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INTRODUC TION

Jusqu’a la fin des anndes 60, 1la phénoménologie des intérac-
tions fortes a t6 dominde -tcujours dans le cadre général de 1la
relativité, 1‘unitarité, le croisement et l’analiticité- par 1la
notion d‘échange. A basse énergie, 1’&change de résonances dans la
voie 8 domine; 1°analyse en déphasages a mis en évidence toute
une spectroscopie hadronigue que le modéle des quarks interprete
avec succés. D’autre part, & haute énergie, les amplitudes de dif-
fusion & deux corps sont domindes par les échanges de p8les de
Regge dans les voies croisées.

Ces derniéres années, 1la phénoménologie des intéractions
fortes a €té bouleversée par deux grands axes d‘activité sur les
plans théorique et expérimental.

Du point de vue théorique, la concept de dualité, en unifi-
ant les basses et les hautes énergies, a &t§ trods fructueux. Les
applications vhénoménologiques de la dualité ont été trés nombreu-
ses, sous la forme de Régles de Somme & Energie Finie ou des ampli-
tudes explicitement duales introduites par Veneziano. D’autre part,
le modéle de Veneziano a donné lieu aux granags développements des
modéles duaux qui, introduisant 1’unitarité, ont appertd, en parti-
culier, quelquees éclaircissements sur la nature du pomeron.

Sur le plan expérimental, les nouveaux accélérateurs — a
Sherpukov, aux ISR, & Fermilab - ont mis en jeu des grandes éner-
gles. En plus de 1’importante découverte de 1a croiscance des sec-—
tions efficaces totales aux énercies dites "asymptotiques", un
grand effort expérimental s’eut porté vers 1°4wide des réactions
hadroniques & grande multipZicitd & 1 aide uu. spectres inclusifs.
Parallélement, 1z phéanoménoloric des p8les de Regge s’est &tendue
& 1°étude des spectres 1:clusiis & 1’aide du théoréme opiique de
Mueller pour la diffusion se trois particules.

Notre thése porte sur une série de contributions & ces dif-

férents sujets récents de 1la phénoménologie des intéractions for-

tes.



La premiére partie de la thdse traite de la dualité sous
différents aspects: la construction d’amplitudes duales du type
Veneziano ("Dual Amplitudes with w -Coupling for Six Pions and
for Spinning Bosons",lettere Nuovo Cimento 4, 86 (1970), en colla-
boration avec L. Gonzédlez), application d amplitudes duales & 1’é-
tude de 1’annihilation nucléon-antinucléon au repos ("A dual mo-
del for PR-KKnn at rest", LPTHE 71/40), et 1’§tude de la dua-
1ité dans le sens de Régles de Somme & Energie Finie ("Compari-
son between phase shift analysis amplitudes and high energy. ampli-
tudes in M N charge exchange®, Nuovo Cimento 16A, 37 (1973), en
collaboration avec C. Pajares).

Les Régles de Somme & Energie Finie permettent d‘étudier dane
certaines réactions & deux corps la possibilité de 1‘existence,
dans le plan aomplexe du moment angulaire d”autres singularités
que les pdles de Regge: les plles fixes. La Partie II est dédide
& ce probléme ("Fixed poles in the t-channel helicity flip ampli-
tude in charge- and hypercherge exchange reactions", Nuclear Phy-
sics B49, 285 (1972), en collaboration avec C. Pajares).

Finalement, la Partie III traite de 1’analyse phénoménologi-
que du speotre inclusif PP— P X Jusqu’aux énergies des ISR

\

a 1’aide des couplages a trois reggeons.
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PARTIE I.

DUALITE.



I.l. Introduction.

Avec l°apparition de 1‘idée de dualité, la théorie et la
phénoménologie des intéractions fortes a fait un grand pas en
avant. La dualité est devenue, avec l’analyticité et les pdles
de Regge (qu’elle complémente et développe), un des piliers de 1la
phénoménologie des intéractions fortes. Dans cette introduction
nous nous proposons de retracer ses principales caractéristiques
et les développements qu’elle a connu.

En 1966, V. Alfaro et al. établirent les relations de super—
convergence (1): pour une amplitude donnée, analytique satisfai-
sant des relations de dispersion et se comportant & la Regge, avec
une trajectoire dominante telle que % <-L-1 | on a les relations

suivantes:
«f

fv"[m T, t)dv=0 ns L
° (1)

ol V=(s-Ww)/y et 8, t , u sont les variables de Mandelstam. Ce
résultat peut se généraliser pour le cas ol 1’on a une amplitude
avec une trajectoire dominante telle que ™ >-L-! : on soustrait
de 1’amplitude la contribution de cette trajectoire et le résul-
tat doit évidemment satisfaire la relation (1).

A partir de ces relations de superconvergence, Dolen, Horn
et Schmid (2) ont développé les régles de somme & énergie finie,
qui peuvent étre écrites sous la forme,

N
fv"lm/T(Vat)"-’;-”c“’")/"‘):0 (2)

o

o N est une valeur de 1°énercie & partir de laquelle 1°amplitude

est correctement décrite par 1‘échange de plles de Regge dans la

voie t (c‘est & dire, T (V,t) = TRegge(‘v yt)). Si 1°on éerit

o, (t)
7;¢aae (Vl t)= ‘ZB‘(t) vV
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i1a formule (2) devient
oi(e)enel

N
fv"[m Tivit)dy == B8N (3)

¢ Op(t)enel

La relation (2) nous indique que si 1l-on extrapole la partie ima-

ginaire de 1’amplitude de hautes &nergies, on obtient en moyenne

la forme de Im T(V ,t) aux basses énergies, qui est dominée

par les résonances. Aussi, le famille de régles de somme (3) nous
suggére la possibilité de saturer sa partie de gauche par des
donndes de basse énergie (résonances paramétrisées par les dépha-
sages, par exemple) et d obtenir la trajectoire de Regge X(t) et
le résidu (3(t) point par point pour tout t. Puisque 1 amplitude
de Regge est construite & partir de résonances dans la voie croi-
sée, les régles de somme (3) nous montrent que les paramétres de
ces résonances ne sont pas indépendants de ceux des résonaces
dans la voie directe: ceci exprime le contenu de la notion de dua-
11té.

C’est dans ce sens qu’Ademollo et al. (3) ont étudié 1la
réaction TLTL—NwW au moyen des régles de somme & énergie finie.
Cette réaction a la propriété que la trajectoire dominante est
celle du P que 1°on échange dans les voies s et t. Ils ont
trouvé que. pour une valeur apropride de la borme N, le P intro-
duit dans la membre de gauche de (3) se réproduit de facon auto-
consistante dans le membre de droite. Ils ont d’ailleurs aussi
remarqué que si on augmente N, pour saturer les réegles de somme
on doit introduire en plus de 1la trajectoire du Io ses trajec-
toires filles.

(4) C’est & partir de cette &tude phefioménologique que Venezia-

no a formulé sa fameuse amplitude pour le processus TLITL-~TLW

TiR.B,R.€) = €4,pe PIRTRE [ Viser s Vi tre Vs u) (4)

ol Visiey= Tt1-050) (1=, 0e))
[ (1-o(5)- x4 (2))




Pys Ppe Py sont les impulsions des trois mesons pl et £ est la
polarisation du w . Cette amplitude possede la symmétrie de
croisement, se comporte asymptotiquement & la Regge, contient les
résonances 4 basse énergie, et est duale dans le sens précédent.
Mais elle n‘est pas compatible avec 1l‘unitarité: les résonances
sont & largeur nulle et elle ne contient pas de coupur> d unitari-
té.

Malgré cela, les modéles duaux basés sur la formule (4)
ont connu un grand développement, aussi bien du point de wvue théo-
rique que phénoménologique. En particulier, on s’apercut vite
que d‘amplitudes duales de ce type permettaient une description
unifié dans les diverses voies et régions cinédmatiques des pro-
cessus & plusieurs particules. L amplitude de Veneziano fut zéné-
ralisée pour des réactions & plusieurs particules scalaires par
divers auteurs (5). Ensuite, ce modéle fut généralisé 2 des parti-
cules avec spin et &4 1’échange de trajectoires avec des caractéris-
tiques non triviales ( parité anomale, intercepte positive, etc.).

Dans le sens de ces recherches, nous présentons dans I.2 une
contribution: nous construisons une amplitude duale pour six pions
avec des trajectoires d’intercepte positive, ayant 1z trajectoire
du W) et les bonnes propriétés de spin et parité oour tous les
échanges dominants. D’une facon consistante nous déduisons var fac-
torisation des amplitudes impliquant des bosons avec spinsg

rc{)—»rlp y MLIT— N w et P-4t .

Les modéles du type Veneziano pour N particules onti été appli
qués avec succés & la phénoménologie des réactions d’annihilation,
réactions & plusieurs corps, zéros des amplitudes, etc. (6). Dans
ces applications, les amplitudes smnt modifides en les rendant
plus réalistes: en particulier en introduisant une largeur non ru-
lle aux résonances, en ajoutant une partie imaginaire & la trajec-—
toire de Resge.

Dans ce sens nous apportons une contribution 2 ces études
dans le paragraphe I.3, ol nous étudions la rédaction d‘annihila-

tion au repos pn-—HKHKnrt & 1°aide d’amplitudes phénoménologi-



ques duales ayant les trajectoires du Tt et du K. Ies spectres

A
de masse sont correctement décrits par ces modeles.

Cependant, en raison du probléme de 1’unitarité, les appli-

cations phénoménologiques du modéle de Veneziano ne pouvaient

Stre que restreinies. Plusleurs tentatives ont été envisagées en

vue de construire des modéles duaux unitaires, notamment la métho-

. 7 ,
de préconisée par Kikkawa, Sakita et Viresoro ('), iul prend 1’ame

plitude de Veneziano comme terme de Forn cu developpement d’une

série perturbative; ce prosramme & été partiellement réalisé par
une série d’auteurs (8). Mais pour diverses raisons les résultats
obtenus ne sont pas en mesure d’étre utilisés en phénoménologie.
C‘est pourquoi, au cours de ces derniéres années, le travail
phénoménologique a été realisé principalement dans deux directions
bien plus modestes que 1 ambitieux programme d ‘unitarisation.
D‘une part, on s’est efforcé de tester la dualité et ses prédic-
tions & partir de sa formulation générale: régles de somme 4 éner-
gle finie, régles de somme de moment continu, etc. D’autre part,
indépendamment du modéle de Veneziano, il y a eu des tentatives
dans le cadre de la cdualité em vue de construire la forme asymp-
totique de 1’amplitude & partir des résonances dans la voie S.
C’est dans cet esprit que les modéles duaux periphériques
ont été congus: dans ces modéles 1°intéraction est dominée par
la production de résonances periphériques dans la voie directe,
avec un paramétre d’impacte de 1‘ordre du fermi. Ces résonances
se trouvent sur une trajectoire o(S) , la dépendance en t

de la partie imaginaire de 1l’amplitude serait donnée essentielle-
ment par le polyndme de Legendre

-
Po«s) (cos58) (5)

ak

che a connu des succas phénoménologiques importants (10), mais

étant le transfert d‘hélicité dans la voie t. Cette appro-

sur le plan théorique il n’'y a pas de liamison satisfaisante avec

1l approcne analytique de la voie t (Reccse vlus coumires).



En liaison avec ces derniers points, nous présentons dans
I.3 une étude comparative entre des données de basse énergie
(paramétrisées par des déphasages) et les paramétrisations des
amplitudes & haute énergie, au moyen des regles de somme de mo-—
ment continu pour la réaction TU N avec échange de charge. On
trouve que, en général, elles sont bien satisfaites et qu’elles
reproduisent le zéro de la trajectoire du P a -t = 0.5 GeV
pour 1’amplitude d‘helicité~flip. On trouve également que 1’ am-—
plitude d ’hélicité-flip a justement la forme prédite par les mo-
déles duaux periphériques, Jl(R\th) (R =1 fermi).
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Dual Amplitudes wlth o-Coupling
for Six Pions and for Spinning Bosons.

J. CaBakr6 (*) and I.. GoNziLEz MFESTRES (°)
L P.T.HE. - Orsay (*°)

(ricevuto il 27 Maggio 1970)

Recently, some efforts have been made (14) in order to construct Venesiano-like
amplitudea suitable for the description of reactions involving physical particles. Let
us restrict ourscives to the casc in which only bosons are present. Basically, tvo kinds
of problems eall our attention:

1) In general, we have to deal with Regge trajectories with positive intercept.
i.6. negative squared mass for a = 0. This forces us to construct amplitudes without
the pole at a=0. As is well known, ordinary n-point B-functions have these spin-0
polce (ghosta).

2) In ordinary n-point B-functions the parity of the mother trajectory is normal,
that iz, one has

1) P=(TTn)—1".

where n, are the paritics of the incident particles that form the intermediate ones of
the channel under consideration. However, it is evident that naturo does not only
presont norinal parities. For example. the w-trajectory in a three-pion channel has
abnormal parity.

Abnormality induces us to introduce kinematical factors multiplying the ordinar)
B-functions. These factors in tura force us to modify the B-functions in order to preserve

(°) Postal address: Laboratoire de Physique Théorique, Bit. 211, Faculté des Sciences, Orsey.

(**) Laboratoire associé su C.N.R.S.

(") A. CarsLia, H. D10, J. KarLaN and D. Scuirr: Leli. Nuovo Cimenio, 1, €55 (1969); MVuswo
Cimento, 04 A, 381 (1989).

