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OnucaHHe BbTCOK03HepreruqecKoro rrose.oeuust aMrwury.a yrrpyroro 
p8CC8stHHR BriepeU B M8TOU8 yHH$OpMH38UHH 

PaccMarpuBaeTCH rrp~ncraaneHHe aMrrnuryn ynpyroro pacce~HHB anpo

HOB Bnepen e anne pRllOB Dupuxne B KOMnneKCHoH nnocKOCTH yHH~OpMuayro
meit nepeM8HHOit

1 
riOCTp08HH08 C yqeTOM COOTHOUI8HHH KB8pKOBOif Nl0.08.1Hio 

0oK838HO, qJ'Q COBOKYTIHOCTb 3KCnepHMeHTanhHblX !18HHblX ITO npouecCaM 
p p ~ , rr± p. , p p , K ± p -paccesmHR snepen MO>KeT 6bTTb onncaua ua ocuo
ee C!l8Jl8HHblX IIp8llTIOJI0)K8HHfr. 06cyJKll88TCH BOlTpOC 0 rpaHHU8X npHM8HH

MOCTH HCITOlib3Y8MOI"'O M8TOLI8o 

Pa6ora BbifiCJJIHeHa B Jla6oparopu11 reopeTuqecxoH q,I13HKH OHHH. 

Coo6weHue 06ha/lijHBHHOf'O HHCTHTyTa l!UepHhiX uccnenoaaauii. Jly6aa 1978 

lnozemtsev V.I., Mescherjakov V.A. 

Description of High Energy Elastic Forward 
Amplitudes by the Uniformization Method 

P2 - 12032 

Scattel'ing 

The properties of hadronic forward scattering amplitudes in 
the complex plane of uniformizing variable are considered, A rep
resentation for these amplitudes as a Dirichlet series is oonstruc
ted with the use of quark model relations. It is shown that the ex
perimental clara on pp ,,±p, pji ,K± p -scattering can be described 
on the basis of this representation. The range of applicability of 
the method is discussed, 

The investigation has been performed at the Laboratory 
of Theoreticl'll Physics, JJNR, 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06'be/JJI/lQHHbiH HHCTH"f"YT JlllepHbiX HCC/16/JOBBHHH .ay6Ha 

BonpocaM CJI[C1'8Ma'!'JIIKII llOJlHYX C8'18HJd ~poH-npo'!'OHHHX B38HMO

~e~TB~ npll BHCOXKX aHeprRHX llOCBam8HO SHa'IJI[T9Jl~HOe 'IHCJIO pa-

60'!" I-6 , ocHo:aaHHHx Ha rmoTese o XBapxoool, nHCSo R:eapx-napToH

Hol CTpYJtType BJ:tPOHOB. llOCKO.UXy npocTBJl ~JI[THBHBJl S IJ{J)-cfiJNJII.eT

pwqHBJl MO~~ XBapX-RBapxOBHX B3aHMO~elcTBHI OllHCU~eT 3RCnepH

MeHTa.lli>HU9 l{aHHUe JlHIU~ C TO'IHOCTllll -20%, B pa6oTaxf2-6/ 6uJIH 

npe~oaeHU pasnH'IHUe !J>euoMeHonorlll'lecRHe cxeMY Hapymeum al(I{JI[THB

HOCTH 11 SU(3)-cHMMeTpHH, noaBOJliDIIIHe nocTH'I~ y~oBJieTBOpiiTen~uoro 
COrJI8.CIIfl C 8Rcnep111MeHTOM. llo-BiiUtHMOMY, HaH6onee 8ROHO~M Cfoco-
60M ll0~06HUe HapymeHHR BBO~TCH B npe~JlOllleHHOI RHnRHHUMf 2•3 Tpex

ROMnOH9HTHOI MO~eJIH, B ROTOpol o6a a@leRTa CBII38HU C YHHBepcanr 

HOI ROMnOH8HTHOI B RpoCCHH~'IeTHOI aMnJIHTy~e pacceHHIIfl Bnepel{ BH

~a N9 N,~ F(s), r~e N~ - noJIHoe 'IHcno BanemHHx RBapROB H 

aHTIIKBapROB B pacceHBaKnlleMcn ~poRe, N,s - 'IHcno HeCTpaHHUX 

XBapROB H aH'l'HRBapxOB. 

