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ABSTRACT .

The impact of the empirical features of missing

mass spectra on Regge cuts is studied. The measured processes

a+p=X+p (a=x,p) indicate a large diffractive
component in certain réggeon;paiticle amplitudes which'may
- _crucially affect the structure of the correspondigg cuts.
This diffractive term essentially measures the possible
deviation from results for cuts derived in models with
resonances only, such aé the Finkelstein’svselection ruies
which are based 6n duality diagrams considerations. »
Additional results for cuts are pointed out from the

observed weak coupling of the pomeranchon to large masses.
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I. INTRbDUCTION
In the framework of Regge theory the natural obaects to be
studied after poles are Regge cuts. It is of importance therefore té'
investigate cuts both theoretically and phenomenologically
Guided by field theoretic diagrams, Gribovl developed an

interesting approach to Regge cuts. The general structure of Gribov's

‘reggeon calculus was-later confirmed from dual models calculations.z

Although Gribov's theory is by‘no~means complete, in particular

- because of the renormalization problem, it nevertheless provides a

systematic way for exploring cuts. The reggeon-reggeon-cut in this
theory is determined by a new type of amplitude, namely -the reggeon-
particle amplitude, whose asymptotic behavior is determined by triple -

reggeon couplings. These new quantities are not merely mathemetical =

iobjects, but_dovhave a direct physical meéning since'they are experi--

mentally measurable in inclusive processes near the end of the
spectrum.

. Recently Muzinich et 31.3 studied the relation between-the
pomeranchon-~-pomeranchon (P;P) cut and the triple pomeranchon coupiing
(gPPP). It was first shown by Arbabanel et al.,4 that gPPP can be
measured from single and double diffraction processes. Subsequently

a rough estimate for Eppp "has been obtained5 from available data

which was used as an input in the work of Muzinich etval.3

Here we shall only discuss the contribution of double Regge
(R-R) cuts to forward two-body scattering amplitudes. The restriction
to "forward cuts" is needed since they are directly measurable from

missing mass experiments. Hence the emerging picture is that a

_measurement’of both the two-body and inclusive cross sections will, at
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least in principle, determine both the poles and cuts: This fact
strongly emphasizes the great importance of inclusive processes for
" understanding the structure of cuts.

We shall show that one can derive interesting results for R-R
cuts by using some remarkable prominent features of the observed missing
maes spectra Explicitly it will be pointed out that the available
inclusive data indicate the presence of a sizable diffractive component
in the fixed pole residue of an elastic reggeon-particle scattering
amplitude. Thus, in such amplitudes, one expechbs a considerable
eorrectidn to ‘a theory based on resonances‘only and‘exchangerdegeneracy.
In particﬁlar, the f‘inkels’cein's6 eelection rules for Regée cuts, with
& nonzero reggeon-reggeon—pomeranchon vertex, may be violated
- Actually a numerical estimate will be given for the deviation from
the selection rules. We shall also study the implications of the

- empirical missing mass spectra on absorption models and the eikonal

approximation.

is depicted in Fig. la. At high s

e

II. DOUBLE REGGE CUTS AND TRIPLE REGGEON COUPLINGS
The discussion will be limited to R-R cuts in total cross..
sections. (forward elastic amplitudes) from which cuts in processes

with exchange of quantum numbers can be obtained through iso-spin.and

SU(3) relations.

The Rl-R2 cut in the process

a+b = 8a+b

its contribution to

= (o, +p,)°

the ebsorptive part of the forward elastic amplitude is given by;l

. 0
) cut -1 ' L
Im F (s,0) = E’Ts,[, dt ;Rl R, (t) N R as R, a(t) NRlb-o Reb(t)

(t)*aRé(t) .
(‘) e

Here t is the reggeons "mass R =1 GeV2 and the N's

are fixed
s 1. )
pole residues, 1n_the corresponding reggeon-particle amplitudes,

defined by

NRla_,Rga(t) - fo af A o Rza(Mz,t) (2):

2 ) . i
where ARla~»R2a(M »t) 1is the absorptive part of the amplitude of

s - 2
the process R, +a -»R2v+ a shown in Fig. 1b, M£_= (p, + ;)%

(t) 1is treated in a similar way. The factor ¢ (%)
Ry»Rp
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' * 1", n 3 K3 I3 2
is Re(gRl(t) §R2(t)) for & "+" sign cut (unitarity cut) and is
Re(%R'(t) & (ti) for a "-" sign cut (absorption cut or Gribovrcut)
1 2 )

