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Abstract

The available high. energy. total cross section data for ﬂi,Ki,pz_and P
scattering on;protonswandwdeutenons!;fe agalyzed. It. is found that the
diffractive‘(non;falling) components of the cross sections..are compatible
with several different functional forms. for.the. energy. dependence, inclgding
ong'in which GK+p,Oﬂ+ﬁ,,and;opﬁuwillmrise4asymptotically as.ln s with cbeffi—

cients in the ratios predicted by.SU(3) .and. the naive quark model. The falling

components-of the cross .sections-are. found. to be.in striking.agreement with

. Regge "theory. ' The:p. and.w.intercepts are.foundwtombewap50.57 and aw=0043,

A comparison with forward:nondiffractive cross sections.verifies the p and w

Regge pole phases.” The.data.are. in strong agreement with universality, are

‘compatible with exchange.degeneracy, ard. indicate a substantial breaking of

SU(3). Glauber. screening. corrections,.with inelastic. contributions added,

N

are. calculated and:used.to predict -the.total cross.sections for scattering

on deuterium.” The predictions..are in.excellent agreement with the data.



I.. ..Introduction

A<neW'éXperimentS}mbynCarroli et.al. at N.A.L. has.yielded very precise

.values;for:the.total“crosshsébﬁiﬁnsi£or.ﬂi,Kt,p,“and.§.dn hydrogen and deut-
erium targets at four points.in the.momentgg;range 50§;ptab§_200 GeV/c. For
the first time a definite. rise. has. been observed. in all of the reactions ex-—
cept ‘the Epo The rise-is“especially_dramatic.in.themK+p.cross section. Fur-
thermorg,'the:new data;provide“mofemexactuandnhiéhermehergy values for the
differences of cross sections. than. have. .previously. been available.

The.purpose;of this. article.is. to. phenomenologically analyze the high
energy data available.for..hadron-hadron.cross. sections... In.particular, our
goals are (a) to parametrize.the.diffractive.components.of. the. cross sections
as‘systematicglly“and compactly as. possible... (b) To detérmine whether the

... falling components of :the cross. sections.are compatible with Regge theory.
(¢) To<determine'theoreticallymthe»screening.cdrreqtions\for scattering on
deuterium and then.compare. the.predicted. deuterium cross sections with the
data. .

- The:'plan: of -this. article. is as.follows: In Chapter II we analyze the

secondary (falling) components of.the.cross sections,which we find to be in

striking. agreement. with.Regge. theory.... In pfinciple one would like to deter-

mine- the residues.andwintércéptswof.the f,p,w, and A2 Regge trajectories
.directly by forming the linear .combinations of cross. sections which single
out .their contributions.. .This..is not feasible in.practice, however, because
the uncertainties. in..the..Glauber..screening corrections needed to determine the
neutron .target "cross:sections .are .larger than many of. the necessary cross section
differences. ‘Therefore,.in .Chapter II we limit our considerations to proton

. . : : . . + +
target reactions.: .We first.fit. the.cross section differences A(m p), A(K p),

.and..A(pp) to determine .the.p and.w intercepts (see Appendix A for notations),




yielding ap=0;57 and aw=0.43.. The. residues. are sﬁownAto.satisfy w univer-

sality very precisely.and.toAbe.cohpatible.with p universality. Further-
more, the w residue f;ctorizes, indicating..that the ¢ decouples from nucleﬁnsc
dn the other'handg;aq'SU(B).prediction.relating.the couplings of the (non-
degenerate) p and.w trajectories. is. substantially. violated. It is shown
that the very rapidly decreasingucomponent“of.the.pp.differénce can be repre-
sented:by a threshold modification. of the momentum parameter in the Regge
power without invoking a.low=lying.supplementary trajectory. The falling com-
ponents of the ﬂ+p and pp cross sections are also analyzed although the
actualnparameters are .dependent.upon. the. functional form assumed for the
diffractive component of .the cross sections. The W+p cross section supports
f-w exchange .degeneracy and .supports. an SU(3) prediction.relating the couplings
"of'different.parﬁicles,towthe‘same trajectory. The decreasing part'of cpp
-is. parametrized. It could.be.due-to.a.small breaking of f-w exchange degener-
acy, a. low lying singularity,..or. some..other mechanism.

In Section II-B.we predict the forward differential cross sections for
various“nonAdiffractive:reéctioﬁs“using.the parameters from II-A along with

:certain theoretical assumptions.. We find virtually perfect agreement with

. - -._ 0 o o cpo g
experiment for the reactions T p>mT n and KLp->KSp, verifying our parameters

and the Regge pole phase..relations..for the p and w. Other reactions are

found to be compatibleuwith,prAzAexchange degeneracy, -although Oy <ap cannot
' 2

be ruled out., Charge exchange reactions. for which higher energy data would

N

be. especially useful .are suggested.

In Chapter III we consider. the diffractive (i.e. non-falling) components

+ .
of the K.p,_ﬂ+p,.and“pp cross sections., We find. that the data are not suffi-

ciently precise to distinguish. between several .different functional forms for

. the.energy dependence...One"paﬁticularly compact parametrization involves a




single logarithm.

ot = Gl (2e) a-n

d . : .
where.ci is the diffractive cross section .for particle i on protons, m, is a

"threshold" factor of order 1000,CeV2, and bi is. a scale of order 1 GeV2. The

coefficients q{¥, Qﬁ+; a"nd.fC.P are successfully fixed .in the ratio 1:1:%,

suggesting that if this..parametrization holds true asymptotically, 0K+b,0ﬂ+ .
and Opp will all grow like 1ln .s and .be in the ratio l:lr%'(which is predicted
by SU(3) -and the naive quark model additivity assumption). The data are also

successfully fit to other .functional forms, such as

sy = a, + by but + ¢, Ly (1-2)

although no suggestive correlations between.the parameters emerge. Unfortunately,
the parameters of "the .falling.cemponents of the ﬂ+p and pp cross sections are
dependent upon which functional. form is used for the diffractive compoﬁent°

In Chapfet IV we consider..the deuterium.target cross sections. At N.A.L.
energies, thé conventional .elastic Glauber correction doe; not adequately represent
the entire screening. effect. Hence, in Chapter IV we determine the inelastic
scattering contribution using. available data on the inclusive reaction pppHX
(which-is -consistent with a.nonvanishing triple Pomeranchukon coupling). The
inelastic "contribution is‘responsible for as mucﬁ as 25% of the screening correc-
tion. We then combine our estimates of the screening corrections with the proton
and neﬁtron cross sections .(the latter are computed assﬁmihg exchange degeneracy)
to ﬁredict the deuteroﬁ‘target~crossAsections. The results are in excellent

agreement with experiment.

Appendix A summarizes..our. conventions and notations, and Appendix B is a

. compendium of theoretical predictions. for Regge parameters.




“gsecondary trajectories.