B 8TOI MO~eJIH 8CT9CTB9HHHM 06paSOM BYllOJIHHeTCR 3MnHpH'I9CROe 

COOTHOmeHKe 20"-1-(JrPf(fORp +~-f, ycTaHOBJ19HHOe B 8Rcnep111MeHTax 

Ha CepnyXOBCKOM YCROpHTenef? H CllpaBe~JlHBOe C TO'IHOCTm 11;0 -2% 
npH E .Aa6 ~50 fJB. O~aRo if>H311'1eCR8Jl HHTepnpeTaQIIfl no~oCSuol ROMno

uemu B Rpocc~"l1~ol aMnnHTyne npencTa&IIReTcn BecE>Ma aaTpyztHH

Ten~uol. B pa6oTax' 1 OCHOBaHHUX Ha KBapK-napTOHHOM BapHaHTe 

~HTilBHOI MOztenH, 3aBHCHMOCTI> oT !!Hcen XBapKOB BRita Nfi.Ains 
BBO~IITCH lfleHOM9HOJIOrll'leCRII Ha ypOBHe pacnpezteJI9HIIfl S Z/ (.a) -c HM

MeTpK'IHOrO "~WI" KBapR-BHTIIKBapKOBHX nap B ~poHax. llpe~OllleH
HHI RHnRBHUMf

27 MeXaHHSM nepepaccenum f-pel{llleoua H noMepoua 

He npHBO.n;HT K HYlllBOMY peayJII:.TaTy - BKJ18It TO'IeK B9TBJ19HBH, o6ycJIOB-

3 



~eHHHX nepepacceHHHeM pe~OHOB, asnHeTCH OTpHnaTe~HY~S/ H He 
BOCIIpoKSBO~HT 3RCIIepHMeHT8AbHO Ha6mo~eMYX OTRAOHeHHI OT npe~

-QRaSaHHI azutHTHBHOI RBapROBOI MO~e~H. CJie,eyeT Ta.RJte OTMeTHTl>, 

qTo OIIHCaHHe BCel COBORYUHOCTH 3KCIIepHMeHTSAbHYX ~aHHHX no qop

MYJI#ihl pa6oT/2-4/ HOCHT JIBillb xaqecTBeHHHI xaP,~Tep (oTaoweHHe .x.a 
K q~~:cny cTeneael cB06o~ A/.21 cocTaBJJ.IIeT 4+576 • 

