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Botupcnens panauvoHHBIe NONPABKE K PE3OHAHCHBIM CeYEHHUAM

poXXOeHus 4acTHll B SKCNEpPUMEHTAX Ha BCTPeYHBIX MydYkKax,




1. B nocnennee BpemMs no/y4eHbl O4eHb HMHTEpPeCHbie peaydnra=
Tbl IO POXKII@HHIO NMapsl NMUOHOB B oblnacTu 3 - Pe3oHaHCa B Ollbl =
TAXx Ha BCTPEYHEIX FNEKTPOH=MOIMTPOHHBIX Ny“UKax [l]. OKCNEPUMEHT
nokKasanl pe3oHAHCHoe NnoBeleHHe gopMpakTopa MUOHAa Eﬂ-["‘m)
YTO MoXXeT ObITh HHTepnpeTHpPoOBAHO KakK CledcTBHe nepexona f—# g
M HalM4yud y g—meaoua peaoHaHCHoro npomaratopa, lakoe nope =
OeHue dopMdaKkTopa NHOHA OTMEYANOCh yXe NPW NOCTaAaHOBKE OMNblTOB
Ha BCTpeuHblXx nyykax (cm,, Hanpumep, [5]} JKCnepEMeHTalbHbI e
OaHHbIe XOpOLUO OMHCHIBAIOTCA dopMyllaMu 6peAT~BHIHEPOBCKOI'O TH*™
na: #m_%_ i
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(443-m@)2+mg lg (1)

rae Me - (764 + 11) Moas. f} - (83 = 15) Mae, K-0.58:0.15,
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2, CpaBHUBaBLIC@CS C ONBITOM Ce4eHWe HaWleHO B HM3LIEM
NpUONMIKEeHUU TeOPUUM BO3MYLISHHH KBAHTOBOV! NIEKTPOOAMHAMHUKM C

no=cyluiecTBy chenomeHonorunyeckum dopmpaktopoMm (1),

3HaYUTeNkBHLIH MHTEepeC npencTaBiAseT BONPOC O pPaldUHalHOHHBIX
nonpaBkax /PIT/ K atomy ceuenuio, I'lockoneky B PI1 Bkniouaetca
BKIaA H3Ny4YeHUSA pealibHbIX (POTOHOB, OHH CYLUECTBEHHO 3aBUCAT OT
ycnoBuit oneita, Mbl paccMOTpPHM HX B CTAHOAPTHOR NOCTAHOBKE BO*-

npoca B cjilyd4ae oOnbITOB CO BCTPeYHbIMH NyHYKaMH [Ei].

O6riano PIl, Tak ke Kaxk cevyeHMA NpPoueCcCOB, MIABHO MEeHAOT™
cq ¢ @2Heprueil, OnHaKo loOsiB/IeHHe B CEYEHHH PEIOHAHCHBIX MHOMH ~
reneh (1) NpHBOOHUT K CHABLHON 3AaBMCHMOCTH PAOLHAUHOHHLIX NONPABOK
oT ®Hepruu, [locnenHee o6CTOATENLCTBO CYLUECTBEHHO CBA3&HO C

H3lly4ieHueM CIJ'DTGHDB Ha4aleHbIMH YaCTHUAMH, 4TO NPHBOOHT K yMeHB™




IIeHUIO SHEPruH poxKOAaKoLIUXCAd 4dacTul, Eciau aHeprua Hawan bHbix
yacTulu Oonblie pesoHaHCHoH 2Ea= Me ., TO H3Ny4YeHHe Ha4danb=
HbIMH 4aCTHIAMH MoOXeT "BepHYThb” ceuyeHue Ha peaoHaHc (kormoa
SHeprus KOHEe4YHbIX YaCTHU B HX C,I.H. paBHa peaoHahcHod), I'lockone-
Ky pe30HAHCHOE Ce4eHHWe BO MHOI'O pa3 NpeBLILIAeT CedYeHue BIAalu

0T pe3aoHaHCca, 3TO NPHBOAOHT K pPe3aKoOMy E_DGPBET&HHID PaidHalnHOHHEIX
nolpaBoK MpPH e >E . Cnenyer, onHako, HMeTs B BHAY, 4YTO Cy™
L{eCTBeHHbI BKNad OaéT TOoNbKOo Y3Ku#k ydacToOK ChnekTpa (POTOHOB,

