + 
_}' 

-- --♦-+-♦----
__ _,,_ ______ -{ D, 

lO 

09 •♦ Nu ♦ .. 
I/ I .. 

'< 
A ll -. 

N•-"' • ,. Withoutp p .. 1.1 

-♦-+-+-+J.+-r-I> t0 ,, 
'i. 
e 09 . t 

~ 
032 0.72 102 032 072 l02 n () Jf/2 ,r 

MJr:ir, GeV ¢ 

PMc.67 llipaMeTp a3HMYTMLnott ac1™MeTpHn A }J)IJI (a) ~+;r:. 
H (b) y±:,r± -nap B SaBHCHl,!OCTH OT HX aqxlieKTHBHOtt MaCCH 

M B ,1"-p-BSa.l:!MO,ll;eHCTBWJX IIpH 40 raB/c; (c)-OTHomeHHe 

a3~TaJILHWt pacnpe,ll;eJieHHii }J,1m TOJ!t.n8CTB8HHWC M pa3HHX 

nap )J)ISl Bcex KOM6HHBIUdi: M noCJie y,ll;8Jle~4"+y---nap HS 

nOJIOCU MaCC j> 0 (MS pa6oTz/ I 3 } • . 

,Il.eTaJILHHti aHaJIHa yrJIOBHX KOPPeJIS!Ulitt B 3aB.l:!CHMOCTH OT aqq>eK

THBHX MaCC paCCl,~T~eMUX nap traCT.l:!ll llpO,ll;eJUlH B y+p-axcnep.l:!MeH

Te IIpH 16 raB/cf 
13 I, B KOTOpoM :0:cCJie,1J;oBaJIHc1, 4-H 6--JlytieBUe co-

6HTMH M OT,ll;eJil>HUe 4- n 6-tiaCTHtlHHe 3KCKJID3HBHHe .peaKUHH. B 
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8TOM aKcrrepHL!eHTe ll3Y'{aJUlCb 3aBllCllMOCTb pacrrpe,neJierum no yrJrJ f6 
Mel!i,11Y uMnyncaMH 'JJ:Byx 'iaCTllU Pru Pi oT ajq)eKTHBHoil Maccu M aTHX 
%CTllU. B pacrrpe,neJiemmx no ajxpeKTilBHOil Macce JI'+.,..-_ MeSOHOB B co
OTBeTCTBYIO!IIIlX Bl16OpKaX co6uT.IIH (pnc. 68) OT'ieTJmBO Ha.6JIJO,WUOTCH ITH
KU B o6Jracrn MaCC , 0 - .II f -Me3OHOB B. pe~ Jr+p - p2r+;rr-, IIlIB 
OT j'0 -MeaoHa B peaialH.II :JI'+ p -p3;1"+ 2:r - n HeKOTO!)M KOEUeHTpa- · 
UHlI CO6l1Tllil B O6.nacTH ~ 0-MeSOHa B rro.nymntmo3llBHl1X pelll(Il.lISIX 
(pl!c.67(c) 11 (d))~ .ll1Iff TOro 'iTO6l1 HCCJie,no:saTb BJOOI:Eme yrJIOBHX 

)> 

,r•p-x AT 16 GeV/c p(M{:rr•ri] ~ 
1--~-~-----,------,.,...,----,---r----ln 

a) o bl n ::E 
n 

f g ~ 

0-10 i l ~ 
t 
<!) .., 
0 
0 

bl::!: ,, ,, 
-lb 0.10 

II 

::;: 
a.., 

~--~•~ ____ ..,!::; 

0 
IL--+____:=t::::::::::=::IL--1--~===l z 

0.2 1.0 1.8 2.6 

M(,r•:n--), GeV __ 

PHc.68 CneKTPll IlJIOTHOCTett Bqq)eKTiraHHX MaCC y+:.-=Me-
3OHOB B:Jl'+p-B3aHMO,tJ;eHCTBWIX IIpH r6 raB/c (ns pa60Tu1r351). 

rrepeMeHHllX Ha crreKTPll aqipeKTilBHllX Ma.Cc,paccMaTPHBaJIOCb cpe,tJ;Hee 
3Ha'ieHHe<'cos{6,- B BH,ne fIJYHR[(lm OT M. OKa3aJIOCb, 'iTO SaBHC.IIMOCTb 
<cos{6;,, OT M )J)IJI nap .Jl'+il1'- H :Jr ±;ir± B 3Hal!.IITenHoil CTeIIeHH OIIpe
,neJUieTC.fl KUHeMa.TllKOil. O,nHaKO BJOOJHile KOH~ HMIIYnCOB Pr 
H P2 'iaCTllU OT pacna,na pesOHaHCOB Ha crreKTPll ajq)eKTHBH!llC Ma.CC 

. ,neilCTBilTeJihHO .f!BJI.fl8TC.fl pasuTenHHM IIpH IlCCJie,tJ;OBaHilll pa3HOCT8H 

"' - :1: .. :1: d:ir.r(M) .. ,<cosf6~;r_:;;,,M -<cosf611 ... ,>M (5.1.1) 

