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1 BBep;eHHe 

Pe::JyJibTaTbl aKcnepIIMeHTa p s - 170 II0 II3y'IeHIIIO aHHIIrIIJIJIIJ;UII pp --+ ee npu 

Hll3KIIX aHeprIIJIX (l] ;a;o CIIX nop He IIMeIOT o6~enpII3Ha1rnoro o6'bJICHeHIIJI. OHII 

IIpIIBeJIII K He0lKUp;aHH0My II0Bep;eHUIO arreKTp0MarHIITHoro <f>opM<f>aKTopa IIp0T0Ha 

B6JIII3n pp-nopora Bo BpeMeHIIno;a;o6Hon o6rracTII npII t < 4.2Ge V 2
• ,Il;aHHble no 

I G l=I Gmp l=I Gep I YKa3blBaIOT Ha 6orrbwy10 oTpIIIJ;aTeJibHYIO np0II3B0;D;HYIO Ha 

nopore, K0T0paJI 6blCTpo B03pacTaeT ;a;o HYJIJI IIJIII p;alKe II0JI0lKIITeJibHblX 3Ha'Ie-. 

HIIM npu t ~ 4Ge V 2 • BeJIII'IIIHa npon::JBop;Hon Ha nopore onpe;a;errJieTCJI noporoBblM 

3Ha'IeHIIeM I G I= 0.53 ± 0.05. O;a;Ho 113 nepBbIX 3Ha'IeHnM I G I= 0.51 ± 0.08 He 

IIp0TIIB0pe'InT pe3yJibTaTaM (l]. OHO 6bIJIO norry'IeHo (2] U3 0TH0WeHUJI 'IaCT0T 

pp-aHHIIrIIJIJIIJ;IIII B II0K0e Ha napbl e+e- II 7r+7r- B lKU;D;K0M B0p;opo;a;e. Onpe;a;erreHIIe 

I G I Ha nopore ::JaTpyp;HJieTcJI Heo6xop;IIMOCTbIO op;HoBpeMeHH0 Y'IIIThIBaTb KyrroHo-

BCK0e II CIIJibH0e B3aIIMOp;en:CTBIIe B pp-cIICTeMe II CBJI3aH0 C PJI;D;0M IIpII6JIIIlKeHIIII. 

thII npII6JIIIlKeHIIJI 6blJIH npoaH~H3HpOBaHbl B pa6oTe (3]' r;a;e npe;a;rrolKeHa H0BaJI 

npoIJ;ep;ypa onpe;a;erreHIIJI I G I- OIJ;eHKa no Hen np1rnerra K 3Ha'IeHHIO I G I= 1.1, 

K0T0poe II0;D;TBeplKp;aeT BbIB0;D;bl pa60Tbl [l]. CoBCCM Hep;aBHO 6blJia npe;a;npIIHJITa 

HOBaJI noIIblTKa onpe;a;erreHIIJI I G I Ha nopore [4]. KoM6IIm1pyJI p;aHHble no WIIp1rnaM 

pp--aTOM0B, norry'IeHHble B CUHXp0TpOHHblX JIOBYWKax, II pe3yJibTaTbl no ce'!eHHIO 

aHHIIrHJIJIIJ;IIU B pp-cncTeMe npu HII3KIIX aHeprIIJIX, aBT0pbI norry'IHJIH I G I= 0.39 

IIJIII p;aJKe I G I= 0.30. tho npIIB0;D;IIT K BblBop;y 06 OTCYTCTBHII pe3Koro H3MeHe-



HWI I G I Ha nopore. TaKllM o6paaoM, pa6oTbl [3, 4) npeµ;naraIOT HOBbIM Bnrm1µ; Ha 

cnoco6 noJiy'ieHIUI BeJill'illHhl I G I ·Ha nopore un aKcnepnMeHTaJibHhIX µ;aHHhIX. 

Ilepeitµ;eM Tenepb K pa6oTaM, K0T0pble He noµ;BepraIOT C0MHeHllIO proyJibTaTbl 

o6pa6oTKH aKcnepnMeHTa [1), a npeµ;nararoT IIX o6'b.!ICHeHIIe. B pa6oTax [5) npeµ;-

npHH.!ITa nonbITKa peallll30BaTb. nµ;ero 06 y'ieT_e B3aHMoµ;eiicTBII.!I B K0He'iH0M co

CT0.!IHUll. OcHOBHOM penyJibTaT naKJIIO'ieH B cneµ;yrou:(eM qiopMyne: G = cei•, rµ;e c -

CJia6o MeH.!IIOu:(a.!IC.!I Ha nopore q>yHKUU.!I q2 
( q - UMnyJibC B CllCTeMe ueHTpa Mace 

,pp-cncTeMbI), a {j - qiaaa N .N-pacce.!IHIUI. ,Ilanee ucnoJib30BaH TOT q>aKT, 'ITO yJKe 

Ha nopore qiaaa {j K0MnJieKcHa, II 3T0 B CB0IO 0'iepep;b µ;aeT penyJibTaT: 

I G 1=1 c I · 11 - Ima· q I , 

rµ;e a - K0MnJieKCHa.!I µ;nnHa pacce.!IHIUI. IlpncyTCTBHe B I G 1- mrneitHoM no q 

naBHCIIM0CTII Beµ;eT K 6ecKoHe'iHOII BemPIIIHe d I G I / dS Ha nopore. AHaJIH3 no 

x2 --'- KpnTepnro nepBbIX 'ieTbipex T0'leK nn [1) µ;aeT cn:eµ;yro~ne nHa'leHn.!I: I c I= 

0.53 ± 0.02, Ima = 0.62 ± 0.08, x2 = 0.07. ABTophl pa6oT [5] ncnoJibnyroT TaKne 

nHa'!eHII.!I I c I= 0.52, Ima~ 0_.8. OHn oToJKµ;ecTBJI.!IIOT Ima c BeJIII'IIIHOM Ima(3S1 ), 

Bbl'IUCJieHHOM ll3 3KcnepIIMeHTa [6]. OnIICaHne B 3T0M cJiy'!ae Ka'ieCTBeHHOe, T.K. 

x2 ~ 10. 