(" V. Rerreveeno and H. R. RomiNsTriN: Weizmanu proprint (1970); D. OLIvE and W. J.
Zaxrzzwski: Cambridge preprint (19%4).

(" J. D. Doangn, V. RITTeNBEA0 and R. RumiNvereix: We'zmann preprint (1970); F. ABERA and
V. TurLrrs: PAwe. Rev. Lell., 38, 909 (1969).

(*) Y. Mrvata: Tekyo preprint, April 1970.
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DUAL AMPLITUDES WITH w-COUPLING FOR $1X PIOWS RTC. ”

correct Reggo and multi-Regge hehaviour. Finally. spin complications give ws ales,

in gencral, kincmatical factors.

In this paper, wu ronstruct \Vencziano-typo formulae fur procoesos involving six
pesudoscalar bosone. We also construct four-
point formulac involving spinning boaona.
Tho latter can bo obtained from the former
uaing factorisation. Alternatively onc can,
obtain them by multiplying the four-point
B-function by tho corresponding Kinematical
faoctors. As will be scen, the veaulta are iden.
tioal with both proccdurcs. lu what follows,
we use standard notationa.

Jet us consider, for example, the Ox
omo with w-A, and p-f trajectorics domi- 0y repraseating slz-pisa pre:
nating the 3n and 2x channcls reapectively.  geas. Channel 13 s indicated by the full lise
We have to kill all the ghoats cotreaponding  and 1t dusl ehamnels 31, 33, 84, 88 by the
to «a=0 and also to change paiity in the Gashed enes.
3x channels as expluined above. For the
13-channe!, the kinematical factor that gives ua the correct spin-parity relation ia the

following :

@ ©(123,458) v+ B(p,) = 0,0eePiPiP P P Py Py -

where p, denote the four-momenta of the six pivne (Fig. 1).
Then, one term of tho amplitude wo'have to construct will bo given by a suitable
B-function multiplied by the factor (2):

(9 Aw=®p)Bu, e, q-—a,. .. oy~ ay)

and the first problem is then to determine the smallvst integers o, > 0 compatible with

Regge debaviour and the domunance of the desired parity in tho various channels ¢

All the o, will turn out to be > 1, which provents the ghosts at a = 0 from appoaring.
In order to muke this, une can proceed in two different ways:

1) analyse the spin-parity content of the factor 129; 488) i
ebannels ¢j. Then, one m»st put: $123:456) in the varioms

8) &, = J,, if the naturality (i.e. P(~ 1)’) ia well defined and coincides with
the one of the trajectory exchanged in the obanuel {j.
8 e,= J, + | it either buth naturalitiss are present or the anaturality s

opposite to the one we want. In this w
e 1o e way, the undesired parity is shifted 00 the

The justification is the fullowing: lot J,, be th
| : " e spiu content of a factor
ehannel ¢f of an n-particlo vertex and let ua oonsider the multi. Regge unm. 'n the

S e K= 3, K Sty

fzed aad M

b Bgo i Byeg aq = 00,
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Then one has
(8 @(p.)~ #gra - Mg

independently of the particular structue (parity, normality or any other propcrty).
of the tcnsors we have to consider (*).

2) Calculate D(p,) as a function of the s, and then computo its asy mptotical
limit (sco below). Thia procedure has two drawbacks. Firsi the apparent necessity of
tedious calcuvlations. Secondly, the difficulty of analyzing ‘be parity content of ®(p,)
in the various channels.

As an illnstrative example, we will apply the two methods to (3) for comparison.

Let us begin with the method 1), It ia sufficicut to look at the chauncls 13, 24, 12
and 3¢4. The spin-panity content of the other chanuels follows from the symmetry
properties of the factor (2). It ia immediate to find that a,=a, = 1. as expected.
For 24, in the c.m. frame of this channel we have

6) ) =I(p. (P PP (P PI) -
—(PUPAPY) + PYPs T PO+ PAPL POPUPS PO - PUPe P + PP PO -
Taking into account that (a* b,(c d)= (@a-c)b d)- (a-d)(b-e). it is eany to con-

vinco onceelf that ®(p,) bas. in the 24 chaunel. J = 2 and mixed parity. This gives
s gy = 3. Siniilarly, we can fee that onc must Write ay, = 2. In this way we find

m G= 0= A= O Gy =1, Gy=0y=2, Gy =0y =3.

Let us now turn to method 2). The ateps to follow are: First. we express &(p))
as a function of the s,,. The result is

(8)  B(123; 456) X a}y(0y ~ % $aa Bas) + Zaltatas 8yt +
o+ Bya(8ye8sy + S3ta T Bitu T Matu T 8005 — %23 Metu T 8y 8a) + M8yt i3t t +
+ 85388y + 8380 T Sialfiate T S 8,,) — (838385 ~ figtindye + 8198148 + Safiita) +
4 meh (28 + 20 — 28y 25— A~ B3t sy) — Matia(t + g+ Byt ) T

+ 2"::('“'11 + 88) - '”:t("u sy — Duyy — Dagy) - ”‘:t(‘u + 8y + Bt 8s) — ""‘: .

Next, let us coucentrate as an example on ay, (Fig. 1). We take the independent variables
of the multiporipheral contiguration with orggin 1 which are given in (4. It is well
known that in such a configuration z, appcirs as an exponent of sy for s, ~ oo and
all the other variables in the configuration kept fixed. One Bnds immediately that s,
and &, tend to inflnity like &, all the other variables being fixed excepting &y The
dependence of 1, on the variablcs of the configuration is obtaiued through the vauishing
of the Gram's determinant, i.e. det(p, p,) =0 (i=1,2 3, 4.3 In this way, one finds

(*) Ses for instance M. TOLLER: Nuero Ctmenin. 37, 731 (1983); N. F. Baws, G. F. Cmew sad A. I'1-
enoTTI: PAps. Rer., 143, 1572 (1967).
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for g, -+00 ()
88
) ~—.
) o, -

As a conscquence, one sees that @(p,) tends to infinity lincarly in »;,; thus one gets
6y = 1. Proeceding in au analogous way with the various channcls j ono arrives at
the same result of formula (7).

It is evident that the winphtude given
by (3) and (7) satisfics automatically Adler's
condition and reproduces by factoriza-
tion the well.known Veneziano  formula
for xx—»me. Tnospin will be described by
the Chan-Paton (% factor Ti(r,r,1ry1,1,1,)
and sumn over all permutations is under-
stood. Finally, a coupling constant must
be introduced.

' l"r.om the 6-pion amphtude obtained FIg. 1. - a) Schematic represeutation of the wxes
in this wayr., we can deduce the =:-07%5  vertes. b) The samo process factorised trom the
amplitude by factorization. Lot ua choose  6n amplitude. The vertical dasbod line corre-
a reaction with definite signature. such as sponds to f-channel rcsonances.

Tt 2% In order to make this. we

form a Sboson (3) with ¢ pions 5 and 6 and another p* (p,) with 3 and ¢
(see Fig. 2). Ono puts

(10) A=k+k, axk—L, p=k+k, o« ky—k.
Then. after rearranging some terms, one arrives at (**)

(11) d = e A, + Kyky, 0y + Ky kg, 4, < (bl + oy ky,) A,)
with
[ ]
(lle) 4= —E[(Jﬂ + 200(B(x,— 1, 4, — ?) — B(a,~ 1. a, — )+
+ W+ 2u)(Bla,-- 1. 2,— 2) — Bla, -1, ,— »)].
(1) dy=—a(t-- 2y%)(Bla, — 1. 2, — 9) — B(a,— 1, a,-- 3)) +

~ 2ua(B(z,~ 1. a,— 2) — B(a, - 1, «—3)).

) In fact, the explicit resolut £ G ‘s de i
o — um‘:n of Gram's determivant gives two Physical solutions for .. but

‘1:)) :n:l?:l’u.::ut ::o bPatoN: CERN prepriut 1969, pubdlished in Nuel. Phye.
m..m‘m; In e o_buu.;ed directly wltMt departing from =p —%p and waing ouly foure
for thle roa oo .'“h .'nmkc this, one must connider coatributions from the different dual diagram-

iy . " .::: kineroatical tactor @ - -“‘”‘p,.ku Ly ‘uved 147 ¢f and using as bofove the

mh ';.‘m" h;d ore:::ll{h::r :.h: c:lne o.fdlplnnil. cxternal particles. ge—¢ signature must
imtred . . u u In i sematica

tern @ and 0. 34h 4 correspoodcuce s clenrly“:wel:t:;o :;;I;.Poldﬁm betreen the e
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(1l) Ay= —a(t—24*)B(a,— 1. a,—2) — Bla, -}, «,— 3)) +
+ ln(ﬂ(a,— l, oy — ’) - B(..— lv €y — ’)) [

(1) Ao af(e -+ u*— mt)(Bla,- 1. a,-2) — Ble,— 1, &, 3)) +

+ (v + """”.)(B(al— 1, .l-’) - ’(.-- 1, x,— 3))] ,
and

B = My,
(e L = Vie—(m+ w)le —(m—up),
Y =Viu- (m+ p)*)[u—(m— ).

Ono can verify that this amplitude satisfies all the requirements deduced by CarELLA
et al. (1), but without aaturating the asymptotic behaviour at fixed ¢, 8-+ oc. This is
related to the fact that, for the moment, couplinga in the t-channel have not been proporly
included. On the contrary, we have made an explicit decoupling isolating the mpw
vertex from tho ¢¢; one, which has not yet been introduced.

In order to arrive at a suitable complete description, it is nccessary to include the
vertex forined by thrce two-pion resonances, with couphing constants ind~pendent of
the one in (11) aud of the one undcrstood in (3). To make this, we have to introduce
as before the corresponding kinematical factors multiplying suitable B-functions.
To kill all the ghoets, these kinematical factors must carry at least apin one in each of
the 2x-channela we consider. On the other hand, atriple ¢.pole must be presentin the 6=
amplitnde and equa'.v we must have the p-pole in the t-channel of, for inatance, the
x*p~ - n*p~ amplitude, which can be obtained by the factorization of the 6rx one.

This tells us that therc exists a minimal and at the same time unavoidable sct of
terms, ¢.c. the onc whose kinematical factors carry spin 1 in the three 2x.channels,
because higher kincmatical factors must multiply B-functions that do not have some
of thc three p-polex.

We will make explicit the simplest possibility, that is, the case in which only this
unavoidable sct of terms is prescnt. As a matter of fact, higher kinematical factors
such as those having as primary elementa the couplings ppf, »fg, etc. can bo introduced
and treated in the same way. !

We write

A= a(ky(k, + ko), kgky + ky), kg(k, + "1).] .

Bley—1 a3—3, 23— 2 a— 1, @y — 3 gy — 1, 2y — 3, @y — 2, 2 —2) +
+ Bk, k) kg(ky + k)

(12)

‘Blayg— ). &3 — 3 @y — 1. @y — 2. my,— 2, ayy— 1, @y — 1, 0y —3, 85— 1).

The first term in (12) repescnts a coupling hetween 3p of the kind (e, py)(ey - Py)(83° Py)s
while the second one is for the other three, i.0. (g, 85)(e5 Py). (85 83)(8y Py). (€3°8)(65° By)-
Thess last three couplings correspond to cach other by cyelic permutation and therefors
thay give oaly onc independent termn in (12) and also in the 3p-vertex.



-)lb=

DUAL AMPLITUDES WITH w-COUPLING FOR RIX PIONS RTC. 91

As before, we introduce iscapin and sum over all permutations. \We can lll(: obt'..in
by factorisation the contribution of (12) to n*g®— x<p®. Tho result, added to (11), gives
ws the following total amplitude:

(19) T(xtp®-» ntp*) = ‘:‘:( Tlgp' + leu"'n + lelpklv + T.(k.,k,, + k‘lp‘l-))
with
(13) T,= _;[(y-+ 20t)(Bla, — 1. @, — 2) — B(a,— |. 2, — 3)) + (W + 2wt)-

)
(Bley— 1, a,— 2) — B(a,— 1, a,— 3))]-—;[(: —m'— ) B(a,— 2, &, — 1) +
+ (« —m*— u") B(a,— 2. «,— 1)),

(133) Tn" '—‘.[“— 2[")(3(". -1 a—2)— B(!,— 1, a,— 3)) -
—2(Ble,—1, a,— 2) — B(z,~ 1. 5,— 3))] + 5(2B(2,— 3, a,— 1) +
+ B(e,— 2, &, —3)) + ¢[(s —m*— ;") Blx,— 3. a,— 1) + (% —m?— u) Ba,— 3, ¢,— 1)] .

(13¢) T,= Ty «ru),

(13d) Ty= c[(a + u*—m)YB(a,— 1, a,— 2) — B(a,— 1, a,—3)) +
+ (v +pd—m)(Ba,— 1, a,—~ 2) — Bla,— |, a,— 3))] + 0[B(a,— 3, a,— 1) +
+ Blay—3, &,— 1)} + c[(s—m*— u*)Bla,— 3, a,— 1) + (% —m*— p?%) B(a, — 3, a,— 1)),

where b, ¢ are sinmply related to B, a.