,ll;JI.fl IllIOHHllX nap (PHO. 69) n 

dPJl'(M) a,<'cosf6P11~M - <cos{6~;,,M <s.1.2> 

,ll;JI.fl IIpOTOH-illIOHHllX nap B 3aBHCY..MOCTll OT M. 3aMe%TenHllll qrutT 
COCTOUT B TOM, 'iTO pe3OHaHCl1J Tarore KaK f .II g, KOTOpue He BH,ll;Hll 
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. Pnc.69 3aB.IICHMOCTh BeJIH'illHll du(M) (5.r.r) OT ajq)eKT.IIBHOM 
MaCCll IIapu IIHOHOBJl'Jr B ~+p-~a~o~eilCTBll.flX IIpH r6 ran/c 

(irn pa6oTI:I r361 ) • · · 

(.IIJill IIpaKTll'ieCKH He BH,tJ;Hll} B COOTBeTCTBY.IOIJlliX pacnpe,neJieH.II.flX aj>

(peKTllBHllX MaCC • OT'ieTJmBO Ha6JIJO,na.loTC.fl B pacrrpe,neJieHilll BeJIHl!.IIHIJ 
du(M), ItaK CJie,u,yeT '..IIS COIIOCTailJieHil.fl pHc.68 H 69 • .AHaJIOrH'iHllll 
8qlpeKT Ha6JIJQ.naeTC.fl u )J)IJI BeJIH'lllHll dp-r (M), r.ne OT'ieTJIHBO BH,neH 
IllIK OT H306apuA++(I890), KOTOpuH He SaMeTeH B pacrrpe,neJieHilll ITO 
ajq)eKTilBHOll MaCCe p;r +. 9TOT ajq)eKT CB.fl3all C ITOH.f!THUM yMeHI,me- . 
lIHeM yrJia {6 (YBeJm1IeHHeM "'cosf6>M) Mel!i,11Y llMIIYnCaMH tiaCTllU, 
o6pa3YJO!IIIlX pesoHaHC C MaCCOtt M, Il ero IIpHMeHeHHe MOl!teT OKa3aTDC.fl 
OtieHh llOJie3Hl1M )J)IJI Bll,tJ;eJieH.IISI peSOHaHCOB B MHOrO'iaCTH'iHllX peaK
UIDIX IIpH BllCOKllX aHeprHSIX, r.ne, B CHJfY KOM6HHaTOPHKil, Bll,tJ;eJieHUe 
peaOHaHCOB no crreKTpa.M 8qlpeKTilBHl1X MaCC rrpe,ncTaBJI.fleT HenpoCTyJO 

sa.naw. 
TaKHM o6paaoM, KaJKeTC.fl pa3yMHl1M 3aKJIIOl!.IITh, 'iTO yrJIOB!1e Kop-

pe.rurn;:irn: HL!eDT rJiaBHHM o6pasoM IWHeMaTH'!eCKOe npoHCXOJK.neHUe. Pas
HllUa M8l!i,11Y KOM6miawt.f!MI'! TOJK.neCTBeHHllX H pa3Hl1X sapRJKeHHllX %CTllU 
BHe OKOJionoporoBOtt o6JracTH, r.ne HHTep:pepeEUUOHH!1e a<ppeKTll MOryT 
6!1Th cyuiecTBeHHHMil, MOJKeT 6uTh o6MCHeHa o6paSOBa.HUeM peaoHaHCOB. 
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' 
5.2. IlpOCTpaHCTBeHHa.lI CTpyKTypa co6uTllfi 

PacCMOTpllM Tenep1, 06.rraCTI, B6Jrn:3H nopora mrnapuaHTH!JX Ma.CC 

nap TOJK,ll,eCTBeHH!JX tffi.CT.tm, HHTepec K KOTOpofi c:rurnan C B03MO.lKHOCTf,IO 

Irnuepemm paaMepoB o6JiaCTH B3aHMO,IJ;efiCTBIDI • IlepBoe YKa3aHHe Ha 

B03MO.lKHOCTI, H3ytJe1um npocTpaHCTBeHHO-BpeMeHH!JX CBOfiCTB HCTO"IHHKa 

SIVJHCCHU lUIOHOB 6wro IlOJiy"IeHO B CM3If c 06Hapy,KeHHeM yrJIOBOfi KJiaC

Tepir391Um To,mecTBeHHWC IDIOHOB (B Tepr,runax yr.rra i M81!,llY HMI!Y.nca

Mn JU3YJS "IaCT.tm), H3B8CTHOfi no;i; ita3BaHHeM GGLP -ajqleitTa/I36i' • B 
pa6oTe1 r

37
/, npe,IJ;CTaBJieHHoil na T(JHJIHCCKYD KOHq>epeimmo, 6HJia rrpe,ll

ITIJllll.lITa ITOIJUTKa ll3M8PMTI, 06JiaCTI, Eoae-SumnTeilHOBCKHX Koppemmun 

B e,IJ;Ummax KOMIJTOHOBCKOfi ,ll;JIHHl,I BOJIHU !Il:10118, T.e. TaK, KaK 8TO 6u
JIO C(JJOPMYJilipoBaHO GGLP11361, B x-p-aKcnepnMeHTe rrpn 200 f3B/c • 

B 3TOM 8KCrrepllM8HTe IlOKa3aHO 1 'ITO Jf+z--KOPPeJIRUllll OTJill"IaIOTCSI OT 

Jr-ill'--KoppeJimlllfi TOJII,KO rrpu MaJIUX 3HatJemmx t12·<P1-P2>2• STa 

pasn.ima 06'1,SJCHHMa, ecJIU 06.rraCTI, KOppemmufi Eoae-811mnTeilHa COCTaB-

JiffeT R = (1:!:0,25) PM. , 
He,IJ;aBHO KOill,IJIOB u Ib,nropeuKHn/r3s/ (cM.TruoK/r39 ,r4o;) rrpe,ll-

