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Abstract

Data on coherent elastic and inelastic deuteron-proton scattering are
presented. The measurements were made at the CERN ISR with a single arm
spectrometef, at s = 2800 GeV? and momentum transfer squared (-t) in the
range 0.15 to 0.42 GeV?2,

The data are compared with elastic and inelastic diffractive
proton-proton scattering data taken with the same apparatus at the same
s and t values. The t dependence of the elastic dp + dp differential

cross—section is compared to simple predictions based on Glauber theory.

The differential cross—sections for pp > pX and dp + dX are also compared
for Mi + 280 GeV?, where MX denotes the system of mass x recoiling against

the measured proton and deuteron.
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Introduction

The storage of a deuteron beam in one of the CERN Intersecting
Storage Rings (ISR) during a development run enabled us to study

the coherent elastic scattering reaction:

dp = dp o ¢H)
as well as the coherent inclusive reaction

dp »~ d&X ' 2)

at a centre of mass energy (¥s) of 53.0 GeV.

The final state deuterons from both reactions were detected at
angles between 14 and 25 mrad with respect to the incident deuteron
direction. This corresponds to a range of =0.42 ;:t-{:—0.15 GeVz,
where t is the square of the four-momentum transfer between the
initial and final state deuterons. For both reactions (1) and (2) this
is the region in which rescattering processes (i.e. those in which the
emerging proton has interacted with both nucleons in the deuteron) are
expected to play a significant role. The semi-classical picture of
these rescattering processes is given by Glauber theoryi), but
divergences from this picture are expected at high energiesz). It is
therefore of interest to explore this t region for reaction (1),
something which has not been previously done at high energies.

In the inelastic reaction (2) the presence of a deuteron in the
initial and final states enables us to isolate isoscalar (I=0) exchange
processes. In terms of Regge theory one can hence obtain a sample of
events in which the Pomeron (diffractive) contribution to high=x
inelastic écattering is enhanced (x is the Feymman variable x=2pLﬁ/s).
Thus a comparison may be made with the corresponding inclusive process
for protons

pp > pX , (3)




where both diffractive and non-diffractive mechanisms are present.
Such a comparison can shed some light on the validity of the usual
analyseé performed on reaction (3) at high energies, where the
diffractive mechanism is dominant for high—x values. As this group had

previously performed measurements of reaction (3) at ISR energiess)“)

we were able to make a comparison of reactions (2) and (3) at the same

s and t values.

Experimental method

The data were taken with a single-arm magnetic spectrometer which
is shown schematically in figure 1. This was placed under the circulating
deuteron beam downstream of the ISR intersection region (I2). Its
principal element was a septum magnet with an aperture of 60 mm
(horizontally) by 100 mm (vertically). The magnet had an integrated field
of 2.8 Tesla metres. The spectrometer also contained 14 planes of
magnetostrictive spark chambers and 4 trigger counters. The whole
assembly was movable and the mean particle production angle accepted by
the spectrometer could be varied from 15 to 90 mrad. The momentum
resolution of the spectrometer for 26 GeV particles was Ap/p = 2.37%
(FWHM) . The spectrometer particle track, once analysed, could be
projected to intersect the horizontal plane of the deuteron beam and the
radial position of the interaction point determined to * 1 mm. Using the
known ISR momentum compaction the momentum of the incident deuteron
could thus be determined to * 0.2%. The particle production angle could
be measured with a precision of about * 0.7 mrad at 26 GeV, i.e.

At/t * 22% (FWHEM) at 15 mrad, decreasing to 13% (FWHM) at 25 mrad.

The intersection region was surrounded by 186 scintillation
counters which covered 95% of the full solid angle. The counters were
arranged in a central 'barrel' of scintillators (see Ref.(5)) and
several 'forward' hodoscopes (H). These counters allowed the charged
particle multiplicity associated with a spectrometer event to be
ﬁeasu:ed. One of the H hodoscopes (Hl4) covered the angular region °
directly opposite the spectrometer. This hodoscope consisted of 12

narrow scintillators (4.8 cm vertical height) which gave fine




angular binning (A6 " 12 mrad)and was used in the identification of
elastic events as described below.,

The deuteron-proton data presented correspond to an integrated
luminosity (JSLdt) of about 470 ub'l, the proton-proton data are a
subsample of data on pp + pX at s = 2800 GeV? taken as part of a

study of small angle diffractive scattering. For all data the
luminosity of the interaction region was continuously monitored by
two independent systems, each consisting of two telescopes of three
scintillation counters. The telescopes were placed as shown in
figure 1. This configuration avoided elastic events which would
otherwise have caused excessive sensitivity to the source position.
These scintillation counters were large (10 cm high by 50 cm wide)
compared to the ISR beam size ( about 0.3 x 4 cm) and hence small
vertical and radial shifts between different runs at the same ISR
energy had a negligible effect on the counting rates. The proportionality
constant O, which related the luminosity L to the monitor counting

M
rate (dNM/dt) via

N,

dt

oL (4)

was measured using the Van der Meer methode) for both pp and dp beams.

