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8 HSCTOfl~ee BpeMR UJHpOKO€ pa3BI-1TI-1€ nOI1Y4HIWI 3KCnepHMeHTbl 

no nOHCKy HOBbiX KOpOTKO>KHBYli.IHX 48CTI-11..\ B R,QepHOti $OT03MY1lb

CJ.1H /1!. npH 3TOM ¢lOT03MYI1bCI-1R npH_MeHReTCR COBMeCTH_O C BHeWHI-fM 

,QeTeKTOpOM, KOTOpblti J.IICnOJ1b3yeTCfl AIIR pen1CTPSU.HH H H,QeHTH¢H1-

KaU,HH BTOpH4H~X 48CTHU, H J10KaJ1H3aU,HH BepWHH~· C06WTHR. nnR 
OnTHMH3aU,HH H Onpe,Qe!leHHR 3¢l¢leKTHBHOCTH TaKHX 3KCnepHMeHTSI1b
HbiX ycTaHOBOK He06XO,QHMS HH¢OpMaU,J.1fl 06 yr.Fl-OBbiX H HMny!lbCHbiX 

pacn-pe,qeneHr.1fiX BTOpi-1-4HbiX 48Cn11.~. 8 HSCTOR1J.Iet1' pa60Te TaKH€ 

pacnpe,Qe!l€HIIIR nony4eHbl A.flR 3KCnepJ..1MeHTOB C HetiTpHHHbiMH ny4-

K8MH YCKOPHTe!lR ~4>63. 
8 3TOt1 06.nacnt 3Heprlo1t! OHU.1,QaeTCR npeHMYll.leCtBeH_HOe pO>K,Q€HH€ . - + ++ 

o4ap·oaaHHbiX 6ap1;1;oHoe A H I c • ~1cXOAR 113 H3eecTHbiX ,Teope-

TI-1"--ecKHx npeAn0110>t<eH14i1 92, 3 / 0 CTPYKType. Ol!SpOBSHHOrO BAPOH-

HOrO TOKa fibl110 nOJlylleHO celleHH-e pO>KAeH\.1R 3T\.1X "--SCTH4 B KBS31.1-

ynpyn1X peaKU.HRX vn-+ fl- A +c H vp-+ p.- I +c+ Am~ AByx-
+ ++ . 

"--BCT\.1"--HbiX MOA pacnaAa A c "' I c MeTOAOM MoHTe-Kapno 6blnH 
Bb141.1CJ1eHbl yrJlOBble \.1 \.1MnyJ1bCHble pacnpeAeJleHt-tR KOHel!HbiX 4BCT14U.• 

§1. CEYEHHE KBA3HYnPYroro 
B PEAKUH~X vn ~~-A~ 

POJI(.QEHH~ OYAPOBAHHbiX 6APHOHOB 
r1 vp -+p.-l~+ 

8 pa6oTax /2,3/ npeAno>KeHbl Teopen1LieCKHe ou.eHK_H ce4eHHR 

pO>KAeHI-1R Ol!apOBSHHbiX "--BCn14 B Hel::hpHHHbiX peaKU.I-i.RX. 8 06J1SCTH 

3Heprl-1~ Hei1TpHHO OKOJ10 10 r38 B OCHOBHOM npOHCXOAI-1T o6pa30Ba-

H\.1e 6apHOHOB A+c 1-1 l ~+. Em130CTb K; nopory o6paaoeaHHR 04a-

poeaHHbiX 6ap\.10HOB n0380JH'teT OrpBH\.1'"--HTbC.R paCCMOTpeHHeM KBS3H

ynpyrHX peaKU.!-1i1. AnA 3Toro cnyllaR celleHl4e ~O>t<AeHI-1R A~(L~+) 
COCTaBnReT OA ""' 2 ·1 o-39, CM 2 I a I.""' .1 • 1 o-_39 CM I npH 3Hepn1.RX 

He~TPHHO 8715 rsB ITOrAa KBK cel!eH\.1e pO>KAeHHR D-Me30HOB npi-1-
Me,pHO pasHO 1 o-41 CM2 I. ' . 