. JIOJKHJilI H3YtJaTI, pa3Mepu 06JiaCTH 3MMCCIIH IIl:IOHOB C ITOMOilll>IO HHTeppe

peHUHU TOJK,ll,eCTBeHH!JX Me30HOB, ucrrycKaeMUX H3 pa3HWC tJacTefi llSJJY

iiaromeil o6JiaCTJ,I. OHH ITOKa3aJIH, 'ITO KOHCTpyKTllBHa.lI UHTeppepeHUHSJ 

M8JK.IlY TaKI1MH MeaoIIaMH cymecTByeT ;i;ruite Tor;i;a, xor;i;a OHH ncrrycKa- -

IOTCJJ He3aBllCUMO ,Iijlyl' OT ,npyra I nputJeM nrn:p,rna llHTeppepeimnoHHOro 

MaKCHMYMa o6paTHO nponopuHOHaJU,Ha pa3M8paM 06.rraCTH. JfHTeppepen

UIDI ,llOJI.JKHa na6JIIO,ll;aTiiCJJ rrpu MaJIUX 3HatJemmx rrepeMeHHWC q
0 

u qt, 
orrpe,IJ;eJieHHWC CJieJlYIOillllM o6paaoM : 

qo • E1 - E2 H qt • (i1;-~ )xrt, 
- c- - )/1- - 2 _ _? 2 r,l\e n • P1+p2 P1 +p2 f , (qt- Mi-.J" - 4moll' Ilpir q0 0), H lI3Me-

PfieTCJJ 8KCnepirMeHT8Jll,HO Kalt OTHOmeHIIe 

NL/NB• 1 + (2J1 (qtR)/(qtR))2/(1 +(T'q
0

) 2 ), (5.2.1) 

r;i;e NL - "IHCJIO ITHOHOB O,ll;HHaKOBOro SaPfI,IJ;a H NB -qJOH. 8To Bupa.lKe

HIIe ITOJiy"IeHofI38/ B pair.max CTaTIICTli'IeCKOil MO,ll;eJIH IbMeprurtzyKa, 

OIIl:ICUBaIOil{eil HSJiy"IeHHe IIHOHOB 113 M8.CCHllHOro TO"Ietnioro neHTpa C 

pa,ll;UyCOM 06Jia.CTH 3MlICCHH !Il:IOHOB R lI BpeMeHeM lKH3HH IIl:IOHOB 'r • 
CymecTBOJ¥,!HHe 3Toro ~KTa TBep.no ycTaHOBJieHO B HeCKOJII,KHX 

8KCnepuMeHTax'r3o,r4r-r47/_ Bo Bcex 3KCnepirMeHTax (KaK, HarrpllMep.. 
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• ,r.lp 4 -25 GeV/c ,r-p 40 GeV/c opp 22.4 GeV/c 
N 

V 

!II r 0 < ~< 005Gt>V O < q 1 < 0.1 GeV/c =tin 

"' ~ 

1.5~+ 

c> . 

++++ 
Nfl! 

+ ++++:~+ "' ++J+ t ++ 
05 

0 0.1 02 0 0.1 02 0 5 10 
q:, (GeV/c) q0 ,GeV n 

PHc.70 0THomemm NL/NB (NL-"IHCJIO nap TOJK,IJ,eCTB8HHWC IIl:10-

HOB, NB -(JJOH, KOTopufi B 60.lll,WHHCTBe CJiytJaeB rrpe,D;CTaBJISieT 

'!llCJIO nap 11±Jr+ Me30HOB pa3HOro 3HaKa) B 38.BHCHMOCTH (a) 

OT q~ (npir MaJWX qo) HJIU (b) OT qo (rrpn MaJIUX q~) lIJill (c) 

oT HoMepa r-o6paaHoil no~ocu. 

IlOKa3aHO Ha puc.70) Ha6JIIO,ll;aeTCJJ SIBHOe npeBumeHHe "IHCJia nap TO.lK

,IteCTB8HHHX illIOHOB nP!f MaJilJX 3HatJemmx q~ ll qo t KOTOpoe yMeHiima

eTCJJ C pocTOM qo H q~ n, HaKOHen, HC"Ie3aeT COBCeM. 13JmSIHHe o6pa-

30BaIDffi j 0 na flcrrpe;i;eJieHIDI no q~ H q0 npene6pe.lKHMO Mallo B 

06.rraCTlI M8.JWX qt H qo lI CKa3UBaeTCJJ Ha qiopMe q~ -pacrrpe;i;eJieHHSI 

.IVIH nap MeSOHOB pa3HOro 3aPSJ,IJ;a TO.lll,KO rrpu q~-= 0 ,40 (f3B/c)2/I30~ 

OueHKH BeJill"IHHH ~ca B3aRMO)l;eilcTBIISI R, noJiytJeHHHe B HeCKOJIIr

KHX 3KcnepHMeHTaxlI3o,r4r-r471rrpn ~Te ,llaHHUX K (JJOPMYJie (5.2.I), 

I1plIBe,IJ;eHU Ha pnc. 7I. Bee 3Ha"I8HIDI R ,IVIff Me30H-npOTOHHUX B3aHM~ 

;i;ettcTBHil B npep;eJiax omn6oK cor.rracyioTCJJ co 3HatJeHHeM R .e 1PM, KO

To:poe ,ll;OBO.lll,HO 6Jrn:3KO K pa,D;UyCy rrpoTOHa. SHepreTH'!JeCKaSI 3aBHCll

MOCTI, l1Pli HMemtefiCJJ TO"IHOCTH, nO-BR,D;UMOMY, MaJia. 0,IJ;HaKO HMeIOTCSI 

HeKOTOpue yKaaamm Ha TO, 'ITO pa,D;UyC B3aHMO,IJ;eilcTmm MO.lKeT OTJIH

'laTI,CSJ ,IVIH pa3H!JX TllnOB B3aHMO,IJ;eilcTBHfi. 