1,2) being the signsture factors

-indR. (t)

1
€ + T

i
sin naR(t)

with gy (1=

b (8) = -

. ('ri = +1,-1 for 8 positive and negative signature respectively). The

quéstion of the "sign" of the cﬁt\ will not be di‘scussed'? here as it is
beyénd the purpose of the present work. We shall rather focﬁs on the
fixed pole residues, given in Eq. (2), which are t-he basic elements |
for the R:L-R2 cut. . '

‘The direct relation -between cuts and inciusive reactions is now

clear from Eqs. (2) and (1) since ARl (M2 t) can be determined

a.Ra

(a,t.. least in principle) from the interference of the Rl and R2

exchanges in the process & +b =X + b as indicated in Fig. 2. Of

- particular importance is the asymptotic behavior of AR a.-vR 8';“3
. » 2

A e paOF58) —> }R: OIS
: ;5»1 3 -

' o, (o)«xR (t)aR () .
X ("2 ) - )
Thls defines the tnple-reggeon coupling gR R 2R (see Tig. 3) and

‘..ﬁ}ﬁhermore shows the connection of gRlR 2-R§ " to the Rl-R2 cut.
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One can see from Eq. (3) tbat for most cases of interest the

asymptotic behavior of AR a—-aRza is such that the integral in Eq. (2)

is divergent. However, analytically continuing the integral, by

subtracting the "bad" high M2 -1limit of Ap o, g g> @ convergent
2
expression for NR asRa O be derived.9 In fact the analytic

continuation procedure is automaticelly accomplished through the use

of finite-energy-sum-rules for reggeon-particle amplitudesl;lo
aa, . 0t) = N (t)
fo ARla,—a Rea Rla-—> R2a

aR OREN (t)«xR (v)

Z BR aa(o) €r R (t) 5o
+
| RB' OLR(O)‘fl-OtR(f) O'RT'G)

()
where ﬁz is & properly chosen cut-off».

Later on we shall discuss in detail the case of Rl = R2 =

‘for which Eq. (4) reduces to

i
Ngaws Ra(t) =f» W Ay, 2a0F,0)
0
O (0)+l-20.R(t)

O/R(O)+1-axR(t) s ) - ()

.

vhere R, = P,R', a3(0) =1, and ap,(0) = 1/2. 1In contrast with the

first term in Eq. (4') being always positive definite the terms under
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the sum contribute either positively or negatively to Nﬁa—aRa
depending on whether op (0) +1 - aaR(t) is, respectively, negative
3 .
or positive. It was first pointed out by Muzinich et al.3 that because
the triple-pomeranchon coupling contributes a negative term to
N the Gribov-Midgalll lower bound for the P-P cut might in

Pa~ Pa
fact be violated.

2
- - ot
_and W = (pa + P, pb) .
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III. RESULTS FOR TRIPLEiREGGEON COUPLINGS FROM MISSING MASS DATA
We shall now turn to the empirical prominent properties of
the observed inclusive spectra. The kinematics of the processes to
R . 2 : 2
be studied is shown in Fig. 2b where s = (pa + pb) , t = (pé - pb) ,
Note that in Fig. 25 the vacuum exchange
12 ( -

is not forbidden. Such processes are x +p =X + D a=gx in

. 13,1h :
Fig. 2b) and p + p -fX_+ P 5 particulaerly for which interesting

data have been accumulated:
The most remarkable festures of these data, as observed from

(deo/dth?) "at high s, small t, and ¥ above the resonance region

(s/M2 >5), are the rapid fall-off with the incident energy (~ 1/s)

and the flatness as & function of .

