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Hosuti BHJl ¢aaosoro npeJicrasneHHSI ll.l15I 3neKrpoMetf'HHTrioru 

¢opM¢l8KTopa ITHOH8 

AHanua 3JieKrpoMarHHTHoro ¢opM¢aKropa ITHOHa o6bi'l{HO nposo.a.HTC5I 
B p8MK8X MOJIYJlbHOr'O HJIH ~830BOf'O rrpeilCT8BJl8HHti. 06a npe)lCT8BJI8HHH 

CO.Oep:tK8T 3H8'l{lofT8JlhHbii1: ITpOH3BOJI, KOTOpblfi tjJopMymipyeTCSI B TepMHH8X 

~mcna H rronmKeHHli Hynell ¢opM¢axropa. Hu*e rrony'LJeH HOBbrH BH.O ¢aaosoro 
npeACTasneHuSI. DoMHMO ¢a3hr cpopM¢axropa, npe.ncrasJieHae HBHO co.nep:tKHT 

3Hat.IeHHSI B N TOl.JKax rrpn Q~·o. 0Ho nonyqeHo peweHHeM rpaHHt.IHoH aaaa1.1n 

J1HHei1Horo COIIpSI:tKeHHSI. BeCb IIpOH3BOJ1 CBOllHTCSI K OllHOH KOHCT8HTe. YfcKmo

t.IeHH:e KOHCT8HTbl IIpHBOJlHT K HeflHHeHHOMy CH:HI'YJIHpHOMy HHTerpaJibHOMY 

ypaBHeHHIO OTHOCHTeJibHO tfJa3bi tfJopM$aKTOpa. PeayJihT8Tbi pa60Tbi 6ynyT 

none3Hbi npH aHanu:ae 3KCrrepu:MeHTBJihHbiX aaHHbix. 

Pa6oTa BbiiiOJIHeHa B na6oparopaH: reopeTH:1.JeCKOfi ¢H3HKH: OYI RI1. 

Coo6meHHe 06bellHHeHH0["0 HHCTHTyTa SI.O.epHbiX HCCJie.llOB8HHi1 • .Qy6H8 1979 

Meunargia O.V., Meshcheryakov V.A. 

A New Phase Representation for the Pion 
Electromagnetic Form Factor 

P2 - 12256 

The pion electrorna.gnetic from factor is usually cnalyzed 
within the modulus or phase representation. Both representations 
possess a considerable arbitrariness resulting from the number 
and position of zeroes of the form factor.o Here we find a new phase 
representation. In addition to the form factor phase, the represen
tation contains explicitly the values at N-points for Q 2 < 0. The 
representation is derived by solving the boundary-value problem 
of the linear conjugation. The whole arbitrariness is reduced to 
one constant. The elimination of the constant gives rise to the 
nonlinear singular integral equation for the form factor phase. The 
results can be applied to. analyze the experimental data. 

The investigation has been performed at the Lab ora tory 
of Theoretical Physics, JINR. 
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© 1979 06'be,QHHeHHbll/ HHCTHTyT HJJepHbiJC HCCRe.QOBBHHil J1y6Ha 

oneRTpOMarHHTHHft qopM®aRTOp ITHOHa B paMKax ~HcrrepcHOHHOrO 

ITO.JO(O~a H3yttaeTCH, RaR ITpaBIUIO, C ITOMOUII>Xl MO~n:&Horo IUIH' qa30BOrO 

rrpen;CTaBJieHrotii/. 06meft ttepTO! 3THX rrpe~CTaBJ.leHHft HBJJ.il8TCH TO, 

'ITO OHI'l CQn;epxa.T 3HatnYren:&HHft IIpo11!3BOn, ROTOp!ift OITpe~eJUieT 'IIfCJIO 

H ITOnOXeHHe Hyneft qopMqaKTOpa ITI'IOHa B KOMITneRCHOft ITJIOCROCTH' ~ 
rrepe~rumoro HMIIyn:&ca i . CoBpeMeHHHe 3RcrrepHMe/T/:&HHe .n;aHHHe He 

.D;a!JT BOSMOlltHOCTH' .n;JIJI HX 0~03H8.'IHOrO HaxOll,n;8HI'!R: 2 • I!03TOMy rrpe,II

CTaBJISieT HHTepeC ITOHCK TB.KHX rrpe.n;CTaBJIBHH~ ,IIJII! ljJOp.U:IjJB.KTOpa llHOHa , 

B ROTOpHX H80~03Ha'IHOCT:& B orrpe~eneHHH' ero 6Hna 6H rrpe~CTaBneHa 

B 6onee HBHOM B~e. 