XapaKTepHoe BpeMlJ ll3Jiy"IeHIDI illIOHOB 't: 1 orrpe;i;eJieHHOe no qiop

MY~e (5.2.I),oKa3aJIOCI, CpaBHHT8JI1,HO He60JI1,WHM (pirc.72). Ho B TO 

BpeMlJ Kalt B O,ll;HHX 3KcnepirMeHTax ci'c R/142 , 144, 147/ • B ,Iijlyl'llX 
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Puc.7I Pa,IUIYC o6JraCTII 8MllCCllll IDIOHOB (pa;!tHYC "qJB.Hero.rra") 
OITpe,ne~eHH!IB ITO qiopr..iy~e (5.2.I) B 8KCITepI!MeHT~/I3 ,I4I-I47/ 
ITPll pasHUX 3Ha'lemmx P LAB~ H Ta.K, ItaK 8TO cdiclr~poBaHO GGLP 
. B lT'-p-aitcITepHMeHTe rrpn: 200 raB/c/137 • 

c'L">R/13°, 141 , 146/. Ee~ ct'<R, TO 8TO MOXeT OSHa'laTI>, 'ITO ct:' 

rrpe,nCTaBJI.HeT, qrutTl!'l7CKH 
I 

TOJIUtllHy "qioTocqiepu" IDIOHHoro HCTOlUilma, 
a ne ero BEeMff xn:sHH' 142 • O~o 6Mee ,neT~Hoe paccMoTpe
mrel138 ' 14 / llOitaSHBaeT' 'ITO BJOOIHHeM "qJOTOC<pepl,111 MOJKHO rrpene6-

FIRE - BALL LI FE TIME 

C'JjmLL ·v, 1.5 

I.Of-

-------+----

t 
• Jrp q 0.Sf- A K'p 
□ pp 
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P1ab • 

PHc.72 BpeMff XHSHU ImOHHOro HCTO'IHHita B e,Il;lfiillr(ax 
c't' (<pepMH) B SaBHCUMOCTH OT PLAB• 
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pe'II, ITO CpaBHeHHIO c BJOOIHl!eM KpuBirnHH CaMOH llOBepXHOCTi:I "qiailep6o
Jia". Ha cero,IUUI aTa ~Cicy'CCIDI .IIBJilJeTCSJ, ITOJKaJIYft, HeCKOJII,KO OTMe-
1IeHHOH, ITOCKOJII,Icy' TO'IHOCTI, 8KCITepI!MeHT~Hb1X .n;aHHblX He llOSBOJIReT 
o,nHOSHa'IHO orrpe,ne~TI,,KaKOe HS lJ.BYX yc~OBHii ct'< R Will c'C> R BU
llMH.IIeTCSJ Ha CaMOM ,nMe~ HsBeCTHO TOJII,KO, 'l!TO ct'111 R, U HCTHHltyIO 
HHTeprrpeT~HIO rrapaMeTpa CJ:' YMCTCSJ' llO-BH'AHMOMY' orrpe,nMI:!TI, TQJJ&
KO B 6y.u;ymnx 8KCITepI!MeHTax C 6~~meii CTaTHCTHKOH. 

,llpyra.a BOSMOJKHOCTI, HSytiemm rrpocTpaHCTBeHHOH CTpyKTyPll 06-
JiaCTH B3aHMO,neiiCTBH.II BOSHHKJia B CB.IISH C rrpe.n;cT~eHHeM ITp}!IJe~I,
HOro rrapaMeTpa ~ ne_;y:~HX,eaFJJ;Hii, paSBHTllM B pa6oTax' I49-I52{ 
B p.a,ne SKcrrepuMeHToifJ.5 •155 rrOJJy1IeHH HHJKHHe rpaHHIU1 ~ cpe.n:ue
KBa,D;paTH'l!HOro 3Ha'leHIDI II!)lm~Horo rrapaMeTP,a W1 ~giprutll;HOHI{HX 
:rtaHMOB pe~ H pp-aHHHrHJI.IIUHH. B pa6oTEi153 , npe,ncT~e1mcii1 
Ha T6MHCCKylO KOHqiepe~10, ImlKI!He rpammi. bL cpe.n:i1e103a,IUJaTU1IHO
ro sua1Iemm rr~e~Horo·rrapaMeTpa 

2 ·2 n 2 2· ~ 2 2 n .... -<b > b1a <,Z;(xi-ri)/(2p1 )) l<Z. xix.r.rj> 
l. l.J Jl. 