The momentum spectrum of detected particles from dp interactions
is shown in figure 2a) for a subsample of the data. Events originating
outside the intersection region (primarily beam gas scatters which were
typically 3-47 of the data) have been removed from the distribution.
The spectrum is integrated over the angular range of the spectrometer
and is not corrected for its momentum acceptance. Two clear peaks can
be seen; one centred at the momentum of the primary beam due to
coherently scattered deuterons; the second centred around half the
primary beam momentum. The second peak consists of protons from
scattering processes in which the deuteron has broken up. The detected
proton is either a spectator from a proton-neutron scattering event or

a product of a proton-proton scattering event. These two processes can




be written.as:

n(p) + p > (ps,d) + X (5)
p(ny) +p>p; + (n) +X (6)

where the subscripts s and d refer to the spectator and detected
particles respectively.

Elastic scattering events were identified using the Hl4 hodoscope.
An elastic event was defined as one with one particle detected in Hl4
within a vertical angular bite of + 12 mrad with respect to the elastic
recoil vector of the spectrometer particle, and no other detected
particle. The result of applying this criterion to events in figure 2a)
is shown in figure 2b) where a clear coherent elastic deuteron peak
stands out. Low recoil-mass inelastic events also peak in the elastic
region but much more gently. The Hl4 counter distributions were
examined to find the small fraction of inelastic events contained in
the elastic peak andAcorrections were made for this. Elastic events can
be lost from the sample by accidental counts in the hodoscopes and to
determine the correction for this effect the Hl4 counter distributions
were again examined for cases with one or two hodoscope counts and a
near-elastic recoil. The combined corrections were typically of the
order of 57 of the total number of elastic events,

The spectrometer contained no device capable of identifying
the detected particle. For pp events this was known to be unnecessary;
all positive high momentum particles (x i 0.9) from these reactions
can be assumed to be protons, the measureds) pion and kaon contamination
being less than 1 in 10%® . A recoil proton from a break-up reaction
involving deuterons can occuf with a momentum in the deuteron region
due to the effect of the Lorentz boost on the Fermi motion of the
target nucleons. The transverse component of this Fermi momentum
enables spectator protons to leave the ISR vacuum chamber and to be'

detected in the spectrometer. It is therefore essential to estimate the




‘contamination of the break up protons as a function of x in the
deuteron region (x > 0.85).

In the framework of the spectator picture, the shape of the
spectator proton spectrum was calculated for reaction (5) by the Monte
Carlo method. The Fermi momentum distribution was obtained from the
Hamada—Johnston7) wave function in the parametrisation of McGeeB) and
the detected proton was restricted to be produced within the angular
range of the spectrometer. Events with a detected spectator proton are
expected to dominate the high momentum side of the inelastic break-up
proton spectrum as in all other events the proton emerges with less
than its original boosted Fermi momentum. We have therefore normalised
our generated detected spectator distribution to the measured inelastic
spectrum at a momentum of 15 GeV. The result is shown in figure 2c).
The generated distribution follows the shape of the measured
distribution up to about 20 GeV (x = 0.75). It then falls below the
measured spectrum as coherent deuteron events come in. Below 15 GeV
the measured spectrum rises due to inelastic diffractive events
from reaction (6).

Using this model the estimated proton contamination between x of 0.8
and 0.9 is of order 25%, whilst above 0.9 it is entirely negligible.

The possibility exists that the spectator proton momentum
distribution is distorted by final state interactions, leading to an
enhanced spectator momentum tail. We therefore quote only cross—sections

with deuteron x > 0.9 to minimise this possible bias.

Results and discussions

a) Elastic scattering

The dp differential elastic cross—sections (do/dt) measured by
this experiment are shown in figure 3a) and given in Table I. No data
exist on this reaction at ISR energies and the nearest comparison
which can be made is with the FNAL data of Akimov et al®) at s = 1441

GeV?. These data exist for —t < 0.14 GeV2 and are shown as the open




circles in figure 3a). It can be seen that both sets of data match up
quite well with one another, thus indicating an absence of strong
s dependence at these high energies. Also plotted on figure 3a) are
the data on pd elastic scattering from Bradamante et a1.1°) at s = 41
and 52 GeV?, Comparison with our data shows a shrinkage in the shape
of do/dt at these t values, but one which is only very gentle over a
large range in s.