B pa6oTe [7] yTBepJKµ;aeTc.!I, 'ITO Ha ocHoBe HOBOM q>opMynnpoBKII V M D-Moµ;enn 

II ee nocneµ;yrou:(eM yHnTapll3aUHII noJiy'leHo xopornee onncaHne Bcex 1mBeCTHbIX 

µ;aHHbIX no 3JieKTpoMarHUTHbIM <J>opMq>aKTopaM HYKJI0H0B, BKlIJ?'ia.!I II )J;aHHble pa-

2"· ··-·-

!!;,: 

6oTbl [1]. HnJKe 6yµ;yT IICil0llb30BaHbl paamI'IHble M0)J;eHll TaKoro THna, noaToMy 

0CTaH0BUMC.!I Ha HUX noµ;po6Heii. licxo)J;HOII TO'IKOII .!IBH.!IIOTC.!I BblpaJKeHIUI )J;H.!I µ;n-

paK0BCKoro n naynneBcKoro qiopMq>aKTopoB HYKJI0Ha B VMD-Moµ;enn 

" 
F N( S) = I: f 11,NN m~ 

,, J., m~-S' 
(1) 

rµ;e m,, - Macca BeKT0pHoro Me30Ha, fvNN - K0HCTaHTa CB.!I3ll BeKT0pHoro Me30Ha 

II HYKlI0Ha, f., - YHUBepcaJibHa.!I K0HCTaHTa B TaK H8.3bIBaeM0M T0JK)J;eCTBe T0Ka ll 

nomr. 

HaKJia)J;bIBa.!I Ha napaMeTpbI qiopMyJibI ( 1) CB.!I3H, n:erKo o6e'cne'inTb aKcnepnMeH-

TaJibHble 3Ha'!eHH.H FN(S = 0), a TaKJKe acuMnT0TIIKy, cneµ;y10iuyro 113 KBapK0BbIX 

npaBHJI c'!eTa [8), K0Topble c norapIIqJMH'iecKoiI · T0'iH0CTbIO c0Bnaµ;a10T c QCD· 

aCIIMnTOTUKOM. ,Ilanee npoB01);IITCJI yHIITapll3auHJI M0)J;eJIII C noM0u:(bIO YHIIq>opMII-

nnpyrou:(eM nepeMeHHOM. KaK cneµ;cTBHe nocneµ;Heii npoueµ;yphl BeKT0pHbIM Me:JQ-

HaM npHillICbIBaIOTC.!I lllllplIHhl,,H qiopMq>aKTOpbI MoryT 6bITb Bbl'illCJieHbl npII BCex 

3Ha'ieHWIX S. 

B proyJibTaTe )J;0CTIIraeTCJI B03M0:iKH0CTb onucaHIIJI BCex 
0

3KcnepIIMeHTaJibHbIX 

µ;aHHhIX KaK B npocTpaHcTBeHHonoµ;o6Hoii (S < 0), TaK II BO BpeMeHIInoµ;o6Hoii 

(S > 0) o6JiaCTJIX. OnbIT pa60Tbl noKaabIBaeT, 'ITO )J;JIJI yp;0BJieTB0pHTeHbH0ro 

onIICaHWI _CBblllle TpexcoT nHa'!eHun I FN I B qiopMyJie (1) )J;0JIJKH0 npIICYTCTBO-

BaTb oKoJio p;eC.!ITH .cBo6op;HbIX napaMeTpoB. KpoMe onncaHHJI I FN ] TaKOH noµ;-

xoµ; nonB0H.!IeT Moµ;eJibH0 naBHCHMhIM o6paaoM B0CCTaHaBJIIIBaTb BH)J; ImFN, ReFN 
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BO Bceii BpeMeHI1noµ;o6H01I o6JiaCTU. 8TOT <paKT 6yµ;eT cyllJeCTBeHH0 UCil0Jib:J0BaH 

HIDKe. ProyJibTaTbl auanu::ia, BbIIl0JIHeHH0ro no TaKOJI cxeMe,npeµ;cTaBJieHbl B pa-

6oTe [7]. .I(aHHble aKcnepuMeHTa p s - 170 0 6'bJICHJIIOTCJI ::ia C'leT BKJIIO'leHUJI B 

<J>opMyny (1) TpeTbero paµ;uanbuoro BO::J6y)Kµ;emrn p(770) c Macc01'i ~ = 2.15GeV 

u npeµ;cTaBneHhI Ha puc. l. 

0.6B 

0.56 

........ 
0 0.44 
........ 

