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ABSTRACT

Exact exchange degeneracy, & property of the
Planar S matrix, is not a feature of the physical world.
G parity, an exact symmetry of strong interactioms, fails
to be maintained by the discontinuities of the planar
S matrix. This paper examines the connectiom between
these two conflicting concepts and shows how calculations
of exchange-degeneracy breaking may be based on G rariti.
The relation of G parity to the cylinder and torus
components of the topological expension is a central
feature. We apply our arguments to pfAz splitting
and justify the use of an unsubtracted dispersion
relation for aAZ-ap. Our analysis of the dispersion

relation reveals a dominant role for the nwn channel

wOrk supported in part by the U.S. Energy Research and
Development Administration under Contract W-7405 ENG-48,
and EY-76-5-02-3533.
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I. INTRODUCTION

The planar approximatich to the strong-interaction S matrix is

distinguished by & number of characteristic simple features, including

isospin degeneracy (e.g. p«» and t-Aa) and Regge-trajectory
exchange degeneracy (e.g. o-A2 and f-w). At the same 'f.ime the
discontinuity formulas that define the planar S matrix--formulas
sometimes described as i'ple.m.r uniterity"--do not fulfill the genersal
requireﬁents of Bose sytmetry and charge cbnjugation invariance.
.COnservati_on of G parity, 1n comsequence, is not obeyed by the
intermediate states that apfear in plenar discontinuities. A striking
11lustration of such G-mz“!;ﬁy violation has been discussed in ref. [1]
where it was pointed out thet the planar ® has the same 2x decay
width as the planar p . An essential task fulfilled by the nonplanar
compbn'ents of the topological expansion is to restore G parity, and
it was explicitly shown 4in ref. [1] how the cylinder eliminates the
2n width of the o . Quite generally, in the course of repairing
G parity the nonplan_ar‘ terms produce trajectoi‘y shifts that break
exchange and isospin degeneracy, This paper expends on the remarks in
ref. [1] and develops a jwrocedure for calculating the violation of
exchange degeneracy froki G-parity considerations. |

In order to treat nonplanar corrections of trajectories like p =
and A2 that are not {sosinglets, one must go beyom_i the cylmdef to
the torus (single-handle) level of the topological expansion. Other
euthors [2-5] have retently considered torus degeneracy-breaking but
without explicit recognition of the connectionv Viﬁh G parity. Owr
approach indicstes that important aspects of the torus have been

overlooked. In particulaf, we find p-A, splitting to be dominated
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by intermediate channels containing low-mass unnatwral-parity mesons--

channels ignored in previocus cslculations.

II; G-PARITY VIOLATION FOR THE LEADING PLANAR TRAJECTORIES
Consider the two-particle channels that contribute to the

discontinuities of the four degenerate leading natural-parity plenar
trajectories--f, w, AE’ p . All our considefations can be extended
to unnatural-parity mesons through the correspondence p <« B, A2 hand
2+« 4, f e 1, The planar t-discopntinuity has the form shoﬁ in
fig. 1, where the boundaries i, j each take on two values, cor-
responding in quark language to ™" and "p" or "up" and "down".
The boundary k 1is to be summed and we are principelly concerned with
the cantribution from kX = n and k = p, that is. from nonstrange
intermediate mesons where G parity can be defined. By appropriate
superpositions of (n,p) combinations one mey form planar trajectories
of well-defined isospin, signat;ufe and G parity. For example, the
planar o and A_z‘“, both with I =1 but vith opposite signature,

are

1 /¥ n
A2+(P'f) e e (;—_}» + "“') , even signature, odd G,
2 \ h P
4, p n | |
p+(P-) = }_i_ (: - <“"‘a> s odd signature, even G ,
]2 n P »

while the T = 0 plapar f and « are
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P n P n
¢ ) » L 4 —
f(P ) - % > 4+ > 4 ¢ + , even signature, even G
P n P n’
P n P in .
Ep n P n
(pe) (Pt)