KOTOPEIH COBUraeT KOHe4YHble YaCTHULI HA PEe30HAHC,

Hna xayecTBeHHOro onucanus agdekra npusenem ¢ norapudg=
Muyeckoi TodHocTei PI1, maBaembie TONLKO 2EKTpoHAMU B caydae
MATKUX doToHoB, B aToM npubnum>keHHH MOXKHO CHHTATH, 4YTO (hoTO=
Hbl H3J1y4alOTCH B HanpaB/leHHM OBUXKeHMd Ha4anbHbix dacTuiu, Ceuye-
Hue po>XaeHusa vactuu ¢ yuétom PI1 (ana cdopmbaktopa (1) ) ume=
eT BUA?

de = a6y (1+ {(e)
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Tavge L2 (3)
roe dﬁ; - ce4yeHHe npouecca 6es yuérta PI1, E - SHeprus Ha-
YaabHbIX tiac-ru'u,' a’: E/me . W = MakCHMaNMbLHO OONyCcTUMasl ®Hep=-
rus uanydeHHoro oroHa, V(w) = 2 (2E-m-u) . Or1a cdop -

MyJa MMpUMeHHMAa He CJIHIUKOM [JalleKo OT pPe3oHaHCa, YKa3aHHBIA Bbi—

we 3hdgekT onpenendeTcd, B OCHOBHOM, BTOPbIM 4/IeHOM B KBaOopaT=—

o)

Helx crobkax (3). Moxer okasaThbcs, YTO 4neH 3 X o

MHOX ATeNbL NpH HéM nopanka 1, Torma BoaMoXKHO NOMOXeHHE, KOI'=
“od CT(o
na = :_-( ) G (2r) 2 1, unu S‘(E).?.'.f ! Takaa napamokcanwbHas cm-

Tyauus BO3HHKIa BCledCTBHe TOI'0, 4YTO Ce4dYeHHe nponecca c Hajlyye=

PR - |

HHeM ¢doToHa HaYaNLHBIMHK 4YaCTHUAMM OKA3LIBA@TCH GONBLIE, YeM ce=
4eHue ynpyrono npouecca 6ea y4éra PIl npu mnasHo#l sHepruum Ha -
Yanesblx yactun, (B cnekTpe manyuenps doToHa Tak)Ke BOSHUKAET
MUK, MO0 KOTOPOMY MOXKHO HCCledoBaTh pesoHaHckl, ONHAKO 3TOT cro~
CO6 CRIBHO 3aTPyAHeH MOLIHBIM hoHOM TOPMO3Horo uanyyenus),Poct
g( E ) npekpaliaercsi, Koraa ycioBHe HONYCTHMOH HeKomnmpeap —
HOCTH KOHeYHbIX HAaCTHIl 3anpeuniaeT uanydeHue hoToHA C SHEpPruef,
nocTaTO4HOH O/4 cOoBuUra Ha peaoHaHc, 3amertum, uto dopmyna (3)

NpuMeHHMa ON9 npouecca porxkaeHus no6oro 4ucia YacTHI, HAYLLEro

Hepes pe3OoHaHCHoOe coCcTodAHHe,

Tenepr npusenem peayawTaT TOuHOro pacuédra PI1 ﬂ & )
(puc,1) x ceyenno o6pasoBaHuf napbl NHOHOB B 06M1acTH € -peso-
HaHCa, BbIMHCII@HHBIe [Ond PE&3HEIX yrrnobk BEhINeTa IIHOHOB /‘9. B Nnpen=-
NONOXKeHuaAx: 1) yronl HEKOMIHHEAPHOCTH HMNYALCOB [HOHOB MEHBLLEe
ﬂrg ; 2) sHeprus KaxXIoro MeaoHa Eﬁ" 7 Eo ; 3) npu pe -
rECTPan¥u He Pas3iuyalOTCH MONOMKHTENBLHLEIE H OTPHLUATENBHLEIE MHOHEL,
Beuny Gonmewioff mMpuHEl pesoHAHCA NONPaBKH He BENHKH, orpasuie =
HHe Ha HeKONIHHeapHOCTEL GRICTPO NpekpalllaeT pOCT NONpPaBOK C SHep=—
ruel, a NOCKONLKY 3TO OorpaHHYeHHe 3a4BHCHT OT yria A , nmonpae=-—
KH CYLIECTBEHHO 3aBHCHAT OT yria & . INockonwky npenenvHas
sHeprus (GOTOHOB, HCNYyCKaeMbIX BIOOML HANpABIeHMs HadalbHEIX Yac =

THL, onpenendeTcd ymoBHeM HekKonnuHeapHoctH, PI1 npaktuyecknm He

34aBHCHT OT Eﬂ'

L]



Ta= .