It can be verified that (13) satisfies and saturates all the constraints of ref. M.
Although the equations (12} and (13) are no more than an example, they constitute
tke simplest one, have the #-pole and saturate the asywuptotic behaviour at ¢ fixed,
¢ going to infinity. A lot of more complicated things can. of course, be added. But
this occurs already in the s-channel in T2~ =7 and 1ts corresponding chanuel in the
6x amplitude. Starting from the P=7. pp¢ and pmw couplings. the hoice made in
(3), (11) and (12), (13) gencrates all the other couplings and can perhups be taken as
the « minimality Principle » CARRUTHFR® and LasLgy () were looking for. Of courae,
this is nothing more than a speculation and we do not claim that 1t actually happens
in nature. Our method 18 a » term by term « one. Probably it is possible to extrapolate
the ideas of ref. (") to 6 Prons. 8 pione, ete. but we have not scarched in this direction.

A similar construction can bhe made for the 4zKK. 2r2K2K etc. amplitudes by
replacing the isospin factor by the ST, one of ref, (*). Such a method gives some

typical results of ST, (). Note also that the 2r2K2K amplitude enables us ‘o obtain
the xw —<rw one.

Finally, our method can be extended in a stra;
involving eight or a higher nurber of pions.
i in this letter will be treated in a

ghtforward manner to amplitudes
This and other things that we have not
more detailed paper.

mP Cm aod E. Lasrey: usadena Pr.print, submitted to P'Aye. Hes., October 1068
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Nole. After completion of this work. we have reccived a preprint by DomnEx
ot al. (*) wherc the same problem is dealt with and the reanlts (7)-(11) are equally
obtained.

We thank A. Carecra and J. Kapray for their grcat help and encouragement,
for critical reading of the manuacript before the definitive version, and 2lso J. Nuyts
for reading the English one. We are indebted to Profs. B, Jaxcovier and Pu. Mrrex
for their kind hospitality at Orsay Laboratory and to meinhers of L.P.T.H.E. for their
interest. We are geatelul to the Mimstére des Aflnires Etrangeres (France) and to
G.L.LF.T. (Spain) for thoir financial support during 1969-79.

(") J. D. DomreN, V. RITTENBERO, . 1N, LUBINSTRIN, M. CHAICHIAN and K. J. Squines: Welzmesan
preprint (1970).
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1.3. Application des amplitudes dualen & 1‘annihilation NK au

“Eo [ ]

A Dual Model for 'ﬁn-oKerw at rest.

J. GABARRO

*
Laborateire de Physique Théorique et Hautes Energies, Orsay

Abstract 3 A study of the reaction f\n-.ni vy at rest is

presented here.
The model is obteined from a 6-point dual amplitude containing

the ¥ and K trajectories.

July 1971

._THF. 71/40

.L.bor.toiro Associé au C N R S
Postal Address : Laboratoire de Physique Théorique et Hautes Energies

Bdtiment 211 - Université Paris sud 91 - Orsay (Prance)
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1 - Recent progress in the framework of dusl n-point functions, allovs
us to vrite n-amplitudes, with exchange of any intermediate states

and vith any external particle.

In particular, dual models for yy and K trajectories have

been constructed [1,2), and it would be interesting to know how well

they describe the data.

In this paper, it is attempted to describe the reactions @

Fn — K'd\ K(.\ " ".
Ph KK o

Fr = K K w o

at rest, by means of such models, "A la Lovelace".

As usual, we suppose that our amplitude wvill be the incoherent

superposition of the two amplitudes 1
mt - KKy

¢ @ xRnn

The total amplitude (normalised to unity) bei g :
3

M= 3|Fh.'| o+ (l-g)‘lﬂ}'#l'

""' * and ';? * being the lihgl‘o(t and triplet respectively for the syste

r N et rest.
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2 - Let's nov describe the amplitude for the reaction l( -— KR " e

The f being a JP = 1+ particle, we must find a consistent

vay to introduce it in a dual model.

The simplest method to do this is .- constructing an amplitude
for 1Yy M K R"" , and then, by factorization get P.; KR v 11

Let's nov look at the diagram of fig. 1, in order to see the
possible exchanges.

There we see that in the 3-1TY channels, the ¥ can be
exchanged, and in the K tf 7y ones we have the K. We take the K to be an
effective trajectory degenerate vwith the Q(1235).

In order to construct the six point amplitude with 7Y -exchange,
ve use a generalization of the Lovelace model,described in [ 21,

Let's briefly discuss how it works. The Lovelace's amplitude

has the following kinematical factor :

O((J (1- U(j)

and the amplitude looks like : X, 8., (- o, 4-9(0)
Let's recall the properties of these factors zdg kills
the spin-O particle in the trajectory (ij), and raises of 1 unity the

spin of the particles lying on dual channels.,

(1 = we) shifts the dual trajectories to the daughter

level.

* ot stands for the Regge trajectory exchanged in the ij channel

and Uij is the corresponding inter:al variable associated to this

channel.
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So there is a compensating effect between these two factors
that is the asymptotic behaviour is not modified.
A natural generalization of this factor for the 6-point

scattering amplitude will be :
X (1) oGy (1- W) (1 =Us ) (1)

The 6-point amplitude with the factor (1) will be :
NR Q\q e‘( ‘q‘lo'ql) ' -q“') l-u\)o 2'%) 3- qa‘l 1‘“)*13.%‘1 1- d"')

As a matter of fact (1)'is not the only possible structure.

We depict the basic structures used here in fig.(2), we use
the polygon representation for the B6 function, in which the factor
o) (4= ;) is represented by a continuous line joining the
sides ij, and (1 - Uij) by a dotted one.

All the terms we need can be deduced from these by ciclic
permutation or twisting.

In order to get a fully crossing symmetric and well behaved
amplitude, we must add these terms, each one multiplied by the corres-
ponding isospin factor in the way described in ref.(2].

So the final amplitude will look like

%Z Zz. Ta (Tr Tn, Tny Ty Ty Tr) g Ou By (-0, =13,0000)

wvhere o stands for the permutations of the external particles and z

for the internal structures.

In factorizing the By from a given channel, there are two kinds
of terms, depending on whether the channel under consideration carries
a factor O, or not. In the first case the lowest spin carried by the
trajectory will be 1 (beca'se of the ghost killing factor Cxcj) and the

residue obtained factorizing (1) for instance,will be (at the mother level) 2~

[ %
o (du e (P Pit PuPeus B dw) Fs(Pr U w)



vhere the positions of the internal variables y, «w 1is indiceted in
fig.(2), ¢@g stands for the integrand of the B5 function and ©¢'

for the slope.

In the other case the spin would be carried by the kinematical
factor and the factorization is immediate.
Finally, for mn— KR T ™ ve use the Bardakci~Ruegg

amplitude :

Zd Tr (TR TnTn,TmTW) €, , pe PU P’ P T Bs(ai, aay,ay, Qus , Qi)
Qy = 1-oqj

The exchanges are indicated in fig.4.

3 - The trajectory parameters have been obtained a priori fitting the
masses and widths of the particles.
These are :

O(p = 0.482 + 0.967s +i 0.146 \['s - 0.078 8 (s- 0.078)

Art= 0.355 + 0.817s +i 0.072 (s - 0.4) 8 (s - 0.4)

>
3
I

0.169 + 0.887s

X

0.18 + 0.713 s +1i 0.084 (s 6 0.244) 0 (s - 0.244)

XK= 0.403 + 0.967T¢ +i 0.076 (s - 0.991) 8(s - 0.991)

Due to the position of L meson, the slope of the K is smaller

than for the other cases,

The data for these reactions were taken from ref.[47, and the

distributions were made with a modified version of FOWL and the Hopkinson

program for BS [5].

As ve can see in the Pictures, there is a good agreement with
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the data, and wve are able to reproduce the main features of these
reactions.

The amplitude normalized to unity has only one parameter g,
which is a measure of the contribution of the singlet.

We find for it :

g = 20%

From this the frequencies of the different modes can be

predicted, and we get the following values.

reaction predicted values theoretical values
KK e - 7,8 x 1074 (8,5 + 0.9) x 107*

K.‘" K- wtTee 11,5 X 10'4 (11,7 £ 1,2) X 107!
KC.L K.d.‘ﬂ' T° 13,7 x 107 (12 +1,3) x 1077

4 - In conclusion, we have tested a rather sophisticated dual model,
base on theoretical developments of the Veneziano formula, including
the and the K trajectories.

The picture seems to be good, as with only one parameter and
vithout satellites we get a global description for Fna KK v

In the way that the amplitude has been constructed, the results
can also be used, to describe pp— KKT¢7{, and partially NN—-KKTf TY by

factorization [61.

I am indebted to A. Capella, A. Ferrer and L. Gislen for

discussions, and to GIFT (Spain) for finacial support.
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{11 J.D. Dorren, V. Rittenberg and H. R. Rubinstein, Nucl. Phys. 20B, 663
(1970), D. Olive and W.J. Zakrzewski, Nucl. Phys. B21, 303

(2] J.D. Dorren, V. Rittenberg and H.R. Rubinstein, CERN preprint
TH-1192 (to be published in Nuovo Cimento)

(37 s. Pubini and G. Veneziano, Nuovo Cimento 644, 811

(4] A. Bettini et al., Nuovo Cimento 62A, 1039 (1969)

(5] 1In that case the usual B5 function program does not work, and it

must be put in double precision. (J.F.L. Hopkinson private communication).

(61 C. Benfatto et al., Nuovo Cimento JA, 255 (1971).



FIGURE CAPTIONS

1 - Regge exchanges for the allowed configurations in e-. K R‘n T
2 - Basic structures for B6 :

a)o. (1-U_) o, (1

Upg) (1 -0,

12 12 14 13
B) @y (1= U)oy (1 -0, (1 -0U,)
¢) o,y (1 =U) e, (1 -0 ) (2- v,,)
d) my (1 - U,,) @, (1 -0,) (2-10.,)

4 - Regge exchanges in 11— KK v 7Y
Mass distributions :
P kK e
. ch <o
5 - Invariant mass of K, TY
6 - Invariant mass of Kih Kih
) ch . * 2
7 - Invariant mass of K, ¢y~ if K © (0.850 < M < 0.950 GeV/c"“)
f‘n R K|‘hK- 12 S » A
8 - Invariant mass of K TT+
. ch -
9 - Invariant mass of K. 1v7
10 - Invariant mass of K 1Y
Fro kK - B
\ ch -
11 - Invariant mass of K 1Y
h _+

12 - Invariant mass of Kﬁ K

13 - Invariant mass of K+ff-ﬂ-



26—













0.6

-30-

FIG. S

“0

.3



.0

FIG. 6

Y



FIG.7

1.0






-34~










-37=




-36-




-39~

I.4. La dualité dans le sens de régles de somme & énergie

finie.

IL NUOVO CIMENTO Vor. 16 A, N. 1 1 Luglio 1973

Comparison between Phase-Shift Analysis Amplitudes
and High-Energy Amplitudes in =N Charge Exchange.

J. GABARRO and C. PAJARES
Laboratoire de PAysique Théorique et Hautes Energies - Orsay (°)

(ricevuto il 10 Novembre 1972)

Summary. — A comparative study of the new phase-shift amplitudes
and the high.energy amplitudes isa done. The behaviour of the moduius
of the phase-shift amplitudes at s = 2.2 GeV/c is very similar to the
amplitude analysis of Halzen and Michel at 6 GeV/c, but the phases of
the amplitudes are different. The dependence on ¢ of the two new phasc-
shift analyses presents some difference. The imaginary part of the spin-flip
s-channel bhelicity amplitude for the Saclay phase shift has just the
Ji(rv=1t) form at ys=22GeV/c. The continuous-momentum sum
rules are also studied with this new phase-shift analysis, and the Harari.
Freund hypothesis is te:ted.

1. - Imtroduction.

. Reocently two new © X’ phase-shifts analyses have been available, the CERN (V)
and the Saclay (*) ones. The highest energy reached by these two analyses is

(*) Laboratoire associé au Centre National de la Recherche Scientifique. Postal
address: Bitiment 211, Université Paris Sud, 91.Orsay. .

(') 8. ALwznEp and C. Luvrrack: Rutgers preprint (1972) and CERN TH 1408
(1972).

(®» R. Arxp, P. Baxevar and Y. LEMOIGNE: Batavia Conference (Sept. 1972).
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respectively Vs = 2.2 GeV and s = 2.5 GeV, which are very close to the
range where the high-energy models are applied. In particular, in order to study
the FESR the high-energy models are forced to be used in the highest phase-
shift energy. On the other hand, we have model-independent high-energy
amplitudes at p, =6 GeV/c from the amplitule analysis of HALZEN and
MICHEL (*). Therefore, a direct comparison between these amplitudes and the
new phase-shift amplitudes can give us an appreciation about how fur are the
phase-shift amplitudes from the high-encrgy region. This comparison is done
in Sect. 2.

In Bect. 3 we muke the comparison between low- and high-energy ampli-
tudes by mecans of the continuous-momentum sum rules (CMSRE) and finally
in Bect. 4 we test the Huarari-Freund bypothesis.

2. - Phase-shift analysis and amplitude analysis.

In Fig. 1, the phase and the modulus of the amplitudes have been plotted
for the CERN. Saclay and Halzen-Michel analyses. The modulus of the two
s-channel helicity amplitudes have a similar behaviour in the three cases, but
differences arise in the phases of the helicity amplitudes. In the range [¢!> 0.4
the Baclay phuse 4,, , and the Halzen-Miche] phase d8,, . almost coincide,
however the CERN phase das., 18 very different. For 't'~ 0.3 is the CERN
Phase 45, , which is most similar to the Halzen Miche

I vne The phase d,,_,
is not very different in the three cases.

