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Cross sections for the reaction pp~Xp in the diffraction dissociation region, extracted from the recently
reported precise Fermilab data on pd —-i Xd, are compared with results from Fermilab and CERN ISR. The
Mx ', t, and s dependences are discussed and the first-moment finite-mass sum rule is tested.

Hecently, a precise measurement of the inclu-
sive inelastic process

in the region 50&p„b&400 GeV/c, 0.03&
I
tI&0.12

(GeV/c)2, and 1.4 GeV2&M» &0.11p„b was re-
ported. " This range of Mx' includes the resonance
as well as the triple-Regge region' (TR region:
M»'» nab' and M»'/s &0.1). In this report, we

analyze the Pd results and we test the first-mo-
ment finite-mass sum rule' (FMSR).

Our analysis is performed on pp-Xp cross sec-
tions extracted from the pd-Xd data using factor-
ization. By comparing the extracted pp-Xp re-
sults with existing data we show that factorization
holds to a good approximation. In any case, since
the reduction to pp-Xp cross sections involves
division by a function of t only, our conclusions
about the s and M~' dependence of the differential
cross sections and about the validity of the FMSB
are very insensitive to uncertainties in the ex-
traction procedure.

26' @i+62 3t
CJ ~ M8 0 (4)

Assuming that the inelastic cross section fac-
torizes in the same way as the elastic,

d d~t 2 (Pd-Xd) =
d,dM, (PP -&P) E,(t) (5)

one may then obtain cross sections for the reac-
tion

S(t} is the deuteron form fa.ctor. In the region of
small It I, the data, are reasonably well described
by

I
s(t) I2 shab+et (3)

with' b, = 26.4+0.2 (GeV/c) ' and c= 62.3+1.1
(GeV/c) '. Over the p„b range of the pd experi-
ment, the factor (of/obrb)' is approximately con-
stant and has the value' of 3.6 to within better than
2% accuracy. Thus, the coherence factor takes
the form

E„(t)=-E„(50&p,.„&400, ItI&0.12)

I. FACTORIZATION AND EXTRACTION OF

pp ~ Xp CROSS SECTIONS

The Q-Xd measurement was performed at Fer-
milab using an internal deuterium gas jet target.
Elastic pd scattering was also studied' in the same
P„b and t range. The elastic cross section factor-
izes approximately like (do/dt) = (do/dt)bbE~

(p„b, t), where E~(p„b, t} is the coherence factor
defined as

d(P labs t) gP (~lab} I

s (t)
I

T

Here, orb~~bb' is the pd(Pp) total cross section and

by dividing the measured cross sections for pd
-Xd by the elastic coherence factor. If the Glau-
ber-type corrections for inelastic scattering are
comparable to the corrections for elastic scatter-
ing (&10%), this procedure is expected to yield the
correct cross sections for pp-Xp, including the
values of the slope parameter, to within better
than -10%.

Factorization was successfully tested' in the
M»'&4 GeV' region for ItI=0.025 (GeV/'c)' and
p„„=180and 275 GeV/c. In Fig. 1, we compare
the extracted pP -XP cross sections for P„b= 275
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FIG. 1. Differential cross sections for pp Xp vs M» for s-500 GeV and
~
t (=0.025 {GeV/c), obtained from the

listed ~t ~
values using slopes given in the references. For the extrapolation of the CHLM collaboration (CERN, Holland,

Lancaster, Manchester) and Rutgers-Imperial College data a slope of 6 (GeV/&) was used.

GeV/c and It~=0.025 (GeV/c)' with data from Fer-
milab"' and CERN ISR,' where thepoints of beefs.
8 and 9 have been obtained from the measured
cross sections at Itl=0. 15 and 0.16, respectively,
by extrapolation using a slope of 6 (GeV/c) '. The
agreement at low as well as high values of M~' is
good within the experimental error of -+10%. The
peaking of the cross section at low M»'/s is strik-
ing and the 1/M»' behavior in the region 5 GeV'
~MX'~0.05s is apparent.