IT Total Cross Section Differences and Secondary

Regge Trajectories

In this chapter we describe our. fits to the cross section differences -

+ .
A(m Py, A(K+P)g and. A(PP).and test various theoretical predictions concerning

A. Cross..Section Differences

Consider first the.p.and w.trajectories. We have fit.A(W+p) to a single

power, the p (see Eqn. A5),.with the result,

%ﬁg‘) - (&.‘63\ t 0(05)%6

0(1, = 0.9th %+ 0.01

The fit is displayed is. Figure.l.. The parameters. of, the fits are given in

(2-1)

-

Table 1, and the extracted..Regge parameters in Table 2.
A(K+p) involvés“two:trajecto£ies, the p and w. It would be difficult to

fitlbothisimultaneouslyw“.Inétead,,we tentatively accept the p universality

(or SU(3)) prediction. .(B6). to predict the p contribution from (2-1) and then

fit the quantity .
ot ¢ pt AT |
AEp) - afy, Bo=2f, € 2-2)

to.determine the w parameters.. .The excellent fit,.which is shown in Figure 2,

gives

(%SF R ('f 15 O‘B)wl’ ~ 3 (2-3) ’
0<Q) = 0.433 & o0.0] )

The difference A(pb)ﬁinvolves,notuonly the p and w but also a component

-1.5,

which falls rapidly (asa-pLab ).



We have found that this“falling,component.can;be.parametrized simply

by writing

o, -4 |
. (2-4)

w “~
INGERL he ) 1f, (R )
We tentatively use the universality conditions. (B6).and .®7)to predicf BSP
and.Bﬁp from (2-1) and (2-3).and.perform a fit. to determine Py The result
is
E: (o, 78 + 0.01) Gev/e (2-5)
which is a.reasonable. value.for. a..threshold effect. .The fit,.shown in Figure
3,..is remarkably successfuldnhThismisaespecialiy“tfue when. one considers that

above 20 GeV/c Figure. 3. is. really a.prediction,. based on dniveréality, from .

A(ﬂ+b) and A(K+p)o

. . . w .
From. the success.of. these fits.we.conclude that w.universality, 3YK=Yg, is

very accurate, probably to better than 10%. Furthermore, the w residue factor-

. izes, indicating(a) ‘it.is-really. a ﬁole, and (b) that ¢ does in fact decouﬁle from

nucleons (i.e. Yﬁ s.Yi /10).

The fits are also compatible with. the p -universality relations (B6), but
since. the p residues.arewsommuch“smallerﬁthanAtheAwhresidues (Table 2), the fits
to A(K&b) and A(pp)hcannot;behregardedmas.a senéiti&e tese of (B6).

‘The ratio ap/aw is given by

X _ (2 x ook | (2-6)

oo

indicating a .30% breaking..of. the.SU(3). prediction (B21) (ap=aw also follows from

meson-meson exchange. degeneracy.. (B4). when combined with (Bl)).
Slnce u #(x ,.any.test .of.the SU(3)relat10ngl p = Yi (B20) is obscured by
the ambiguity that the ratioawp/YK is dependent on the parameter S, used to scale

s in the Regge power.: For.. 8% Zme 1Gev (whlch we have used),

M

T - 0.70 + O.od
o .

2 XE




while SU(3) predicts the.ratio. to.be unity.(B20).. This indicates a 30% breaking

of the SU(3) prediction for the factorized residues and a 50% breaking in the

SU(3)‘predictions for. the. full residues. Had we used.so=1GeV2, the ratio (2.7)
. would be around 0,64.
We now turn to the_fwandMAZ“trajectoxies“and the question of exchange de- ~

‘generacy.— Wehshailmsee-in.Chaptenﬁly ghgpngheAQ—A .exchange degeneracy predlctlons

kp = Ok'n : (2-8)

6'W=6‘Fn
are compatible with the data. . However, from Table 2 we see that the o] (and A2)
contribution to thesewcrossnsectionsmis.insignificant.compared to the w (and f)
contribution. Heneeglthe»success of (Z;é) is almost automatic at reasenably
high energiess |
,The.eecond.prediction, theF Okfp and 0pp»shou%d,have no fallieg cemponents,
ie much.more stringent because it. tests f-w exchange degeneracy as well as p—A2°

ot ‘
The K p cross section shows no. hint of.a falling component above 3GeV/c. However,

there 'is a .quite substan;;e; drop.ln cpp (about 9mb between pLab=2°O and pLab=50

GeV/c). Unfortunately,. due to the rising. component in Upp it is impossible to

uniquely determine the.energy .dependence. of this falling component. If we para-
-1 :

P png , the data are compatible with any value of

app between 0.3 and.0.5. A '"best fit" yields

e, = (114 £ 03) mb (2-9)
O(W = 0.42 + 0.05

metrize this component as.Ei-p

(The.details.are.descfibedmin.Chapter I1I).

' Tﬁere afe several.possiblemexplanations.for this component; it could be the
effeetuef a cut: or of a'low.lying tfajectory. It is probably not due to the f'
or ¢ not decoupling,.as: ‘a large effect would ehen be expected in Oy + " (see (820)

and (B23)). The @omewhat°uncettain) value of app in (2-9) suggests a breaking of



f-w exchange degeneracy. If.this. were.the case, and. if. the.breaking were due

entirely to the residues, then to. account for

(5-[’{’: (Yg ;- (7{; s ik (2-10)

" we..require (Table 2)

-X‘e
/S P (2-11)

- = 32
Yo

Such. a 20% breaking is not unreasonable. However, in order to avoid the

detection of a falling component inA0K+p, the exchange degeneracy relation

" Y§=¥§uwould have. to. be. reasonably. well satisfied (or. perhaps even Y§<<Y§).

In the next.chapter we.describe. our. determination of"

@T‘"i = qu th = Ué-v? £ ‘o. g) mb (2-12)

The fitc successfully assumes 0..=Q .

£
If one assumes f-w exchange.degeneracy, then one expects Y§=Y$ and YK=YK'

Furthermore, SU(3) predicts.Y£;2¥f.(Here there is.no. scale ambiguity of the .

‘type found in comparing.1/2. Y with Yg ) Hence, the theoretical prediction

(which aﬁgo assumes - factorlzatlon azg pr—O) is
@TFP :‘EEE) ﬁq» {zw ‘2(5 = (15_.7 + 0.3) wib (2-13)
in excellent agreement with (2-12). |
On.thetother.hahd,;themprf.éxchange.degeneracy.relation (B5) (which requires
a theoretical extension. of.duality. ideas to unmeasured meson-meson amplitudes)

predicts

O A A L A T
CFe -

--Observe that. the p-f relation suffers from the same scale ambiquity that was

encountered in (2.7).

Of course, both (2-13)..and.(2-14). would have to be modified if (2-11) were

. true.. Howevér;.(2—13)mdependsMohly.on the product Yﬁyz, which cannot differ
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very much from ng because. of. the behavior of 0K+pe

Some possible tests“ofmpnAznexchengeudegeneracy.are described in Section B,

B) Charge‘and_IsospinmExchange Cross Sections

In. this. section we.pnedict‘theuvalues.of.tee forward differential cross
sections for.variouanondiffraetive reactions. in. terms. of the Regge paremeters
determined from A(mp). and. A(Kp).. Our motivation. is. to test various aspects of
Regge theory, such-as the Regge phase.,ApA-A2 exchange degeneracy, and SU(3),
as well as to further test the.parameters of our fits. The predictions are
comperediwith experiment and. further experimental work is suggested.