The peutral [o) and bave gimilar forms with ap;n‘opriaté
sign changes. It is now straightforward to show that the discon-
tinuities of both planar p and plapar A2 get contributions from

two-particle states in the sixteen combinations shown in the left-hand

,column of Table I, while the discontinuities of both plamar f and

plapar o get contributions from another set of sixteen combiﬁations,
also shgwn in Table I. Although isospin is comserved, there is no
o'bserva.née of G parity. Only those cambinations indicated in the
right-hand column of Table I are G parity allowed.

The degeneracy of all four trajectories at the plapar level
corresponds to the appearance in each planar discontinuity of 4 + L
channels built from plapar particles of the same signature (++ and --)
and 4 + 'h from planpar particles of the opposite sigmature (+-b and
-+). Were all signature combinations equivalent, overall degeneracy |
might be compatible with G parity, because the total pumber of physical
c'bannels allowed to communicate with each trajectory is seen uniformly
to be 8. The contributions from different signature combinations,
however, are manifestly different, so the degeneracy is unavoidably

broken for the physical trajectories.




TABLE I

(a) Two-particle planar channels that contritute to discontinuities of planar trajectories.

(b) G-parity allowed channels.

(2)
f2)

(2)

(2)
(2)
(2)
(2)

o _ (a) (b)
Trajectories Sigpature Combinations Plapar Channels G-Parity Allowed Channels
Aé+) + o+ VAU Vo R W A WA O ', At
| - wo, plw, 0%%, o'0° () wp', pw
- ’ o°a,t, 0'A%, e, en,t (W) oA 0'a,°
4 A2+p°, A2°p+’ f‘:‘+’ A2+w (1) A24p , A2°°+
ot -+ | W A Y
- - | () %", o'e°
-+ . | () o'e, wA”
+ - ( () fp+, A2+(D

Table I continued.
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TARLE I (Cont.)
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One sees from Table I that there is no immediate breaking of
p-A2 degeneracy. The first-order effect will be to shift £ eand w.
Within the topological expansion such a distinction carresponds to the
cylinder's communicating only with isosinglets. Let us now identify
the precise correspondence between the cylinder and the right-hand
column of Table I.

In ref. [6] there was introduced a cylinder "6peratar" in the
space of plapar trajectories, an operator whose matrix elements may
be represented by the diagra.m in fig. 2. The diagonal elements
correspond to trajectory shifts 1f we ignore flavors beyond isospin.
The cylinder operator vanishes when applied to isotripiets such as p
And A2 » while the diagonal _elements carresponding to £ and
are equal but opposite in sign, at ¢t = O belng positive for f and
negative for «w . Thus, in the notation of ref. (6], the cylinder-

induced trajectory shifts are

_Acyl. aAa(t) = A<::,r2|.. ao(t) =0 (‘l)
Acyl. af(t) = -Acyl. aw(t) = 2x(t) , ()

where k(t) 41s real and positive near t = O. At the same time k(t)
is an analytic function with threshold Bra.nch points on the positive
t axis [7]. The two-particle discontinuity of k(t) may be written

schematically as
) L
disc, k(t) = (T - V(T - VT, ()

PL PL Pl Pt

, ¢ Pt
where fP =A" =T apd w = p° = VP » corresponding to the

twisted pianar link in Pig. 2 whose pole residues carry a factor (-1 )J.
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The discontinuity of k(t) implies a corresponding discon-
tinuity in trejectory functions. Comparing formulas (1), (2) ana (3)
to the differences in the right-hand column of Table I shows that the
cylinder is correcting the G-parity defect of the plamar discontimuity
through a planar erproximation to the intermediate particles. That is,
to the extent that intermediate physical particles are approximated by

their planar counterperts, one calculates from column (b) of Table I

disc (@, - ap) = 0, (L)
2
1sc - . - (v =
d-sct(af ap) disc, (o, ao)
= 2(T

Vet -V, (5)

in rrecise correspondence with egs. {1), (2) end (3).