In Fig. 2 we have plotted the helicity und invanant amphtudes for CERN

and Saclay analyses. For Saclay we plot the smphtudes at two energies:

8) V& =22 (the maximum CERYN energyi, bi v s - 2.5 (the maximum Saclay
energy). The imaginary part of the nonflip amplhitude has its zeru for all cases
(CERN at v3 =22, Saclay at v - 22 and v =2.5) at |f] la-ger than
0.2, and for Saclay at v3 = 2.5 this zero 18 at exaggerately high !t] value. This
shows the fact that the Phase-shut analyses are doubtful at their highest
energies. In the spin-flip amplitude these appcars a large difference be-
tween CERN and Saclay at Ve =22 It is remarkable that the imaginary

part of the spin-fup amplitude of Saclay bas just the Ji(r v/='t) behaviour
(r~1 tm).

(" F. Harzex and C. MicRxL. Phys. Lett., 36 B, 387 (1071).
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Fig. 1. - Comparison between the phase shift amplitudes and the amplitude analyasis.

Figure 1a) shows the modult. of the amplitude: 1) [fai.els 2) M2l

stands

for CERN at 3 =22, — — _ for Suclay at vs =22, — — for Saclay at 7= 2.5

and —.

*—:+— for the amplitudes of HarLzEN and MICHEL (these are taken from their

Paper and therefore with their normalization). Figure 1b)} represents the phaves of

the amplitudes:

‘nd Saclay

1) Shig. 2) Apucy —

.—- and - - - stand respectively for CERN
8t vVo=..2 — — _ is the amplitude analysis.
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3. - Continuous-mnomentum sum rules.

The continuous-momentum sum rules for this new phase shifts are ex-
pected to work like the old ones because the dependence on s at fixed |¢] is very
similar, only there is a smoother s behaviour at high |e|.

We are going to use the CMSR of DRONKERS (*) which ditiers from the
conventional ones in that the expansion in Legendre polynomials at low ehergy
of the scattering amplitude is used only in the par. of the t-plane where it is
expected to be convergent.

This CMSR is

1) (Nl _ v:)"' {ImJ‘(v: o vt)-(.ﬂm (1”("" . Fn.u-(v’ t)) dv + Born} =0,

¥, is the threshold and v, is defined by v, =, if t > 44® and v, = v, = (1/4m)-
Vit + 4u*— 4m*) if t<4u®. In this way the integral can be divided into
two parts: one over the range (v, »,) where only the imaginary part contributes
and another over the range (v,, N) in which both the imaginary and real parts
of the amplitude appear. As the boundary of the physical region +! is such
that »!' >»,, the integral (1) extends over a part of the nonphysical region.
The necessary extrapolation of the phase-shift amplitudes for the imaginary
part (*) is reasonable and moreover the contribution of this part to the whole
integral is small. The real part always appears in the region where its expansion
in Legendre polynomials converges, because v, is just the limit of the con-
vergence region. For F, (v, t) we take the high-energy parametrization of
BARGER and PHILLIPS (*), which as is well known, describes rightly the high-
energy data and agrees with the amplitude analysis (°). We know, a priori,
that the CMSR for this parametrization must work well because it was obtained
by fitting the conventional CMSR evaluated with the old phase shift.

The results are presented in Fig. 3. The agreement found i3 excellent except
when ¢ approaches zero; for these ¢ values the errors introduced evaluating nu-
merically the integral can be very large because the function (v} —»%)7“*""
appearing in (1) becomes infinite for ¢>--1, when v —»,. The Figure shows
that the CMSR are not sensitive to the two phase shifts used, which is due to
a similar dependence on the energy of the two analyses.

For ¢ = —1 in formula (1) we obtain the conventional first right-signature
finite-energy sum rule ("). If we look at this sum rule for the amplitude A4',

() J. DRONKERS: Nuoro Cimento, 13 A, 217 (1973).

(*) F. STeINER: Phys. Lett., 32 B, 204 (1970).

(*) V. Barger and R. J. N. PuiLrips: Phys. Rev., 187, 2210 (1969).
(" R. DorEN, D. Horx and C. ScHMID: Phys. Rev., 166, 1768 (1968).
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we see that the low-energy integral vanishes at a va.lue.close to t=—0.1;
this is in agreement with the zero that the parametrization of BARGER and

PHILLIPS presents. However from Fig. 1 we see that Im A’ at Ve =22

given by both phase shift analyses presents the zero at values c'lose to l=._ 0.2.
This fact reflects some inconsistency between the phase-shift aralysis and
analycity.

The p contribution to ihe B~ amplitude vanishes at a =0, theretore. the
low-energy integral at this ¢ should cross the p’ contribution. Figure 4 shows
that this is achieved.

_N— . - 4

I\ A
0 02 0.4 a6 (¢f 08

Fig. 4. - (s,1) diagram showing the crossing of the curve on which the vB-* CMSR
vanishes. —.—.— and — — — stand respectively for CERN and Saclay and the
ourve on which the ¢’ contribution to the yB*-' CMSR vanishes (——).

At Ve =2.05 the CMSR must work better than at v/s =2.2. We have
investigated the CMSR at v2 =25 for Saclay and the agreement is not

better; this could be due to the strange t behaviour at high energy of the Saclay
pbase shift.

4. - The Harari-Freund hypothesis.

It has been pointed out (*) that the sum of resonarces does not build up
completely the im:ginary part of the amplitudes in disagreement with the
Harari-Freund () hypothesis. It was found that the difference between

y A
flm »B'-'dy, computed with the new CERN phuse shift, and the sum of Breit-
[ ]

Wigner resonances was 27 % 8t $=10. At high t| values this difference was
I 4

smaller. On the contrary, the difference for f Im 4"~ dy was smaller at small I¢]-
[ ]

() 8. Koairz, P. Lxx and R. K. Logan: Phys. Rev. D, 6, 935 (1972).

2 11;656(.1&37“;";: Phys. Rev. Leut., 20, 235 (1968); H. Hamami: Phys. Rev. Lett.,
A ; T HARARI and Y. Zanui: Phys. R . p ; :
Piye. Boo s oty ys. Rev., 187, 2230 (1969); R. JoENSON
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I 4
In Fig. b are plotted the values of flm vB~'dy» evaluated for the two phaser
®

shifts together with the sum of the resonances. At t =0 there is a diffcrence
between the values of the two phase shifts of 9%, Also, the values corresponding
to the Saclay phase shift and the sum of resonances are not equal. Their dif-
ference is about 36 %. An first sight this is incompatible with the Harari-

200
N

100

i 1 i A A

0 0.2 04 06 |£| 08
1 4
Fig. 5. - Ilm vB-'dy for N corresponding to s =22 —.—.— and — — — stand
respectively for CERN and Saclay. -——— is the sum of resonances taken from ref. (*).

Freund hypothesis. However, as we see from Fig. 4 the two phase-shift
analyses at v/ = 2.2 give a different vyB~ amplitude and therefore the value
of the integral would be very different for the two analyses if N were
taken higher than vz =2.2. This fact together with other sources of errors
(for instance widths used in the sum of resonances) could make the situation
comnpatible with the Harari-Freund hypothesis.

5. — Conclusion.

In this comparative study, we have scen that differences appear between
the two new phase-shift analyses when one looks at the t-dependence of the
amplitudes at its highest energy. There appears a strange behaviour for the
8acl:y amplitudes at v& = 2.5 in conflict with the cross-over and current
ideas of peripher.lity. Also the CERN amplitudes at their highest energies
show unwanted features. Moreover the CMSR show the zero of the spin-flip
amplitude at a ¢ value lower than the one corresponding to the zero shown by
the phase-shift analyses at their highest energies, in conflict with anclyticity.
These features are a reflection of the instability of the phase shifts at their highest
energies. However, at lower energies, the phase-shift analyses show roughly
the high-energy behaviour, so the s-channel spin-flip amplitude of Saclay, at
V8 = 2.2 GeV, has just the J,(rv/— () bebaviour. Also the modulus and phases
of the amplitudes have the same shape as the Halzen and Michel amplitudes.

The CMSR work essentially like with the old phase shifts. They are in
agreement with the zero at t = 0.55 of the ; contribution to the B~' amplitude.
The Harari-Freund hypothesis is not completely satisfied with both phase-
shift analyses.

We thank Prof. A. CAPELLA for a critical reading of the manuscript and
useful discussions, Profs. H. H6GAASEN and B. PETERSSON are acknowledged
for useful discussions. We thank Profs. R. AYED and P. BAREYRE for making
their phase shifts available to us prior to publication; useful discussions with
them are also acknowledged. One of us (C.P.) thanks the kind bospitality of
the LPTPE and the G.I.F.T. for financial support.



PARTIE II. POLES FIXES DANS LE PLAN COMPLEXE DU MOMENT ANGULAIRE

DANS IES REACTIONS HADRONIQUES.,
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ce qul nous permetira de faire intervenir directement dee magni-

tudes observables, ceci en vue d‘exprimer les résidus des pdles

fixes en fonction de ces quantités.

Fig. 2

Dans ce cas, .a relation (1) su tranaforme en } expresaioc:.
1]

suivante (2),

)}
I!‘t):_r’{f% Q(-%){D,w.c)x D.(-v.t)

f__l— dz O‘(Z) {T(Vnt).t T, t)}

T ¢ l'&h.‘i

ql

od D, (ve) et Duivit) aont Jes alscontinuités - voutive.

de 1 amplitude T(y ,t' le lton- o coapures de droite et e

gauche,
Si 1‘on prend N assez grand, on peut substituer uans la

deuxiéme intégrale de (3) T(y ,t) par son comporiement asympio-

tiques
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Tenn.t compte du fait que

- IPE RN

-1 Vo [(441)
Ol(z‘)z"':lu) < od l(l).— 1 r-“'%) (5)

on peut évaluer la deuxidme intégrale et 1°on arrivg a

N
.T_‘.'(t):..i_{o_i! OiR){O 2DV )
re Q‘
aer=d ; .
+__ j(!} (9% Z_ N {3, * B.}sinTtx(t)
e -

On peut voir dans cette formule que , en particulisr, la contri-
tution des puissances entidres de Y dans (4) s’annule & cau-

se du facteur Sin et 11 ne reste que les pdles de Regge

habituels.
Tenant compte de (2) et du fait que
n-t

C(f+1) ~ L 1) 7)

L—=-n 1tn (N g)l

on peut calculer ie résidu du p8le fixe A& ‘f:-rw y C6 qui

nous zonne finalement

1ate0: 1 L 4,% RiZ)(am.er:peve)

wien . .

(n- 4)! ¢ Nufn

Pour une valeur de n on a un rdle pour chaque signature.
51 1’amplitude possade la signature (-1) on dit que 1°'on a un
pdle de bonne signature; ces p8les donnent une contribution a
la partie asymptotique de 1° amplitude (voir ref. ( )). Si 1’am-
Plitude a la siznature (-1)" » 0n dit que c’est un pdle de
mauvaise signature et il ne contribue pas & 1 amplitude.

S1 le résidu du p8le fixe s’annule, la formule (8) devient



ane récle de somme & énergie finie (de bonne ou mauvaise signa-

ture ). Puisque
Im Twie) = Dy(V,E)E DEVIE)

i1 est intéréssant de comparer (8) avec les régles de somme com-
me on les avait présenté dans I.1l. En particulier, on voit que
pour qu’une résle de somme soit satisfaite, 11 faut que le rési-

du du pdle fixe s’annule.

II.1.1. Pdles fixes et unitarité.

L’existence de pdles fixes dans le plan complexe du moment
angulaire a fait 1°objet de controverses pendant longtemps. Si
bien Mandelstam et Wang (3) ont démontré qu’ils devaient &tre
présents si la troisiéme fonctian spectrale fasu. ne s’ annule
pas, les p8les fixes posaient un probléme du point de vue de 1'u-
nitarité (4). En effet, si 1’ amplitude TI(J,s) se comporte com-
me §=, (3)

J-no
pour J—>Ne , 1’équation d’unitarité

T3 seiey- THT,s-i0z2i T3 s+ pI THT, 570€) o

ne peut évidemment &tre satisfaite. On supposait généralement
que si les pdles tixes étaient présents dans 1’amplitude, ils
seraient associés & une aoupure ("shielding-cut") qui les place-
rait dans un autre feullet, 1°équation d ‘unitarité (5) restant
ainsi satisfaite. (2)

Dans cet esprit, Capella, Diu et Kaplan montrerent que,
quand on considdre 1l’unitarité & plusieurs voies, la présence
de p8les fixes dans certains cas n‘est pas incompatible avec
celle-ci. Ils ont également prouvé que si un pdle fixe est pré-
sent dans une voie, il se propage par le biais de 1‘’unitarité
4 d’autres réactions.

Considérons par exemple les réactions Km— KT |



—~— R 2 1y
nN—-nhN et KN—KN , Dans 1 intervale (3Mn i< L‘<(~mn)’
1‘unitarité dans la voie t pour 1 amplitude de spin-flip de KN

s’écrit

Hy(T,brie )= Hy(3,E-ie)= 26 pLE) KalTibri) P38 (10)

of F(J,t), Ky(J,t) et H,(3,%) correspondent respectivement 2

K-, NN— et NN— KK (on considére seule-

ment les amplitudes de signature négative). Si un pdle tixe de

nauvaise signature existe & J=0 pour NN—NT (comme Dolen
et al. 1°on montré (6)), le comportement de Kl(J,t) pour J—0

doit &tre (voir référence (7)).