B ~01 pa6oTe MY pacCMOTpHM BOSMOBHOCTb COBMeCTHOrO OIIHCa

HHH sxcnepl'!MeHTaJ!bHHX .ItaHHHX no npo~eccaM ynpyroro jip-, .P.P
~~~~~1' -pacCeHHKH BIIepezt Ha OCHOBe MeTO~a yHmpopMHSanH~9i, 
IIOSBOJ11Dl111ero BBeCTH npe~CTaBJieHHe aMllJIHTy~ B BRite pllztOB, CXO,W[

~HXCH B HeROTOpol 06JiaCTH ROMnJieRCHOI ITJIOCROCTH yHHqopMHsyromel 

nepeMeHHol. CooTHoweHKH Me~ RO~HUHeHTaMH no~o6HYx pasJiozeHHI 

ycTaHaBJIHBam'CH ea ocHoBe npocToro BapiiiaHTa Hapymeam Sl/(.3) -cl4M-

MeTpHH H a.zt.ztli:THBHOCTB' B RBapROBOI MO!{eJIHo :Jl 
PaccMOTpHM aMnJIHTY~ ~poH-npoTOHHoro pacceHHHH Fx (. !) , o6-

JI~avmae onpe~eJieHHol qeTHOCT~ no oTaoweaam R xpocc-npeo6pasooo

H~ H HOpMHpOBaHHHe YCJIOBB'eM 

r r (.II}_ (1'. (.liP) _ {./lP) 
J.t17. I± - ~o~ ± Vtof: 1 (I) 

BUnO~HMCH Ha BepXHeM 6epery npaBOrO paspesa B ltOMUJleKCHOI 

nJIOCKOCTIII nep:JM HHO' v:::: Cf,-112 ( H - Macca npoToHa). IlpeztiiOJIO&HM., 
69 ,., .( . 1) 

KaR H B pa6oT • , qTo B nepeMeHHol w = !Fa.rc.sm vo <PYHRUIIK 
fi:.(./1) HBJllD)TCH MepoMOpfJHYMH, TO eCTD W asnHeTCH YHHqopMB'SyJ>

mel nepeMeHHo~ yqHTY~el MHoroJIHCTHYil cTpyxTypy pHMaHoBOI no

BepXHOCTH F} ) • KsMeHeaHe BeJiaqiDJY "aqxfleKTHBHoro nopora" 

HeC~eCTBeHHO B OltpecTHOCTII 6ecKOHeqHo y~aneHHOI TOqKH BeT~eHHH 

( iJ >> Vo) , Iii B .ItBAl>HelmeM ML1 noJIO&I!M V0 = /1 • ~HKUIIIII ft (./1 

IIMellT ~ nOmDCOB Ha .ztelcTBIIT~HOI OCH ~ -nJIOCKOCTII II B no~~ 

cax f <I R.e w / < i , cooTBeTCTBY~HX pesoHaHCHOMy pacceaem' 9 • 
IlpeztiiOJiaraH, qTo MaCCY pesOHaHCOB OrpaHifqeBH CBepxy H BOCnO~So-

F,(..Q) 
BaBIIIHCl> CBOICTBOM MepoMOIXPHOCTH <'tlYHKUd I :t;/ (W) , MY MO&eM 

npezteTaBII'l'l> Fjv11
)(1.J') B BBite ~oB J{HpHXJie' II , CXO.ItHDIHXCH B 

BepXHel noJiynJiocxocTH lm w > w;, > 0 : 

(:J;) I) • \1r (+) 
F./.JlJ= L. ci 'f.l/'e 'ftJ lm. !3/ = o . (2) 
- J ' 

Hait~eM OrpaHaqeHBR Ha ltOSqxpHnlleHTY Cj , CJ19.ztYilllll!9 HS YCJlOBHI 

Bel!lecTBeHHocTH III xpoccm:r-c.,_rpn. Kou6mapyH 3TH ycJIOBHH TaRIM 

o6pasoM, qToOO aprYMeHTY F:1: aaxo~MHC:& B BepXHel noJJynJioc-
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KOCTaf9/, IIpHXO~HM R paBeHCTBaM 

(A) • (.II) ,..) 
~ (w) = + F± (-w .1• (3) 

SKB~9HTHYM ycJIOBKHM 

r4:JJ(.;l)/~ = +- c/:t:)(.A). (4) 