So long as p-x &nd f-AQ degeneracy is maintained-in the
intermedicte =isztes, G.parity requires no relastive displacemeﬁt
tetween o and AE trajectories. Once the cylinder has shifted £
and & , however,  perity demands & second-order splitting betvween
¢ and A_. {There will élso be second-order shifting of f and w,
ir sdditior to the cylinder shift.) These "second order" shifts tend
to be smzrll even 1f the first-order shifts are large because of tae
low staticstinsal weight of isosinglets compered to isotriplets. ;A
glance at coiumn (v) of.Tabie I shows that only one state in four‘
involves f or w«. (This is Vemezizno's l/N2 factor, with N = 2.
Sez refs. '£,1].) We shall see, however, that there is another, more
impoftant, reason for the second-order shifts to be small. |

with f split from AE -and w split from p, Teble I

ingtructs us o replace egs. (h) and (%) by
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disct(a - ap) = [(f - A2) + (p - u,))](}l.2 - p)

A

+ (&, - 0)l(z - 4) + (p - )],
disc (@, - a) = 3(4, - p)(A, - p) + (f‘- w)(f - @), (73

disct(af ta -a - QAE) = [{(p ~-w)-(f- Ag)][(p -w) - (2 - A2)3.
| (8)

Although these three discontinuity formulas superficially lcck
simlilar to one another, according tc the principle of asymptotic
planarity [6,7] there are qualitative differences between egs. (6),
(7) and (8). Asymptotic planarity implies that the poles on the A,
trajectory become more and more closely degenerate with the f-trejectoy
poles as their mass increases (isospin degeneracy). A s:i.milar trend

1s supposed to occur for the poles on the w and p trajectories.

In contrast, although the A2 and p trejectories become asymptot-
ically more and more closely degenerate, the poles on the two
tra,jeétories pever coincide--the one seguence being at odd J and ‘l;he
other st even J. A similar remark appligs to the ¢ and ©
trajectories. So the comtinstions (f-Azi and (p-w) tend smoothly
to zero with increasing mess while the combinatioms (AQ'O) apd (£-w)
oscillate indefinitely, being <+(-} &ccording to whether the particle
signature is +(-) . The discontinuity of formula (8) is built froo
the product of two strongly-converging combinmations, 'Ehe discontinuity

of formula (7) from products of the oscillating type ani the discon-

tinulty of formula (6) from & product of the two types. It cac be
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shown that the inclusion of channels involving K* and !(i'M will alte
this pattern for the discontimuity of formula (8) but (up to second
order) mot that of formule (6). Weare left then with a qualitative
difference between thepylinder t discontinuity--the type appearing
in formulas (3) and (7)--and the type appeering in eq. (6), which we
ghall see later is the torus discontipuity.

It 1s vell known that, whern a discontinuity of an analytic
function oscilllates with 8 large amplitude, the analytic continuation
of the function may be large in certain regions away from the cut.

Such a situation obtains for the cylinder function k(t), which has
been shown to be large for t £ O even though it decreases strongly
for t groving ir the positive direction. The torus ¢ discortinuity
(e.g., formula (6)) from intermediate natural-parity mesoms is, however,
evervwhere smell because alresdy for the lowest physical states (17
and 2+} iscspin degeneracy is accurate to a few percent. Therefore
we concliude, even for t X ¢, that the contribution to p-A2

splitting from intermedliate patursl-parity mesons is extremely smail.
In contirast, because isosyin degenerucy is badly broken for the low-
WSS unnatura.‘-.-ps.rity n;esor.s‘ x and T, ve showld look here for »a.": ‘ |
significant terus contribution. It is mroposed, then, that P-Ay ‘

splitting should be cslcuiated mot frow formule (6) dut rather from

sisogla - og)= Ln =)+ (- B) +(6 - &) + (0 - @)}l(x-3) + Gy~ p)]

o ln - 2) s (- )in - =) + (B - B)
+ (£ -A?) + {p - 0.