0.3Z 

1 
----

i 
~~ 

ill lil ill lll 
0.2 L-. ....... _.__..___,__.__..__ ......... _.__..__ ......... __.._..____.___.._..__~ 

2 

3.49 3.67 3.B5 

S GeV2 
·Pnc.1 

IlocTaHOBKa oa):\a9:H 

4.03 4.21 

JlerKo Bnµ;eTb, 'ITO cornacuo <popMyne ( 1) <J>opM<J>aKTop HyKnoua IIMeeT cneµ;yIOllJYIO 

MHIIMYIO 'laCTb: 

ImFN = Em;fvfNN 8(S- m~). 
V p 

(2) 

ct>opMyna (2) JlBJIJieTCJI npu6JIH)KeHHhIM Bbipa)KeHneM, nony'leHHbIM U3 ycJIOBUJI 

YHIITapuocTU II IlO0B0JIJieT C IlOMOlllbIO µ;ucnepcnoHHhIX COOTHOllleuuii µ;nH FN BOC-

4 

cTaHOBUTb ypaBHeHIIe (1). I:Icxoµ;Hoe Bblpa;i.;emre AJIJI ycnoBII.!I YHIITapHOCTU ::iann-

llleM B cneµ;y~llJeM Buµ;e: 

Im< o jjµ INN>= L, < o I jµ In>< n I T+INN >. (3) 
n 

rµ;e jµ - aneKTpoMarHIITHhIH TOK HYKJioHa N, a IN> - noJIHasI cncTeMa µ;onycTII-

MbIX npoMe)KyTO'lHbIX COCTOJIHII1°I. B HaUieM cny'lae OHa UMeeT Bnµ;: 

In >= l21r >, l31r >, ... , IK K >, IN, N > (4) 

ct>pa3ep II ct>ynKO 6bIJIU nepBbIMII, KTO Bbl'IUCJIIIJI BKJiaµ; ABYXMe:JOHHOro COCTOJIHIUI II 

no µ;aHHbIM FN B npocTpaHCTBeHHonoµ;o6H01°I o6JiaCTU npeµ;cKa::ian cyllJeCTBOBaHIIe 

p-Me:JOHa [9]. 3a C'leT Bbl6opa pa3ITil'lHbIX cnaraeMbIX B nocneµ;oBaTeJibHOCTU ( 4) 

MO)KHO nony'lHTb MHorue Moµ;emI Tlma ( 1). PaHee [10] 6bma ucnOJib:JOBaHa M0;IJ;CJib 

pa6oTbl [11] n ua ee <J>oHe BbI'lIICJieH BKnaµ; npoMe,t.yTo'!Horo cocTOJIHUJI N N. OHo 

cyllJeCTBCHHO no ;:J;BYMJI npn'lHHaM. Bo-nepBbIX, ero y'leT npUBO;:J;UT K n◊JIBJICHUIO 

B <J>opMyne ( 1) HOBOII TO'!Kn BeTBJieHIIJI - nopory peaKu;un N N, KOTOpasI pacno-

JIO)KeHa ua HmKHeM Kpa10 aHepreTu'lecKoi'r o6nacTn, uoy'!aeMoii B pa6oTe [l]. Bo-

BTOphix, HMII'!Ue CBJI:JaHHhIX cocTOJIHIIii 1mu pe3oHaHCOB B N fl. cncTeMe B6mmn 

nopora cKa)KeTcJI Ha noBeµ;eHim F N( S) KaK B HeHa6n10µ;aeMoii o6nacTu HU,Ke N N

nopora, TaK II B Ha6n10µ;aeMoii o6nacTn BbIUie N N-nopora, II:Jy'laeMoii B pa6oTe 

[l]. O'leBII;:J;Ho, 'ITO INN > cocTOJIHIIe npoJIBnJieTCJI Ha <poHe cyMMhI npeµ;lllecT-

BYIOllJIIX COCTOJIHUll p.Hµ;a ( 4) u pC3YJibTaT, Ha6n10µ;aeMbIJI Ha :3KCnepuMeUTe, 6yµ;eT 

Moµ;eJibH03aBnciIMbIM. IloaTOMY Ba;KHO II3Y'lIITb CTenCHb :3TOJI 3aBUCUMOCTU, pac-
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cMoTpeB B Ka'!eCTBe q>oHa µ;nH INN > cocTO.lIHil.lI KaKyro-nu6o µ;pyryro, OTITU'IHYIO 

OT ucnonb30BaHHOII B {10], Moµ;enb FN(S). B Ka'IecTBe TaKoBOII B03bMeM Moµ;enb 

pa6oTbI (12], KOTOpM c<f>opMym1poBaHa Ha .lI□bIKe <f>opMq>aKTopoB CaKca G, Heno-

cpeµ;cTBeHHO H3Mep.lleMbIX Ha aKcnepIIMeHTe. ct>opMyJJbI aTOll MOµ;enu UMeIOT BUI]; 

3 €k(s),/h(s) 
GM,EP(s) =Ls - ak - rk✓Sk - s, 

k=I 

J O f.11 + f.10 8 €k + €ks f.1 ( ) _ /Jk /Jk 
rµ;e€k(s) = ,/Jk s - ~ 

s-ak-,k~ s-ak-,kySk,-S 

(5) 

(6) 

8HepreTII'IeCKOe noBeµ;eHlie aneKTpOMarHUTHbIX q>opMq>aKTOpOB o6'b.lICHJieTC.lI c no-

MOtu;bIO Tpex prooHaHCOB: p, w, cp-Me30H0B, K0T0pbIM C00TBeTCTBYIOT lIH)J;eKCbI 

k = 1,2,3 C00TBeTCTBeHH0 B q>OpMyne (5). MacCbI, U.UipIIHbI II noporII aK,rk,Sk 

B3HTbI ua aKcnepuMeHTa. IIapaMeTpaMII Moµ;em1 .lIBJJ.lIIOTC.lI KOHCTaHTbI CB.ll□II 