1) ﬂ_p+ﬂ0n

The amplitude fqr,ﬂfp.charge exchange is
Tfp.nr"n = v‘?z( Tepsvp — ’EFP»W’PB o (2-15)
o

= -3 @?‘(t&“ﬂ%_rg §

1TF Lab

Using Eqn.(A2) the forward differential cross section is

SN PR

at o

= L83 L7 ab(eV)

wheré we have used the. p.parameters from Table 2. Comparison with experiment
is complicated bx the. fact. that.the.p coupling to nucleons is primarily of the
helicity flip type(s), so the differential. cross section dips in the forward
direction,. Nevertheless,. the. comparison of (2-16) with the e#perimen?al data

in Figure 4.1is dramatically. successful; . this. supports.not only the p parameters

(Table .2). but also theﬂphase"relation;(A3).which~is appropriate to a Regge pole.
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(7)

Hence, there is no need to introduce Regge cuts  “as had been motivated by

(8)

earlier experiments' ’‘which suggested udv 0.7. Our value for ap also agrees

with the value 0.56 + 0.10 recently determined(g) from the reaction ﬂ+p+wA++.
o o
2) K,prKp

The regeneration amplitude is given by '
° = —l_' o o Lo T o
TKL\O.A, KeP = [TK p->Kp Tl.‘ P-F f,] (2.17)

o, w A
LR T (- SR

Combining Eqn.(A2) and (2-17) with the Regge fit parameters in Table 2, we.
predict both the forward differential cross section and the phase ¢ of the

forward amplitude T The results are. compared with experiment in

KEP+K:P )

Figures 5and 6. Again,.the agreement is excellent. This verifies the para-

meters and Regge phase.relation for the w, which strongly dominates the

amplitude°~(8§p/BEp :éﬁL), Incidentally the w is largely helicity nonflip(s),

so the cross section peaks in the forward direction.
3) T p> "n
The reaction T p»Nn should be dominated by the A2 trajectory. Assuming

p-A, exchange degeneracy,

2 .
Ag_ A& g
7)oh =z XF =z XP (2-18)
0<S = 0(/\&'
The ﬂ_-n-Aq

9 coupling. is.predicted by the SU(3) relation (B23)

A A 48
.7{-& - 4 7{ = By (2-19)
T, 3 K = K .
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Since (2-19) relates couplings of the same trajectory to different particles,

there isrno scale ambiguity, Hence (using an even signature factor)
- \’ L ’
- , Lot g ) -2
lwp% i @ ( ﬁ,\., (2-20)

and

. - 952 DRI . o
(i%;) — 344 fal, ’ ’Wlb (GCV) - A (2-21)
‘o

To make contact with experiment .(in. which the two photon decay of the n is

measured), we‘multlply (2-21) by Fn+2Y/Ftot =0,38 to obtain

' é@_’ ._., =852 -2 (2-22)
(5] = WL o leew) |

Comparison with experiment.is again complicated by the forward dip of the
cross éection, but the agreement.shown in Figure.7.is.quite good above 4 GeV/e,

supporting exchange degeneracy, SU(3), the A, Réggé phase, and the p universality

(13)

prediction of YE. Of course the data are also compatible with N <dp, so

2

higher energy experimentsgwould.be quite useful.
4) K_p+§on and K+n+Kop.~
These reactions are a stringent test of p—A2 exchange degeneracy as

well as the value of BEP, The amplitudes are

TK_r——)}_("n = Tlé'n—e K™n —.TK-[’"?K‘F (2-23)

and 1
T -K%p ~ TB*F“’KF B TI<+n ~K'n

=T - 1)

(2-24).



where

i
R R B
= Txp S Lak-
P EP s | (2-25)
A2' Az-' -1 - é"‘“dl\_t Nha

. | TkPV: PKF. Sinlioky ﬁ"*"

If p-A, exchange degeneracy_isuvalid,.thé differential cross sections should

2

be equal for.all (small). values.of.t.. This seems roughly true éxperimentally(s’la)
for pLab25, but not .for smaller.pLabn The fqrward,crqss sections (whlgh are
again hard to measure.because. of. the sharp forward.dip) are predicted to be

@9 Lo A -2

) = &) R

(Mj o - T S'm“‘o(s Lab . ‘ ,(2'26)

= 1.4§ fa:'gm mb[@ev)”‘z‘

Equation (2-26) .is.compared.with.experiment in Figure 8. The agreement is good

a7

above:4.GeV/c-except-for..the. two.highest energy points. Earlier fits to the
1ow'éhergy‘data(%§).havemgenetally“assumgd,broken p-A2 exchange degeneracy to
account” for the non=equality.of.the K p.and K°n t distributions.

. The rapid fall .off-.of.the. cross. section suggested .by the last two poin;s

..would be. hard to undeﬁstand“on the. basis.of.broken exchange degeneracy and
might require.strong absorption.effects. Higher. energy.experiments on K-p+ﬁ°n
to settle these.issues..are.clearly desirable.
5) pponn and pnonp

The amplitudes 7
"},f’-&?n = TF = fr - 7%”—??” : (2-27)

Tpronp = Topapp - ﬁ’n—f’f’n
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should also be dominated by thep and ‘A2. If this were true the differential
‘cross sections should be equal for all small t, should exhibit forward dips,
and (with p universality) the forward cross sections should be given by Eqn.

(2-26). 'In fagt,uhowever, the cross sections show a forward peak, are much

- larger:than-Eqn._ (2-26), .and_the. forward cross section falls with an effective

intercept around. zero. The data and' the prediction from (2-26) are shown in -

(21) for what .is. happening is that the cross

Figure;9k~yThegstandard“exﬁléﬁat&on
‘ seétion is being;dominaéed'by the pion: trajectory and a scalariconépirator.
Whatnwe‘wish“to‘poipt'out here“iSfthat*fQ;apLab2100'GeV/c the ‘pion contribu-
tion:to"the.Eross'section'should”befoverwhelmeduby‘the p—A2 part (see Figure 9).

(22)

The tw0'highestrenefgy”péints may already be-an indication of this. A higher
energy- experiment would "be very  desirable,. not only to test p—A2 exchange de-

generacyubutﬁalsomto'obtaintgi.
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TIT. The. Total:Cross Sections

The egperimentalﬁresults“of.Refm(l) show that, with.the exception of
antiprotons, all total cross"sectionspof“hadrons.on«protons.eventﬁally grow
with. energy. For the first time.a. clear. increase. has. been observed in
ﬂip, ﬂiD,AK_p.and»KiD.total“crossisectionsww.In.addition, the accuracy of
measurements "in Refi (l) is sufficient to begin a phenomenological examina-
tion of the way in-which:the. cross..sections increase.

. Toffacilitate:discussion;wweh&illwdeal here with.. the.total.crqss sections
}or PP, ﬂ+p, and K+p interactions... From relatively. low energy experiments it
is clear that, beyond the resonance.region, the. pp and w+p cross éeqtions fall
.substantially, while.the“Kfpwcross‘section does not.. Regge theory attributes
the falloff of'the‘ﬂ+pfcrossusection.to.theAp and f trajectories, while the
absence of a sharp falloff_inuthe.K+pucross section comes from the exchgnge
degenergcy of the £ and_w,mp.andezwtrajéctories.(see EqnsoA—S).> The low
Aenergy?falloff'of the: pp cross..section is not well understdod, and may result
from-a breaking of "exchange degeneracy, a lower lying singularity, or some
other mechanism. Aboye'SO GeV/c, .all three total cross. sections begin to grow
with energy, with“the"K#p"crosswsection“increasing sharply at lower energies,
as. shown in Figures 10-12.