(9)
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. ihe 2n contributicn to the imsgipnary peri of <«

total discontinuity Trezains megetive for & m £ ¢ £ =GV,

Here we have added the unnetural-puarity contri‘outionsr, anticipeting e

near vanishing of the components o« and :t-.l‘\E . We do this iz £ul1
awareness that unnatural-parity comtributions to £ &amd « skifts are
less important thax those from purely metwal parity. The cylinder zpd

torus shifits must be recogrized as having different origilns.

III. ESTIMATE OF p-AE SPLITTING AT SMALL t
Although the cylinder function k(t) éannct in practice be
calculated from 1ts discontinulty through a straightforwerd dispersion
relation, it muy be hoped that the difference «

5

discontinuity we have shown to be better behaved, is amenstle to the

- C!p , Whose

elementary approsch fcr_sna]_l 'tl . If such is thé case we can
estimate the sign ard the order of magnitude of the differepce from
the lowest-lying corntributions to the éiscontinuity.

According tc formula (9) the first coniribution tc the discosn-

tipuity of aA - a_ iz negative, srising fromw the &n channel which

‘ .
communicates with o {not with A ) and whcoee tnreshold is &t
t = 4m°. From the 2r widths of the o(17), £{2*) am: 3(3‘}

st

mesons, together with standard threshold considerztions, one may ded

-0 thst is s‘b.awn
A [¢]

4
in fig. 3. The mext contribution is positive, arising from the a9

channel that cormunicates with A, {not witk p). The =nn comtribu-
tion, &s ehown ip £ig. 7 , 1e much speller in wagritude thsn the

T, pc.:r.lv peczuse the higher % macs reduces the ‘pl;aee space &aul
rertiy beceuse the 1 courlings have been st_‘._rongly shifted awy

frum icesl by ihe cylivder. The third taresbold is assocliatel witn

e axd e chaoncls end gives & net posl .:we t.ontnbx.uon, ut the

2

Looahown Lo S4p. T, Foldowing Wil Be the oo onnd whe rdy o oaf
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contributions whichk we know are negative, ever though we bave here no
experimental datza. The #nx channel prevails throughout this lowv t
interval, tending to raise the p trajectory above the A2. An
ixportant part of p-A2 spiitting 1s thus a second-order comsequence
of a large first-order =n-1 splitting. Were the physical 0 as
nearly degenerate with the x as the physical ® 18 with p , the
p-k, difference at lov [t| would be even smaller then thet cbserved.

Assuming that the maximm in |Im (aA2 - ap)l reached near
t=1 GeV2 as & consequence of the =nx channel is not exceeded at
higher t , we may estimatie¢ the real part of hAE -ap near t =0
through & dispersion relation. Cutting off the integrel at t =2 Ge\f?
leads to aAQ(O) - ap(O) ~ =0,06. This number probably is smaller in
absolute wvalue than the full integral because the next contributions
are known to be negative. The experimentally measured v;a.lue for this
difference 15 -0.11 * 0,01 [9].

Bed we constructed I.m(ar - aw) in the low-t region, this
quantity would bhave looked similar to fig. 3 , but once past the op
and _ m2 .thresholds, large oscillations are expected from channels
built out of mfural-_;nrity maesons, oscilletions which inwalidate &n
unsubtracted dispersion relation. According to formula (6) these
paturel-parity contributions are very small in "m(aA? - ap‘).'