(5.2.2) 

HCCJie,D;OBaHH B pp-BSaHMO.n;eilcTBII.IIX llPll 5,7 raB/c li pd -BSal!MO,neil
CTBHSIX B HHTep~e HMIJy~COB OT 4,72 .n:o I4,6 ran/c ~KorepeHT
HHX rrpo~eccoB, pe~ aHHHrHJI.IIUHH H )U)YI'HX neynpyrn:x pe~. 
B (5.2.2) ri - rrorrepe'lH!IB HMDY~C i-oil 'laCT~ B KOHe'IHOM COCTO.II
mm C X1=P1IP~ax. r.n:e p~ -Ma.KCHMaJll>HO BOSMOXHOe 3Ha'leHHe Pit 
Blt'l!HCJieHHOe ~ Ital!\nOro copTa 1IaCT~, polKJ(alOI!IHXC.II B HSytiaeM~il 
pe~. 

B axcrrepI!MeHTe llO:rtaSaHO,qTo npH ~HKCHpOBaHHOn SHeprHH SHa'le
HIDI np~~Hor6 napaMeTpa bL y6UBaJOT c pocTOM 'l!H~ BTOpH'lHl:OC 
1IacT~ B perutll;liJIX aHHHrHJI.IIUHH H mzyrn:x uexorepeHTHl:OC peaita;IDIX. 
,I1.7i.a KorepeHTHoro KaHMa pd - pd r +:r- sna'l!eHIDI rrp~MI>Horo napa
MeTpa bL y6UBaJOT c POCTOM rrepmI'lHOro llMnynca (pHC. 73), HO pac
TyT ~ HexorepeHTHIDC pe~ (narrpHMep, pe~ iin- pp31"-). 

TaKa.a xe TelI,D;e~ 6uJia o6HapyxeHa u paiiee ;rs 1cMe.n;oBaHHH peax
~il PP- pp.r+;r- (pnc.73) n .-P-~-pr+31"-. 54 • I'paHHTJlllte SHa
tJeHIDI rr~MI>Horo napaMeTpa ~ KorepeHTHLIX perutU;liii: 01tas~c1, 
llpHMepHO B 2-3 pasa Bllfile, 'l!eM ~ AIJYI'HX perutU;Hii: R BO MHoro pas 
6MI>me (rrpHMepHO BIO pas), 1IeM B aHHHl'H~OHHLIX KaHMax. T~ 
o6pasoM, amlHI'HJUJIU!.II jip B MeSoHI,J oKasHBaeTc.a 6o~ee ueHT~lll™ 
npoueccoM,nexeJm mzyrn:e Heyrrpyrn:e peaxuRH. BTOT BUBO,n cor~cyeT
c.a C 6Mee paHHHMH pesy~TaTaMH H, llO-ID!'AHMOMY, yKaSt.BaeT Ha TO, 

n 
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"ITO OTJil'Itme B pp-ll pp-B8allMO,IJ;eii
CTBlliIX HenI,SJJ O6'LlJCHllTI, JmII1I, o,u;
HliM BKJia,Il;OM aHHllI'llJJ.lIIUIOHHWC KaHa
ROB7IlOCK~Ky ,u;a1lli11e no ynpyroMy 
pacce.aruno rroKasUBB.IOT, "ITO pasmr
ua B pp-n pp-BSa.HMO.u;eiicTBll.f.!X oco-
6eHHO nepn~epnqHa no IIPHU~HOMY 
napaMeTpy. 

IIpe.u;cT~e1:me IlpllU~Horo 
Puc. 73 HIDKrum rpami:ua IlpllUe~ napa.MeTpa :reCHO CBJl3aHO C IlOHCKOM 

sqxpeKTOB nnaHapHOC:rll B npocTpaH-Horo napaMeTpa )J.)IJI HeCKMI,KliX 
peaKlUfii B 8aBllC!1MOCT.H OT PLAB 

(ns pa6o-:/I53,I54/). 
CTBe llMilYRl>COB, :r.e. BRCTpoeHHOC
TH HCITyCKaeMWC qac:ru~ B BWJ:eneH
HOM Hanpa.BneHRH B nnocxoc:ru none-
pe-qma HMnyncoB, co,u;epJKanteii BeK

rop IlpHUMI,Horo napaMeTpa. Ilpe~oxeHo MHoro MeTo,u;oB )J.)IJI H3MeJleH11H 
cTeneIDf Taxoii BOSMOJKno:l-i BHCTpoeHHOCTH 'llaCTHU. B o~oM 11s 1IHX7I567 
DBOMTC.II r~HM OCI,, onpe,u;eJI.IIeMM HaIT~eHHeM, )J.)IJI KOToporo 
Cy-MMa ~TOB nonepe'l!UHX I!MnyJIT,COB BCex BTOPli'IIHWC 'l!aCTll:U MHHH
MaJII,Ha. r~HRe OCH onpe,u;eJI.IIIOTCR KaK co6CTBeHHHe BeKTOpH -:(k) 
MaTpHUH .. .,. n J, /& 

Q • f pi Pi, 

r,u;e CYMMHpoBamre IlpoBOMTC.II no BCeM 'l!aCTHUaM B KOHe'IIHOM COCTO.IIHH.II ... 
B CO6HTIDI, a -. H.} OSHa'l!aIDT KOMIIOHeHTH Tpe:mMIIynca pi. Co6CTBeH-
HHe 3Ha'l!emm .ilk = 4(p. -:Ck) ) 2 IIMHOCTl,10 OilHCHBaIDT KOHiPHJ:'Ypanll!O 

l. l. 