(i:) (.ll) 

,1tiJH Ha.xo~eHHH COOTHOmeHHI MeW pasJiaqHYMH CJ He06XO~HMO 
yqecn KBapROBYil CTPYR'l'YPY ~rHOB {.11}. c 3'1'01 ne.ll.YJ sani!DeM 

ceqeHHR AP-pacceHHBR B B~ztel~ 

at(.JlPJ = ~ ~_r.4Y2<'ip ~o;,;; + 6/2.), 
J 

r~e nepBoe curaeMOe npe.ItCTaBJJ.IIeT co6ol pesyJibTaT azutHTIIBHOI uap

KOBOI MOiteJIH ( N;(.4} - qHCJlO KBapROB (aHTIIIKBapltOB) l -ro COpTa B 

~poRe A); Of:(2) OIIHCYBaeT OTRAOHeHHe OT azutH'l'HBHOCTH, KOTOpOe MY 

BBe~eM npocTelmHM o6pasorJI, IIOJiarall ~(2.) = 11/ff • OTHOCHTeJil>HO <r,y, 
IIpe~CTaBJllmltHX B a.zt.ItiiiTHBHOI MO~eJIH ceqeHHH "KBaplt-KBapROBOro" pac

CeHHHII, ecTecTBeHHo c~eJiaTb npeztiiOJIOUHI!e o Toqeol Sll(2) -cHMMeT

pHH: 
(J'pp = <;,,_ = ~ ; (J'np = Of ... 0"-t. ; 

Cijp = ~n. = a; .. ~ ; O'pp "' cr,."'- = a; ... ~ 

<r,;p = ~l't. • 

~ IICIIOJlbSyeM TaRae npe~nOJIOXeHIIefiO/ 

d pn - op,_ = O'p.J - op; = ~ ' 

(5) 

(6) 

~OCTaToqaoe ~JlH BYnOJIHeHHH COOTHOmeHHI .n;.oecoHa-TpeiMaHa ItJlH pas
HOCTel noJIHYX ceqeed Mesoa-6apHOHHOro pacceHHHH. !Hanas axcnep!I

MeHTaJ!bHYX .Ita.HHYX no pd -pacceHHIIIl, yqHTYBaDIIHI CHC'l'9MaTaqeCKHe 

norpemHOCTII SltCnepHMeH'l'a, Ylta3YBaeT Ha OTCyTC'l'BI!e KOMIIOH9HTY C 

HyJieBUM liJSOCniiHOM B HYRJIOH-HYRAOHHOM pacceHHHH npll BYCOKHX aHep

rHHX; noaTOMY ecTeCTBeHHo npe~noJIOXHTD, qTo D;.= 0 • TaxHM o6pa

soM, coruceo (4-6), noJIHYe ceqeHHH MOryT 6YTD npe~TaBJieHY B 

B~zte 
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CJ'_pp = 9ot .... so:; +- Lt~ +- 9ff, 

ifpp = 90{ + gg' 

a'K.f? = Go; + 20; .... ~ +- 3CJ3 + '-18, 

a'K.+P = Got + 30i +- 3~ +'Iff, 
(j'JT-1! = 6o; + 2Cl, +-cT:t +- 'di, 

Ofrtp ::. 6o; + 0 +- 2~ + 48'. 

(7) 

PaSJIOJteHIItlt (2) l{JJ.Il lf!YHitUd Fr_(.JI)(w) , IIOSBOJlflDIU!e BOC!IpOH3-

BeCTH CTpyRTypy ceqeHHft (7), IIpH yqeTe COOTHOW9HH! (4) Yl{06HO 

SaiiHCaTL B lf!OpMe . (-) . (-) 

F (P}(w) = Sot.~.<-Je tftJ. w+ 'iolt~ "13~ Y 
~ (JTJ(w) =-} F_rK.rwJ = "'t)e if3.~.Hw_ o1.t~ iP.t'w 

r,_(E?u)=i[9dJ+ki.J3!+)w+ 94_+~iJ3f"Jw+5ol;-1 i,.sf~ -'£<->+- 'f<X.zr-~i!l~ fo_:_H}, (8) 

0 f ) (+) • (-) • (-) 

r:.,(lr}w)=i{6d}·~ift/w + 'fd/~iJ•.tw+3ott~ ip; w-r:!ot;·-1")~-t~f--~ 'iott~ 'J3z ~~}~J, 
• (+) . (+) • (-) (-) ) ',_(-ir {-) 