[Tpu Tex ke npennonoxeHuax BeiyucieHsl PIT Kk ceuenmio o6-
, pas3oBaHus K“MEEUHGB B obnacrtu P =peaonanca (puc.2). 3necs
CHTyanusi okassiBaercs cywectBenHo uwHo#t; JK = Mesonsl poxna -

I0TCH HEependTHBHCTCKHMH, IO 3TOH NpUYHHE HX H3NY4YEeHHEeM MOXHO

Y npeHefpeys M OCHOBHbBIM OI'PaHHYeHHEM 31ech ABafeTcCHd E,.- >E,o
Sm.‘l a ycloBHe Ha HeKO/M/MHeapHOCTh BCTynaeT B MDYy M OBOMBLHO NO3IHO,
9 TaKk 4TO 3aBHCHMOCTBL OT yIJia BblNeTa K —vesonos . A oxasm-
10 : BaeTcsl [doBoNkHO cnaboi, [ToaToMy onucaHebIl Belue acgdexkT Xopo=
g 110 HpoclexXuBaeTcd HA pHC,2,
ol B cnyyae, Korila paspeluesEe no yrjiam nospojideTr uccneno -
L / o) BaThk YI'loBoe pacnpernieneHue cobbiTHR poOeHHs BHYTPH KOHyca He-
b ||'I
9 9 KOANMHEADHOCTH, CledyeT MMeTh B BHAY, YTO 3TO pachpelelieHue B
'\ 3aBHCHMOCTH OT yria IIEHDHHHHE&;JHDCTH% “L'? < £ 4 ":'3-9)
L TR TR I T 77 ¢ N\ T gl il
? 350 380 / 0 i
9 290 310 Ef ) UMeeT XapaKTepHeit BHO Tpexaybua (puc,3), npudeMm HeHTpaLHbLIH
' ' o8
4 3 MUK CBA3AH C No4YTH yupyrumu (6ea saMeTHOH NMOTepH JHEpPru:d) co-
il 1
‘ EeiTHAMM, a G0KOBble NHKH COOTBETCTBYIOT M3Nyd4eHHIO C BO3Bpale=-
- r
: . : HHeM Ha peaonaHc, [lo Mepe pocTa ®HEeprdM OTHOCHTElNbHAd BLICOTA
o Eo =200 mey 60KOBbIX NHKOB BO3PACTAET M OHH yOANfiOTCAd OT LUEHTPaNbHOr'O MH=
f .
£ ] 8=90". aB=6": [ =90uev i e
N NI A H A T2 * g &
i} ' 318-65% 48°6", Ty - 100mev Mb1 poiuucnanu Husmme PIT (oo <> ) va 3BM ¢ Tou -
Y W[ 8657 40=4F" - (0huer |
L [ ]
9] 0:657; a0=6"; [p= 90 mev | HoCcTEIO ~ 1% (Ona @ -nuka) u ¢ TouHocTeIO ~ 5% (ans
6] 8=65", aB=00" [, -90mey

Y -nuka), Beiciume PIT cocTaBnsiioT HECKONBKO HNPOLUEHTOB OT Hafi—

meuasix PIT,

Puc,1, PannanroHBEEle nonpaBKH K CeYEeHHIO POoXKIOeHHs NapelRHOHOB B nenom sicHo, YTo Ma=-sa 6Goneiuoili Benuumbbl PIT, ux Hanmo
B ‘Q-TMKe NPH YKas3aHHLIX 3Ha9eHHAX napaMeTpoB, yuyuThHIBaTk (ocofeHHo B chydae Y —nuka) npu obpaboTke 3kKcHne=

PUMEH TANLHEIX [DAaHHBIX,
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Puc.2, PanuauMoHssie MoONpaBKH K CeYeHHIO DOXKIOEHHA Napkl KAOHOB