Hr.ute MH ITOJIY'II'IM rrpei(CTaBneHite qopMqJaRTOpa. ITHOHa, rrpe~o

nara.H, 'ITO H3B8CTHH ero qa3a H Pffi( 3HatteHH! llpH .n;eftCTBitT8n:&HNX 

3HatteHMX t BHe pa3pe3a. TaRa.H rrocTaHOBRa yttHTHBaeT cymecTBYIOOIYJO 

3KCITepHMeHTan:&HyJO CHTyaumo H IT03BOJUl8T CB8CTH ITpOH3BOJI B OITpe

~eneHRH qopM®aRTopa R O~OA ROHCTaHTe. 

Ey~eM rrpe~rronaraT:&, 'ITO aneRTpoMarHHTHHA qop:PfiTop n~toHa 
f(l) o6n~aeT cne.n;yJOnti'IMK aHMHTi!'IeCKHMK CBoAcTBaMw' I : 

I. ~(l) - RycottHo-roJioMoP®Ha Ha RoMITneRcHoft rrnocROCTH ~ 
C pa3p930M '!J = [i,,oo;, 

2. F"t!i):: F'(~-Jt) J 

3. ~ p-t(i) = e- id(t)smJ'(t) r+rt)) t E: /.;' 

cf(t) - AettcTBMTeJibHan cjlyHKUHH, Koropai! Y.IIOBJieTnopHeT ycnoBHJO 

reJI,IIepa Ha L c flllKa3aTeJieM O<v<i' S(t:)E. HI)(L) 

a Ha ROHD;ax pa3pe3a rrpHHHMaeT 3HatteHWI: 
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cf(io)- 0 ; cf({X)) = ~ ~ aJ. 

4. j P~~) f-. o npil 'i ~a;. 
B Hameii nocTaHOBKe q,yHKI.Uffi J"(t) - ~sa q,opM!faKTopa Ha pas-

pese, a ITOSTOMY CBOitCTBO 3 CITpaBe~ilBO BCIO.Jzy Ha !J • YcJIOBI18 

yHI1T8pHOCTI! IT03B0~8T BHp83ilTb oa) '!8pe3 ~3Y ITiiOH-ITilOHHOro pac

CeRHilf! Ha KOH8'IHOM I!HT8pBaJie [to1 t,j 
CBO!CTB8 2 I! 3 npi!BO.Jll'lT K rpaHii'JHO! san;aqe JII!He!Horo COITpH-

lK8HI1R: 

p+-(t) =- i"'rf(t:) p-(t) ) t 6 Lt. (I) 

3Ta RJI8CCI!'J8CKaR sa,naqafaJPOIIIO 1!3Y'I8H8. liJ 1!3JIOJKeHa, Harrpi!Mep, B 

KHare MycxeJII!IIIBI!!JII! II.l1. • 
06osHatJI!M qepes X{'2) KaHOHiitJecKoe pemeHae sanatJiiJ (I), or

paHii'IeHHoe Ha D , BKJIIO'JaR 1eCKOH8'IHO y,naJieHHyD TO'IKy. 0HO ilMeeT 

Bl!n;: 

'X('l) = tt.ileo('l) 
' (1) 

rn;e 

ac~J =- ~s J(-c)rir:.. 
{f7 /.; ~&-'l) i 

i1 = L cf~aJ~J . 
06mee pemeHile sa,naqa (I), yn;oBJieTBOpaiOlllee ycJIOBim 4, rrpe.n

cTaBJIReTcJI c rroMOlllbiO KaHoHIII<JecKoro pemeHM X (i) cJie.nyiOU\IIIM o1pa-

30N:: 