Following the .scheme.outlined. above, we parametrize the total cross sections

with. the general form

6’@9 = DKlo /

£ 4t oS Xt 3
SN _ _ (3-1)
- m F D'WF '+ TrF ﬁ_“g &%T\O ﬁ.a‘o .

- D, + B,p"

=T PP 2l

s
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The wvalues of Bgé'and o, -are. taken.directly from. the difference measurements

p

of A(mp), and the intercept. o is. taken to be the w intercept, determined

£
from the A(Kp) measurements. as described in Chapter. 2. . In. each reaction,

. . . . (23% .
Dip is the diffractive component..of. the total cross section, the object of
primary interest,. which..contains. the .increasing part of.the cross section

for each reaction. The additional term included..in © p to account for the

low energy falloff haé;%pandﬁn.asmfreehparametens in. the fit. One can successful-

pLab)] ay
Ci

1y fit the pp data without.such..a.term using,for«example,oppﬁai+bi[ln(

with the low. energy ﬁalloffmofnopp coming from this diffractive term (see

o

Table:3). However, we will also investigate strictly increasing diffractivedterms,
for which an additional non-diffractive term is necessary for Opp' Thus, we choose
a strétégyﬁﬁhich-méiﬁtainshexchéngewdegeneracy in the K+p.reaction, and we

include th¢:additional"nonrdiffractive term in O__.

PP
The results of the. fitting..analysis. show the total cross section data

to be compatible with a number.of functional forms for the diffractive com-

(24) _ 2
"Dip.ai+bi in pLab+ci(ln pLab)

]

.ponents{' Diffractive componénts'spch‘as
c
_ i - . . , Do
Dip— ai+bi(ln pLab) and Dip Ci.ln[(pLab+mi)/bi] all give reliable fits to

the cross section data. (see Table. 3).. It is clear. from this analysis that’
the experimental'data are not measured to high enough energies or sufficient
accuracy to single out one parametrization over all others,

“We investigate;furthernthewparametrization'(25)

Dc/v : Ci ﬁM(ﬁ“l’; ’M;) : . .(3-2)

Using this parametrization along.with .Eqns.(3-1) involves making a three

. + . " . +
parameter fit to. the K p. cross. section,. a. four. parameter fit to the T p cross
section, and a five parameter fit to the pp cross section. This parametriza-

tion is fairly sensitive to. .the coefficients Ci for each reaction, and it is



found that a reliable fit.to. the data can be made with C
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¢:C _:C_ 1in the ratio
K m™'p

C ‘

1:1:%1. The'ratiOﬁEE:=l.suggests“that.SU(3)”argﬁmentsﬂmay hold for the coeffi-
™ _ . .
cientsvci, while the ratio C % would. be expected from extending

K.C“.Cpmof..l..l.

the naive quark model .to.the coefficients. Taking the. overall.normalization

of.theucg.ffoﬁ.the‘pp“crosswsectionwgimes“the«parémetrization (26)
6. = 3.1 u (.@11_47_)
Kp ) .80
o {/L{,JrZOA) 6. _ 2.62 (3-3)
sﬁ_r*to - 3'9””)'” 33 )T 3 W&—é '
, Lat, ety

bp = b1t b (et Lt

. 58
30 /Zé

where in are in millipgrnswandmpLab is iﬁ GeV/c. These fits are illustrated
by the solid. curves: in Figures..10=12... The.parametrization of the data is not
particularly sensitive*to"thgivalues of mi-and bi' By a small adjustment of
Ciuin,each.reaction,.neliable-fits_may bg made. with m, and.bi'varying consider-
ablym. It can be:concluded@mhoweven@wthqﬁ'the.scale;bi.corresponds to a scale
(in~units.of“sbrof‘s6=ir2(GeV)2,.whichnis-a reasonable value for the energy
scale.  In addition, the fits indicate that the threshold parameter m, increases
as one goes from‘K+b to:ﬂ+p to pp. reactions., This gives a phenomenological

e + .
mechanism for the faster. growth..of.the. K p cross. section at low energies. If

..such 'a: parametrization _holds..true,. all the total. cross sections will grow asy-—

mptotically .as a‘siﬁgle.power(30)0f4lqg(pLab), with 6K+p and Oﬂ+p approaching

each other, and both approaching. 2/3 Opp asymptotically, as predicted by the

naive quark model (Eqn.B-30),
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An interesting.result.of. the parametrization of.oﬂ+p.is the extraction

of Bﬁp, a free parameter in. the.fit... While. the value of the parameter depends

on the functional form chosen.-for. the diffractive. component, the form of Eqn.

(3-2) results inﬁthe.valpeTB£p5(16,StO.8) mb. This. is in close agreement

. -Withlthenﬂalue-ZﬁﬁbiililgngZﬁ)&b_:é%E}éEE?@;ﬁEQE"A(“p) and. A(Kp) as described

in Chapter 2,
| The extraction”ofzthewnonrdifﬁnactiveAcpmponent“in-opp is aga?nkdependent

on. the ﬁormnchosen‘forJthewppwdiffxéctiMe ;erm{”ashcan.be.seén from Table 3.
For the diffractive form of 'Eqn..(3=2),.we find. n=.58, a value quite close to that of
the f—@.interceptm However.,, even with the particular diffractive forﬁ we
have chosen, reliable fits can be found.ﬁith n ranging from .5 to .8, by
.changing‘ﬁﬁ' Cp‘.,mp,. and. bi).‘..appropr)iately._ | |

In conclusion, it” should.be. stressed that the total cross section data
admit to a number of possible parametrizations with differeﬁt diffractive
components.. While the. parametrization ' discussed here appears to represent
the diffractive component.of. total crbss.sections in a unified and theoretically
appealing way, it“is;bynno‘means-unique¢ At this time, our parametrization

should. be' considered: a. reasonable .interpolation of the data.
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IV Deuteron Screening. and Total Cross Sections on

Deuterium Targets

Until now.we.have..considered only proton. target cross. sections. The
reason for this is that the .conventional elastic Glauber correction needed
to extract. neutron.cross..sections from the deutefium data 1s not sufficiently
reliable at high energies: .the.inelastic rescattering corrections become im-
portanta(3l_33)

In this chapﬁenawe_wiil_calculate-the screening corrections, which con-
stitute a éensitive test of the.small t behavior.of the data for the inclusive
reaction pp>p+X and . of.the. nonvanishing of the triple Pomeranchukoﬁ coupling.

‘.:Using the calculated screening corrections and the neutron target cross
secti;ns(which}arempredictedufrom;exchange degeneracy), we‘then predict the
deuteron target cross sections.and compare them with the data. Our goal is
to test the inelastic Glauber.theory, as the uncertainties in this are larger
than the effects of -a .small.breaking of exchange degeneracy. It should be noted
that tﬁé rela;ions.gpﬁFopp';nd.GK+n=0k+p follow from p.—A2 exchange degeneracy
..alone.. Since the:p,and;Az_couple.relatively weakly (Table.2), any breaking of
p-A2 exchangé degeneracy is irrelevant.for.our present purposes in the N.A.L.
energy range., The. predictions for OK—n and Oﬁn require f-w exchange degeneracy, .
which was seen to be.generally. compatible with the data in Chapter II. A small
breaking would .again.be_irrelevant here... The Tn cross sections are related by

isospin to the Tp cross sections in Eqn. (A-5).