-,+ -.-++ 
PaccMoTp1.1M KBa3\.1ynpyrl4e peaKLJ.HI-1 vn -+ f1 1\ c H vp -+ p. A.. c . 

ToK 04apoeaHHbiX 4BCTHU. a MOAenH Ba~H6epra-CanaMa e ¢opMe, 

npeAnomeHHoH rnswoy, r1nn1-1onynocoM "' Ma~aH~, HMeeT BHA: 

Jc~ ~y (l+y 5 )(-d.sin8 + S• COS8c), a a c /1/ 

rAe d, S, C - TOK\.1 KBapKOB, a 8c = 0,239.:!:,0,005 - yron Ka-
6H66o. 6blpameHI-1e AilR 3TOro TOKa MO>KHO 3SnHCSTb B BI.1Ae CYMMbl 
TOKOB C KBSHTOBbiMH "--HCJlBMH D+-\.1 F+ -Me30HOB: 

I 



n+ F+ Jc=-sinO·J +cose.J. 
a c a c a /2/ 

T - + - ~ ++ orAa aMil1li-1TYAbl npou,eccoa vn _,. fL A c 1-1 vp ..... fL .c.. c paBHbl: 

lllA~ -i G SinO <A+ I J 0 +1 n>~y (l+y )v, y 2 c c a a 5 

+ 
lllL ~-i G sinOc<S~IJ~ lp>~ya(l+y 5 )v. ,;2 

CooTseTcTBYIOW.f.1e Af.1arpaMMbl vt3o6pa)l{eHbl Ha ~-

n 

PHC. I. 

vp 4Jl 

a/ 

.llMarpaMMbi rrpou;eccoB 
k ++ /6/. 

c 

~ 
P u u 

u u 

6/ 

/a/ " 

/3a/ 

/36/ 

SU(4) -C\IIMMeTpl-1111, T. e. CYIMMeTpl-1\11 OTHOCI,1Te.nb-
HO 3aMeHb1 C +-+ S KBapKOB: 

+ -
<A+ IJD ln>~<AIJKoln>, c a 

++ n+ + K.o <L IJ lp>~<S IJ lp>, c a 

nocKOJlbKY np~-1 TaKoH 3aMeHe n-n, p ._ p, D+- i{o, A:-/\. 
n.n~ 8bi41-1CJ1eHI-1R MaTpi-14HbiX 3JleMeHTOB, CTOR~YIX cnpaea B 

o6b14HO Hcnonb3YIOT SU(3)-clr1MMeTpHIO. B pa6oTax 12 •4 ' 
Bblpa)l{eHb1 4epe·3 ¢opM$aKTOpbl p 1-1 n: 

aP 
E 

a" ~ o 
E 

/npH4eM g.nR y4eTa HapyweHir1R 
a lt1MeHHo: 

2 

1 

/4a/ 

/46/ 

!51 



+ -
<C\JD \N>=C[F y 

a 1 a 

3AeCb H Aanee C, N 

$yHK~~C1 Fl ' F 2 ' FA 
B n P14!10)f{eHI-H1 1 • 

cooreercreyiOT A+, n 
c 

,QJ1~ COOTBeTCTByiO~HX 

BeeAeM o5bi'-1Hble nepeMeHHble E, x, y: 

q2• 
X=:--

2M ' 
v 

Y= E' 

/6/ 

++ 
111111-1 2 c , p . BHA 

npo~eccoe npHBe,QeH 

171 

rAe v=-'i;jL, q=k-k', a p(M)- HMnyllbc /Macca/ HYKilOHa, k(E) -

HMnynbC /3Heprl4~/ HeC1Tpi4HO, k' - HMnynbC MIOOHS. HcnOJ1b3Y~ /3/ 
VI Bblpa)!(eHIIIe /6/ ,QI1R MaTpHl..IHblX 3IleMeHTOB TOKOB 04SpOBaHHb1X 4ac

HI~, MO)I{HQ nOilYI.lHTb Ce4eHHe peSKL\HI"' vN 4 p.- C B BH,Qe, 06bi4-

HOM ,Q!l.FI HHKJ11031t18Hb1X npOI..IeCCOB: 

..i£.:_ =u
0

[ xy 2G (x,y) +(1-y- ~)G (x,y)-xy(l-L)G (x,y)), 
dxdy 1 2E 2 2 3 

G2 • ME 
rAe a 0 = rr 
B npHJlO)f{eHioH1 2. 