(/3: + €~s)f1(s) = 9-,p(s)goNN(s) , 

(/3~ + €~s)f2(s) = 9-,w(s)gwNN(s), 

(/3~ + €~s)h(s) = 9-,¢(s)g¢NN(s) ,rµ;e 

1 
fk(s) = ~ 

S - ak - rkySK - S 
(7) 

TaKon ueo6bI'!Hbill BII)J; KOHCTaHT CB.ll□ll Bb16pau no auaJior1rn c noKanaTeneM pe-

q>paKD;lIII B onTIIKe. OH He TOITbKO ;JaBUCIIT OT 3HeprnII ( HenoKaJibHOCTb B3aHMO-

)J;ellCTBII.lI), HO II coµ;ep:iKIIT KOMnneKCHYIO µ;o6aBKY npII s > Sk,. KoHCTaHTbI CB.ll3II 

BbI6IIpaIOTC.lI TaK, 'IT06bI yµ;oBneTB0pIITb H3BeCTHblM' .3KcnepnMeHTallhHb1M\ ,113HHblM 

6 

"' 

"'; 

npII s = 0. IloCJJe aToro OCTaIOTC.lI µ;Ba CB060)J;HbIX napaMeTpa €g II €g. , KOTOpbie 

onpeµ;eIT.lIIOTC.lI II3 ycnoBIIll npit s ->CX Ha aCUMilTOTUKe Tpe6yeTC.lI TO'IHOe BbI

nonHeHHe SU(3)-cm,IMeTpmI. 8To ycnoBIIe Ka:iKeTc.lI HaII6onee cna6bIM, T.K. nerKo 

Mo:iKeT 6bITb H3MeHeHo 3a C'IeT y'IeTa H0~bIX BeKTopHbIX Me□-OHOB. IIoaTOMY napa

MeTpbI €g II fg onpeµ;eneHbI HII:iKe cornaCH0 x2-KpIITepIIIO no aKcnepIIMeHTaJibHbIM 

TO'IKaM Gp, npon;IITIIpoBaHHbIM B. pa6oTax [13 ]. 

o.ss r-r..---,---,--,---,----.---,---,-,----,---,--r---,----.----

"'' J 
...... 
C., 0.335 

! 
0.213 

O.M -
3.~ 3.95 4.33 

S GeV2 

PIIc.2 

4.72 5.1 

lIHTepeCHM oco6eHHOCTb M0)J;enu (12] COCTOIIT B TOM, 'ITO _II B nepBOHa'IaJibHOM 

BII)J;e.II B IICnOITb30BaHHOM □µ;ecb BapIIaHTe 0Ha npaBIIITbHO OilIICbIBaeT OTHOllieHIIe 

IGPI/IGnl B6nua11 PP-nopora, TO'!Hee aKcnepIIMeHTaJibHOe 3Ha'IeHIIe IGn(S = 4)1 = 

0.42 ± 0.06 (cM. (14]). ProynbTaT Moµ;enu µ;nH Gp 1mo6pa:i1<eH Ha puc. 2. Bn11.1Iu11e 

Ha IGplBKnaµ;a INN > cocTO.lIHil.lI B ycnoBim YHIITapHOCTII (3) BbI'IIICJIJieTCH TaK 

:iKe, KaK u B pa6oTax (15, 16]. CHa'IaJia CTpOIITC.lI aHaJIIITII'IeCKM Moµ;enb aMnmI-
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TY)J;bI Tpp-ynpyro·ro pacceHmrn Bnepeµ;, KOTopa.H ocHoBaHa Ha ym1cpopM1mupy10uteii 

nepeMeHHOll 

Z= 
4(s - a) 
s(4 - a) 

a(s - 4) 
s(4 - a) 

(8) 

rµ;e s - o6hI'IHaJI M3H]).eJlbCT3MOBCKall. nepeMeHHaJI, paBHaJI KBaµ;paTy noJIHOII 

aHeprmI P .P.cucTeMhI B cucTeMe u.M. B eµ;1rnuuax Mp• IlepeMeHHa.!I Z coµ;ep:lKIIT 

TO'IKH BeTBJieHII.!I npII S = O; 4, COOTBeTCTBYIOll.\IIe noporaM peaKUIIll ynpyrIIX Pp. 

II P P-pacce.!IHII.!I II acpcpeKTIIBHYIO TO'IKY BeTBJieHH.!I npn S = a, Y'IIITbIBa10my10 Ha

JIII'IIIe HeHa6rr10µ;aeMon o6rracTII y npouecca ynpyroro P .P-pacce.!IHII.!I. Ilopor npo-

uecca pp -+ pp OT06pa:iKaeTC.!I B TO'IKII z = ±1 Ha Z-nJIOCKOCTII, a 6ecKOHe'IHO 

yp;arreHHaJI TO'IKa S-nrrocKoCTII nepexoµ;IIT B TO'IKH ±Z1, ±l/Z1, Z1 = ✓~~'Ji; . 
Pacnorro:iKeHIIe Bcex 'IeTblpex JIIICTOB pnMaHOBOH noBepXHOCTII cpyHKUHII Z ( s) Hoo-

6pa:iKeHo Ha puc.3. B pa6oTe [16] 6bIJIO noKaoaHo, 'ITO aKcnepnMeHTaJibHbie µ;aHHbie 

no p = ReTpp/ ImTPp II CT tot MoryT 6bITh o6'h.!ICHeHbI npu HaJIII'IIIII y P .P.cIIcTeMbI 

KBamrnµ;epHoro CB.!IOaHHoro cOCTO.!IHII.!I c aHeprneii CB.HOH E = (1.88 ± 0.05) M eV II 