The total cross.section for._particle.i on deuterium is

Oy = 6 + 67p - 2, (4-1)

WD
where Gi is the Glauber screening correction. We will assume that the ampli-
tudes.are purely imaginary,.which.is an excellent approximation at N.A.L.

energiesf?4)



The' Glauber .correction.can be written

indl.
L (4-2)

%i=%&‘ \+S

L

o

; . . . inel | ] . .
where 6?1 is the: elastic..correction and 61 is the contribution from diff-

(32)

ractively. produced higher mass. intermediate. states. The elastic contribu-

tion is given by

%e& M (4-3)
t 3T (K?+ b;)

We have chosen. a.Gaussian form;for the. deuteron form factor, exp(—RZS?) with
R2=37.GeV_z.(see.Ref;32);ﬁbi"iswthe.elastic slope.

The inelastiC‘éorrectionJcan be'computed from a knowledge éf the diffrac-
tive part of the inclusi&emcross_section4i+p+p+X and. is very seﬁsitive to the
small..t=behavior:.of. this.cross=section.. In.the«triple—Regge model, a non—'

vanishing..triple Pomeranchukon.vertex is.expected to.give important contribu-

inel

.. tionms to Gi . Recently,.high. precision data.have become available from the

pHD+D+X experiment(35)at.NWA&LF,.which show. that up.to |t|=0.03 (GeV)2 there
.is no indication.of:the vertex..starting.to vanish. From these data, -the
| (36)

p+p>p+X cross-section .has.been.extracted and parametrized by Goulianos

in-the following form:

. Bt -
_}f‘;— = A Be o o (4-4)
At dM? M*

where

B = é[i+ 0.06 ](Geri‘

(M 439y + 0.02 (4-5)

and Aiéﬁ=0°7 mb,.:0ne can.easily recognize that the parametrization (4-4) becomes
the Eriple=Pomeranchukon“expression.for large values of the missing mass M and

has the property of ‘taking. properly into account the correct t dependence for
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small missing masses.

Using (4-4)., the:inelastic.correction reads(32)
o g 2 2.4
- —¥*("-mp) 2
ot s, [ 2e— A (4-6)
- P R+ ® M .

= A ] ), - . i ..the. proton.. .
where Yemy, R{§ (s 2mpprab){”and mp and m, are the. proton. and deuteron masses
Glne; haS"'beeri’eVa‘iuat:e‘d.numer.ie‘all.y...ntaking'AMi'jal..J(GeV)20 Typical values for

61nelare.0¢48.mb at .50 GeV/c and 0.75 mb at 200 GeV/c. As the elastic correction

el ‘s i . :
nis.ép ~3 mb, .we see.that the inelastic.contribution is substantial (as much
61nel - 6lnel

as 25%.0f. 8 ).  We. will assume

(37)bpz'b52 1103(GeV)-2, and use the parametrizations

(as. is. appropriate in the triple
Pomeranchukon region), take

for cpp and OEP obtained in.Chapter 2 and 3 along.with exchange degeneracy to

~ compute OED and o __. The resulﬁing cross—-sections are compared with the experi-

pD

mental data in.Figure 13....We consider the agreement between the theoretical
predictions: and the experimental data to be rema;kable, .

Since there.are. no.available data. for the.inclusive processes W+p+p+X or
K?b+p+x atsmall. t values we.will make themfollowing,approximations in order to

. <inel. inel
compute.cSTT .andRGKN(.“M

a).start.the.integration.-in. (4-6) at M§=5(GeV)2 in order
”Lo.éet.rid:of:the‘smailwmasses,msince-in.thisnregion_the.triple—Pomeranchukon
picture is not expected to.be.valid (the.reader should keep in mind that the

calculation dis.very. sensitive. to.the t dependence), Take

{8 )
P _3_§Af’ (-

3\

in.Eq.(4-4). . This. approximation.has. been.checked by computing the inclusive

. distribution.in: the. high missing mass region for the ﬂ_p+p+X experiment(ss)

at:205..GeV/c. and goodmagxéementwwasmfoundm“ub)”Use the estimate of the A1

enhancement of Rf.33. (one. gets.=.0.12 mb) as represénting the contribution of
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the small missing.masses;.we_have arbitrarily.taken.O&OS,mb for the small

mass region contribution.to. the Kp-p+X reaction. Since the elastic slopes

parameters and. have determined. them. through.a best fit.to the K+D and ﬂib

cross sections. Therefore our.results.for. §,6 and 6ﬂ are not entirely pre-

©
dictioﬁs; howeverrthewsensitivitywofn(érB)fto.the exact values of bﬂ and bK

is small. The.values. obtained arebﬂ='6(GeV/c)'.—2_and4bK=9,5(GeV/c)_2° The

value obtained forbﬂ.is somewhat smaller.than.would have been guéésed from

inel

.the lower energy data (%.8.5(GeV)_2). The errors in our estimate of 5“

and in our parametrizations. could account. for the difference.
. £ - + ' o

.The computed. cross sections for m D, K D,.and K D are shown in Figures
14 and 15 along with.the experimental data.. The agreement is again excellent,
although. the prediction-for.oK-D is slightly higher than the two highest energy
data points,

We .consider the_agreement.between.theory.énd experiment for the deuteron
cross sections to.be .a very.strong confirmation. of. the theory of inelastic

'screeningfcorreétions‘B;_Ss)andmof“the”inclusive.data(35)

which indicates a

nonvanishing triple-Pomeranchukon vertex.

" Finally, we consider A(KfD).ahd A(pD). . From Equations (4-1). and (A-5)

we have
P @ Dkp _ w (4-8)
A(KD>: 4BK|° (i-— m>) = 4SK BKP
and

37 (R~ b) . (4-9)

A(pD) = & B;fr‘( e )E =
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where we have"neg'lected....awvery.._smallmterm,.pr.oporfional..to.(Bw)Zo Neglecting

the .energy dependence of“DKb.and"Dpé (a2 second order effect), the energy

dependence of A(K+D),and“A(pD)}is.predicted to be pig;}4which.is in compléte

_agreement.with the data. -

o))

'..Using the data..for o+ anducpp.in the.50-200 GeV/c range we predict

Kp
from (4-8) and (4-9): ‘

‘gg 0.9¢ £ 0.04 | 0

3} 0.92 + 0.01

il

» Wé haVe fit:A(KfD)mande(pD);usihgAthe.values for %, and B§p=3ﬁgp from

Table. 2.. For A(pD)., ..was..replaced by pLab—pg; where pg was fit in order

4 “Prap
to describe the. very low energy. behavior correctly. The result is

3 = 090 £ o0.0L

K ©(4-11)

P
ED — (0‘74_ + O‘OQ)IGQV/C

?f - 0.8% & .04

The details of: the.fit.are given in.Table.l.,. The agreement between (4-10) énd.
.(4-11) is reasonable, .especially.when.one considers that A(K&b) and A(pD) are
small quantities...They.are.very sensitive to systematic errors in the data and
_...to. the. approximations:.made. for..the screening corrections.
. We conclude therefore. that w un?ygrs?lity.(8§p=38§p) and the s;reening

.. ...corrections. in:Equation. (4=8) .and.(4=9) are.valid to around 5%.