Z (f',.nc,p,tl •••sl 

p,.n,,ral 

pla,ne,-z~ -
z, 
1 

Be.:.m 

I / 
I I 
I I 
I I 
: I --
1 ', : z, 
I 'I 

I 
I 
I 

'i2 

PHc.74 CncTeMa r~HWC 
oceii. 

KOHe'l!HOro COCTO.llllli.lI B npocTpaHCTBe 
HMnyJIT,COB ll ynopsmo'l!eHH TaK, "ITO 
,t I >.-\2>l. 3• Onpe,u;enenHM TaKHM 06-
soM c:.rcTe.Ma rnaBHWC oceii noKasana 
Ha p:.rc.74. 

CoTpy~roecTBOM CCCP-4pamum H 
CCCP-UEPIY 157 ,u;eiicTBHT~HO 06Ha

pyxeHa BHCTpoeHHOCTI, BTOPH'IIHHX -qac
THU H nepmrirnoro W°-MesoHa B peax
rtH.IIX W°p-+ W°pll'+;n'"° U W°p- W°p2Jr+2.lr
IlpM 32 rsB/c B onpe,u;enenHoii TrutHM 
o6pa3OM r~HOii IIJIOCKOCTH. 3TO mr,u;
HO ll3 pHc.75, Ha KOTOpoM IIOKaSaHH 
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pacnepe,u;enemm no asm,WTaJO'>lU:lM yrJia.M nePBH'l!noro W° -MesoHa n BTO
pH,'IIHHX -qacTHU B 8THX peaxrtHRX. CTeneH!, 8TOit BHCTpoeHHOCTH no IIpE;D;· · 
napHT8nHHM OrteHKaM OKa3HBaeTCH HeCKOJIT,KO 6om,mett, 'l!eM MOlltHO OJKH

,u;aTI, HS COOTHOmemm <Ai:;,,, J..,?).3')._ Thie 6onee YMBHT~HHM OKa3RDaeT
CH noBe,u;eHHe M®epeIJ:UHam,lll,JX ce'l!eHHii STHX peaKUllii d5'/dcoaeBP u 
d6/coa.r. (p:.rc. 76), r,u;e eBP-yron pacce.11mm nep:awmoro W°-Mesoua 
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PHc.75 Pacnpe,u;MeHHH 
no asHMy-TanLHHM yrJia.M 
¢ B CHCTeMe rJiaBHHX 
oceii )J.)IJI nepmI'l!Horo 
W°-MeSOHa (¢BP) H BTO
Pli'IIHWC -qaCTHU B peax
wmx W-p~W-p.r;a-- n 
W°p ~ W°p2Jr+2;J'- IIpH 
32 rsB/c 
(HS pa6oTi/I57/). 

France--USSR .ind CERN-USSR Collabor.a.tions 
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Pnc.76 JLHqxpepeHUHanLHue ce-
-qeHHH do/dcoa0BP JI 

d6'/dco~ r,u;e eBP JI ,4-yr
nu nepBlI'IIHOrO Ir°'-M630Ha B 
CHCTeMe rnaBHWC ocett B pe
aKUHHX W°p_. ~pi"+~- H 
W-p...,..K4°p2Z+~- ~ 32 
rsn/c (ns pa60TI1 1571). 

B cucTeMe r~HHX oceii (T.e. aHanor yrna pacce.11mm B c.u.M. )J.)IJI 

ynpyrott peaxuIDI), a .,t, -06O6111eHHHtt yroJI pacce.amm, onpe,u;eJI.1IeMJrtl 
KaK yron Mex,IJ;y HB.IIpaBJieHHeM nepBH'l!HOrO W°-MeSOHa lI 8THM.JKe Han
paMeHHeM, HO noBepnyTHM .MaTp:irueii Q~ • Mu BHMM, "ITO )J;llqqiepeH
ItHam,HHe ce'l!emm npH .ManHX yrnax.pacceamm oxasitBaIJTC.II aKcnoueH
UHanLHHMH co 3Ha'l!emmMH napaMeTpoB SKCilOHeHUHanLHHX HaKnOHOB: 
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Be,£. = 205 :!: 10 

Bo(, = 175 :!: 25 

B8 = 204 :!: 10 

B0 = 168 :!: 24 

;II.Jm K+ p ...,.. K+ pr ;x

;II.Jm K+ p __. K+ p2Jr+211"-, 

KOTOpHe AOBOJ!hHO 6Jm3ICH K COOTBeTCTByromeMY 3Ha.qemno napaMeTpa 
Ha.KJIOHa Bel= I95 ±-9 B 9KCITOH8JIU.lraJll,HOfi rrapaMeTPH3~ll pacrrpe
AeJiemm d5"/dcoa8 ynpyroro x-+"p-pacceRmm IT!»f STott xe SHepruH. _STo 
O3Ha.qaeT, qTo OITHCa:mre MHoroqacTHqHWC KOHe'Illl,JX COCTORIDIH B rrepe
MeHH!:lX r~BIIWC oceii oqeffh rroxoxe Ha oITHcaHHe yrrpyroro pacceRmm. 
SToro MOmIO 6HJIO OllIB,Il;aTh :wm peaIQJ,HH x+p.- x+p.+.w--, B KOTOpott 
rrpll 32 I':JB/c AOMIIHlfpyi)T ~qlpaIQJ,llOHHHe RaHaJIH ll eme 3aMeTeH BKJIB,It 
OT KBa3~~CTll~ rrpon;eccOB (pJrc. 77 (a)). J{ettcTBHTem,110. rrapa-