WIIpIIHOll r = (1.6 ± 0.1) M eV. AMnrrnTyp;a pacce.!IHII.!I BbI6Hparracb B crreµ;yrouteM 

BIIp;e: 

Cp 

Tpp = n + z - (zp)l 
Cp 

z - (zph 
(9) 

rµ;e n(s) - noJIIIHOM no z, (zp)l,2 = 1 =F,±io II Q'. = 1.44. IlorrIOCHble 'IJieHbI onpeµ;e-

Jl.!IIOT BKJiaµ; KBamrnµ;epHoro COCTO.!IHII.!I, a noJIIIHOM - BKJiaµ; HepeooHaHCHoro cpoHa 

S; P- u D-BoJIH. AMnrrnTyµ;a (9) xopowo onncbIBaeT aKcnepnMeHTaJibHbie µ;aHHhie B 

8 

~ 

\ 

'l 

o6rracTII µ;o 4.4 Ge V2 no nepeMeHH01°1 s. B6mmn P .P.nopora BKrraµ; norrroca B ycrro-

BIIII ymITapHOCTII .!IBJI.!IeTC.!I )J;OMIIHIIpy10mnM,n noaTOMY orpaHIPIIIMC.!I noJIIOCHbIM 

npn6m1:iKeHIIeM. B HeM ycrroBIIe ym1TapuocTn (3) CBOAIITC.!I K KpaeBoii oap;a'Ie PH-

MaHa [17]' KOTOpa.!I MO:lKeT 6bITb peweHa ( CM. np1mo:iKem1e ). B KOJibUe, coµ;ep:iKall\eM 

eµ;IIHII'IHYIO OKPY:iKHOCTb (pnc.3),peweHIIe IIMCCT BIIA 

= 

/ I[ III 

PP 1/2 pp 

IV 

a 

Pnc.3 

c(z) 
Gpol = m=1(= _ (zp);)(z + (z;);) (10) 

rµ;e c( z) - uerra.H cpyHKUirn, npeµ;cTaBJI!IIOll.\aH nponoBorr peweHIIe KpaeBoi'1 oaµ;a'In. 

Ilorraraz c(z) = c1(z) • (z2 - z;)(l - z2z;)/(1 - zi), MO:lKHo o6ecne'IIITb acnMnTo-

TII'IeCKOe noneµ;eHiie Gpol Ha 6eCKOHC'IHOCTII KaK 1/ s. HaKoHeu, oa C'ICT npaIIOBOJia 

C1 ( Z) npnµ;aµ;IIM pellICHlIIO Bll)J; 

(1 - z2 )2 
Gpol(z)(z 2 - zl)(z~zi -1) = 

Ai { (z - ~zp)t - z - ~zp)) - (z + ~z;)i - z + ~z;))} + 
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+A2 + - + . { 
1 1 ) ( 1 1 )} c _ (zp)I Z - (zph Z + (z;)1 Z + (z + (z;h (11) 

B oKpecTH0CTII PP-nopora cnpaBel];JIUBbl paBeHCTBa G,p = Gmp = G,n attamm 

:3KcnepnMeHTa B [l] npoB0l];llJIC.!I B :3T0M )Ke npegn·oJI0;.KeHIUI. IloaTOMY ll0JIQ)KlIM 

G,p = Gmp = Gw, ri:i;e <f>YHKI.J;HII G,,mp onpei:i;erreHbl <f>opMyrraMn (5). Y'IHTb!Ba.!I B 

ycnoBnn yttnTapH0CTH (3) BKJiag OT INN > cocT0.!IHH.!I, norry'InM i:i;rr.11 arreKTpoMa-

rHHTHoro <f>opM<f>aKTopa npoToHa G <f>opMyrry 

G = Gw + Gpo/ • (12) 

BygeM C'IHTaTb noJI0)KeHne noJIIOC0B ImBeCTHblM n:J pa6oTbl [16]. Tori:i;a <f>opM<f>aK-

Top G oaBIICIIT OT ABYX cB060JJ;Hb!X napaMeTpoB A1 , A2. Ha BepxHeM 6epery 

pa:Jpeoa [a , oo) B oKpecTH0CTH N N-nopora n0Begem1e Gpol 6ygeT onpegeJI.!IThC.!I 

non10caMn (zp)t n (zp)2, a Ha HH;.KHeM 6epery - norr10caMII (z;)1, (z;h. EcnII npII-

BeCTH K o6ll{eMy 0HaMeHaTeJIIO BKJia)l;bl noJIIOCOB (zp)i II (zp)z B <f>opMyrre (10), TO 

nepei:i; napaMeTp0M A2 B00HHKHeT ;mepreTU'IeCKIIll MH0)KlITCJib (z - 1), a nepei:i; 

napaMeTp0M Ai - noCT0.!IHHM. 8To i:i;aeT B00M0)KH0CTb r0B0pIITb 06 aHaJI0rIIII 

Me)Kgy napaMeTpoM A1 II napaMeTpaMH €~, (3~, a TaK)Ke Me,KJJ;Y A2 II Ei, f32 B 

<f>opMyne (5). Bb!pa:d(eHne l];JI.!I Gpol cnei:i;yeT no ycnoBII.!I YHIITapHOCTII u aHaJIHTII

'!eCKIIX cnoiicTB <f>opM<f>aKTopa npoToHa II aMnJIIITYJJ;bl N N-pacce.!IHII.!I. IloaToMy 

<f>opMyJibl (6) noJiy'IaIOT 060CHOBaHI1e, HeoaBIICIIM0 OT onTII'IeCKOll aHaJIOrHII, yno-