§2. MOaEflHPOBAHHE nPO~ECCOB POmaEHHH 
H PACnAaA A+ H l ++ 

c c 

!81 

Bbi414C1leHI-1e yrnOBbiX 1-1 ~t~MnynbCHbiX pacnpe,QeneHHC1 4acn1u. a Ko

He4HOM COCTO.FIHHH npOBO,QHI10Cb 8 ,QBS 3Tana. (Ha4a!1a C y4eTOM 

Bblpa>KeHHR /8/ H3· § 1 onpe,Qe!IR11C.FI HMnynbc "" HanpaaneHHe Bblnera 

A+ (:~:++ ) ,QllR 3HepntH HeMrpHHO E, Bbi6HpaeMoi1 no cneKTPY Hea7!T-
c c + '\:' ++ 

PHHHoro ny4Ka H<l>B3. nony4eHHble pacnpe,qeneHHR ,QilR A c J.1 .k c 

npHee,qeHbl Ha pHc. 2. 3,qecb H a ,qaJlbHea'!weM no,q yrnoM 8 noHHMaercR 

yr011 BbllleTa 4aCn1l.tbl OTHOCHTeJlbHO HanpaaneHHR I-1Mnynbca Hei1TpHHO. 

Hy>KHO 3aMeTI-1Tb, ·4ro HaMI-1 6bl110 nocrpoeHO pacnpe,qeneHI-'Ie no yrny 8, 

a He yrnoeoe pacnpe,qeneHHe, Koropoe npe,qcraanReT co6oi1 pacnpe

AeneHHe no TenecHOMY yrny !1 I d!1 = sin8d8d¢, •Ae ¢- a3HMy

ranbH~i1 yronl. no3TOMY cpaaHI-1TellbHO He6onbwoe KOI1H4ecrao 4ac

TH'-' C MallbiMirl 3Hal.leHiriRMI-1 0 He ,QO!l>KHO BBO,Qir!Tb 8 3a6ny>I<,QeHYte -

e HanpaeneHYIH enepe,q, KOHe4HO, 6y,qer Bblnerarb MHoro 4aCTY1'-'. 

~IlR cpaBHeH~r~R noKa3aHbl re >Ke pacnpe,qeneHHR ,qnR cny4aR, Kor,qa 

a I 31 I eM. § 1 I aMnnHTYAbl npo'-'eccoe C414ram1Cb nocrORHHbiMH. B~rtAHO, 

LITO 8bl6paHHaR CTPYKTypa a,QpOHHOfO TOKa /61 CYU.\eCTBeHHO BilHReT 

Ha BHA pacnpe,qeneHHR 14 no,qaenReT 6onbW~rte 3Ha4eHI4R 14Mnynbcoe 

14 yrnoe Bbtnera . .llnR Mace 04apoeaHHbiX 6apHOHOB 6b111H B3RTbl 3Ha-

40H"" M~+ 2,26; Ml++ = 2,42 /r3B/c2/. 
c c 3 



4000 •lilt 2000 

1000 

Ha BTOpoM 3Tane MOAe
n~poaanc~ pacnaA o4apo

aaHHoro 6ap~oHa A+(~++) 
c c 

B ,QByX~8CT~4HOe KOHe4HOe 

COCTO~HHe. Pac4eTbl npoao

AHJ1~Cb ,QJ1fl pacnaAOB,KBap• 

KOBble ~1-1arpaMMbl KOTOpbiX 

H306pa>KeHbl Ha PHC. 3 
/a ~epw~Hax cna6oro aaa!-1-

MO.Qe~cTaH~ CTOHT COS8C/. 
Mo>KHO O>KH.QSTb, 4TO 1-lMeH-

3 5 6 

p /r3B/c/ 

7 !c----+.-~:'-0 10 20 HO T8K~e npo~eCCbl ,Q810T 

() /rpa,Q/ OCHOBHO~ 8KJ18,Q 8 ,QByx
l48Cn1l4Hble pacna.Qbl. 