F'("l) = Qn-{'C)):.{'t), (2) 

rne Qh-{?)- rroJIIiHOM rropan;Ka n no ~ 
PemeHRe co.n;epxaT fl.+ i rrpofii3BOJibHNX rrapaMeTpoB, KOTopble 

MoryT 1HTb orrpen;eJieHbl no sKcrrepFJMeHTaJibHNN' n;aHHbiM. ITocTaBIIIM 

sa,naqy o Haxo~eHI!Ii TaKoro rrpen;cTaBJieHHR ¢YHKUI1fll P(~) , KaTe

poe con;epJKaJIO 1bl 3TY ~q,opMaUroD RBHO. ~ 3TOrO rrpen;ITOJIOXiiN', 'ITO 

B TO'IK8 t =0 113B8CTHO 3H8'I8HI18 q,yHK!.lilf/1 f/1 ee rrp0113BOll;HbiX ,!{0 Jl-d -ro 

ITOpH,nK8 t 

F'(o) = Fo I F' 'ro) = pi. ' ~. ) ,:::' (.;.!-/} (0) = r.N-;. (3) 

Ees orpaHf/I<JeHM o1mHocTfll MOJKHO C'!fiiTaTb, 'ITO Jl ?' 1'\... • 
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. I 

I 

.u~ q,ymmaa F'(rc) , yn;oBJieTBopmomeA ycJioBil.fiM 1,2,3,4, 
CITp8B81l;J!ilBO CJie~mee ll;I!CIT8pci!OHHOe COOTHOIII8Hiie: 

rzvl S ,9m p • {t.)dL 
F'(rz)=- P~~_,('c;} + :n & t_¥(t-'l) 

r.ne rroJiilHOM P.v:.J'l) B TO 'IKe 't =0 npi!Hil~V.aeT sHatJeHM: 

~-Jo)=- r. , AJ {.N-1)( ) - " ' r"'-' o - t- ,__, 

(4) 

(5) 

llpi!MeHRR q,opMyJIH COXOUKOro-nJieMe~ K COOTHOIII8HI!IO (4) 11 

I!MeR B B~Y yCJIOBH8 J, ITOJIY'!I!M CJie~mee CI!HryAHpHOe I!HTerpaJibHOe 

ypaBH8HI18: 
.)( I' -2;/,r)l + 

11fte-2<Jw)p+(t:J-..i,---j2(1-e ;r:'(t:)dt ==? (i). 
.Z(' J {Jl( r;.V(r:-i) .JI-1 

IJ 

(6) 

TieperrameM era B Biln;e: 

A {t) p+c-o - _1_ 5 _13 (r::.J r+c~; d '- =-
-t.N' :JJ i . r - i. r:. .x 

1.. 

p.N-1 (t) 
----;?-

(7) 

rne 

1 
( 

-2io1tJ 1 2 ·rJr 
AC-t) = 2 I+ e ' ; , f3(-1:) = -J (t- e- ' -~~) . (8) 

A(t), (3(t), P;:;-~t.j e l-lv {") · 
YpaBHeHile (7) RBJIReTcR ci!Hry~pHNM ilHTerpaJibHHM ypaBHeHBeM 

OTHOCilT8JlbHO p +~-t.) , COIIJ3?M R xapaKT8pilCTil'!8CKmr.y CilHry~p-
HOMY liHTerpaJibHOMY ypaBH8Hiixf 3 • Era pemeHil8 H8XO,ll;ilTCR 1!3 BHpa-

lK8Hilf!: 

p+(t) 

~ 
- .zcy+(+.) P.x-t (i) - 2C.[f(t) P.JI-I(t) 
-ACt)+ f3{t) + l''"'[AC+.) +13(+.)] - -t t ._v ' (9 l 