MH_HaBweiic.11 Bb!We. OTMeTIIM TaK;.Ke, 'ITO B Bb!pa,KeHIHI l];JI.!I Gpo/ oaBIICIIM0CTb 

K0HCTaHT CB.!I0H 9---,p, 9pnn • · • OT attepnm 6orree 6oraTa, 'ICM B <f>opMyJie (6). 
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;) 
.J 

i 

l 
II 

3 AHa.JIH::J 0KcnepHMeHTa.JlbHbIX p;aHHbIX 

<PopMyrra ( 11) nogcKa:Jb!BaeT noaTanttoe onucam1e aKcnepnMeHTaJihHb!X 

0. 72 .---,-~-..--..,....~-..--..,....~-..--..,....-----,---,---,------,---,---, 

0.562 

G 0.40s -
0.247 ♦ T 

0.09 ~ 
3.48 3.98 4.48 

S GeV2 

PIIc.4 

4.98 5.48 

gaHHblX. Ha nepB0M aTane onpegeJI.!IIOTC.!I napaMeTpb! Gw, no l];aHHblM CCbllIKH [13], 

KoTopble npIIMett.11nuc1, pattee B pa6oTe [15] i:i;n.11 aTOII )Ke r:i:enn. Peoy111,TaT npIIBeJJ;eH 

Ha pIIc.2, a fg = -3.4lfg = 3.23 II x2 = 10.1. IToJIOlKCHUll noJIIOC0B B <f>opMyne (9) 

B0.!ITbl no pa6oTbl [16], ri:i;e 0HH bnpei:i;erreHbI no gaHHblM ynpyroro P P-pacce.!IHII.!I . 
Bnepei:i;, II paBHbl 1025 = 3.46±0.1, 102

1 = -0. 72±0.03. IlapaMeTp a B <f>opMyne (7) 

Y'IIITb!BaeT BJIH.!IHIIe HeHa6JIIOJJ;aeMOll o6JiaCTII II M0)KeT He C0BnagaTb l];JI.!I aMnllH-

TYJJ;bl ynpyroro P P-pacce.11HH.!I Bnepei:i; n aneKTpoMarHHTHoro <f>opM<f>aKTopa npo-

T0Ha. IloaToMy oH BKJIIO'IeH B 'IHCJI0 cBo6ogHblX napaMeTpoB, K0Topb!MH .!IBJI.!IIOTC.!I 

A1 , A 2 , a. llHTepecHo Bbl.!ICHIITh,B KaKOII cTeneHn napaMeTpb! Gw, onpei:i;eneHHble 
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Ta6mm;a 1: 

N°Bap I II III 

rrapaM. 

102A1 -0.364 ± 0.139 0. 0 

102A2 0.492 ± 0.075 1.2 ± 0.01 1.03 ± 0.025 

a 0.56 ± 0.18 0.23 ± 0.04 0.63 ± 0.013 

,P 2 1 0.87 ± 0.02 -1.5 ± 0.005 

€0 
3 1 1 -0.87 ± 0.0037 

x2 31.3 15.9 0.3 

no rpy6blM µ;aHHbIM [13], COOTBeTCTBYIOT HOBblM II3MepeHIUIM [l]. ,Il;irn aToro 

OHII IIHorµ;a 6yµ;yT BapbIIJ>OBaTbC.ll crreµ;yro~nM o6paaoM:€~ - -3.41€~, fg - 3.23€g. 

PeayrrhTaTbl aHamma rrp1rneµ;eHbl a Ta6mni;ax 1,2. BapnaHT I rroKa3blBaeT, 'ITO 

rrapaMeTpbl q>oHa €~, fg orrpeµ;erreHhI rrrroxo, T.K. BelllI'IIIHbl x2 y Hau6orree Beco

MblX TO'IeK BelllIKII. 3a C'IeT oµ;Horo. Im rrapaMeTpOB q>oHa (~ MO:iKH0 yMeHblllHTb x2 

B)J;BOe , HO IlpH aTOM napaMeTp A1 TepHeT 3Ha'IIIMOCTh,H ecTeCTBeHHO IlOllO:iKHTb 

A1 = 0 (BapnaHT II). ,llHTepecHo OTMeTIITh, 'ITO aa C'IeT BapbIIpoBamrn o6oHx 
• I 

napaMeTpoB q>oHa KpIIBM µ;rrH !GI MmKeT 6blTh npoaeµ;eHa no TO'IKaM pa6oTbl [1], 

T.K. x2 = 0.3. Oµ;HaKO OHH npH aTOM CTOllb cy~eCTBeHHO MeHHIOTCH, 'ITO BHe pac-

C'IHTblBaeMoro IIHTepBarra KpHBM µ;rrH !GI y:iKe He onIIChIBaeT µ;aHHblX ccblllKII [13], 

12 

Ta6mrua 2 

SGeV2 Gexp I II III 

IGI xf IGI xf !GI x~ 

3.523 0.53 ± 0.05 0.54 0.86 0.63 3.9 0.53 3.0 10-5 

3.553 0.39 ± 0.05 0.34 0.86 0.35 0.63 0.37 0.093 

3.57 0.34 ± 0.04 0.33 0.1 0.32 0.26 0.35 0.021 

3.59 0.31 ± 0.03 0.32 0.074 0.3 0.15 0.32 0.066 

3.76 0.26 ± 0.014 0.29 3.06 0.27 0.66 0.26 0.07 

3.83 0.25 ± 0.01 0.27 3.26 0.27 1.9 0.25 0.6 10-4 

3.94 0.24 7 ± 0.014 0.246 0.710-3 0.254 0.23 0.25 0.07 

4.18 0.252 ± 0.011 0.20 23.9 0.221 8.1 0.25 0.5410-2 

Bap1ta11T II tt3o6palKeH Ha pttc.4. 