f:t.c.tr)(w1=i[6a._t)et}d. Z·J>-Ioi:tk 'fiz u +- 3ot.t~ 'ft.t w-r, :{ +- '3ol.J.<-e •r;~. ij ?J, 
(t) 

r.n;e cl.i - Be~qecTBeHHHe qa:cJia. ) 
(!:) (± 

.IlJI.R: OITpel{eJI9HIItlt ITapaMeTpoB di , /3i W BOCITOJI:bSOBaJIHCl> 

MeTOl{OM HaHMeH:&mHX KBa.n;paTOB. CymecTBYDiqHe axciTepHMeHTaJI:&HYe 

.n;aHHHe ITpH aHeprlltltx v?: IO !'0ll arrrrpoxcm:MHpOBaJIHC:& lf!OpMyJiaMH (8). 
CJie.n;yeT OTMeTII!T:&, qTo IToJIYqeHHoe rrpH aToM OTHomeHHe XYN.o co-

CTaBJJ.IleT !~2 .D;JJ.Il aHaJIHSa TOJI:&KO IIOJIHHX ceqeHKft. BKJimqeHHe B 

aaan11s l{aHHHX no oL = k~I,.. F .D;JJ.Il rrpoueccoB pJ:, -f.P -pac

CBRHHR, a TaKJte pesyJll>TaToB rrocJie~ero aKciTepHMeHTa ITO oiTpel{eJie-

Him ~ .D;Jlli .77-p -paOCeRHI/tlt/!
2 1! .D;aHHHX ITO n;l$f>epeHUI!aJI:&Ho-

My ceqeHHD ITepesaplln;KII .Jr-.£! .. JiDIZ.. ITpH t- =0 He ITpi!BO.D;II!T K cy-

mecTBeHHYM HSMeHeHHRM napaMeTpoB ol/:t} /3/:t) • 0THOW9HI!e 

_;{1N1J .ltJlll BCel COBOKYITHOCTH SKCITepiiMeHTaJil>HHX l{aHHHX IIO aMIIJlH-

Tyn;a.M ynpyroro .1\r-~_rceRHIItlt BITepel{ np11 v ;:!!- IO !'3B, paccMaTpi!BaB-

mHXCH B pa6oTaJf6 • , a TaRJte .D;aHHHX pa6o~I2-!4/ COCTaBnaeT 

!,6, qTo SHaqi!TeJll>HO Jiyqme peSyJI:&TaTOB IIO~l'OHKI! ITO !flopMyJiaM pa-

6 

J 

f 

l 
f 

/2-4/ (j:) (;t) 
dOT • 3HaqeHI!ll napaMeTpOB o( ,· , j3 i , BXO.It!lli!HX B ( 8) , ITpHBe-

,D;eHH B Ta6Jir.me I. 
0TM9TaM, qTo HHTepeCHYD BOSMOJtHOCTl> ITpoBepKH CIIpaBe.D;JIHBOCTH 

aHaJIII!TI!'IeCKOit napaMeTpK3aQHH (2) B KOMIIJ19KCHOi!: W -ITJIOCKOCTI!: rrpe

D;OCTaB~T l{IICIIepCI!OHHHe IIpaBHJia CYMM IIpH KOHeqENX SHepl'HRX. BKJiall 

HHSKOSHepreT&qeCROit 06JISCTH HBnaeTC.ll C~9CTB9HHHM H OIIT~~M 

06paSOM yqHTHBaeTC.ll B IIpaBHJie CJMM, paCCMOTpeHHOM B pa6oTef~ .D;J1ff 

KpOCCHH~CKMMe'l'p&qHO! aMl11111lTY.n;H JrP -pacceHHI/tlt: 

!
2. v., 

Lfff. _ l1.fr2(f+ "'")~"a~+-2a 3"'~ +-] v{cJ'Ji-_e +-(Jj,+p)dv _ 
(

m... ,'\ .3 M")v" D/ -
M Lf;2-1/ hl:.r ur),. ~>~;;- (v2.-m.K2. (9) 

= _f_ J vdv ~ \W(vJ) , 
:l, c (LJ'l._ ,.,h,. 

r.n;e P'-ITHOH-HYKJIOHHaJI KOHCTaHTa CBHSH,o...~ - S - BOJJHOBh!e ,I\.JI!t!H1! 

JT'p - pacceRHHH; ROHTyp C rrpel{CTaBnaeT co6oi!: IIOJIYOKpyltHOCTl> pa.D;K

yca v., B BepXHei!: ITOJIYIIJIOCROCTW v . 3HaqeHWI JiiBoi!: qacTH ( L ) 