A AIE '°3‘t a1

P(J,t) étant réguliére, on voit donc que pour que 1°équation (10)
solt satisfaite il faut gque

Httjac) - .h_‘ifl

VI (12)

Le p8le fixe de mauvaise signature & J=0 pour mN-—-snN engendre
donc un p8le fixe de mauvaise signature & J=0 pour la réaction
KN—RKN

:1.1.2. Analyse des rdactions T pP—» RN K p—K'N ot
K'N— A avec les régles de somme & énercie finie.

-ans la premidre partie de ce paragraphe I1I.l., nous avons
vu que les régles ae somme nous permettent de calculer les rési-
dus des pd3les fixes pour une réaction donnde & partir des pares~
métrisations des amplitudes de basse et de haute énergie. Ceci
fait 1’objet de II.2 od nous calculons le résidu du pdle fixe

de mauvaise signature pour W p—smt'n ,K'p—-* Ken et
K'N—nA



Pour 1a réaction LM échange de charge, on évalue la pre-

nidre ré.le de comme de muuvaise signature pour 1’amplitude inva-

(-

riante B ’
o, (&)
i3:(¢) ¢
;‘JVIM B v, t)= ;a—‘m Nl (13)

od C(t) correspond au récidu du pdle flxe. La partie de gauche ec&
dvalude par des analyses en déphasages ( ), et la partie de droi-
te par dec paramétrisations & la Regge.

Nous trouvons C(t) nettement non négligéable, méme assez im-
portant; nous trouvons également que, en faisant varier N pour une
cemme assez large de valeurs en énergie, Cc(t) demeure & peu pres
constant, ce qui montre la consistance du calcul. Nous confirmons
aonc 1‘exisience au pdle fixe de mauvaise signeivre & J=0 dont
1‘existence avait déji &té mise en évidence par Dolen et al. (

Nous trouvons éralerent gue, en saturant la partie de gau-
che de (3) avec seulement le terme de Born et les résomnces non-
périphériques, on rdproduit C(t).

Comme 1°0on a vu dans le parasraphe 1I.I1.1, si u=n pdle fixe
e¥iste rour re N echange de charge, 1‘unitarité implique qu’il
existe un aulre pdle tixe pour KN échange de charge. Four trou-
ver ce pdle fixe, dans II.2.3 nous &valuons la premidre régle de

somme de mauvaise signature,

xi(t)

rl'm{B, (v, ¢)- B, tverfdV = Z-@"-—*-’ N " +Dit) (14)

ox; (¢t)

od Bl et B2 sont, respectivement, les amplitudes invariantes B,

pour la réaction K.P—’KO" et K*'n— K% : D(t) est le rési-

du du p8le fixe. Nous calculons la partie de gzuche de (14) en
utilisant 1‘approximation & résonances étroites. Parmi plusieurs
paramétrisations pour la partie de Regge, on a choisi celle qui

satisfont mieux 1la premidre régle de somme de bonne signature,
N

f\)fm{B (v, C)-B,, ‘Vct)/dV:Z Al N

B AGES

(6t [
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Nous trouvons D(t) non i1, bien que nos -résultats soient
deus ce cas un peu ambigus puisque les constantes de couplage
utilisés me ront pas aussi bien connues que dans le cas précédent,

Comme dans le cas R p— NN nous observons que si | ‘g,
sature le membre de gauche de (16) avec aes résonance:z non Pé.ia
phériques plus le terme de Born, on réproduit le résidu du pdle
fixe.

Le rdle inespéré que semblent jouer les résonances non-péri-
phériques en relation avec les pdles fixes, nous a amend & consi-
dérer des réactions of celles-ci jouent un rdle important, comme

K'N— n"A .| Pour cette réaction, comme dans les cas précédents,

nous édvaluons la premidre régle de somme de mauvaige signature,

-

N %" (t)

form%te‘;’(v,e) -8 v, o) fdv= 5-'(7':': (%) + Fto (16)
od B, et B2 correspondent respectivement aux réactions K n-rA
et NM'Nn—K'A | ot F(t) est le résidu du pdle fixe. L’évalua~
tion de (16) nous donne une nette différence entre le membre de
gauche (calculé avec des résonances étroites) et le membre de
droite (Rezge), qui ne peut pas &tre attribude aux approximations
faites. Comme précédemment, nous trouvons que les résonances non-

périphériques construisent & peu prés le résidu du p8le fixe.
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Abstract: We try to find evidence for fixed poles in two-body meson-beryon scattering. The con-
tributions of wrong-tignature fixed poles occur 1n wrong-ignature sum rules. We evaluate
the flrst wrong-signature sum rule f{or the ¢ channel helicity flip amplitude 1n #N, KN
charge-e xchange and in hypercharge-exchange scatterings. According to recent theoretical
analysis the / = 0 KN chargeexchange wrong-signature fixed pole is generated, via t-chan-
nel vnitarity, from the »N one Its existence implesaJ =0 KN charge-exchange right-
signature fixed pole. Evidence for the existence of a J = wrong-ugnature fixed pole is
found in all of them. It is also found that the non-peripheral resonances are mainly re-
spontible for all these fixed poles.

1. INTRODUCTION

Recently, it has been shown [1], by applying unitarity in the r-channel. that the
J=0aN CEX wrong-s:gnature (WS) fixed pole of the 8(-) ampiitude, (1-channel he-
licity-flip amphitude) found by Dolern, Horn and Schmid 12].1s propagated to other
reactions, in particular to KN CEX, generating in this one a WS fixed pole in the -
channel helicity-flip amphtudes. Also 1n the last reaction, there will exist aJ = 0
right-signature (RS) fixed pole in the opposite-signature amplitude. The residues of
both fixed poles, WS fixed pole and RS fixed pole are equal up ® a sign. This result
follows from the assumption that the s-channel imaginary part approximately van-
ishes in exotic reactions without pomeron exchange.

In this paper, firstly we examine in sect. 2theJ =0 nN CEX WS fixed pole. For
this, we study the first wrong-ugnature sum rule [20] (WS FESR) for tle amplitude

.‘ - To eveluate the left-hand side of this sum rule the old CERN Kirsopp [3] phase
shifts as well as the new ones (4] are used. The range of integration is larger than

* Laboratoire associ¢ av Centre National de la Recherche Scientifique Postal address: Labors-

toire de Physique Theorique et Particules El¢mentaires, Batiment 21 1, Universite Paris Sud,
91 — Omay, France. '
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the one used in ref. [2]. Also better high-energy parametrization is used. The exis-

tence of the fixed pole is confirmed.

Sect. 3 is devoted to the problem of a possible / = 0 KN CEX, WS (RS) fixed
pole. Here, we find more difficulties than in #N CEX due to the scarce knowledge
of this interaction, in particular there are not phase shiits for the reactions involved,
but evidence for the existence of aJ = O WS fixed pole is also found.

The #N and KN CEX WS FESR show that the fixed poles are mainly built by
non-peripheral resonances. In hypercharge-exchange reactions these resonances seem
to be important [14), what induces us to look at these reactions. This is done in
sect. 4 where we study the first WS FESR for the B-amplitude, (defined as the dif-

ference between the B-amplitudes of the reactions K™ n—+x~ A and *'n=>K*A).

Again evidence of the existence for a WS fixed pole is found.
In order to be consistent with our WS FESR evaluations, we choose as high-ener-

gy parametrizations the ones that satisfy better the conventional FESR.
Finally in sect. 5, the conclusions are presented.

2. 2N CEX WS FIXED POLE

The first WS FESR for th 7N CEX B-amplitude is given by the expression

n
[ 1mBO@, v = E-a'—('llv""’)*al)-
0 { q,‘(l)

!

HS
mm
N e
o

—_
0o “I'--—X.‘R_'__\_
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Fig. 1. Differen'; contributions to the WS

FESR in #N CE:X LHS stand for the left-

hand side evaluated with the oid phase

shifts; R is the: high energy contribution

using ths parnmetrization (1); I is the left-

hand side of (1) without Bomn term; N o=
responds 10 /3= 1.5.
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Fig. 3. The same quantities of fig. 1, but

using the high-energy parametrization (11)

for R. The p and »’ contributions are also
plotted; N corresponds to /5 = 1.5.
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using the high energy parametrization am

The Regge contribution to formula
the form

for R; N corresponds to /s = 1..5.
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i

Fig. 4. The same quantities of fig. 3: N cor-

responds to \/s = 2.07S.

Fig. 6. The same quantities of fig. $: N
corresponds to \/s = 2.075.

(1) comes from a high energy parametrization of

(In this section we use also high-energy parametrizations of the form

By, )= 25 B} -v’)‘(.'—".,
i
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evaluated with the new phase shifts and

the Regge contribution (R). We use | as

high-energy parametrization; N corre-
sponds 10 /5 = 1.5,
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using the phase shifts (b) and the high- using (b) and (111). The left-hand side is
energy paramelrization (II) (A) NV corre- also plotted; N corresponds to Vi=1s.
sponds to VI =1.5.(B) N corresponds to :
Vi=2075.
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oy
HS.R
—_—
0 Iknr
a1 o1 O3 04 a5 of o7 o8 Q1 07 Q3 04 A% a8 07 08 mi eav
Fig. 13. Similar 10 fig. 12 but using the Fig. 14. LHS R using (b) and (111). RNP
phase shifts (b). means the sum of the non-peripherat reso-

nanoes.
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therefore in these cases the integral of this expression over the circle of ndius ¥ will
replace the expression

L @ oviafe) i
in formula (1)); C(¢) denotes the residue of the J = 0 WS fixed pole.

To evaluate the sum rule (1), we use in the left-hand side the phase shifts of CI‘ERN
Kirsopp (3] and also the new ones of Almehed and Lovelace [4]. For each phase-

Table 1
#N resonances, used in the evaluation of LHS of (1).
! 7 Wave F(MeV) ~ #N
N(l470) | 4 ", 188
N(1520) i ' D,y 56
N(1535) H i St n
N(1670) { i Dy 6l
N(1688) § $ Fg 7
N(1700) ) - i1 192
N(1780) | ) L 121
N1860) i ¥ P s
N(1990) { P Fy s
N(2040) i - D3 »
N21%0) ] SR 7
41236 H ¥ Py s
4(1650) H V- Sy o
4(1610) i ¥ Dy 2
4(18%0) ! §' Fy «Q
41910 } 3 Py 1s
&(1930) } ¥ Fy %

The fal widths
“r: ! uchlhwofmﬁmbntlﬁoupl’l.mymthm
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shift set the highest cut-off used is, respectively: N corresponding to +/3 = 2.075 and
V7= 2.2 GeV. Fiom now on the two phases shifts will bc denoted by (a) and (b).
For the Regge contribution we use three different parametrizations: (1) the old para-
metrization of Arbab and Chiu [5]. It has only a p-Regge pole. It is the parametriz-
ation used in ref. [2]; (1I) the Barger and Phillips [6] parametrization, which uses

p and p’' Regge poles. It was obtained by fitting high-energy data and CMSR; (11T the
‘de Briom and Derem (7] parametrization, also with ap and a p'. It was obtained by
fitting the high-energy data It satisfics (8] also the CMSR. It is very similar to the
parametrization (11).

In figs. 1 to 11 we have plotted the left-hand side of (1), the Regge contribution
and the difference between them. The figs. 1 to 6 show the results for the phase
shifts (a). The figs. 7 to 11, for (b). For each high-energy parametrization there are
two plots corresponding to two different N. One corresponds to V5=1.5GeVand
other to v/s = 2.075 GzV In this way, we can look at the dependence on N of Q).

From the figures, we see that (1) cznnot be zero. On the contrary it must be
very large. Moreover C(1) does not depend on M. Although the range of ¥ explored
is very ‘arge, including extremely low N-values, in which the eq. ( 1) would not hold,
v-= sec that C(¢) remains constant on V. Only a smooth varation on N occurs, when
we use the parametnization (11). However if we take a range or N morc reasonable,
the dependence on AV is very small, as it is seen from figs 12 and 13. The ‘arge con-
tribution of C(r) to (1) leads to disregard ary other interpretation of C(r) but a
7 = G WS fixed pole.

I'he main contribution to the fixed pole comes from the Born term. However for
the best parametrizations (11) and (i11), the residue of the fixed pole is much larger
. thanthe Born term. In order to study this point, we compute the contributions of
the resonances to the WS FESR (1) in the narrow-width resonance approximation
(NWA). The details of widths and reasonances included in our evaluation are given
in table 1. They are taken from Particle Data Group [9]. We sum all the non-periph-
cral resonances, and from fig. 14, we see that the WS fixed pole is almost built up
" from them. Here in order to state sometking definite, we have some incertitudes
which come from the NWA used. also from the values of the widths and from the
fact that slight different Regge parametrizations give nse to some changes in the re-
sults. Aryway, we can say that the fixed pole is not only constructed by the Bor~
torm and the sum of non-peripheral resonances reproduces better the fixed pole.