An interesting aspect of =nn domimance of the A2 -p
difference, pointed out to us by C. Schmid, is that the derivative of
the diﬁ'ez"ence near t = 0 has the same sign as the diffe.reﬁce itself.
In other words the difference becomes smaller in absolute walue as t
becomes negetive, in agreement with experiment. From fig. 5 we predict
-2

the derivative of the difference at t = 0 to be -0.14 GeV The
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experimentally measured derivative is -0.1k T 0.07 [2]. Although the
absolute value of the difference Wil incresne temporarily as t
ix:zreases ip lbe positive direction, cnce pest the s peak ir the
discontipuity there will be & charge in eign of the resl part of the
difference, followed by & smooth approsch toward zero in accord withn

asymptotic plenarity.

It bacs been verified in sec. II above that thé cylinder
vroduces the mejor devistions fron pleusrity needed tc restore G parity.
Le% us now see how the t.arus carresponds to shifts of the next order.
it wvill suffice to use a notation besed or matural parity tm.jectaries,
es ir Teble I, even though we have found the domwinant torus con;ribu«
tions to involve umnetural mrity. OQur tesk istc understend formulas
{€), (7) apd {8) from tha torus viewpcint.

Ir the sense ip whick fig. 2 represents & ‘cyliinder operater, we
mey associats a torus "operstor” with fig. &, the dizgopel elementis of
this operastor corresponiimg to trajectory shifts. Thae "handle, " which
appearz in the uLQe-I portion of the diegrRm, may be regarded as &
cylinder whose twe ends ore iptermally attzched. Thnere exists & toruc
corresponiing to Pig. 4 without twists, bul as discussed in ref. [10]
such & torus produces 8 common shift of al5 trajectories.

Oue of the most important properties of the cylinder is that
it rejresents the éifferevce between the flpal, znifted states and the
planar sporoximstion thefeto {€,11,12]. Since tne cylinder comzu-
nicates orly with isosinglets its contributior can be written as

(£ -e) - (2-wF, . - - " {20}
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The lower branch of fig. 4, being twisted planar, has the structure
12 X ) .
(T - V)P . Thus, if ve represent the torus of fig. 4 as a twist

operator times a runct.ion f(t), we bave
a1ee,@{(t) = [(£-w) - (- VPUT - VT

+ (T - VUL - 0) - (7 - VTY, (11)

& formula whick should be contrasted with formula (3) for the discon-
tinuity of the cylinder.
" Including botk cylinder and torus, the breaking of exchange

degeperacy 1s given by

a, - = he(v) < fj/(t) + e (12)
o - = T 4 T (13)

Let us now see whether the discontipuity formulas (3) amd (11), for
the cylipder and torus, reépsctively, are consistent with formudas
¢ ! 13 2 ¢ 2
P =A2P =‘I‘P and wP =pP =VP

verifies imrediately tet the discomtinuity of formula (13), using

(¢) ar2 (7). Since f , ome

formuie (11}, 1s & consistent spproximstion to formala {€). The

corresponding matching of formuia (12) with formule {7), using both

‘eqe. {3) ans {12}, is achieved if we recognize that the second term on

the right-band ride of (T) mey be expended:

B2

L 4 x L -
(£ - e -y = (V) s e - o) - (- VPN - W)

(& - v

iy 2] H AP
-r(T-VP.(:.-‘ cw) - {T =¥y T 4 e,

(3}
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the remeinder being of higher order. Including the higher order term
corresponds to representing all intermediaste f ani « states by
thelr cylinder-shifted spproximations.

What about formuls {(8)? The effect here is quadratis iz Pirsi-
order shifts and conseguently will not eppear et the singlae. nhnlls
(simpie torus) level of the topological expension. Ome would rzve tn |
examine two-handie compopnents in order to find the slift given 7+ «3.
(8). We have remarked already that & much larger contributiz <o this
particular shift will é.rise from off-disgenal elements of thz oilinder
operator ccrrespoaiing to intermediate chr.:mcu., with strarg~ roriicles.