K+p - K• n-,r+p 11:-, - 11:-... ,...., 

'. ·(i-.. ~--l'-~ bl ·: .• ·);-dlt:._. _ 1 C) 

+~ .. 'J""'· .~Ml .!i;¾':·~::· 
I 

,,_, ........ , 

.!;." ... =r·•· 
~: ~.: . .... : 

\\?:-ff.(-:: 
-a -1 •1 0 I I I .a -I •I O t I I -1 -I -1 0 1 I I 

n•LOWOITUDl■AL ~y 

Pirc.77 3aBHCllMOCTh OHCTpoTH(B c.~.u.)x+~Me30Ha OT OHCTpo
TH ;r--Me3OHa B peamurmc l(Tp-+ l(Tpr..--,. J(P. - I("p,r";ir- ll 

· , pp - ppr ... - IT!»f 32 I'3B/ cf 407 • 

MeTp B., :wm aTott peaKIJ,HH HeCKOJ!hKO B!,Jllle, qeM Bel' qTo OTpalltaeT 
xopomo U3BeCTHHfi. q>aKT O oom,meM Ha.KJIOHe do'/dt ~ ~qJprul:Uimmmx ll 
KBa3iI,IU3yJrnacT}NBl:DC KaHa.JiaX peaKD;Hii ITO CpaBHemm C YIIIlYI'llM pacceR
mreM. O~o 6Jm:30CTh 3Haqe:im:tt rrapaMeTpoB HaKJIOHa. BB YIIpyI'OM 
paccemnm ll peaIQJ,Ull x+p- x+~2.r RBJllieTCR AOCTaTOqHQ HeQlltHAaH
HOfi. STo RMe:mre Tpe6yeT AaJihHefimero yTo'!HeHHR,ocoOeHHo B peax
D;lilr.X C OOJ!hlllOfi MHOllteCTBeHHOCTh!O. 

6. BHBO,IW 

B 3rucJIIOqe:mre R XOTeJI OH KpaTKO CqJOpMYmfJXlBaTh OCHOBHHe pe
sym,TaTH, ITOJJYlleHHHe rrpu ll3yqe:mrll llHKJil03llBHHX ll MHOroqac~ 
peaKIJ,lltt B 3aTpo!JYTOH B HaCTOR!lleM OO3ope OO~CTH llCCJie,IJ;OBalillii. 

80 

I. DrnoTe3a rrpeAeJihHOli qiparMeHT8UI'Ill, CqJOPMYJ!HPOBaHHruJ HHI'OM 
C COTPYAlIHKa.Mll. He Bb!IIOJIHReTCR BO. BCefi O~CTll AOCTyIIHHX :meprmi, 
HO COBMeCTHMa C HMeRl!llfMVICR Aal!Hb!Mll rrpu MaKCllMaJII,HO AOCTYIIHHX 
::meprIDIX, rAe B pa31IDX SKCIIepnMeHTax OHa BHllOJIHReTM C TOqHOCTb!O 
OT 3 AO 20%. 

2. ToqHHil xapaKTep SHepreTnqecKOH 3aBUCllMOCTll HHKJII03.lffiHHX 
ceqe:mrfi ;II.Jm peaIQJ,VJ:li C 9K3OTRtieCICHMff KBaHTOBHMl'I qucJia.MU BO qipar
MeHT8UI'IOHHOii oOJiaCTlI, KaI( l! era CBR3h. C 8K3OTI'I'IHOCTh!O KOM6Im8U}rii 
ab, abc, ac, BCe el!le He AO KOHUa IIOHfITH, OCOOeHHO IIPll MaKCUMaJU,
HHX 8HeprHRX, ll Tpe6yioT rrpoBeAeHHR AaJ!hHefimHx 8KCIIepHMeHTaJ!hHI:IlC 
llCCJieAOBaHmi C xopomefi CTaTllCTHKOfi. 8HepreTuqecKruJ 88BllCHMOCTh 
HHKJII03HBHHX. peaIQJ,llii C HeSK3OTif'IeCKUMir KBaHTOBHMI! qifCJ!aMU cor~
cyeTM c. rrpeACKasammMfl MloJmep-Pe,IJ)KeBCKOfi qieHOMel!OJIOrHH. 

3. ~TOpll3yeMOCTh BeAY!llllX pe,IJ)KeBCKllX OCOOeHHOCTeii ycTaHOB
JieHa ;II.Jm Illl'Aa llHKJII03HBHHX peaKIJ,llil C TOqHOCTh!O He xyxte IO% U IIPll 
MaJIHX rrepe,naHHWC .HMIIy~hCax BHllOJIHReTCR AaJKe C .lly'mleii TOqHOCTh!O 
( 5%) BIIJIOTh AO SHeprnii HK UEPHa. 0AHB.KO OOHapyxeHo SaMeTHOe. 
Ha,pyIIIeHHe q>aKTOpJr8yeMOCTll ynpyroro ll neyrrpyroro ~~paIQJ,UOHHHX 
rrpon;eCCOB, KOTOpoe OT'tleTJilmO Ha6JIIOAaeTM rrpll -t < 0 ,5 (I':Jll/c) 2 ll, 
rro-~or,iy, CBR3aBO C aHOMaJ!hH!,!M llOBeAeHHeM yrrpyroro pacceRmm. 