3. KN CEX FIXED POLES

3.1. Theorerical arguments

For completeness we repeat here the arguments of ref. [1]. These arguments show
that the existence of aJ = O WS fixed pole in ¥ N CEX imply the existence of 2/ = 0
WS fixed pole in KN CEX.
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We consider the reactions: Kn = K, 7N = aN, KN =+ KN. In the range
(2m,,)2 <1< (401,)2. The t-channel unitarity for the KN 7-channel spin flip ampli-
tude is written:

HU.0) - H{U.0) = 2ie()K | 0. 0F10. ), Q)

where F{J, 1), K (. 1) and H,(J. 1) stand respectively for the prolongated KK < n,
NN - xx and NN — KK r-channel partial waves with neutral parity. The index | de-
notes spin flip in the r-channcl and p(¢) is the nm phase space factor. The eq. (2)
holds for both signatures. From now on, we consider negative signature. The behav-
jour of the amplitudes KI(J, 1) and F1J, 1) near the point J = 0, will be

K\

K‘(J, ’)=_-JJ—_' U, 0)=/(1), 3)
because J = 01s a pont sense fur £ and non-sense for K,.K (1) 1s proportional to
the function C(r) of formula (1) and therefore does not vanish.

If one assumes that /(1) 1s not identically zero (1.e. the scattering nK - nK exists)
the right-hand side of (2) has a singulanty 1/, which must be on the left-haid
side. So, the J = 0 7N CEX WS {ixed pole gives rise to aJ = 0 WS fixed pole in KN
CEX.

Moreover, the u-channel K ‘n ~ Kop 1s exotic; assuming that the imaginary part
of this reaction is zero, the first WS FESR for the negative-signature amplitude coin-
cides with the first RS FESR for the positive signature amplitude. So the existence

of the WS fixed pole implies the existence of aJ = O RS fixed pole with the same
residue.

3.2. KN CEX WS FESR
We are going to look for the WS fixed pole 1n the following WS FESR

N

340)
f Im [B,(v.1) - B,(v.1)] = z F’)/Va'm +D(1), (4)
0 (]

where.Bl and082 stand respectively for the invariant B-amplitudes of K" p -+ K%
and K"n = K°p; D(1) denotes the residue of the possible J = O WS fixed pole. The

observations done 1n sect. 2 about the Regge expression contributing to (1) are also
valid for the formula (4).

Unfortunately the knowled
one, both at low and high ener
in the #N case.

We begin with five different Parametrizations for Regge. Four of them come from
fits to the differential cross sections of KN, KN and #N scatterings. In all of them,
only a p-Regge pole is used. From now on they will be denoted by (IV), (V), (V1)

ge of KN CEX scattering 1s much poorer thar the #N
gies. So, our evaluation will have more troubles than
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and (VI1); (IV) and (V) come from ref. [10], (V1) and (VII) from ref. {1 1]. The
fifth one, is the (I11) 7N parametrization used in sect. 2 with the proper SU(3) coef-
ficient. This one has p and p’ Regge poles, and therefore it is expected to describe
better than the other ones the high-energy data. This parametrization will be de-
noted by (VIII).

The left-hand side of eq. (4) is computed in the NWA. The resonances included
ase listed in table 2. The contribution to (4) of the four poles A(1115), Z(1190),
Y3(1405), Y§(138S) is given by

i

r
mB,(v, 1) - ImP, (v, 1) =5 Iz
’ [

2
2’72 A

<p (v —w,) - ‘i:Kp (v — vt) *lzyaxps(""ya)

B

2 _ .12 ) Ly T b
[(mys +m)* =) (myg = m)? - m"l]s(v-vv:’]'

2
- t+
%)

We use as coupling constants of the A(1405) and 2(1385) (ref. [17]),
:55{(4; =0.32and £ AT 19 Im? .
For (s othar taopoins o = mate ~fuslimg o yoed. The Kim's values [12}
= 2 = .
Frxp/4m = 135,87y /4% = 0.2
and other values close to the Zovko's values [13]

Erxp/4n = 5.0 .81y, /47 = 1.7,

(The A-coupling is taken 5.0 instead of the Zovko value 5.7 in order to have a wider
range cf vo-i-" o)

Beiwesn ihe i + = -~ ~rergy parametrizations we choose the one that satisfies
“etter the first RS FESR:
N
pL0)
f v lmBl(v, f)-Im Bz(v. nN)jdv= E - N""'l . (6)
0 { d,’l N

The '2ft-%znd side is computed in the NWA. This sumrule is not very sensitie to
the A{1115) and 2(1190) pole coupling constants. The fig. 15 shows the left-hand
side of (6) for the two sets of values of the pole coupling constants togaha hORe
parametrization (VIII) which turns out to be the best one. The parametrizations are
plotted in fig. 16.

The 1esulis of the WS FESR (4) are shown in fig. 17. In fig. 18 are plotted the
ARt Lticns of the ot «- - -c=mesrizasinne [t i3 seen that these parametrizations

Bave 1 -, . .oiie o vesy anizient oom the left-hand side. From now on, we re-
sard only the (V).
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Fg. 13. Different contributions to the first RS FESR in KN CEX (formula (6)). (s) LHS using
the K I8¢ vadues (b) LHS using the other values; (c) Regge contribution using the parametrization
V).

N

Fig. 16. Regge contributions to formula (6) for the parametrizations (IV), (V), (VI), (VII).

If we take the values close to the Zovko ones, we could say that the situation is
compatible with the non-existence of the fixed pole. Both sum rules. (4) and (6), are
spproximately satisfied. However, recent independent modei evaluations, prefer val-
ues closer to Kim's ones [19]. This would indicate that in eq. (4) D(r) # O as far as
the NWA is good (see appendix).

The sum of the non-peripheral resonances ACLTLS), A(1405), A(1.67), A(1.69),

- Z(1190), Z(1.75) computed in the NWA for both Kim and Zovko values are plotted
in fig. 19. together with the difference between the integral and the (VIII) parametriz-
ation. At low 1, in both cases, this difference 13 buult up by non peripheral rcsonances.

Finally, for each set of pole coupling constants, we have investigated the depen-
dence of the left-hand side of (4) on the resonance widths. We have used the maxi-
mum (minimum) value of the width allowed in the Particle Data Group (9], if the
contribution of the resonance to the left-hand side of (4) is positive (negative). The

opposite case also has been explored. It is found that the results are practically un-
changed for || > 0.3 GeV2.
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. ~
S~

g 17. Different coatributions to the WS FESR in KN CEX (formula (4)) (a) LHS for Kim’s
values; (b) LHS for the other values; (c) Regge contribution using the parametrization (VIII).

{

g8 ¥ 8 B §

@ 0z ) 04 a5 06 07 o8
Pig. 18. Reggs contribution to formuls (4) for the parametrizstions (IV), (V), (VD), (V1I).

GeV
2

)

]
\b
<
0

.00 $
Qa2 03 04 05 06 07 O08iGe
Pig 19. Comparation between non-peripheral resonances and fixed-pole residue in KN CEX. (a)
and (c) stand respectively for the sum of the non-peripheral resonsnces using the Kim’s values

and the other values. (b) and (d) stand respectively for LHS—R evaluated using Kim's values and
Regge parametrization (VII1) and the other values and the parametrization (VIID).
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Table 2
Resonances KN taken into account in the evaluation of (4) and (6).
1 7 Wave r - KN(MeV)

A(1520) 0 { Do3 1.2

A(1670) 0 i Soi 39

Al1690) 0 i Dos 12

AGI819) 0 § Fos a2

M1830) 0 i Dgs 60

A(2100) 0 1 Gy 90 .
(1670) | ' D5 19

£(1150) 1 - S 10.6

£U76S) 1 { Dys 45.0

(1910 1 ') Fys .8

£(2030) ! b Fiy 12

The partinl widths are in the range of the values of Pasticle Data Group {9] and are the values
of Levi Setti [18).

4. K"N-s" AFIXED POLE

The role of the non-peripheral resonances, seen above suggest look at the hyper-
change-exchange reactions, where these resonances are important [14], and that we
look for the existence of fixed poles there. Unfortunately, the situation at high ener-
v is not clear. Recently Field [15) has been able to fit differential cruss sections and
polarizations. He introduces lower j-plane singularities which are built from non-
peripheral resonances. Here we are going to choose some high-energy parametriza-
tion which satisfies the first RS FESR and with it, we will see how the corresponding
first WS FESR works. We use the same amplitude as in the above sections, say

BN 0)= 118,01 - By, 1)),

v’here B, and 8, denote respectively the invariant B-amplitudesinK™n - s~ Aand
T a-+>K*A,
The first WS FESR for B (v, 1) writes
N
- .-m
f m 89, 1)dr = m(_') +F(r), ™
° e () Yo
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where the Regge contribution is taken from Field and Jackson (14]. Their residues
and trajectones are extracted directly from the first RS FESR; F(f) denotes the res-
idue of the possible J = 0 WS fixed pole.

The left-hand side of (7) is evaluated in the NWA using the same coupling con-
stants and resonances as in ref. [14] (the £(1940) is included).

The results are in fig. 20. There is a large difference between the left-hand side of
(4) and the Regge parametrization. We think that this large difference cannot be ex-
plained by the errors introduced by the two approximations done: NWA and rough
high-eneigy parametrization. The high-energy parametrization we have used de
scribes rightly the differential cross section K n -+ A and alihicvgh it doecnet ex.
plain the othcr high-cncrgy data, we do not expect that a better parametrization
would give risc to a change of a factor 2.48 as it is required if F(1r) = 0. Moreover
this factor would not appear in the RS FESR.

Again, we see in fig. 20, that the non-peripheral resonances construct, approxim-
ately, the WS fixed pole. The non-periplieral resonances which are taken into ac-
count are: Z(1190)§*, £(1750)} =, E(1940)] ~. £(2080)3*. %(1920){*, N(938)}°*,
N(1470)4 *, N(1550)4 ~, N(1710)} =, N(1860) " and N(1780); .

In passing we iLinark that the navnerzation used verifies the first RS FESR
for the B ampiiude [i4] without a RS fixed pole. This fact, together with the
result found above F(r) # 0 implies that

~ .
[ im8, (v nav#o0.
0

In fact. in our negative -values this integral does not vanish. (The duality diagrams
predict that the reaction K™ n = 7~ A in the absence of fixed poles, must be purely

cev
. 400

8
I
\
\

. e ——

—
\‘

o 07 03 04 05 0% 07 m

Fig. 20. Different contributions 1o the WS FESR in K~n—="A; (1) s the LHS; (2) is the dif-
ference LHS-Regge; (3) the sum of non-peripheral resonances; (4) Regge contribution; (S) the
sum of peripheral resonances. )
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real at high energy and rcal on the average at low encrgy. This fact has been tested
by Schmid and Storrow [16] only at? = mf; «. However in our f-range we find that
the integral of the imaginary part is not negligible.)

5. CONCLUSIONS

The existence of aJ = 0 tN CEX WS fixed pole 1s clearly confirmed. A large con-
tribution coming from it 1s necessary to explain the difference between the low- and
high-cnergy contributions to the first WS FLSR for the nvariant B-amplitude.

The existence of a corresponding J = 0 fixed pole in KN CEX has been predicted
from unitary arguments. Here the situation 1s less clear that in 7N due to the poor
knowledge of the interaction KN at fow energy. [t has been shown that the evidence
for the existence of this fixed pole 1s large 1f the pole coupling constants arc closed
to the Kiin's values. The existence of this WS fixed pole implics a RS fixed pole with
approximately the same residue. The breaking of this approximate equality would
mean that the imaginary part of the B-amplitude in K'n— Kop 1s very different
from zero.

For hypercharge exchange, 1n the amphtudce R" Yw. ) defined in sect 4, ais0a
WS fixcd pole is found The situation is more clear than in KN Ap addrions con-
tribution larger than the Regge contribution is required to satisfy the first WS F'LSR

On the other hand. 1t seems that non-peripheral resonances build up the residucs
of these fixed poles This fact suggests a duality between both In this picture, only
the penipheral resonances will construct the ordinary Regge trajectories and Regge
cuts. However thiz is nothing more than a possible hy pothesis checked only in the
first WS fixed pole studied above. Further work in this direction 1s in progress.

We thank Professor A. Capella and B. Petersson for their interest in this work,
useful discussions and a critical reading of the manuscript. Also uscful discussions
with Dr. J.L. Alonso and Prof. H. Hogaasen are acknowledged. We thank the LPTPE

for their kind hospitality during the time in which this work was done. The GIFT
is acknowledged for financial support.

APPENDIX Y

In this appendix, we aie going to study the effects of the background in our NWA.
We have evaluated

N
J m B, v
0

for #N by using (a) old pluse shifts, (b) new phases shifts, () ‘contribution to this in-
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Fig- 21. LHS of formula (1) computed using (1) NWA; (2) only SU(3) partners of KN resonances
in NWA; (3) new phase shift; (4) old phase shifts.
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Fig. 22. Contributions of the N-resonances to (1), (2) A(1236) a(1.95) &4(1.65) a(1.91), a(1.67),
A(1.89); (b) N(1.99) N(1.67); (c) N(1.688), N(2.19). N(1.52), N(2.04), N(1.86); (d) N(0.9138),
N(1.47), N(1.78), N(1.535), N(1.7).
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Fig. 23d.
oV A AlmS)
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Fig. 23¢. Atex)

Fig. 23. Conuributions of the KN resonances to (4). (a) £(1.75), £(1.19) (Zovko value) £(1.19)
(Kim value); (b) £(2.03), £(1.765); (c) £(1.67), £(1.905), £(1.395); (d) A(1.82), AQ.1) M1.69);
A(1.52); () A(1.115) (Kim value) A(1.115) (z.v.) A(1.405), A(1.67), A(1.835).

tegral of those resonances in 2N which are SU(3) partners of resonances in KN, (d)
NWA. The results are plot:2d in fig. 21. From these results we see that the contribu-
tion of the background is small.