<t'f-t)- rpaHI'l'!HOe 3H8'!8HI!9 CBep:xy KYCO'JHQ-rDJJOMOpq,HoA q,yHKUiilll 

\f ('l) • ~YHimllff <f (fl) .ll~eTcR o6mi!M peweHileM HeonHopon;HoA rpa

Hii'IHOA aan;atJf/1: 

w + (t) - M-tJ + BC-t:> w-et P.N-l-tJ 
1 - A(t)-f3(t) l ) -tt:"[Ait)-B(t)j 

.tEL,(IO) 

orpaHB<JeHHNM Ha BceM L • 0Ha I!MeeT BH.n: 
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W() :X(tt)( B(r:.)P.ti-Jr:.)d.~ +CXI't) 
l 'e = .2~~ Jt.J A(r.)-13Ctl] /C(c)(t.-i)t.Y ~ • 

(II) 

C =CCilV>(_ , a X:(~) orrpen:eJI.fleTcR rro (flopMyJie ( 1). 
TaK KBK f3(-t) . irf(t). '(') 

= L e s (#\.(] " ; 
A-Ct)- f3(i) 

TO H3 ifJoPMYJIH (9) HMeeM: 

' tf(-tJ 
r()- 'l.Nf-('lJje ;,l.nJCiJP.v-•(tJdJ. +C'XC~f+p- ('t). 
r 'r - 0 l"''X'(t}(t-'l) "' 1 

" 

(I2) 

TaKHM o~pasoM, n:M HCKOMoft ~YHKUHH P(7) rroJiyqeHo rrpe~cTas
JleHHe ( I2) , co.n:epJJtamee On:HOSHaqHo orrpe~eJieHHHft rroJIHHOM P .N-l {~) 
PI OD:HH ITpOH3BOJlbHblft rrapaMeTp C • 3aMeTHM, qTo ecJlH H3B8CTHa 

A.+).{ -aR rrpoHSBO~aR ~YHKUIIIH P(r:z) B Toqxe 1 =0, To C 
onpe.n:eJI.fleTCR ITO !f<JpMJ.118 

j 
~cl(d ,~, )P (-c) 

(ii -rJf}( · 1 e !i<l.D(C J/-1 c)_ t. . c =F' 0)-'i/ ~l/(-t(~) 
L 

(I3) 

B cJiyqae, Korn:a IIISBecT!lli sHaqemm ~YHKUI'IH F'('t) B Jl pas-

HbiX TOqKaX, 

f='(t,)=PJ , · , r c-+."" l ;: r..,, , 
D:HCrrepcHOHHOe COOTHOWeHHe ~JI.fl F'{'l) rrpHHHMaeT BH,ll: 

"' r:'( ) Q (2-tK) ( j,_ {:' -t (t) d)_ 

JieHHe 

~ = Sl J Kct.-t~)(-1:--e). (I4) 
L C'' 

IlommoM PJJ-ll) o~osHaqHo orrpen:eJieH SHaqeHHRMH ~YHKUKH 
B To<max t 1 , · · , tw : 

p J.f _ ( r -c J( 1 = rl( , K ~ 1 A .){ . c r5 ) 
B TBKON! CJlyqae D:JI.fl ~YHKUI'IH t ('l) MOlltHO ITOJlyqHTb rrpe~CTaB-

,}( ~ i.oaJ ( ) u "' { ) n ('l--t~l~('l) e si<t5Ct)flr.jt (AIL tCnc-~-t~)X~ + us) 
tC'l)= bl :rr net--t .. );r:.+c-~:Ht-'l) k,l +P"'_,('ll, 

L KoL 

r~e X{~) - KaHOHHqecKaR ~YHKUHR, orrpe~eJieHHaR (flopMyJioft (1:). 
IloxaJleM, qTo qssa ~YHKUHH f(~) , orrpe.n:eJieHHoft rrpen:cTaBJie

HHeM (I2) ll:JIH (16), COBIIa.n:aeT C r:f(t.) • TeM CaMbiM ~yn:eT RBHO IIpo

~eMOHCTpH~O ~ITOJIHeHHe TeopeMH 0 B3aKMO~eiCTBHK B KOHeqHOM 

COCTORHPIII 
4 

IIpH SHaqeHHRX t E [t.,,t,J • 
~ STOrO rrepe~eM K rpaHHqHYM 3HaqeHHHY CBepxy B (flopMyJle 

(!2) H rrocne He1onhmax rrpeo6pasoBaHHI rronyqHM: 

P+(t)= (p {i)c.<P.Jr5(t) + /'X'(-tl/ t'( P..v-~C~l~~M.o(-c) rJ.:c +C(rr+(t)/J e~J(t) 
eoJ/-1 :11 i r:.Htx·c-c)j(t-i) v- . 