What can one learn about Regge cuts from these experimental
facts? Equivalently, what properties of reggeon-particlevamplitudes
ﬁre implied from the available inclusivg dﬁta? To answer this the

inclusive distribution will be written in the triple—Régge

representation;15
a’o - 15 Br uo(t) By pp(t) & (tﬁ Ex (%)
= 2 bb PR,bb :
ataM’ o xep | 1678 R TR, Rbb* "7 "Ry RV PR,
g ()i (1) . i (0)-a (1)t ()
x (:-0> » BRB”(O).gRlRERB(t)<’S_~O.> .
' (5)

From the ~ 1/s fall-off at t =~ O one obtains that the dominant

exchanges in Fig. 2a have aRl(O) ~ aRQ(O) = 1/2. That means that the
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pomeranchon couples weakly to large masses. Now to obtain information

on the R3 trajectory (see Fig. 3) we exploit the flatness property

in M at t~O vhich implies o, (0) ~'aRl(o)_ +a§ (0). When this
3 2 L

. result is coupled with the result for Rl and R2 " derived from the

s dependence of the spectrum, one concludes that aRj(O)' ~ 1. In’

other words although the pomeranchon couples weakly to large masses

it is, however, dominant in the réggeon-particle a.mplitudes. Therefore

‘the RRP term is strongerl6 that the PPP and .PP'P ones (only these

terms contribute in the scaling limit). Mofeov;.r it is important to

einphﬁsize thaet the RRP term is disfavored by the energy dependence,

relative té _i"PP and PP’P, and hence the coupling relevant for the

cut, namely - [sge Eq. (4')] is even much stronger than Eppp

and Epprp at least fbr small t. '

We can summarize 5, Just from the se.lienﬁ features of present
m'i'ssing_ma.ss experiments, that 8RRp is expected to be extremely
-cruciai in R-R cuts and fha.t Eppp and €pptp will be legs important
in the corresponding cuts. In fact a qua.nti"t,ative estimaté for the

importance of 8RRP in R-R cuts is derived below.
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IV. A SUGGESTIVE ESTIMATE FOR THE 8RRp EFFECT IN R-R CUIS

12-14

For definiteness we congsider the processes 8 +p=X+0p,

a =5 ,p in Fig. 2a, where the dominant exchanges are P,P' and o

(the couplings of p and A, are sm2ll) as well as 1 éxcba.nge-which

"will not be considered in the present context as it will not affect the

essential bconclusior‘xs .

As discussed above the;inclusive data indicates that P_" angd
w are the _domina.nt mechanisms for missing masses above the résonance
.region. Consequently for exchange degenerafe P' and o ohe obtains

from Eq. (5), for t ~ 0, the following approximate relation;

2

4 2 :
. ~ 252 Brep(t) I (t)l2(§—>
at 1648 PR 59
a.+p=> X+4p .

. . 0, (0) -2 (£) P
X Bpgg(0) %(ﬂ(%) - (®

where R =P' or .

It will be instructive to split NRa—o Re. into two pieces, the

first contributed by resonances and the sécond by background (BG);

es
NRHH_R& = NR +NBG

"Ra— Ra Ra= Ra, ° (7)

From Eg. (4') one obtains

) ﬁ2 . .
Baran(0) Epg: () 8
NS o (8) f af AR5 (F,¢) - Bea - RRR 0
. | Ra J, Re aR,(o)fl axR(t?

' (0)+l-31R(t)

(2] @

WIZI
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" ap(0)+1-20p (t)

o

IS

5 Bpaa (0) Errplt)

RaF)Ra(t) = - aP(O) + 1 - aaR(t) (7")

1]

where17 M' ~ 1 GeV is a mass below which the background contribution
is negligible relative to the terms in Egs. (7') and (7").

Our central goal is to study the role played by g in

. . n h
N and hence in R-R cuts. If indeed Nﬁg;;Ra [Ba. (7")] turns

Ra-» Ra

out to be considerably large it might indicate a, substantial correction
to N§Ef¢Ra’ the iatter being constructed from models based on
résonances only, e:g., dual resonance models2 and duality diagrams
considerations.6

14

The data of Anderson et al., for p+p-X+p at

Prap = -1 GeV/c and t = -0.02L (GeV/c)2, will be used to estimate
the coup}ingA BPPP(O) gRRP(t) which is the one ?elevant to the R-R
cut  [see Eqs. (6) and (7")]. Using the above-mentioned data at

M ~k GeV" and the empirical Régge residue function sRPP(t),18 one

obtains
Bopp(©) Epgp(0) = 55 Gev™° - (8)