Let us remark, that including only eight resonances: N(939), N(1535), N(1520),
N(1688), N(1670), N(2190), A(1236) and A(1950), SU(3) partners of KN resonances,
and neglecting another 10 resonances the integral changes very little. In figs. 22 and
23 is shown the contribution of each resonance separately. In passing, we notice
that the dependence on 1 is given mainly by the peripheral resonances.
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PARTIE III. REACTIONS INCIUSIVES.




TII.l1. Introduction.

III.1.1. Apergu sur la cinématique des réactions inclusive.

Dans les réactions du genre a+ b c+X plusieurs méca-
nismes dynamiques sont possibles suivant la région cinématiaque
étudiée et suivant les régions il y a un ensemble de variatles
approprides pour décrire les phénoménes. C’est pourquoi tout
d “abord nos donnons un bref apergu sur la cinématique des réac-
tions inclusives.

Dans le repére du laboratoire, on peut décomposer le mo-
ment de la particule observée en une composante longitudinale

et une composante transverse:

Alors, la relation entre 1’impulsion 5;- (p Pp) et 17¢ - rgle
L §
peut s’écrire E.zm3+ R* of m1=(m:fﬂy‘)v" est appeléé masse

transverse. Une autre variable utile est x définie par Feynman

4,

- P&"“- ‘x' - zPL-.-—.
Rommae S0 VS =

n$ D est 1 impulsion longitudinale dans le repére du centr

“Le.m,
o masse. Une autre variable trés utile est la rapidité y dérin

per

E-¥

3: Sm\’\.\(ﬂ.hm):gﬂ(e ) Qn E’P\ .

Cette variable crolt logarithmiquement avec 1‘énergir

Pour préciser 1°utilité des variables x et



an | Dom

rentes régions cinématiques (considérant Pp comme fixd), consigd.
rons par exemple la réaction pp —s pX aux énergies des ISR

2
(pour un s typique de 1‘ordre de 500 GeV?).

-1 ~0.3 -0\ ? t0.4 4103 +1 "
4 -33% -1¢ o 1.6 133 Y
Fig. 2

Dans la Fig. 2 nous voyons que la partie centrale qui cou-
vre 40% de 1’espace de rapidité correspond a4 seulement 10% en x.
Inversement, chaque région latérale couvrant 2.5% en y correspond
& plus de 10% dans 1la variable x. Nous voyons dcne 1°intérét que
1°on a & choisir les bonnes variables pour chaque région de 1‘es-
pace des phases.

les trois régions montrés dans 1g Pg. 2 correspondent &
trois régions cinématiques distinctes. Dans 1a récsion centrale,
la particule produite est lente dans le systéme du centre de mas-
se; iei, la variable 1a plus appropride est 1a rapidité. Dans les
rézions latérales, 1la particule produite est lente alternative-
ment dans le systéme au repos de 1’une ou de 1’autre des particu-
les incidentes, et on peut considérer la.particule o comme un
"fragment” de 1’une ou de 1l’autre particyle incidente. Ces régions
sont appelées régions de "fragmentationn,

De méme que pour les réactions exclusives, on peut aussi

définir les variables invariantes suivantes,

L]
a .
S —
. X

S2(R+R) +  t=(R- RY  + Wa(P-R) ot 1a variaple *masse
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Y 2
—annuante” M= (P %-RY . on a

sytaruz miemimia M

pans la région de fragmentation de la cible on a t<4<S et

P23 y et les variables approprides seront s, t et M2, en
particulier elles permettent de généraliser de fagon naturelle le
modéle des pdles de Regge & cette région. Dans la rézion de frag-
mentation du projectile, les variables arproprides seront s, u et
mg. Dans la région centrale, t et u deviennent simultanément grands.

Dans le systéme du centre de masse, oOn aure

l: S-aV-S_Et.*'mf
™ (3)

pour P.» P et §S— o0 .
3
S (4)

En fonction de ces variables, la section efficace inclusive cova-

riante peut s’exprimer (l),

Pes.py= E &0 B dT _E . dT 4 do (5)

¢ 0}
(L]
Al
o
r
o
r\-)
Q.
as
.
a5

I111.1.2. Théoréme optigque de Mueller.

L’étude des réactions inclusives avec les pdles de Regge r¢:
se sur le théoréme optique de Mueller (2), qui n’est qu‘une génér:-
lisation du théordme optique pour 1‘amplitude de diffusion élasti-

que & deux corps, que 1‘on peut représenter graphiquement sous la

f
orme a L Pq = P;

g e Qﬁ )‘}: Dise X 1 ) (&)



correspondant 3 la relation

0‘1 ~ % Im T.saqb\uo (7)

-

ol est la discontinuité

T .
ab —» ab

T(s+ie)- 1 (s-i¢)

De fagon analogue, Mueller a énéralisé ce résultat aux réactions

)
inclusives, en relationnant la section efficace inclusive E;&_c"_

el - ’ dfg‘
4 1’amplitude de la réaction abC - abl vers 1l avant
(Pa= PL ,P =P, ,P=FP ). Ceci peut se représenter sous la forme
( o a aQ Pq: P:x
v -p
Z [ x — DISC ‘o Pb—P‘ (8)
X < Sl | AR f:_

Cette <énéralisation, si simple juelle puisse paralitre, rencontre
des difficultés du point de vue théorique car dans la réaction
abc —> abc , la particule ¢ se trouve hors de la région physique
ae la réaction ab —» cX, et S‘z=(f‘-ﬂ_)l, qui est une variable de
maSse pour abec ~— 2bC, est une variable de transfert pour
ab—~cX. De plus, 1’ amplitude de la réaction élastique abc —¢ abc
posséde des discontinuités dans les trois variables Sae=(Re )
Sanz (Pa+ ) et Sauzz(Pusf- ) y et la discontinuité de 1’am-
plitude s‘écrit

O15¢ Tz T(Savtie, Sy +ik, Sanz +ic)

(9)

= T(Sav=- i€, Suu=16,6at ~i¢)

et dans (8) on ne prend que 1la discontinuité dans la variable
Sabl - A cause de ces complications, ce théoréme n’a ja~
mais €té prové rigoureusement. Cependant, il n’a pas soulevé

aucune objection sérieuse et il peut &tre considéré comme un ré-
sultat trds plausible.



II1I.1.3. Région de fragmentation et invariance d’échelle.

L’application des pdles de Regge aux réactions inclusives,
en particulier & 1°étude de la région de frarmentation et de la
résion centrale a été dévéloppée par Mueller gﬁ_gl.(z’e). La
dérivation originale de Mueller, dépassant le cadre de cet exposé,
nous préférons donner une dérivation intuitive de 1’approche de
Regge pour la région de fragmentation.

Dans la région de fragmentation de la cible, par exemple,
1’on a t=(Py-P) petit, c’est & dire $>>It| . Dans ce cas, on
peut imaginer le systéme bc comme une pseudoparticule. Si en
plus un état 1ié existe dans la voie bc , B, notre probléme se
raméne & 1°’étude du processus aB aB, aprés extrapolation hors
de la couche de masse pour B.

Pour s et M2 grands et Mz/b fixé et petit, on peut considé-

rer la réaction comme étant décrite par le diagramme de Regge

suivant
o . L9
a0, (0)
(A [
. .

et on pourra écrire

Eb é:g: = 3(5.?@)32 Fu\ S
dr3 w

q‘to) -\
(10)

Mueller a prouvé que P, doit &tre une fonction de la forme
Fus Rale, M) .

Si maintenant nous supposons que 1°on échange le pomeron
avec intercepte Og(0)=1 , et la somme des contributions

de Resge & (10) se réduit au pomeron et 4 la trajectoire dominante

( Xal0)=%2), on aura

Jes,pa= Fe(t,M/s) + Fo (b, M) INS (11)



4 la limite, la formule ('l) devient

3(5-"0: Fp (£, Mi/5)= Fett,x) (12)

§ ~—m 00

C’est 4 dire, en supposant la dominance du pomeron on rencontre
1’invariance d‘échelle telle qu’avait §t§ formulée & 1‘origine

par Peynman et Yang (4). La formulation de Regge (11) n:ms indi-
que que 1‘invariance d‘échelle est approchée comme S~ e . la amm-

tribution du pomeron étant celle qui la vérifie.

11I.1.4, Counluse S: triple_Regse.

Dans la région de fragmentation on peut considérer la zone
particuliére pcur laguelie s/M2——' 6o tout en laissant s >> |t}
et M2 >>1t\l. On peut considérer la réaction ab —s cX comme une pseu-
do-réaction A deux corps étant décrite par le diagramme de Regge
suivant:

b (4

o (L)

Si 1°on prend le module au carre de cette amplitude et 1°on somme
sur tous les états intermédiaires on obtient 1‘amplitude

s

;ue 1°on peut écrire analytiquement

oGlv) e (H)

30 P0= 1 2 8L B0 B E0S" ¥ Tm{RL_ Me)3)
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oi Bitt) est le facteur de signature, ﬂit est le couplage
o C

oY

et Riawja est 1°amplitude pour 1le processus Reggeon-parti-
cule —— Reggeon-particule. De Tar et al. (5) ont montré
qu’elle correspond & la continuation analytique de 1 amplitude

du maximum d'helicité—flip dans le centre de masse de la voie

croiséé, o G —» o & .
Si maintenant nous supposors Mi>y it| et Mi=w o o4
en ayant §> M | 1’amplitude Ria=ja deviendra dominé

par les p0les de Reqge échangés dans la voie croisée, et elle sera

donc de la forme
g to)-ilb)-otjLe)

h [ 3
Im R —sgg(Mt' t)= ﬁ:: 3;;(”(”)

(14)
le terme - {a:+o) dans 1’exposant de (14) vient du fait que
B —in correspond au transfert maximal d’hélicité.

Combinant (13) et (14), on obtient
WO e Anl0) o0y
- G (E) (_a)
3(5. P) = tz)‘; ‘o M S (15)
od
Gtz By, Ba S (0ITT(L) 9 () Bz (16)

Ceci correspond au diagr‘anune suivant
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qQui correspond au vertex & trois reggeons.

Si 1°on compare (15) avec (10) et (11), on trouve que 1la
forme de 1°invariance d‘échelle dans la région du triple Regge
doit €tre

o;(t) +ar;(v) - Hylo)

Folt, s/m) = % Gijw () (3 (17)

Nous voyons ici explicitement que ce terme ne dépend que de %

et de s/Mz, comme Mueller avait démontré.

II1.1.5. Diffraction, couplage triple pomeron et la réaction

Pp —» pX.

Les réactions inciusives offrent la possibilité d‘dtudier
le vertex & trois reggeons, et plus particulidrement 4 trois po-
merons, constitutant un test pour plusieurs moddles. Pour étudier
ce probléme nous choisissons une réaction diffractive typique
pp — pX.

Nous supposons que les termes triple-Regge intervenant dans
cette réaction sont PPP, PPR, RRP et RRR et on exclut les termes
d“interférence comue PRP. Cette exclusion n‘est justifiable qu’en
termes pratiques: leur présence augmente le nombre de paramd tres
rendant 1’analyse plus difficile; les modéles courants peuvent
expliquer 1le comportement des sections efficaces sans avoir re-
cours aux termes d’interférence.

Donnons un apercu qualitatif du coportement de la section

efficace avec ce modele. Supposons pour simplifier: Hp(t)=tt +1

et Xn(t)=t+l% : on a, dans ce cas,
20¢p(E)~1 LN (t)~|

1R = Gy (8) (& + Gaeo(t) ()

X (6) -1

(18)
204, (t)=VVy \
+ Grea (6) (&) S Guaa (£) () s



Des quatres termes du membre de droite de (18), les deux primiers
possédent 1’invariance d’échelle; les autres ont un comportement

JA
en S

S1 1°0on évalue 1 expression (18) pour t==0.25 GeV2 et 1'on

suppose que

G?N’ (8)= Ganelt)= Geen (6)= Gana (&)

on obtient le résultat de la figure:

1,.0Y 4
< KRR
K"" e
.08 .'\0 ﬁ.\‘ .'Qo .‘{s v '_2_‘:' \-X
Fig. 3

Pour x » .9 on aura donc une région essentiellement diffractive,
dominée par le poméron; par contre la récion x & .9 est essentiel
lement non-diffractive, et dominée par des trajectoires mésoni-
ques. les .onnées expérimentales semblent confirmer ce schéma ( ).
Dans la Firs. 4 on voit le spectre de la réaction pp —» pX pour

les énergies s = 551, 930 et 1995 GeV2 s on peut voir clairement
un pic pour x proche de 1 qui correspond clairement au pic dif-
fractify en plus, la dé pendsnce en énergie de ce pic semble étre
petite, ce qui confirme approximativement 1’hypothdse d invarian-

ce d‘’échelle.

I1I1.1.6. Quelques considérations théoriques et phénoménologiques

sur les couplages & trois réggéons.