0TCilD:a CJie,llyllT paBeHCTBa 

M-J- F' +(t) ""J(t) ) (I7) 

.,. I !r+ml Jl \ e_, (-c )sin.cf(cl I + I "' I p (t) =- er)t)CO!JrJ(t) + -.11- t. -tr~ltt+rr:~Jr ... -1-) d-r: + c 'l- (t H::, (IS) 

t: ( c)(t:)clr. 

l
rv+(t)/= l t 'i r:(t:-i) 
~ · {I9) 

IlO~O~HbiM O~pa30M MOXHO JCTBHOBIITb COOTHOWeHHe 

;t, -iJ(f) 
F'-(t:) = IF' C+>/ e . • (20) 

IlpHMeHIDI 3TH paccy~eHHR TOqHo TaK JB:e It tPYHlt~HH, rrpen;CTaBJieHHOit (flop

MYJIOft (!6), IIOJiyqHM aHanorH paBeHCTB {!8) II (20): 

~p+(tJ=J'(t:J 1 W!JP-Ct)=-cf(l:), C2I) 

. "' ¥ 

l"+(tJj- o r.t) J(t;)t _,r:J,(-t-t~:.l/'Xtc-~:J/1 ( P .... -.lt)st.tJ(rJ~ +Cn(HK)j:f.+{tJ/· ) 
r - c111_1L' ~CJ Bt j rfcr-4.)(t-t)j;r+(t)j Jt=• (22 

I.J,I(s.l 

CpaBHHM ifJoPMYJILI (I2) IIIJII! (IS) c o:smerrpHH.IlTHM qasoBHM rrpen:cTaBJie-

-t. s t:He)dr: 

PU:} eJI "r (z:-t > 

Hl'leM 
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r.ue P(t) - nomrnoM no t. . Koaqxp~mHeHThl noJII!HOIV'a P(i) orr
pene.nmoTcH no aRcrrepzMeHTaJibHHM naHHHrt. JIIDUb nocJie Bbl:5opa <f:a3h1 6Ci). 
ITonyqeHHHe Bblllie npe.ucTaBJieHHH (12) H (I6) HBHO co.uepEBT BCID aRcne

pHMeHTaJibHYID i!H<lJopMBUZID. EJ4ZHCTB8HHHft H8H3B8CTHHfl rrapaMeTp MO.llteT 
:5hJTb orrpe.ueJieH H3 <lJopMyJ!hl (13). llocJie ero ZCRJimqeHH.fl <lJopMyJ!hl (18) 
H (22) npeBpamaroTC.fl B H8JIHH8~HHe CI!HryJI.flpHHe ypaBH8HH.fl OTHOCHTSJ!b
HO ¢93N, eCJIH MO,UYJ!b cqHT8Tb 3RCITepHMeHT8JlbHO U3BeCTHOM BeJ!HqHHO~. 

JizTepaTypa 

I. Gordin M. Phys.Report, 1974 1 11C 1 p.29-98. 
2. Cronstrom C. Phys.Lett., 1974 1 v.49B 1 p.28Jo 

Dubnicka s. and Meshcheryakov V.A. Nuc1.Phys., 1974 1 B8J,p.J11. 
3. MycxeJIHillBHJIH H.H. CHHryJI.flpHHe HHTerpaJibHHe ypaBHeHH.fl • TM~ , 

MocRBa, 1962. 
4. Pharo T.N. and Tran N.Truong. Phys.Rev., 1976, 14, p.185. 

PadoTa IlOCTYITHJia B H3,UaT8JlhCKHA OT,U8Jl 
20 ~eBpana !979 ro.ua. 

8 