, o
and from Eq. (7"), with M “ ~ 1 GeVz,

B8 L0 = 53 | (8")

p- Rp

The last result should be compared with the Born term in NSSE»RP

vwhich is}a [from Eg. (7') with a = p] 3§Pp(o) =~ 50.
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V. RESULTS FOR CUTS AND CONCLUSION
From the above estimates, based on inclusive data, one

realizes that the negative term in N

Ra— Re’ due to the triple-reggeon

coupling 8zrp’ C20 be comparable with the positive resonances contri-
bution. Therefore it is possible that the R-R cut cannot be minorized
bj the eikonal approximation.lg
. It should be emphasized that the present discussion on R%ﬁ
cuts hinges strongly on the very important role played by gRRP in the
structure of inclusive spectra.
An iﬁteresting rule for R-R cuts had been derived some time

ago by Fink.elstein.6 The rule says that the R.-R, cut (Fig. la)

172

is negligible if there is no "s-u" duality diagramzo for

R, +a =R, +a and/or ﬁl +b -;ﬁg +b. However, thié rule applies
qnly to the resonance part of t_he fixed pole residue. Finkélsteih6
already remarked that the selection rule may not apply to cuts in which ‘
the reggeon-particle process has & diffractive component. However, it
was not known how to eétimate the‘diffraCtive contribution to the .
fixed'pole residue. It is only recently, due to the developments in
inclusive reactions, that we were able to control the vacuum exchange
in the reggeon—particlé amplitude. We have shown before, from inclusive
dats, that the €RRP coupling may lead to a non-negligible deviation
from the above-mentioned selection fule.

Phenomenolégically the most important cuts are the so-called
"absorptive cuts" namely a pomeranchon is exchanged with a reggeon.
In most practical cases the P-R cuts appear in processes with a.
transfer of quantum numbers and therefore no vacuum exchange occurs

in the relevant P + particle —mR + particle amplitudes. However, one
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may ask about the diffractive effects in the fixed pole residue which

determines the P-P' cut. Again the answer comes_from the_observed

features of missing mass spectra indicating vefy small effecﬁs.

Although the present inclusive data do not allow & precise determination

of the various triple reggeon couplings, we can nevertheless be
confident that the data imply a very small gPP'P relative to gRRP'
Therefqre the contribution to the P-P' cut arising from Epprp is
- much smaller than the eikonal term and the resonance approximation to
the fixed pole residue is expectéd to be & good one [compare with
Egs. (7)1.

The présent work has further emphasized the imﬁortant impact
of missing mass experimenfs on feggebn—reggeon cuts. It is extremely
useful to have inclusive measurements &t many values of the incident
energy (low as well as high) and small momentum transfer (<1 Gevg)
sO as.to allow & more predise determination of the farioué regge§n-
particle amplitudes and hence & better insight into.the structure of

cuts.
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(%)
-1 In R .
=5 B (1) 83(®) |2( ggja

to (do/dt) and

| o (t)
1 2
5 ﬁRPP(°)< Sg)

to ¢

(2

T

Assuming P' and w to be exchange degenerate one obtains from
the fall off GT(Eb) (see E. Flaminio et al., Compilation of
Croés—Sections II-Ahtiproton Induced Reactions, CERN-HERA 70-3,
August 1970); '

2 1 :
BRpp(O) 5 sf,pp(o) ~ 50 .

Furthermore from the differential cross-section data‘the cut-off

i 2 ‘ - .
in t for aRpp(t)_ is roughly given by eht. : -
The result in Eq. (8) is then obtained by using the above value

2
for BRpp(t) and Ref. 14

dao;:) ~ 3.5 mb | *
ata’ h=-0.02l4 ,MEadt Gev : :
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FIGURE CAPTIONS
(a) The forward R;-R, cut in the process a +b —a +b.

Note that the coupling of the external particles to the cut

~is through the fixed pole residuesl N, and
_Rla-o R2a
N_ _ defined in Eq. (2). The "mass" of the reggeons
R, b= R, b . , .
177 7" s
2 2 ‘

}iS 't =’ql = q2_.

(b) The reggeon-particle process R +8& =R, +2a relevant
to the upper blob of the diagram in Fig. la.

trajectories to

(a) The contribution of the R, and R

1l 2

the amplitﬁde of a+b =X +b in the exchange region.

i

(b) The R, and R, interference term in the differential

1

inclusive cross-section which determines the amplitude

Rla__, Rga(MQ}t) [see Eq. (2)]

A diagram which appears in the high M2 limit of the process

'R, + a -R, +a (Fig. 1b) and serves to define the triple

1

reggeon coupling gRleR (t).

3
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