8 P = nEKe NpR yka3aHHbIX 3HAYEHUAX NapamMeTpoB,

1 d¢ L 6|
q‘?ﬁ/g;‘ a;q%
L1 0.8 F1 0.
£ =043 mas U =547 mas 1§
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Puc,3. ¥ranoeoe pacnperienenne cobbiTHi poXIeHHS napbl KaoHOB B
S3aBHCHMOCTH OT yrfia HeKomnuHeapHocTH cobbituit (3 , I'lpm sHep=
rusix E = 513 Map, 517 Mas, 521 MaB B ueHTpancHOM NHKe Ne-
JdKHT COOTEETCTBEHHO 62% , 468%, 42% cobeiTuit, a B 60KOBAIX

nEKax - 26% , 40%, 44% coboiTui,




3. Kak npaBumo, ceudeHue poXKAEHHd YaCTHU HOPMHpyeTcd Ha
ceyeHue ynpyroro paccesHusd 2fieKTpoHa Ha noaurtpoHe, [loaromy
Ba>XHO 3HATL, KaK K3MeHfeTcHs CeyYeHHe ynpyroro paccesdsus B o6 -
nacTH peaoHaHca, A4 4ero Halo onpeaenuTk BKNajl pe3acHaHca B
nondpua3auunic Bakyyma, B obnactya € =peaoHaHca 9TOT BKnaa MO
JKeT 6biTh onperened NOo U3BECTHBIM BJKCNePUMEHTANbLHBIM [aHHBIM,
npu4éM cymMmapHad nonpaBKa B MONYpH3alHI BaKyymMa He NpeBbillae
2%. B obnactu ‘¥ =pesoHaHca cHTyauusi MeHee onpenenexa, Ecnu
BOCIONbL3OBATLCA KOHCTaHTOH cBasu )Y—¥ u3 /4/, To nonydaercs
nonpaBka -~ 10%, ecnu B3ATh 2Ty KOHCTAHTY U3 HEHXHeH IpaHulbI
BepodTHOCTH ¥ eve” pacnaga, To Moly4dMm mnonpaBky <« 80%
OTH nonpaBKu BXOOAAT HemocpedCTBeHHO B cevdeHHe ofpasaoBaHud na
pbl MIOOHOB M BO BKNad AHHUTMNSUHMOHHOH I HarpaMmsl B cedeHue yI
pyroro paccesinma. Ilockoneky 2toT BKnan coctamnger < 0,1 ce

YeHHd YyIpyroro paccesHud, H3MeHeHHe NoclelHero He3Ha4dYHTellbHO

4, Bonpoc o koadduunenre “K* B dopmyne (1) moxer 6bi1
paccMoTpeH B MoAdelH BeKTopHo#l momMuHaHTHocTH (CM,, Hanp,, ﬁ]
cornacHo Kotopolh BasauModeiicTBue doToOHA C alpoHaMH MOET 4Hepe
BeKTOpHEIe Me3oHbl, B aToii Momenu, Boo6lue roBops, BO3HUKaET
dopmbaxrop nepexonos E*HHL , €+ ., ObbiuHo 3t dopm
chaKTOpEl nonaralyd paBHbIMH €O HHHUE, Toraa - 1, 4TO O4YeBHI Hi
npoTHBOpPedYUT onbiTy, B nocnenHee Bpems dopmdakTop nepexorna
Q-}TI’ OUCKyTHpPOBajCcd B KupansHo# [ HHAMHKe L8/, rone okasb
paercd, uto K = (%‘*‘%) q ﬁ] aneck 2€ = NoNONHUTENbHLI
napameTp, CkasbiBapomuiicad ewmé Ha JIL?O%  nepexone, Ecan
nonoxute 2€ = 0 [é_/ TO nonydaem N = (3!4)2, yTo 6NU3KO K

ONBITHOMY 3HAYEHHIO, Hao6opoT, Mok HO cHHTATh, YTO H3 ONnt

10
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cnenyer, aro 82 ~ O, Yro kacaetcs ¢opmdbaktopa © * ) nepe-
XOIbl, TO HMeloTcs coobparKeHus, COrnacHo KOTOPEIM OH He MOXeT

CYLeCTBEHHO OTAHYATHLCH OT | NpH paccMaTpHBaeMblx nepeadax UM=
oynbca !E-?»].