Pour la dépendance en t des vertex triple pomeron on adopte

en général une paramétrisation nalve de la forme
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Gralt)d=C e
(19)

ce couplage est essenticllement le couplage Reggeon-particule.
Cette forme simple des couplages & icois réggéons s’avdre parfois
ne pas 8tre satisfaisante du point de vue phénoménologique ou

bien des considérations théoriques font apparalire des complica-
tions dans la forme de ces couplages. Nous allons discuter mainte-
nant de quelques uns de ces problémes.

a) Couplage & trois pomerons.

Si 1’on considére la section efficace totale pour un proce-
ssus & b dans lequel le pomeron est 1°échange dominant, asymptoil

quement on doit trouver

e (0)
S Tuw ~ S

Si maintenant on considdre le processus ab—s cX, dans lequel on

&change le triple pomeron, on trouve asymptotiquement,

- o)

d?—o“ — Gepplt) (.'.S“.i) S (21)
‘*tdk%) Mi—eo

2 - @O
“C

et 1ls relation suivante doit se vérifiem,

.n. ‘0" S O__.T
fdco\(s)f;@;) . (22)

Si le pomeron est un pdle factorizable, et son intercepte est

Xe(0)= 4 , en intégrant (22) on obtient

O':\, ~ Inlns (23)

en contradiction avec (20).

Cette difficulté peut étre levée si 1°on suppose qu; le
couplage & trois pomérons s’annule a t=0 ( GPPP(O)=O ) ().



Expérimentalement, pour mettre en &vidence cecl i1 faut
que les données A petit t présentent un renversement du compor-
tement en t ("Surnover"), ce qui est difficile 2 mettre en évi-
dence & cause des difficultés que 1°on rencontre aux énergies
des ISR pour m<. .ici aux petites valeurs do t.

b) Couplage RRP.

Un inconvénient apparatt lorsqu’on essaye d “extrapolex
le couplage triple Regge & 1la région .7>|x| > .5. la valeur.
prédite de 1la section efficace est sousestimd P&r rapport A

l’expérience.

Ure analyse quamtitative faite par plusieurs auteurs (8),
"1t erparalire que la sec tion efficace avalt, dans la région
wenticnnée, wun coaportement exponentiel en x, plustdt que poly-
nomial. Pour résocudre ce probldme on paraméirise le terme RRP

¢ Oomme
A M/

= B(t)e
RRe (24)

Diirtroivetion le e fterme gst rurement enpirique, et on peut
fvardcs: ceilw aporoche comme une fagon el eailve ne R T
ser des effets secondaires. Une possible interprétation de cette
paramétrisation, donnde par les auteurs de la ref. (8), est que
si 17on suppose Agl0): 12 ot Xp(0)= 1 » et on developpe.
(24) en puissances de M2/s pour petit t, le premier terme de

ce développement coincide avec le terme RRP; 1le second terme

3 la forme d‘une contribution RRP avec Xnlo)=0 | bouvant ve-—
wir dune trajectoirce Tillej les sutres termes  dn déveloprement
Apparaisscnt aussi comme contributions procédant ge trajectei-

res filles.

I11I1.1.7. Analyse phénoménologique de la réaction Pp — pX.

Dans 1’article qui sult nous &tudions la réaction pp-+ pX



TN T

sur une large région en énergie, ce qui nous permettra de sépa-
rer les différents termes & trois réggéons qui y contribuent,

la force relative des couplages et aussi leur forme. Nous uti-
lisons des données s’étendant de 8=28 GeV2 4 8=1995 GeVz.

La section efficace est donnée par

i_dfﬂ-. = PPP+ PPR+ RRP+RRR |
dt dat® (25)

od chaque terme est paramétrisé comme nous avons indiqué plus
haut. Nous étudions la structure des différents couplages,
nous examinons le probldme de 1‘anmulation du couplage & trois
pomérons et la possibilité de testen le "turnover"” prédit.

Ces questions sont larwement dévéloppés dans 1l’article.
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T1i.2s Analyse des réactions inclusives avec le gouplage
E_.‘ trois réggéons.
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THE LEADING PROTON EFFECT IN
PROTON-PROTON COLLISIONS

J. GABARRO and C. PAJARES
Laboratoire de Physique Théorique et Hautes Energies, Orsay, France *

Received 29 June 1973

Abstract: The p spectrum data in the range s = 28 to s = 1995 are described with the triple
Regge formula. The behaviour of the various couplings at small ir1 is explored. Tt is found
that the non-scaling terms, at s =~ 400 GeV' remove the turnover expected if the triple
pomeron vanishes at £ = 0 The results are discussed in connection with the expected beha-
viout of the terms in several models.

The triple Regge region is the one where several models can be crucially tested,
for example, in the multiperipheral absorption modcl [3] the triple pomeron coup-
ling does not vanish at ¢ = 0. Also in models where the pomeron intercept is lower
than one the triple pomeron coupling does not vanish [2, 7]. On the contrary is the
pomeron intercept is one the triple pomeron coupling vanishes [1] Other couplings
are also strongly constrained in some models. In particular, in several duality ap-
proaches the PPR is required to be zero or small {4 7]. Asitis important to look
at the largest possible energy range to disentangie the various terms and to determine
their strength, destroying in this way the correlations between them, we examine in
this note the proton spectrum in proton-proto cullisions m the encrgy range s = 28
to s = 1995 GeV? in order to see the present status of the data in the above men-
tioned points.

We begin with the parametnization of the residues of the various couplings. This
will be done in the most economical way. The inclusive cross section in the triple
Regge region (8] is given by

sd2o

3 = PPP + PPR + RRP + RRR, (1)
drdM

where we nicglect the cioss terms RPR although there is not any convincing 1€ason
todoitals #0 Atr ) rhis teano must vanish under the same conditions as for
the PPP term.

* Laboratuire assocté au Centre National de {a Recherche Scientifique. Postal address: Bitime nt
211, Univensité de Paniv-Sud. 91405 ORSAY, France.
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For the RRP instead of using the conventional single power of s and M 2 we use
an exponential as it has been used in several works previously [9, 10]. This fact is
clearly required by the data. We take the form

RRP : A, exp (4,1 + A1) exp (4 M2 Js). ()

In this way we take into account all the ‘daughters of the R trajectory. It can be
seen as an effective way to parametrize secondary effects.
The PPR and RRR are taken in the conventional way:

B a
PPR : (ag (0) + 1 - 20,(1)) =\ exp (8,1) ( ;72)2""“’ MH*RO )

2aR (1)

C a
RRR : -1 exp (C,0) (’—,) (M?)*RO,
s \M.

For PPP we begin with

Dt 2ap( 1)
PPP: —L exp (D,1) (-’—) O 2P, @
5 Mz

we have performed two fits to the data of refs. [12— 14] in the triple Regge re-
gion in the range M2>4GeV2 s/M2>4,11/<1.05GeV2.In the first fit we take
PPR = 0 and the other one we let it vary. For the 4 parameters we take those of
ref. [10]). The two fits described correctly all the data included. The numerical
values of the parameters are in table I. Therefore the data are compatible with PPR
small, even zerc. We have allowed the PPP term be non-zero at ¢ = 0 and a good fit
is also obtained. However with the values obtained in all these fits we cannot des-
cribe qualitatively the preliminary data of ref. [16] At this energy s = 377 GeV?2,
with the values obtained. even if the PPP term vanishes at 1 = 0 the turnover does
not appear at M2 fixed (5 < M2 < 10) and small 7, because the RRR and PPR terms
remove the turnover. In the casc when PPR # 0 on the contrary, a sharp peak ap-
pears. Therefore the data around s ~ 400, M2 ~ 5 4ng 171 < 0.06 would give the
behaviour not only of the PPP term but also of another term decreasing with M2,
In order to describe the turnover at this energy we must require the vanishing at
¢ = 0 of some other coupling. We will assume that the PPR term vanishes at ¢ = o,

but this could only mean one way of parametrizing some other thing vanishing at
t=0. We take

PPR': ;— B (ag(0) + 1 - 2a,(1)) exp (8,1 (;:{_Z)hp(r) MHRO

We made a fit to the data of ref. (12—15]. The values found are given in table 1.
The fit describes correctly all the data as can be seer in figs. 1—4. In fig. S we plot
the spectrum expected at s = 377 GeV?2.
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Fig. 3. Comparison of our fit 3 with the data of ref [13] Fig. 4. Compariso~ of our fit 3

with the dz%a of ref. [ 14).

The triple pomeron couplings calculated in our fits are very similar in the range
0.15 <]t} <0.25, to the triple pomeron coupling extracted from the first finite
mass sum rule by saturating the left hand side with resonances [7]. At larger f our
couplings become larger, (particularly the couplings coming from our fit 3).

As a matter of fact, we remark that all our fits will gve a very different behav-
jour to the Glauber corrections to nd scattering The total nd cross section defect
is mainly given by the PPR term [11], the value of which is very hard to obtain
with the present data. Also if the PPP term does not vanish at 7 = 0, it can contri-
bute.

Let us finally summarize our main results. The existing data can be well des-
cribed by the triple Regge formula with a minimum of parameters. At energies
around s >~ 400 GeV? the non-scaling terms RRR and PPR are not yet negligible. At
small r and M2, they remove the turnover produced by the vanishing of the triple
pomeron. Therefore at this energy the turnover could not exist even if the triple
pomeron vanishes at £ = 0. The existence of a deep turnover, as shown by the oreli-
mmary‘ data. indicates the vanishing of a secondary term. A good candidate could be
the cross term RPR which, if ap(0) = 1, must vamush. The strength of the PPP
coupling, although with large errors, is compatible with the sum of resonances as
with was pointed out in several analyses and in the duality approach (4, 5, 7). The
couplings with the present status of the data must be regarded as having large errors
because the correlations between the parameters are not completely destroyed with
the existing data. The most uncertain coupling is PPR although it must be small and
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auite negligible for 171 % o .
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manuscript and Prof. § M. Wang for having brought to our notice the existence of
the data of ref. [16]. One of us (C.P.) thanks the LPTHE for its kind hospitality and
the GIFT for financial support.

iNote = 2ded in proof

The data of ref. | 16] have been reanalysed and now the turnover is not very sha*r
On the other hand new data from Coley et al., at the same energy do not show any
turnover. This last data can be fitted very well with a PPR intermediate between the
one of our two fits in which the PPP vanish atf = 0.

In order to reproduce the turnover of the new data of Franzini et al. the vanishing
at ¢ = 0 of another term in addition to the PPP term is still necessary.
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CONCILUSION

Dans la premiére partie de cette thése, nous &tudions
différents aspects de 1a dualité: la construction d ‘amplitudes
explicitement dueles et 1le test de la dualité dans le sens de
régles de somme & énergie finie.

Dans I.2 nous avons construit une amplitude duale pour
six pilons avec des trajectoires d “intercepte positive, et ayant
la trajectoire de parité anomale du w . Moyennant 1‘introduc-
tion d’un facteur cinématique approprié, cette amplitude a les
bonnes propriétés de spin et parité oour tous les échanges zomi-
nants. Nous déduisons, par factorisation, des amplitudes pour
bosons avec spin: MR- tw y PN P et P—aun .

Dans I.3 nous avons utilisé ce genre de moddles dans des
analyses phénoménolesijues, en &tudiant la réaction PRaRKKNM
2 repos. Ta méitole consiate 3 déduirve pal’ factorisation de
v tudea duelues 4 partir d “amplitudes a six pointg. Nous trou-
vuns que les spectres de masse de la réaction sont correctemen.
.écrits par notre modéle.

Dans I.4 nous étudions la réaction mMN avec échange e
churge i 1’aide des régles ae somme & moment continu. Nous <roi
vons que, en cénéral, les régles de somme & moment continu sont
bien satisfaites, et qu’elles réproduisent le zd10 de 1a trajec--
toire dv P 4t = -0.8 ceve

partie imaginaire de 1 amplitude d’'hélicité-flip, construite &

. Nous trouvons égulement que 1a

partir des eonnées d’analyses en déphasages, présente custemcor. i
la forme prédite par les modéles dusux périphérjqucs,.flﬁlvt:H
(i 1 €fermi),

Le Partie II est consacréd & 1°étude des pdleu fixes da:. -
le plan complexe du moment angulaire pour les réactions mésori—
baryon & deux corps. Wousg &viiuons 1 proaidra ra:le de somme
& 4nergie finie de mauvaise signature pour 1’amplitude d'h. .
cité-flip des réuctions TN et KN avec échange de charge, . .

KN avec échnnse d’hypercharge. Nous trouvons une contribution



~on malle d‘un p8le fixe de mauvaise signature a J=0 pour toutea
ces réactions. Notre &tude confirme donc la prédiction théorique
¢‘un p8le fixe de mauvaise signature & J=0 pour EN échange de
charge & partir d‘un p8le fixe & J=0 pour n N échange de chargs,
par le biais de 1l’unitarité dans la voie t. Nous constatons éga-
lement que si on sature les régles de somme avec des résonances
non périphériques, celles-ci construisent le résidu du p8le fixe.
Finalement, dans la partie III, nous faisons une analyseé
phénoménologique du spectre inclusif de la réaction pp —» X
& 1’aide des couplages a trois réggéons. Nous obtenons une des-
cription correcte du spectre pour des donndes aux ISR de 28 &
1995 GeVZ. Nous trouvons que les termes qui ne satisfont pas &
1’invariance d’échelle contribuent encore de fagon appréciable
4 ces énergies. Pour la question théorique de 1’annulation du

couplage PPP & t=0, nous ne trouvons pas de réponse inambigile.

Eohuus u/q“ Coute o' Quiny o Sud