Spaaking o strange perticles, #hat about the brasvking of
exchange degeneracy between ¥’ and Kﬂ' % Since 4he letter tralec-

tories do not ave well-defined G parity, we cepnot discuss thelr

m

relative chifv i the frawewerk of excs. I apd 1Y, The torus froosvork
is 2pfrorriate as soUn &L one vzrognizes thet off-diaponsl elementc of
ths -::,fiinda:" are involved--tucse thet mix © wiik £' sndl o« wiig
P . (Such elements vanish in the piaper mpprovimeticn.) We sheld new
pursue the K -K** 'éhift in this peper except to point oul thii The
Kr dintermediste channel seems &s iikely tc be importen: .rere s: tue
nr  channel waes fourd t: Dde fc-f the ;.-».-".:_ Jiffereuce,

Treatoents of the p-:’as torus anif™ Ly cother euibors hooow
ignorel the «wr comtribubion asa nave aorived ot relatively 1lXido
estiretes of the combributions frox checsrels involving ordy netursl-

parity tr&jectories. 'Plese nther anproaches rev: been based oL &

@iscortizuities rather thar ¢ discoutinuitiex. I prinoipie tii Uwe

¢

‘EPPrwchns shidd glve the same angwar, wut in rewctice one iy 00

TUTE LA ~geul 1< .,bar ke 0‘ sy, x g el iage Thagt o e T, Lo
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t-discontinuity approach exploits more effectively the phenomenon of
“precocious cylinder quenching,” which leads to relatively accurate
isospin degeneracy for all physical particles 1n the leading maturel-
parity femily. This remarkable phenomenon is awkward to incorporate
into an s-discontinulity calculation, -although it is trivial for the
t discont;i.nuity.

For the case of the cylinder it bas froven possible [6,7] to
construct & model for k{(t) based on s-chamnel uniterity which et the
same time exhibited the t-channel unitarity moperties we bave referred
to in previous sections. The reason was the simple s-channel discon-
tinuity structure of the cylinder operator as shown in fig. 5. The
orly nonvanishing s discontinuity is that labeled #1. More complicated
s-f:hannel discontinuities such as that labeled #2 vanish because one
is cutting through & twisted reggeon. Furthermore, because all
vertices are plapar there will be no reggeon~-reggeon cut. Neither of
these simpiifying conditions is present in the cae of the torus.
Discontisuities through the cylinder in fig. 4 are nonvanishing and,
Yesause the cylinier reggeon-regyeon vertex is nonplanar, we have
regéecm cute. Tnese phienomena ccmplicatg s-channel models &nd obscure
the comuection wiil 8 t-channel description. Only for the cylinder 15
the structuwre cufficiently woncanplev as to permit simultaneously
simple s- awnd t-chanvel deserirtiouns.

Tnere have been various attempts to calculate s discontinuities
of ton torus, ewch empléyi:,g different approximetion. Major &if-
Ziculties muve been to estimete the sign end megritude of fixed pole
residues, end to ewluate ebsorptive cuts, In & complete s-disceontiadly

esloudation of the comtribution from patural parity intervediste
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Tt is ensy *o 1dentify oune ‘hnport&nt s~-chenoel ecrtrihation
thet has so far been iguored. Crucisl to our apelysi:s of the torus
has been the realize+ion that the cylinder is mot just the physical f
or @ but also contains & negative plapar piece (ser =z
duvt= rll s-chanpel ciaiculiavions cf the vorus heave inciuded only the
physicel £ (Pomeron) cozponent of ihe cylinder 1ink and heve peglectda:
the negatife Planaer plece.