II BapIIaHT III crreµ;yeT oTBeprHyTh. 

4 Oocy)lq:i;eHHe penyJibTaT0B 

PeayrrhTaTbl npeµ;npIIHHToro uccrreµ;oaamrn noKa3blBaIOT, 'ITO napaMeTpbl A1 II A2, 

HMeIO~IIe CMblCll KOHCTaHT CBH0II KBa3Irnµ;epHoro CBH0aHHOrO COCTO.lIHirn, 'IYBCTBII-

TellbHbl K BIIµ;y q>oHa B q>opMyrre (10). Berrn'IHHa q>oHa naµ;aeTCH napaMeTpaMU f~, 

fg, onpeµ;errHIO~IIMU ero Meµ;rreHHoe H0Mepemre B 1my'IaeMoM HHTepBarre s. Ilapa-
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MeTpbI A1, A2 , a orrpegeJIJIIOT 6brcTpoe II::JMeHeHIIe G B cpopMyne (10). 3a C'leT 

pangeJICHIIJI rrapaMeTpOB Ha aTII ABe rpyrrrrbl MO:-KHO HaIITII IIX CTaTUCTU'ICCKII pa-

:JJMHble ::JHa'!eHirn (BapnaHT II). AHamm 6bIJI 6hr ::JHa'lnTeJibHo o6ner'leH, ecmI rrpn 

s > 4m2 6bIJIII 6bl II::JBCCTHbl aKcrrepnMeHTaJibHble ::JHa'!eHirn lmG n ReG. Orrpe-

geJieHIIe IIX Tpe6yeT rrpoBegeHII.II IIOJI.!Ipm:mUIIOHHbIX OIIbITOB, TeopeTU'leCKOC pac-

CMOTpCHIIe KOTOpbIX rrpoBegeHO B pa6oTe [18]. 

B ::JaKJIIO'leHne OTMeTIIM 'IIICTO TeopeTil'ICCKilll pe::3JJibTaT, 'ITO crroco6 BbIBOµ;a 

cpopMJJibl (10) )];JI.II OIIHCaHIIJI KBa:JII.IIµ;epnoro COCTO.IIHII.II MO:lKCT 6bITb rrpHMCHCH K 

mo6oMy BeKTOpHOMY Menony B _cpopMyne (2). B penyJibTaTe JI106oi'1 BeKTOpHbIH 

Me:JOH 6yµ;eT xapaKTep1moBaTbC.II He TOJ!bKO Maccoii II nrnpunoii, HO II )l;BJM.II rra-

paMeTpaMII TIIIIa KOHCTaHT CB.II::JH. JJ:pyrIIMII CJIOBaMII, acpcpeKTIIBHbIC KOHCTaHTbl 

CB.II::JII BeKTOpHbIX MC::JOHOB OKa:lKJTC_.II ::JaBUC.IIIUHMII OT aneprnii, 'ITO rrpegrronara-

JIOCb B pa6oTe [12] u OTpa:lKeHO B cpopMyJiax (6). 

1. Ilpm10)Kem1e 

YcJIOBIIe YHIITapHOCTH (3) CCTb TO'IHOC ypaBHenue, eCJIII IICIIOJ!b::JyeTC.II IIOJ!Ha.lI CH-

CTeMa gorrycTIIMbIX IIpOMC)KJTO'lHblX COCTO.IIHI!ll ( 4 ). B rrpoTIIBHOM CJIJ'!ae OHO 

- rrpu6mI:lKCHHOe ypaBHeHIIe, ::JaBIIC.IIIUCe OT cµ;eJiaHHbIX rrpeµ;IIOJIO)KCHIIH, T.e. OT 

cpopMbI ::JaIII!CII. Bo::JbMCM ero B BIIµ;e 

ImF = F(ei5 sinb)* + g, 
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rµ;e O - cpana N N-pacce.1IHII.II c KBaHTOBbIMU 'llICJiaMII IIOJIIOCHoro cocTO.IIHIIJI, KO-

TOpbie IIOKa HCU::JBCCTHbl, g - BKJiaµ; BC~ OCTaJibHbIX rrpoueccoB B TOM :lKe KaHaJIC. 

Ilp1rnegeM ero K Buµ;y: 

F = e2io F: + 2ig, (*) 

CooTHOll!eHIIe ( *) crrpaBep;mrno rrpH I ms = 0, Res ~ 4m2 • B neM F - <f>YHKUII.II, 

a.HaJIIITI!'leCKa.lI B KOMIIJICKCHOII IIJIOCKOCTII s C panpe::JOM [4m2
' 00 ), BHC KOTOporo 

F*(s) = F(s*). OHo ecTb ~nHei'rnM Heoµ;Hopoµ;HM KpaeBM :Jap;a'Ia PnMa.Ha OT-

HOCHTCJ!bHO <f>YHKUIIII F. IlycTb e 2io UMeeT IIOJIIOC B6JIII::3H panpe:Ja, Torµ;a B ero 

OKpeCTHOCTH panyMHO orpaHH'IHTbC.II oµ;Hopoµ;noii naµ;a'leii 

F = e2iop•. 