4000 

I 

3 5 6 7 

p /r3B/c/ 

2000 

1000 

0 10 20 
8 /rpaA/ 

Pac.Z. PacnpeAeneHHe no HMnyno
" yrrry e lVI" A~ I a/ " cy p 

:s++ 
c 

paiKeHHH 

/5/ I I - c yqeTOM Bbi-

du 
---"---, 
dxdy 

II - 5es 

y-qeTa 3Toro BbrpaJKeHHH/. 
lliKarra rro p Ha'tlHHaeTcH co 3Ha
'tleHHH 2,25 r3B/c, T.K. 3TO 
MHHHMaJibHbiii HMITYJibC A+ c 

8 pa6oTe 1 51 6blnH sbl

l41-1CneHbl eepORTHOCT~ pac

na,QOB An~ 6onbworo KOnl-1-

l.leCT8a ,Q8YX48CTI-14HbiX KO

He4HbiX COCTORH~~ B paMKSX 
pa3m14Hb1X MO.Qene~ I an
re6pa TOKOB, KB8PKOB8R 
MO,Qenb/. nocKOJ1bKy 3TH 

aepORTHOCTYI cpaBHYIMbl 

APYr c ,qpyroM, 6blllt-1 Bbl-

6paHbl pacna,qbl A~-+ A"+, 

"' A+ -+ K *Op c • 

,Q810~~e 60ilbWO~ BK118,Q H 8 
TO >Ke 8peM~ o6ecne4HBaiO

~He WHpOKH~ ,QH8n830H BTO
p1<1l4HbiX l48CT\.II~: p _, 1T + , 

A .... prr-

nony4eHHble AJ1R A~ pac
npe,QeneHHR noKa38Hbl Ha 
p~c.4 (A+ .... A"+,A .... prr- ); --- c- -
p1.1c. 5 (A: -++ K0 p , K0

-: "" ) 

1-1 PI-1C. 6 (A -+ R. *0
p, K *0

-+ K1r, ---- c 
K 0 -+ rm ). BH.QHO, 4TO BTo-

p1-1l4Hble "llaCTI-11..4bl BbiJ1eT810T 
B WHPOKOM ,QI48n830He J.1MnyJ1bC08 14 yrJ10B. 3TO 03H8llaeT·, 4TO no
MHMO XOpowero 8KCenT8HCa 3KCnep14MeHT8J1bH8R YCT8HOBK8 ,QOJ1>KH8 
o6na,Q8Tb 803MO>KHOCTbiO I-1,QeHTJ.1$1-1K8~HH 48CT\.II~ C J.1MnyJ1bC8MH ,QO 
2 r3B/c. 



c c 

a/ 6/ 

PHc. 3. KB~PKOBbie ,D;HarpaMMbi p;ayxt:IaCTH't!HhiX pacna.a;oa 
O"llapoBaHHhiX OapHOHOB. 

nP~JlO)I(EH~E 1 

¢JyHKU,14H F l , F 
2 

, FA, BXOARI4Y1e B /6/, lri-MeiOT BHA: 

D(q2) 
F2(q2)~F2(0) q2 

l-----
(Mc+M)2 

FA (q2) ~FA (O)D(q2), 

- ++ a AJ1R npou,ecca vp-+ JL I c : 

AilR npollecca vn-+ {t -A~ 
D 

3 F +3 
F (O) ~-y-g 

A 2 A F+D 

F (0) ~-1, F (0) ~-~ -~ , FA(O) ~-gA F- D 
1 2 p n F+D 

/1. 1 I 

paBHbl: 

I 1 . 2a/ 

/1.26/ 

5 
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PHC.4. PacrrpeAerreHHe no HMITYITbCy p H yrny 0 
'llaCTHu; oT pacna.a.a A+ -.A rr + 

c Lprr-. 

p 

p 

leo -7--\--\c-""J"--~o-m 20 30 40 so ro 10 
0 /rpaAf 

1500 

o\-~----\,~-T- 0 - .. ·-·JQ--·-w-- ~90~~~120::;"""""-
p /r3B/c/ 0 /rpaA/ 

PHc.5. Pacnpe)l.erreHHR no HMITYITbCY p H yrny@ 
T.J:acnm, OT pacrra.n;a A+ 4 i{op CL 

rr~. 