paBeHCTBa {9) ITpll pasJI&qHHX v0 BSHTH H3 pa60TH/

9 
If ITpe,D;CTaBJieEN 

B Ta6JIHUe 2 BMecTe C pesyJI:&TaTaMI! BH'IJIICJieHHit npaBOi!: 'ISCTH ( R.) ITO 

lf!OpMYJiaM (8) • ,llaHHHe Ta6JIHUN 2 He ITpOTHBOpeqaT BOSMOJtHOCTii pasJio-

llteHI/tlt yHH!f!OpMHSOBaHHoi!: aMIIJIII!Tyn;H F/:;r)(w) B piUI; (2) B KOMIIJieKCHoi!: 

IIJIOCKOCTJII W • 
PesyJI:&TaTH aHaJII!Sa l{aHlruX H SKC'l'paiiOJlllUJIIH BeJI&qHH o(_ , dtct" 

ITpe.D;CTaBJieHH Ha pHC.!-2. CJie.D;yeT IIO,l{qepRHyT:&, qTO CBOi!:CTBa piiMaHo

BOI IIOBepXHOCTH aMI!Jli!TYl{ OT06paEaDTC.ll nepeMeHHOi!: U) rrpii6JIH%9HHO, 

IIOCROJI:&Ky ,l{eTaJil>Hafl CTpyRTypa CHHryJJ.IlpHOCTei!: , odyCJIOBJ19HHYX Heyn

pyrm:MII IIOp0l'aMII 0 He ITpHHHMaeTC.ll BO BHHMaHHe B paMKa.X .!laHHOI'O ITO.D;

XO,l{a. AHaJIH3 IIOBe,D;eHI!.ll aMIIJII!Tyn; Ha 6eCKOHeqHOCTII TpedyeT yqeTa 

STOro 06CTO.llT9Jll>CTBa, OrpaHI{qi!BaD!qero OdJiaCTl> ITpiiMeHHMOCTH BHpa

llteHJ!I (8) • 0TKJIOHeHH9 SKCIIepaMeHTaJil>HHX .D;aHHHX OT ITpe,D;CRaSaHd 

(8) MOrJIO 6H CBII,l{eTeJI:&CTBOBaT:& 0 B qacTHOCTH, 0 cymeCTBeHHOM BJIH

.llHIIII HCKallteHHI, BHOCI!WX HeynpyrHMK ITOpOl'aMII IIpll BHCORIIX SHeprH-

ax, B CTpJRTYPY pKMaHOBOi!: IIOBepXHOCTH aMIIJII!Tyl{ B ORpeCTHOCTJII 6ec

KOHe'IHO yn;aJieHHOi!: TOqRH. 
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Pac. I. IloJIHHe ceqeHMp~,--rf!:p-, K}> -pacceHHM np11 LI~IO f:J.B. 

•, o - aKcnepiiMeHTaJil>HHe JJ:aHHhle no O'"+ot (PP), a;_,t(PP); 
... , A - O"tot-C1'r±p) ; • '0 - <5-wt(I(/.J?) • 

r---------------------------~=c----·------------------------------~----~------------------------------

PliO. 2. lleJII!t:l.IIHa d ::: RL 'l.ItH.F li:Jlll a.n;poH-rrpoToHHoro pacceHHI!Il; 
3Kcnep11MeHTa.Jll>HHe .n;arun.Je o6oaHB.qew 'I' rut z.e, RaK Ha pac. I. 



Ta6JII!lla I (±) (:t) 
BeJIINilll:IY rrapa.MeTpoB o(i ( .M6), fli 

d.(+) 
.1 2,76 ± 0,02 ~p·) -0,4ffi ± o,oos 

d.:/~ 9~I4 ± o.ro p}+) o,GO ± 0,007 
d. (+) -4. !3 + 

3 ' -
o,ro h(+) 0,30 ± o,oo 

(-) 
oi.J_ I7,I ± 0,2 

(-) 
h I,658 ± O,OI4 

(-) 
o(2. o,38 ± o,07 p,_<-) 0,82 ± 0,22 

Ta6JI~ 

Vo (r3B) L • Io-3 (r3B -I> R. • 1o-3 (r3n-I > 

-
70 ro,77 I0,29 

80 12,08 II,59 

90 13,38 I2,88 

IOO I4,68 I4,I8 
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