KaK H:JBeCTHO [17],ocHOBHa.lI TPYAHOCTb ee pell!eHII.II COCTOHT B IIOCTpoeHHH a.HaJIH-

TH'ICCKOH B rrnocKOCTH s-<f>yHKUIIII, c0Brrap;a10w;eii c e2i5 Ha panpene. Oµ;HaKo ecm1 

e2i5 BbI6paHa B <f>opMe, µ;orrycKa!Ow;eii aHaJIIITil'ICCKOe rrpoµ;OJI:lKeHIIC Ha KOMIIJieK-

CHble s, TO :Jap;a'!a CBO)l;HTC.II K pelllCHHIO <f>YHKUHOHaJibHOro ypaBHCHH.II Ha F ITO 

yHn<f>opMnnupyrow;e11 rrepeMennoii z. Byµ;eM rrpeµ;cTaBJI.IITb e2i5 
B Bnµ;e 

e2io = IT (z - zJ)(z + zi) 
i (z - zJ(z + z;) 

<PyHKUH.II e2i5 µ;eiicTBHTCJ!bHa Ha MHHMOH OCII z, T.e. Ha µ;eiicTBIITCJ!bHOll OCHS rrpu 

s < a. YpaBHeHue ( *) crrpaBeµ;mrno ua panpene [4m2
, oo ), KOTopblii rrepexoµ;HT B 
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;a;eiicTB:UTeJihHYIO och z = :r + iy, rrpII ;)TOM F(s) __. F(x), F*(s) __. F(-x) :u 

(x - zJ)(z + Zj) F(-x) 
F(:r) = (.r _ Zj)(z + z;) 

r;a;e, He HapyrnaH 001.1.J;HOCTli, orpaHll'IllliliCh O)];HIIM TIOJIIOCOM. Ilocrrep;HCC paBCHCTB0, 

<pyHKU::UOHaJihHoe ypaBHeHm' Ha F(:i: ), rrerKo nanncaTh TaK: 

F(.1:)(:1: - Zj)(:r + z;) = G(x) 

G(.r) = G(-x) 

OTcIOp;a .llCH0, 'ITO F( z) Ilj)C;l;CTilBIIMa. B BIIp;e: 

G(z) 
F(z) = IMz - Zj)(z + zJ)' 

rp;e G( z) - u;emlJI, 'I CT Hair <pyHKU:IIH nepeMeHHOII z. AHarrorwIHhIM o6panoM MOJKHO 

pewnTh Heop;m>po;a;Hy10 KpacBy10 na;a;a•1y ( *) :u o6oCHoBaTh <popMyrry (10). 

Pa6oTa Bhtn0JIH<)Ha npn <pIIIIaHcoBoii nop;;a;epJKKe Pocc:uiicKoro <poH;a;a <pyH;a;a-

MeHTaJihHhIX nccrre;:ccmam1ii (!)3-02-3807). 

JlHTepaTypa 

[1] G. Bardin et al.. Phys.Ldt.. B255 (1991) 149; B257 (1991) 514 

[2] G. Bassompicrre d al. Phys.Lett. 68B, 477 (1977). 

[3] B. Kerbikov ancl L.A. Kondratyuk: Z.Phys. A - Hadron and Nuclei 340 (1991) 

181 

16 

[4] B.O. Kerbikov, A.E. Kudryavtsev. Proceedings of the Second Biennial Con

ference on Low-Energy Aniproton. Physics (Ed. C. Guaraldo, F. IAZZI and 

A.Zenoni) Nucl.Phys. A558, l 77c-182c (1992) 

[5] O.D. Dalkarov, K.V. Protasov: Sov.J.Nucl.Phys. 50 (1989) 1030; Nucl.Phys. 

A504 (1989) 845; Phys.Lett. B280 {1992) 107 

[6] R. Bacher. In Proc. First Bienual Conf. on Low Energy Antiproton Physics, 

Stockholm. 2-6 July 1990, Ed. P. Carlson et al. World Scientific, 1991, p.373 

[7] S. Dubnicka, A.Z. Dubnickova, P.Strizenec. Nuovo Cim. Al06 (1993) 1253 

[8] V.A. Matveev, R.M. Muradyan, A.N. Tavkhelidze. Nuovo Cim.Lett. 7 (1974) 

719 

[9] W.R. Frazer,.J.R. Fulco. Phys.Rev. 117 (1960) 1603,1609 

[10] G.V. Meshcheryakov, V.A. Meshcherykov, Preprint JINR, E2-93-88, Dubna 

(1993) 

[11] S.I. Bilenkaya et al., Nuovo Cim. Al05 (1992) 

[12] V. Wataghin, Nucl.Phys. BlO (1969) 107 

[13] M. Castellano et al., Nuovo Cim. Al4 (1973) 1 
I 

B. Delcourt et al., Phys.Lett., B86 (1979) 395 

G. Bass~mpierre et al., Nuovo Cim. A73 (1983) 347 

17 

\ 



D. Bissello et al., Nucl.Phys., B224 (1983) 379 

D. Bisello et al., Z.Phys. C48 (1990) 23 

. [14] E. Luppi, Nucl.Phys., A558 (1993) 165c. 

[15] G.V. Meshcheryakov, V.A. Meshcheryakov, Preprint JINR, E2-93-88, Dubna 

(1991) 

[16] B.V. Bykovsky, V.A. Meshcheryakov, D.V. Meshcheryakov. Yad.Fiz. 53 (1990) 

257 

[17] M. Muskhelishvili. Singular Integral Equation. Groningen, 1953. 

[18] S.M. Bilenky, C.Giunti, V.Wataghin. Z.Phys. C59 (1993) 475 

PyKOnl1Cb nocTyn11na B 113/laTCJlbCKHH OT/leJI 

22 11ion11 1994 ro11a. 

18 

(: 