HO: 

sOO 

0 lJ 60 90 120 

8/rpaA/ 

nP~JlOlKEH~E 2 

PHc.6. Pacnpe~erreHHR 

no HMIIYITbCY ·p 

H yrny 8 'l.laCTHIJ; 

oT pacna.n;a 

A+ ~K*0P 
c ' - + -~ K0 rr0 (K- "+) 

1 1 

L2rr
2

• 

Cet..~eHl.1e ~t~HKnJ03VIBHOro npo~ecca VN -+ J1.- X, KaK VI3BecTHO, pas-

/2.1/ 

La!>~ka k{J+k:kfl-lla/i(kk')+<aflyBkyka, /2.2/ 

w ~-(2rr) 6 ~~fdl"li(p'-p-q)<p'[J[p><p[J+[p'>, 
a/> M 

/2.3/ 

r,Qe };_f"df" - no BCeM KOHei..IHblM. a,QpOHHbiM COCTOfiHVIRM. 061.1.\ee Bbl-

pa}!(eHVIe ,Qnfl W a{-3 l.1MeeT BillA 

w ~<<> - q,qiL)w +_1-(p -Bq )(p -..l'.Lq )W + 
a{"l afl q 2 t M2 a q 2 a fl q 2 /i 2 

7 



/2.4/ 

nepexo,qR K nepeMeHHbiM E ' X J y J.1 np~He6Perafl MacC:o£:1 fl -
MeaoHa, MO>KHO nony411Tb ce4eHHe a BHAe /8/, rAe '01 = MW1 , 
'02 =v.W2 , a G 3 =vW3 • B cny1.1ae KBB3Hynpyroro npou,ecca vN ..,.11-- C. 
Bblpa>KeHHe /2.3/ ij)aKTH4eCKio1 CBOAHTCR K CYMM1o1p0B8HHIO no npOeKU,Io1RM 
CnHHOB H84811bHOrO H KOHe4HOrO COCTORHH~: 

+ + 
w {3~"' ~ 2M <CIJ 0 IN><CIJ 0{31N>*. a spin c a 

rAe w~sin2 80 -8(M~-M2 -2y(l-'x)ME). +' 
noAcTaenRR e /2.5/ RBH"'" ""A < c 1 J 

0 
IN> "a a nony4eHHOe Bblpa)l(eHHe a BHAe /2.4/, nony4HM W 

1 
COB ~N -.p.- C. 0TKy,qa, lo1CnOI1b3yR CBR3b W i C 
HO nony4aeM: 

G 1 ~wM[(F~+Fi)(M+yE) +(FK-F~)M0 ], 

2MF 2 
G ~w-2MyE[F2+F2+ 2 (M +M+yE)], 

2 V A (M +M)2 c 
c 

G 3 ~-w·4MyEFVFA, 
rAe Fv~ F 1 +F2 • 

nHTEPATYPA 

/2.5/ 

!61 " 3an"cae 
A11R npou,ec-

Gi ,oKOH4aTenb-

/2.6/ 

1. 8urhop E.H.S. et al. Phys.Lett., 1976, 865, p.299; 5apa-
HOB 8.H. "AP· M, 1978, T.27, c.362; Angelini A. et al. 
Phys.Lett., 1979, 880, p.428; Angelini A. et al. Phys.Lett., 
1979, 884, p.150. 

2. Shrock R.E., Lee 8.W. Phys.Rev., 1976, 013, p.2539. 
3. Aviles C., Kobayashi T., Korner J.G. Phys.Lett., 1977, 

668, p.149; Phys.Rev., 1978, D17, p.709. 
4. Kopp G., Sehgal L.M., Zerwas P.M. Nuci.Phys., 1977, 8123, 

p.61. 
5. Korner J.G., Kramer G., Willrodt J. DESY, 78/53, Hamburg, 

1978. 

8 

PyKonHcb nocTynHna a H3AaTenbCKJ.1~ OT,qen 
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