Our calculation of p-A, eplitting hes proluted a szell velue.
From the point of view of the topological expansion there are tuwc

o . ’

sorecs oF this smaliness. Ome i: the 1/8  fscter. Puz in eddition
we, Sz7o found thet the ovlisder Insertion frow which tori are
construcied, dovolwves the oylinder-shilted trajectory minus the
srigies? planar trijectory. It fe cnly vihen the differsnce betweon
cylinder-shifved and plaaar otjects are of order unity that handis

) : '
{orreations willi even be &8 large o -L/N . I the exzunle we hawr
sonsidered the patursl-parity nandie coptribidious are smell because
in the relevant regions, tbhe diff;.rence es -s;:pz‘ess,gﬁ, in es. Z'ic_'%_.A is

small. Y1 1s onily the .0 syatsy, wr2re Lhe eviinder shift is

gignificant, that can mike covtricutions #s large &s l_,"N2 .

V. S'¥MARY AN ZORZIASTON
The chief new idea ip thlc peper hes beaza our conjecture tuost
the toru: of tig. 4, in comtrust to the >:-:inler, satisfies &n
unsubtracted t-disperzics relation. Although we were led to ihis
conjecture kv the Iifference in strusturs of formuies {€) apd “(’{) Tasad

o epardty congtaeraticns, rhe somianstiure might bave been arrived at



o e s s

de 3 4 é,ﬁwa{;};gg.

-18.

by straightforwvard topololicaliexpansion analysis, coupled with the
principle of asymptotic piam.rit’y. One striking physical consequence
1s that isotriplet trajectory splittings such as p;ls,2 , that are
controlled by the torus of f£ig. U4, should approach zero at both large
positive t and largé Reégative t : The maximum difference should
occur at moderately emall positive ¢ /where the mx ;:bannel plays a
dominant role; at larger Positive t the difference should change
sign. In contrast, an 1dosinglet trajectory splitting such as £-v ,
fhat is controlled by the eylinder; grows-indefinitely as t -+ -
even though it decreades &8 ¢ =~ +m. —

Our conjecture id4 encouraged by the low-t discontinuity of

@ -0/, vhich has & paximm in the nn dominated region,

A2$ b Gev2 This maxibul ha.s the appropriate magnitude -and sign to
explain both the» D‘*AQ splitting and the ¢ deriﬁative of the
splitting near t = O;

An historical comiient iway be in order. For many years attempts
vere made to explain the p as a dynamical 'mr‘ " composite, i:ut the
attempts were quantitatively unsuccessful, ani recently it has come to
be believed that cmﬁﬁéle such &s pp are more important then s .
Roughly speaking, what we are suggesting in this paper is that the mnx
c@tribution, present i.nfhe p But not in the A,, 1s largely

responsible for p-A2 #p1itting. The observed smellness of this

‘splitting confirms that She #i comtribution to p dymamics 1s

relatively unimportaht. At the samé time it is agreeable to ‘aiscover

that in the experimeitél domin of {sotriplet exchange-degeneracy
breaking the extensivé theoretical investment in snx dynamics seems

to be relewant.



[N

There have been previous, qualitative attempts to explain
deviations from exchange degeneracy in terms of.t-channel
dispersion relations [18]. Our investigation has put this
approach on a firm thecfétical and quantitative fooiing. The
use of an unsubtraqted dispersioh reiation fo} p-AZ splitting
was justified and satisfaétory numerical results that are in
accord with recent experiments were found. We have seen that
the t-channel approach is hot well suited for the f-w splitting,
but we have previously given a satisfactory treatment of this
problem from an s<hannel pbint of view [6]. The.topological
expansion provides a coherent and consistent framework for
discussing both aspects of the problem and correctly describes

the observed pattern of broken exchange degeneracy.
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FIGURE CAPTIONS

Two-particle planar discontinuity diagram.

‘Diagram of the cylinder operator.

'The low-t contributions to thé discontinuity of a, -a_.

e
Interpolation between the éxperimental points at tﬁe
resonance masses was done by using standard centrifugal
barrier and threshold fectors., The thresholds for the
70,7A. and wf contributions are alsc indicated.

Diagram of the torus thet breaks exchange degenerary:

Two different discontinuities of the cylinder operator.
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