V. Conclusion

We have analyzed and fit the .available data on the total cross sections
of ﬂt,Kt,p, and'ﬁ on. praotons. The.resulting parameters were used to predict
the forwafdAdiffefential-crossusectionsnforAseveral.nonrdiffractive reactions,
and the predictions were compared. with experiment. The (inelastic)’Glauber

_.screening_corrections for‘Lhe,scatteringmof_pions,“kaonsyﬂand_nucleops—on- B
deuterium ﬁere determined; the corrections, wheh combined with préton target
cross sections, were used to. predict. the deuteron target. cross. sections, which
were thenicompéred with experiment.

Our ‘conclusions are: (a).the diffractive components 0f the cross sections
are compatible with several. different. functional forms..for the energy dependence.
(b). One very compact‘panametrizationﬂpredictS'th;t.the K+p, ﬂ+p, and ;p cross
sections 'will all rise asymptotically as ln s. The .coefficients will be in the
ratio l:l:%: predicted by .SU(3). and.the naive quark model. (c) The parameters
of the falling components of O“+P and Opp depend on the functional form of'the
diffractive component. (d) w universality is satisfied extremely weli, while
p universality is compatible:with.the data. (e) Factorization is successful,
the ¢ decouples from nucleons,. and. the data supports’8§;=0. (f) The amplitude
phases predicted by Regge. theory for the p and w are correct. (g) SU(3) relations
‘between the residues of non-degenerate trajectories are substantially violated,
while SU(3) relations involving the same. trajectory aré compatible with the data.
(h) f-w exchange ‘degeneracy. is. supported by the data, although the falling com-
ponent of“cﬁp'couldﬂindicatenawsmall.breaking, J(i)kp—Az exchange degeneracy ;s

' compatible with the data,: but. further experiments are required. (j) p-f exchange

. degeneracy for residues.appears. violated, but the test is dependent on the para-
metrization qf.the,diffractivewc9m39nent of‘0ﬁ+p. (The predictions for secondary

" trajectories can be'suﬁmarized as. follows: _all lines in Figure B connecting the

f-w. complex. to the p-A, .complex are. violated. Lines within the f-w and the p—A2

2
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complexes are supported by.or .compatible with the.data)a (k). The inelastic
contributions to the Glauber.screening corrections.,computed. using inclusive
scattering data which suggest. a nonvanishing tfiple Pomeranchukon coupling,
are.substantialu(up.toM25%~ofw£hementire'correction). (1) The deuteron croes
sections which aré predicted (assuming f-w and.p—A2 exchange degeneracy as well

as the computed screening corrections), are in excellent agreement with the data.
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Appendix. A. Notation and Conventions

" OQur amplitudes T(s,t) are normalized so that the total cross section is

6;‘,(/;) — -i— I'mT,tg_’a_;: (“S)") (A1)
.

where pLab-%s/ZmN is the laboratory momentum. in GeV/c. A differential cross

—.section is_given by ___ .

de
t

Q‘,"‘ IZT—T_ _’—/b ry : (A2)
Lab

We denote the diffractive.component of the total cross section, which we
assume is an isosinglet, by Dab(s).
The contribution of a normal Regge pole with trajectory ai(t) to Tab+ab

is given by

L . _ _ ‘iﬂ'di 0(.
P(t)(*i 2 >P ‘ @)
ab SnTlof; Lab

where the minus' (plus).sign.applies to even (odd).signature trajectories. The

. i .
-residue Bab factorizes:
‘ Lo
=
ab a b
If a or b is a Fermion, (A4) is true for each helicity amplitude. At t=0,
however, only the helicity non-flip amplitude sufvives.'
We are mainly interested here in the f£,f' p,w,$, and A2 trajectories,
all of which have intercepts near 1/2. Their properties are listed in Table
A, It is generally’believed(s) that the ¢ and f' decouple from nucleons.

The total cross. sections of interest here are

fTT‘r-F = ‘Dﬂ, - Bfr‘o “+ qu» ‘

O‘;rfP = Dﬂ: B - (=54 _ (AS5)
.6}}'% = '

6;.“ - '6;% .




/bg . %‘9 + Ag

Kp ‘ Ep kp
% = Dgp = i‘, - %ip * %a';‘sk B ;ar,
Ky T Dl‘f t B By - By - %/;:f
67‘549 = Dep + %\:’0”‘ + /E)gfr + BW - A’B%}
e = Dpp o+ B - B -~ B * Py
05 = Dt %T’f - B, *75%‘%;;
Spe = P v B v Ry - B - B
where Bib = YiYi pLj{}'l; 0f course, lower lying traj.ecto-ries should in
principle be added to (A5). The f£'(¢) trajectories, if present, would enter

(A5) with the same signs as the f(w).

We shall sometimes .use the notation

A("“‘3> = 6z, Ou (A6)



Appendix B. Compendium of Theoretical Predictions for Regge Residues

(39

In this Appen&ix we summarize various. theoretical predictions concerning
the couplings of secondary Regge poles (flf',p,w,¢,A2) to pions, kaons, and nucleons.
We concentrate on three major. ideas: 1).Exchanée.degeneracy, which relates the
couplings of odd signature.vector trajectories to those of even signature tensor
trajectories. 2) P and w universality, which relates the couplings of vector mesons
.to pions, to kaons, and. to nucleons. 3) SU(3), which relates the couplings of'
different particles and trajectories within SU(3) multiplets. The different classes
of predictions aré‘summatizedhin Figure B . |

Several comments are. in order: a) To aid in making reliable tests, predictions
are generally expressed in.terms. of.factorized Regge residues rather than as sums
or differences of total cross. sections. b) The majorApredictioné of higher sym-
metries; sﬁch aé su(e6), ére generally equivalent to the union of SU(3) with uni-
verséiiti. c¢) As. the.data seem to be in striking agreement with Regge theory,
we do not consider quark model.additivity predictions, except when they are ex-
pressible in Regge language. d) Most of the predictions can be straightforwardly

(40)

generalized to include hyperon-baryon. and strangeness exchange cross sectionst

o 1) Exchange Degeneracy(4l_44) -

Exchange degeneracy comes in t&o forms. Weak exchange degeneracy predicts _
~that pairs of .opposite.signature trajectories should be equal (e.g. ap(t) =

o, (t)), while strong: exchange degeneracy .further asserts that the residues are
2 . .
equal (e.g. Bé;(t) = Bﬁg"(t9)° The "modern" theoretical motivation for exchange

degeneracy is as follows: 1) assume the existence of finite energy sum rules
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(without wrong  signature fixed.poles).for full scattering .amplitudes (which

Vafehnot of- definite signature). '2) Adopt the HararirFreund aﬁsatz:(as)the direct

channel resonances are dualuto.secéndary Regge.trajectories while the nonre-

sonant. background::is: dual.to. the Pomeronchukon .singularity (diffraction).

.3). Hence, for channels.which are exotic (no direct channel resonances) the

secondary Regge'trajectories. must.cancel. This requires the equality of both
“-the trajectory functions. and residues of pairs of. opposite signature Regge

poles.