PaccMmoTpesue MHoxutend "KY ¢ moMoluwlo TeXHMKH OuCOep—
CHOHHEIX. COOTHOIUEHUN OKa3hkiBaeTCd [0CTaTOYHO HeTPRBHANbHbIM, MEI

npeMomaraeM BepHYyThLCH K 3TOMYy BolOpocy B APyrom Mecre,

ABTopbl GnaromapHel A, JnensrbayMy 3a NOMOLUE B BbIYUCIEHHAX,
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RADIATIVE CORRECTIONS TO THE RESONANT PARTICLE PRODUCTION

V.N. Baier, V.5. Fadin

Abstract

Radiative corrections to the resonant cross-sections of
particle production in colliding beam experiments has been
calculated.




1. Recently interesting results on production of & palr
of pions in the region of ¢€- resonance in colliding beam
experiments with electron-positron beams [A] have been obtai-
ned. The experiment showed a resonant behaviour of the pion
torm tactor Fn(¥€% |, which can be interpreted as a con-
sequence of Y~ tran:ition and the presence of ¢ — meson re-
sonant propasgator. BSuch a behaviour of the pion form factor
has been pointed when experiments with colliding besms were
planned (see, for example, 2/ ). The experimental data are
well described by the Breit-Wigner type formulas

Ring' ok
(ie2-mg)* e ()

|Fz (4&%|* =

where = (76¢ t44)MeV, [g =(93 + 15)MeV, K =(0,59¢0,15)

2. The cross-section compared with experiment was found
in the lowest order approximation of the perturbation theory
of quantum electrodynamics with phenomenological form factor
(1).

It is interesting to know the radiative corrections (RC)
to these corss-sections. BSince contribution from the real
photon emission is included in the RC, they essentially depend
on the conditions of the experiment. We shall consider them
for the standard colliding besm experiment [3] . Usually the
RC as well as the cross-sections vary slowly with energy. How-
ever, the appearance of the resonant factors (1) in the cross-
section leads to a strong dependence of the RC on energy. The
latter fact is essentially connected with photon radiation by
initial particles, which leads to the decrease in the produced
particle energy. If the initial particle energy is higher than
the resonant one ( 2E, = mg ), then initial particle radi-
ation can "turn" the cross-section back to the resonance (when
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tinal particles energy in their c.m.s. is equal to the reso-
nant one} Since the resonsnt cross-section essentially ex -
ceeds the cross-section far away from the resonance this le-
ads to a fast increase of the RC at E?E;

For a qualitative description of the effect we list
along with Yogarithmic accuracy the RC given only by elect -
rons in the csase of soft photons.

Then for the form factor (1) one obtains:

6 = sy (4 + i)

(2)
of " .J‘Ljf%@}+rf] &
{te) - :F{(Qafzh’) £)[6. ETjtdw)+ ]
2T() 2wl b '_-::’-Q-(fr}} (3)
- r i {3 TANTLE) * =
where oA G is the process cross—-section without RC, E-

initial particle energy, ¥ = E/me . W - maximally

permissible energy of the radiated photon in the direction. of
alectron motion, T(w) = 2(2E-m -w) . This formula can be
applied not far from the resonance. The above effect is de -
termined mainly by the second term in the square brackets -L3).

It may turn out that the term Tfﬂ% »> 4 and its fac -
tor is of the order of 1. ''hen it is possible that
‘%’?’ﬁémi oo tF(E) N ! Such a paradoxal situ-

ation arose due to the fact that the cross—-section of the
process with photon emission by initial particles turns out
to be larger bhan the cross—-section of the elastic process
(without RC consideration) at a given energy of the initial
particles. The increase of L&) stops when condition of
the admissible noncollinearity of the finite particles for -
bids photon radiation with energy sufficient for the shift
to the resonance., We note that formula (3) can be applied
to an arbitrary process of particle production passing
through the resonant state.