4. 'l'Bemo ycTaHOBJieHO JU)8.MaTHtieCKOe Hapymemrn CK8HJIUHI'a B 
ueHTpaJU,HOfi 06.rraCTH (cKeiiJIHHI'a ~iiIIMana) AaJKe rrpn MaKCHMaJihHHX 
SHeJ?rn.ax HK UEPHa. TeHAeHUHR 8KCIIe!»fMeHTaJU,HHX AaHHWC COBMeCTHMa 
C ABJXpe,IJ)KeOHHblM qJOpMaJIH3MOM, T.e. C CY!lleCTBOBa:mreM 8.CHMIITOTHqec
Koro rrpeAe~ rrpu a -oo, HO H He uc1{Jl]OqaeT oecrrpeAem,Horo pocTa 
ceqeHllfi. B 8TOil CBR3ll R XOTeJI OH eII1e pas HaIIOf,1llHTh O TOM, qTO 
.MacmTa.O aHeprHH B ueHTpaJihHOll O~CTH ecTh -fi, uo cpaBHeHHIO c 
a BO qiparMeHTaD;HOHHOil O~CTH. lliSTOMY He HCKJIDqeno, qTO npu 6oJiee 
BHCOKllX 9Hepr.HRX MH CTOJIKHeMCR C COBepmeHHO HerrpeACKa3yeMW4!1 RB
JiemmMll B neHTpaJihHOll O~CTH. CoBepmeHHO ECHO, qTo HeOOXOMMH 
ycKopnTeJ!ll HOBOro ITOKOJiemm c aHeprIDTMH ~ 2 TsB n HaKOilHTeJ!hHl,J
MH KOJID~a.Mli 'AJlfl HCCJie'AOBa.llllH 3THX flBJienna ll BU6opa O'AHOH 
ll3 B03MOXHOCTell: CYJlleCTBOBa.llllfl aCHAUITOTHqecKoro rrpe'AeJia HJIH 
6eCKOHetrnoro pOCTa ceqen11ll B ueHTpaJIDHOit 06Jiacn1. 

5.HaMeTWICR orrpeAeJieHHID1 rrporpecc B ycTaHOMelllill CBR3H rJiy
OOKOHeynpyrmc B3aHMO,neiicTIDIH JieITTOHOB (H JI8IITOHOB C aJU)OHa.MH) C 
aJU)OH-8,IU)OHHb!Mll B38HMOAeilCTBHRMff. STo IIO3BOJIReT Ha~eHTDCH, qTo 
B rrepcneKTHBe HaM YAaCTM pasoopaThCR BO B3filIMO,tteiiCTBURX He TOJil,
KO Toqe'IHHX, HO u "O'AeTHX B my6y"a,IU)OHHtJX B3aifMOAefiCTBllti qacTun;. 
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6. 3KCIIep.IMeHT8J[bHO ,ll;0Ka.88HO, 'ITO 60Jll,lll8.fl 'l8CTI, J;a6JI!MaeMUX 
B KOHetJHOM COCTO.fIHilli tJaCTMU o6pa8yeTC.fI B pe8yJil,T8Te pacna.n;8 pe-
801l8HCOB. lli:.TOMY Ka.tJeCTBeHHa.fI KapTUHa a.n;poH-a,D;POHHwt'B88JiMO,D;eit
CTBliH BblI'JI.fI,ll;MT CJie,IJyI{lllIIM o6pa80M: 

ny<1ok ~ • 6:::::: 
cppazHeHmbl 
HUWeHU 

B COOTBeTCTBlili C npe,I(CKa.88Hl!.fIMH HaliBHwt KBapKOBHX MO,I(eJieit. 0.n;na
KO E KOJIHtJeCTBeHHOM OTliODleHilli npe.n;CKa.8aHH.fI KBaPKOBWC MO,I(eJiett 
P8CXO,IUJTC.fI C 3KCIIepHM8HTaR&Hl:l10! ,I(8HHJ,JMH Ha girutTopi::, 2. 

7. lliJIYtJeHu B8CKHe ,I(OK888TeJil,CTBa, 'ITO KOpoTKo,neiicTBYJ!lllHe 
S<ppeKTl:I D ,I(ByXtJ8CTHtJHlDC KOppeJI.fIUH.fIX B OCHOBHOM o6yCJioBJieHl:I 
06lf.7:II,Hl:IM polJi,IteHHeM pe80H8HCOD. 

.ABTop 6Jiaro,napen B.B.AlmcoBHtJY, 3.II.KHcTeHeBy, A.K.Jimco.ne.n;y, 
A.A.JiorynoBy 11 B.M.IlleXTepy 88 MHOrHe rrOJieBnue o6cp.,n;eHH.fI. On 
oco6e1rno IIpH3H8TeJien A.K.Jimco.ne.n;y 3a nnTepecnue npe,nJIOJKeHH.fI n 
MHDrOtJHCJieHime ,ll;MCKyCClili. MHe IIPH.fITHO rro6Jiaro,napnTI, JI.H.rep,ll;a:lKO
Ba, O.f .. 1In:KMeBa, B.A.YBapoBa n .npyrnx COTpy,nHHKOB MOett .na6opa
TOP,IH 38 IIOMOII{I, B KOMIIHJI.fIUIDI ,I(8HHWC, 8 f.B.IlaBJIOBCKylO li B.A.Ea
paHOBa 38 8qq)eKTliBHyD IIOMOmI, B no,nroTODKe HJLllllCTpanntt. 
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