The predictions: based. upon. the. experimentally accessible meson-baryon and

baryon-baryon. amplitudes are:

0<g: 0</\

2

(B1)
oy = X,
A= Xg
and
X? - Ay '
i A FA . . . (82)
. Y. = 4 Y."
+ W
- XP = 5&. X'o

ARSI
v¥ g
)/ = &3 Xxo

F<, g
e = % Y%

where sPsz,rand s3“are;¢g1.. Equations (Bl) and (B2) should also apply for t#0
(the predictions“for;thé baryon..residues. then apply to each spin amplitude

separately).

Equétions (Bl) and (B2) are equivalent to
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Kp = O n = .Dlér (B3)
Sep = Spn = DPep

That is, these cross seections should have no 1l/s parts.

1/2 (46)

If one further speculates that the duality arguments apply to meson-meson

amplitudes, one can also predict

oLy = Xy (B4)

and »
. ‘ ol % §
1 = A ¥
£ 8
XI.L’:: JS" XP‘
i - o

For such theoretical. developments of exchange degeneracy as bootstraps,

(B5)

-

the. prediction of higher symmetries from SU(3j,and exchange degeneracy, ideal
nonet mixing angles, and the necessary failure of the Harari-Freund ansatz

for aﬁtibaryon—baryon channels, we refer the reader to Ref. (4¥2)-(#4) and ref-

erences therein.

2) Universality(47—49)

p universality is.the prediction
iou$ § § | ,
1y = XK - 7{? (86

.at t=0, while w universality states

AR ®7

It is implicit in (B7) that

f . ~ (B8)
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Universality'can: be motivated.in.two.ways;4,1).1n;quark-models; universality
follows :from~the assumption that:. the p couples universally to the quark isospin

current, and that.-the. w.couples. universally to the .number of nonstrange quarks
in the hadron.

2) Universality. also.is predicted by the union of wvector-meson dominance

with SU(3). (with ideal. nonet. mixing). This requires "smooth extrapolations"

between the points (lTO),(l,mé),and.(db(O),O) in the (J,t) plane.
Equation (B6) implies

A(Tp)

ff

A(Ke) - A(KW)

(B9a)
= D ery- DIP) (asm)
/)_(ﬂ’)} Alpny =3 L DK+ A (K] (B10)

(B9) 'and  (B10) can be combined. to yield a result independent of neutron targets:

A PP = 3 AER) - D (1'p) (B11)

Of course, low lyingftrajectories (asd) should violate (B9)-(Bll).

3) su(3)

Consider the. SU(3) invariant couplings(%gr%%>octet of pseudoscalar mesons

¢2,2=l..°8, an octet: of. baryons wz, nine ved;or mesons'V2,2=0,..8, and nine

tensor meson tl' Defining. the matrices

M= s ahd
é{’%t%’ © (B12)
& Mo
2 Mt

I

B
v
T

W

- #- A




where A
o

J%% I, the most. general invariant couplings are

Loy = & Tuy Te (MLVM]) e

which is pure f type ((Tr V)(Tr MM) is forbidden by charge conjugation)
LVEB. = ﬁxﬁv[ ‘ﬁ,« Tr (BLV,®))
)T (BIVRY)
c eV (TeBn) ]

(B14)

LTm/\ = \F":XMT [T\r ( MiTJ Mq}) (B15)
| N3 Q%T) (Tv M‘V\}]

L TR V2 XBTL'{T TV (% ET7%]>
o) T (BLTRY) o
t % (TV'TB (Tﬂé%)]

whereAYMV, YBV’.YMT’YBT’ fV’ fT’ B,'e, and § are arbitrary constants.
The SU(3) predictions. can .be made in three stages: 1) With no assump-

tions concerning ¢+-w: and..f=f' mixing, the only predictions of interest here

are .
$ §
| =
2 X% - .X}z . | (B17)
and
Ay A -
XP :-%—X & . (B18)

Y,
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. Eqn.. ' (B17),-which.alse.follows..from. p universality, leads -immediately to(so)

(B9a). 2) In the second:stage .one..assumes. ideal. nonet mixing(sz)

w = Jg 1% + J%;1£
9=F§3%—E‘% (B19)
¢ “\/—";ts+gto
‘F/;" \/gts”gt"

; This:ideal‘mixing,mwhich_is supported. by the. Gell~Mann: Okubo férmula, is
suggested by the quark:model;;;it“corresponds.to.thenm.and f-being composed

- of ‘nonstrange "quarks. only,. while the ¢ and. f' are composed of strange quarks
only; ~ Ideal mixing isialse.predicted. by. exchange degeneracy. In addition to

(B18) one now has

TV EENC T I ~
LXw:$¥=XK:EXI< —XM\‘; (B20)

L

3):In“theﬁthirdistep;.gggmassumes.yi'=0, (which is supported by the experi-
mental fact that-the f'.does. not.decay into.two pions:.and is predicted by
exchange degenefaby);'and.Yiissyi=0, (which is supported by previous Regge
fits). Both are predicted:by..the. simple quark model,. since the proton and
pion.areAcomposed:ofwndﬁstrange.quarks only. It is . also usual to assume éU(3)
breaking in the sense that |

ol = Koy F Ky -

O( :0< o pr

'A& £7h ¢
which corresponds to. giving the. strange quark a different mass from the non-
.strange quarks.

* One now has (in .addition to (B20))

£ =0
e___&%v_jz : (B22)
S =2t -4 '
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and

f 444

(B23)

f

——— ..fSQ__N____ud_-,‘__-.-________ e =
el

¢ _ o _ vt _ o
-

0Of course, equations (B20), (B21l) and (B23) can be extended to t#0.

4) Combinations

By combining any two of.exchange degeneracy, universality, and SU(3) much

stronger predictions. emerge. For example, p universality plus SU(3) predicts

' = ‘ '  (B24
Tuw = Yov B2
while the further. assumption..of.w universality implies
1F =1 (B25)
\"%4
From. (B20),(B23) and (B25)«ﬁ24) is not required) one finds the Johnson-Treiman
formulas(53)
f . ,‘ e ‘,_
A(KP)= & A(KYL) = LA (TP) (B26)

which were originally suggested by M(12) symmetry (which also yields fv=1).
‘ (54)

Adding the universality. condition. (B24), one obtains the Freund relation
5 ' — *
Alre> = 7 Bl = 5 LTF) 327)

The combination..of SU(3).with. exchange degeneracy implies
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Yyg = * ¥nr 0
Yoy = Vet R
X - Ay = K= Xy

If one combines. SU(3).,  universality, and exchange degeneracy, then all
of .the couplingé can be expressed in terms ofAYMV = Yg, as illustrated in

Figure B.

5) Diffraction

- The assumption.that the Pomeranchukon singularity is.an SU(3) ‘singlet

implies

D“(“: DKF T (29)

‘ 55) .
while~the naive'quarktadditiyiry”assumption(.)implies

. o~
3 D = Br P

P

¢ (B30)
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TABLE CAPTIONS

Fits to cross section differences. All momenta are in GeV/c, and Bi =

. ab
1 M7 | . .
BabPlab . X /M 1s the total chi-squared divided by the number of degrees

of freedom. The errors given on the parameters have been determined by
a étandard'least—squares fitting procedure for functions nonlinear in
the coefficients. For practical purposes, such a determination tends to

underestimate errors. See, for example, P.R. Bevington, Data Reduction

and Error Analysis for the Phyﬁical Sciences, (McGraw-Hill, 1969)p.242.
Secondary Regge parameters determined from A(ﬂ+p), A(K+p), and A(pp).