II. N&2, t, AND s DEPENDENCE OF EXTRACTED

pp ~ Xp CROSS SECTIONS

In the resonance region, Mx'& 5QeV'„ the Mx'
distributions of the extracted pp cross sections
exhibit structure, ' with a prominent broad enhance-
ment centered at Mx'= 1.9 GeV' and a smaller

peak at Mx'= 2.8 GeV' probably to be identified
with the N~(1688) sta, te. A still smaller bump may
be present at Mx'= 3.7 GeV'. For M~') 5 GeV',
the cross sections at fixed s behave' as 1/M»'.
The t distributions for fixed M~' are exponential"
(see Fig. 2) with no sign of a turnover down to val-
ues of

I
t

~

= 0.03 (GeV/c)'. The slope parameter
b(M»') seems to be a function only of M»' inde-
pendent of P„b. In the resonance region, b(M»')
falls very rapidly from the value of -20 (GeV/c) '
at Mx 1.9 GeV2 to the average value of 6.5 + 0.3
(GeV/c) ' for M»' ~ 5 GeV'.

Figure 3(a) shows b(M»') versus M»' for p,
= 275 GeV jc. Figure 3(b) shows the differential
cross section at t = 0 multiplied by Mz', obtained
by extrapolating the data at higher It values"
using the slopes in Fig. 3(a). The M»' distribu-
tions of b(M»') and of M»'(d'o'/dtdM»'), , have a
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where 4 =0.54+0.02 mb, 13= 54+16 GeV/c, and

b, = 6.5 + 0.3 (GeV/c) ', where the uncertainties in-
clude a +3% normalization uncertainty. It is re-
markable that this formula also describes well the
average behavior of the cross section in the reso-
nance region provided b), is replaced by b(M»') of
Fig. 3(a).

In the kinematic region of the data, the inclusive
cross section is expected to be described theoreti-
cally by the triple-Begge formula'
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dtdv s',-„"" v
(8)

where v=MX' —nz&' —t is the crossing-symmetric
variable, the G...(t) are the triple-Regge cou-
plings, and the (», (t) are the Hegge trajectories.
Because the isospin of the deuteron is zero, only
zero-isospin i and j trajectories can contribute to
the triple-Hegge expansion for reaction (1), ex-
cluding, for example, pgR and pgP couplings,
which appear to contribute non-negligibly to pp

Xp.
Ignoring for the moment the energy dependence

of the data, the fitted result (7) shows that at each
energy the v dependence is compatible with a pure
triple-Pomeron coupling, for which Eq. (8) sim-
plifies to

Itl (GeV/c)' d'(z G ppp(f) s

Nt& v v
(9)

FIG. 2. Differential cross sections vs t for pp Xp,
extracted from pd Xd, at p „b =275 GeV/c, for Mz

=1.9, 2.7, 3.1, and 11 GeV .

very similar shape. Dividing the values of M~
(d(J!dtdM»'), , in Fig. 3(b) by the values of the

slopes in Fig. 3(a) yields M» times the integral
over f of the differential cross sections M„'(do/dM„')
shown in Fig. 3(c). Within the errors, M„'(do/
dM»') is approximately constant all the way down

to M~'-1.7 GeV', where it starts dropping towards
the pion threshold at M~'= 1.15 GeV'. Thus, the
prominent low-mass enhancement at M~'- 1.9
GeV' observed at small fixed f, values appears to
be a manifestation of the increased value of the
slope parameter. The cross section for the pro-
duction of a mass, do/dM»', follows the simple
I/M»' behavior for all masses within the range of
the pd experiment including the resonance region.

The extracted pp -Xp cross sections in the high-
mass region show a non-negligible energy de-
pendence. An adequate fit of the differential cross
section in this region is given by'

Gppp(f) (3,20 + 0 36)8

Gsss(f) (74 + 30)e

Gpps(f) (1,00 + 0 63)e

y' = 34.6/28 degrees of freedom .

(10)

An equally good fit is obtained with only the PPP
and RRR terms, in which case the triple-Pomeron
coupling is larger by 17%. However, the fit pre-
sented above is closer to satisfying the finite-
mass sum rule, as will be shown below.