We now list the result of the accurate calculation of
RC (E) (Fig, ﬂ)x) for the cross-section of two pion produc-

X) Fig. see in the BRussian part of the paper.
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tion in the region of Q -resonance calculated for diffe -
rent angles of outgoing pions H- assuming that: 1) the non-
collinearity angle of pion momenta is smaller than A5 j
2) each meson energy is Eg5 7 Eeo ; 3) positive and negati-
ve pions are not distinguished. Because of the large resonan-

‘ce width, corrections are not large, the restriction on the

noncollinearity rapidly stops the increase of the corrections
with energy, and because this restriction depends on the angle
/-9' y the corrections essentially depend on the angle A,
Since the limiting energy of photons emitted along the direc -
tion of initial particles is defined by a noncollinearity
equations, the RC actually do not depend on Eo . _

Under the same assumptions we calculated the RC to the
cross-section of K mesons production in the region of ¥
resonance (Fig. 2). Here the situation turn out to be quite
diff erent: the produced mesons are nonrelativistic, so one can
neglect their radiation, the main restriction here being Ex?Es5
the noncollinearity condition plays its part rather late, so0
that the dependence on the angle 49 seems to be rather we-
ak., [herefore, the effect described above can be perfectly
demonstrated in Fig. 2.

When angular resolution permits one to investigate the an-
gular distribution of production events inside noncollinearity
cone one can show that the dependence of this distribution on
the noncollinearity angle 2 (-"-?.5’ %5 ‘Ea-'-g ) has a form of
a trident, its central peak is due to elastic events and outsi-
de peaks are due to radiation events which turn to the rescnan-
ce (Fig. 3). inen energy increases the relative height of the
outside peaks alsc grows and they move away from the central
one,

Ve calculated the lowest RC ( up to d‘.sj on EC to ‘Iﬁfgpeak)
and to 5% ( @-peak). iligher RC not larger than several per -
cants of the calculated aC.

It is clear tnat due to the large RC value they must be ta-
ken into account (particularly in the case of \P-peak) when
treating the experirenival data.

3, We estimate now the contribution from the resonance to
@ vacuun polarization. In the region of g resonance this con-

17




tribution can be determined by the familiar experimental data,
with the total correction to the vacuun polarization being not
larger 2%. In the region of ¥ =-resonance, the situation
iz less certein. If one uses the }-¥ couvnling constants
Lrom {%] s then one obtains tie correction of about 10%, if
one tekes thie constant from the Jower probability boundaxry of
¥+<¢*¢°- decay, then one obtains the value of about 80%. These
corractions directly enter in the cross-section of two muons
production as well as in the contribution from annihilation di-
agr=u to the elastic scattering cross-section, Since this con-
trivution i8 <€ 0,1 of the cioss-section of the elastic scat-
‘ering, the latter changes insignificantly.

4, 'The problem of the "k" factor in formula (1) can be
considered in the vector mescn dominance model (see, for examp-
le, (5] ) according to which the interaction of a photon with
nadrons passes through the vector mesons. In this model there
‘ generally appear the form factors of transitions of @=7&, Q-
These form factors are usually put equal to unit, then X<1
that obviocusly contradicts to the experiment. Recently, the
farm fastor of trensition of @ ~JF&F has been discussed
in the chiral dynamics [d , where is turns ocut to be that
n{‘i’,-’* ’9")2 (7], here o is additional parameter, shich
supears also to be at A, €7 tmaitian. If one puts

2 =o [6] . then one obtains H-(’-?/é) waich is ve-
v closs to the experimental value. On the contrary, one nay
conclude that it follows from the cxperiment that 2€ =~ U .
45 for the form factor £ ) traneitions there are some
cvidence that it cannot essentially differ from 1 for the consi-
dered momenta transfer (8] . -

The investigation of the “t“ factor with the aid of the
dlspersion relations technique appears to be rather untrivial.
We shall eome back to this problem elsewhere.

The avtkors wish to thank Ya. Epelbaum for the assistance
with numeriecal calcﬁlatianu.
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Fig.1

Fig.z2

Fig.>

PIGURE CAFT'IONS

RC for the cross~gection of the production of
a pair of pions in the re¢gion of @ -resonance
for the above parameters.

RC for the cross-section of the production of
a pair of kaons in the region of ¥ resonance
for the above parameters.

Angular distribution of the production events
of a pair of kaons (O is noncollinearity
angle) .At energles E = 513 Mev,517 UMev,521 Mev
in central peak respectively 62%,46%,42% of
events. lie and in outside peaks 26%,40%,44%

of events lie.
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