Also included are the parameters determined in Chapter III.

Parametrizations of OK+p’ Oﬂ+p’ and Opp using various élffragtive forms.

In cases 1)-3), the fits are made as described below Eqns. (3-1). In

case 4), Opp is parametrized without a term B Xz/yfgiven for each

-n
PP Prab:

fit is the total éhi—squared divided by the number of dégrées of freedom.

Properties of the major Regge trajectories. The last column refers to the

principle. coupling..to nucleons for t#0.



A(rTp)=c

At p) 22

—9aP _ -a -1 4 _ -1
A(pp) ZBpp(pLab P,)p *2 é;p(pLab .po)aw

Quantity

-n
pI_..ab

BP=c;
KpCp

-n
Lab

A(K+D)=4gK Bﬁ%

A(pD)=4E

W
pop (

_ D)awfl
Prab Po

Table 1

Value

c=(5.24+0.10)mb
n=0.426%.01

c=(15.9%0.25)mb
n=0. 567%.01

p_=(0.78+0.01)

, €K=0°90i-0.01

g =Oc87io.01
P ,

p2=(0,94¢o.02)

Plab
Range

4.43-200

3-200

2.75-200
3.0 200

2.50-200

number
of points

27
22
23
22

24

0.82

0.66

0.65

0_9 84

0.83

(4]



Quantity

18P =P =P
:BWP Kp Bpp

Table 2

Value-

0.57440.01

' 0.43340.01

(1.31£0.03) mb

(1.1440.01) (mb?ll
(23.9£0.4) mb
(4.8840.04) (mb)3
(16.840.8) mb-

-4
(3.44+0.18) (mb) ¥

0.4240.05

- (11.140.3) mb
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. Comment

Sp determined from
§187] +
AT p)

W
BKp,determined from

A(K+p)

assumes 0 .=0
‘ f "w

assumes Yf=yw
P P

effective. trajectory for
o] falloff from parame-
trization (3-2)

effective residue for ©
falloff from parame-
trization (3-2)

PP



Table 3: Parametrizastions of Total Cross Sections

. + +
Reaction Kp TP PP
No. of Data 19 25 66 -
Pts.
b,y Range 8-200 GeV/c 10-200 GeV/c 4,5-2000 GeV/c

1) Diffractive Term: D

Ci,B

2) Diffractive Term:

- a.,b,
1’71

a,.=18.3%.3
i

b,=-.98%.20
1

£
Wp’Bpp

f
’Ci’B

TP

ip

C.=3.27%.07
l L]
m,=206+23
1
b =,33%.02
1
£ . )
Bﬁp 16.8%.8

X5/v = 1,27

a,=l4,4¢ 3.3
1
b,=1.56%1.08

.i=0@G: 0.1

i

P +m,
_ Lab i
= Ci %n( B

)

in milllba?ns; pLab’mi’bi in GeV/c

€,=4.91%.11
mi=541154
bi=.30*.06
Bpp=ll.lt.3

.

n = ,58+.05

X2/v = .99

\ 2

Pip®ay*Py 10 Prgp*e (dn ppgy)

b in miilibarns; PLab in GeV/c

ai=22.6i,9

b.= -2.194.34
i

c,=.41+.02
i

B =23.5+.9
PP

.07+£.02

n=

x%/v = 1.16




Table 3: Parametrizations (continued)

+ : :
Reaction Kp _ﬂ+p ’ ‘ PP

c,
. . o = 4 *
3) Diffractive Term: Dip ai*bi(ln pLéb)

£ o ) a .
ai’bi’sﬂp’Bpp in millibarns; P 1B GeV/c.

a.=17.1+.1
i

' bi=.Oli.006

ci=3,351e29

x%/v = .48

a.=11.243.2
1
b =3.141.81
c,=.76+.18
1
£
BE —32.242.8
™

x%/v =1.07

a,=7,65+.98
i
bi=l,62t526

c.=1.31£.06
i

- B _=39.7+£1.0
PP

n= .16+.10

x%/v = 1,70

d

. . . . = = ' i
4) Diffractive Term: Dip 9i+bi[ln(PLab/éi)]

£ e , ,
ai,bi,B“p,Bpphln millibarns; p, ,,¢; in GeV/c.

(NOTE: ©
PP

a.=17.3+.1
1.

b.=.23+.28
i

c,=7.6x6,5
i

d.=2.02+.64
i

x2/v =.48

-n
is fit without a term B P,

ai=2108i,3

b,=.49+.09
i

c.=27.7%5.7
i

d,=1.53%+.25
i

Byp=5+8%2.1

x%/v = 1.09

in this case)

a,=38.3+.1
i

b.=.44%.05
i .

c.=63,241.5
i

d,=2.02+.09
i

x2/v = 1.13
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Trajectory

n

L3

Table'A<

Signéture"

even
even
odd
odd
odd

even

Coupling

non-£flip

flip

noﬁ—flip

flip
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Figure Captions

D AW = b5p - Orp . ~The details of the fit to the p are described in
Tabies 1 and 2. The data are from Rer. 2. )
4 . . :
2) [3(}(f)<= 6%{?-— 6};+F fit to determine‘'the w parameters. The p para-
meters are taken from the fit to A(ﬁ+P), and the fit is described in Tables

1 and 2. The data are from Ref., 3.

— § /. o1 ne ;
3 A= 6pp~6pp fit o 2f (1 B)" + 2 (R )

The residues are predicted from A(ﬂ+p) and A(K+p) and the fit is to P,. The

« -1

details are in Tables 1 and 2 and the data are from Ref. 4,

4) KJGV%t)O for *ﬂ'f-ﬂwﬂ‘n 3 The line is the prediction (2.16). The data
are from Ref. 6.
5) Qig/jt) for k&:f~49 k; [0 compared with the prediction from (2,17).
A L

The data are from Ref. 10, See also the note in Ref. 1ll.

6) The phase of the forward amplitude for KEP4>K§P, compared with the prediction
from (2.17). The data are from Ref. 10,

7) (Ag/ﬂ{)o for ﬂfF — 7Ln s &Xi_n . The line is the prediction (2.22).
The data are from Ref. 12°
it [ o - 0 )
8) (ﬂf/ﬂtl) for l<{”—>K 1 (solid points) and K+n->K0p (open points) .compared
with the prediction (2.26). The data are from Ref. 15 (K'p) and Ref. 16 (K+n).

9) (J(/Aﬁ) for frl—e n P (solid points) and pp+>nn (open points) compared
() R
~ with the p-Az contrioution predicted from Eqn. (2.26). The data are from Ref. 19
(pn) and Ref. 20 (pp)-

10) -:)K+-pz The curve is the result of the fit (3-3) and the data are from Ref.27.
11) Or+p' fhe curve is the fit (3—?) and the data are firom Ref.28.

12) Opp" The curve is the fit (3-3) and the data are from Ref.29,

13) GED upper curve and OPD lower curve. The data are from Denisov et. al, Ref.2

and Carroll et.al., Ref.l. The curves represent the predicted cross-sections.

14) GfiD' Same as in Fig.13.

upper curve and G _+_  lower curve. Same as . in Fig.13.

15) D

k™D

B) Theoretical predictions for secondary Regge residues.
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