III. TEST OF THE FMSR

From Eqs. (9) and (7) we find that in the limit
of s-~ Gppp(&)=(3. 3+0.16)e"'"""where we have
used" n'= 0.278 (GeV/c) '.

To account for the energy dependence of the data
in the TB formalism, we must add one or more
energy-dependent terms to Eq. (9), for example
an RRR term. A good fit to the data is obtained
with PPP, RRR, and PPR terms. The result,
using &s= 1 (GeV/c) ' and fixing the slope at 5

(GeV/c)', is

d'o A. (I+B/p, ~) b,e (7)
The first-moment finite-mass sum rule states

that, 4 at fixed t,
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where do„/dt is the differentia, l elastic scattering
cross section, (d'o/dtdv)» is the fit to the in-
elastic cross section in the TR region smoothly
extrapolated to v= 0, and N is any v corresponding
to an Mx' lying between resonances. For fixed t,
dv=dM»'. Figure 4 shows (i) the values of vd'o/
dtdM~' versus M~' derived from the pd data" at
275 GeV/c and ~t~=0.035 (GeV/c)', (ii) the experi
mental value of

~

t I do„/dt (derived from the pd
data of Ref. 5) represented as a Gaussian-shaped
area for illustrative purposes and, (iii) the fit to
the data in the high-mass region of v(d'o/dtdM»')»
with the simple form of Eq. (9) extrapolated io
Mx'= m&', represented by the solid curve at the
constant value of 3.1 mb(GeV/c) '. The sum of
the areas under (i) and (ii), representing the left-
hand side of Eq. (11), equals the area under the
solid curve representing the right-hand side of
Eq. (11), to within the 3 k normalization uncer-
tainty. Thus, with the simple para, metrization (9)
of the high-mass data, the FMSR is satisfied to a
high degree of accuracy. The validity of this rule
for other t values within the range of the pd -Xd
experiment is equally good.

If one requires that the triple-Begge parame-
trization, Eq. (8), fit the high-mass data, ' as well
as the low-mass' and elastic scattering data' via
the FMSR, Eq. (11), one obtains more accurate
values for the TR couplings:

I.O—

dMx b(Mx ) dt dMx ' ( p d X d ) / Fcf

PIpb =275 GeV/c-

G»v(t) (2 ~ 91+ 0,25)e

Gssa(t) (122 + 15)e

G»s(t) = (1.00 + 0.14)e",
x'= 43.4/29 degrees of freedom .

(12)
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FIG. 3. Values for PP XP vs MX2, extracted from
Pd Xd at 275 GeV/c. (a) The slope parameter, b(Mx2).
(b) d z/dtdMX multiplied by Mx and extrapolated to
t =0 using b(Mz ). (c) Values of (b) above, divided by
values of (a): Mx (do/dMx ).

We believe that the values of Gv»(0) and Gvps(0)
obtained here are reliable, whereas the value of

Gasa(0) is quite sensitive to the inclusion of other
s-dependent terms such as Gast(0).

A number of other TR analyses of previously
available Pp-XP data have been reported. ""
For example, the authors of Bef. 11 report values
of the TR couplings which were determined by
fitting the high-energy, high-mass data while con-
straining the solutions to agree with lower energy,
low-mass data through FMSR. Their best solu-
tion has nonzero PPP, RRR, PPR, and RRP cou-
plings which, if reduced by about 10%, fit the
high-mass Pd-Xd data well. The result of their
solution No. 1 is G~»(0) = 2.63, G»„(0)=18.1,
G»„(0)= 4.42, and Ga»(0) = 31.6 which should be
compared with our results (10) and (12). Their
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FIG. 4. Test of the first-moment PMSR: Values of v(d~a/dtdMz2) vs Mzt for phb ——275 GeV/c and ~tI =-0.035 (GeV/c)2.

value for G»~ is somewhat smaller than our re-
sult, primarily because of the presence of a
larger PER term.

The tight correlation among the fitted param-
eters makes it difficult to extract a unique set of
triple-Regge couplings. The new low-mass, high-
energy deuterium data' provide an additional con-

straint for the determination of these couplings.
Our fit (12) was constrained to satisfy the new

data via the FMSR, while that of Ref. 11 fails to
do so by about 40%.
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