The differential cross—section values for pp elastic scattering at
s = 2800 GeV2 obtained from this experiment are shown in figure 3b) and
Table I. This reaction has been well measured at ISR energies and hence
comparison of our measurements with those of other groups acts as a
calibration of the whole procedure of elastic subtraction outlined
above. The line on figure 3b) corresponds to the elastic pp data of
Barbiellini et al.ll) normalised using the Coulomb-scattering data
of Amaldi et al.'?). Our data agree well with this parametrisation and
we are confident that our elastic subtraction has an overall normalisation
uncertainty of order 5% which is typically the order of
disagreement between different measurements of this reaction.

In order to test the predictions of Glauber theory on our data

we have defined the ratio Rel(t) as:

do/dt |
_ dp ~ dp
R, (®) = (7)

dag/dt
/ |PP‘+ PP

and our measurements of this ratio are shown in figure 4a). To make
predictions for Rel(t) we have made some simplifying assumptions about
the scattering amplitudes of protons on the individual nucleons in the
deuteron. These are:

1) isospin-effects are neglected i,e. the proton—proton and proton

neutron amplitudes are assumed equal,

\

ii) Spin effects in the nucleon-nucleon amplitudes are neglected and

the amplitudes are assumed to be entirely spin non-flip . This

should be a good approximation at high energies and small angles.




Although the deuteron wave function has a 937 probability of
being an S-wave, analyses of coherent reactions at lower energiesla)’lk)
have concludéd that account must also be taken of the D-wave component.
The deuteron has unit spin and for unpolarised deuterons the differential
cross—section for proton-deuteron scattering must be summed and

averaged over final and initial magnetic substates of the nucleus.

Therefore the differential cross—-section may be written as:

= . L ! FMMI(E)IZ (8)

M,M!

where § = three momentum transfer between the initial and final state
protons. (q%= -t).
The Glauber multiple-scattering theoryls) gives the following form for

th litud :
e amplitudes FM M,(a)

-

_ 3t > >
Fy pr @ = J0Y, F @, ) &)

where F(E,?) can be given in terms of the nucleon—-nucleon scattering

amplitude f(a) viz:

P, = 2 @exp(-5id. D+ 5 fa®d' £ GEANEGEE) exp(-iq" )
(10)
The deuteron wave function wM(r) can be written as:
1 1
+ -~
by (F) = = u(r) + — Slz(r)w(r)} X, (1)
(4m) %y 8% i

where u(r) and w(r) are the S and D wave radial functions; Xl M is a
”

spin one spinor, and S12 (f) is the standard tensor operator given by:

§,,(8) = 3(5,.8)(5,.8) - 6,.3, (12)




Using equations (8)-(12) Harrington;s) gives the differential

cross—section for pd scattering as:

do} T E . 2]
— = —|lF. @2 + |F. .2 (13)
dt k2 | S Q
pd > pd
where
- i >
Fo(@) = 2£(S_(5) + — Ja%q £ 54+ £ (54~ 4"s_@" (14)
21k
and [Fq@ |* = —-I 2£ (@) 8, U5 |*
[2f(q)SQ( ) + s SR E R ERENCRIE (15)

The functions Ss and SQ are the deuteron's SPHERICAL and QUADRUPOLE

form factors. They are given by the following integral expressions:

s (@ =/ ar @) + 0 @] j, (g (16)
SQ(q) = 0f°°dr 20 (r) [u(r) jig-w(r{] i, (qr) (17)

Equations (13)-(17) can be used to calculate dg/dt for proton-deuteron

scattering and hence Rel(t) through the relationship

IFS(E’S'jz + !FQ(q!s'jz
R (t)y = (18)
|£(q,8)|?

\

where s' is the centre of mass energy squared of an incident proton and
a target (deuteron) nucleon and s is the centre of mass energy squared

of the colliding pp system. Note that s' varies due to the Fermi




.

momentum of the nucleons in the deuteron but as the amplitudes for pp
elastic scattering are known to be only slowly varying functions of s
we can assume s' to be fixed. For our case we have s'= s/2,

Using McGee'sS) form for u(r) and w(r) we have calculated the
prediction for Rel(t) from equation (18). For the nucleon amplitudes
we have taken: A

1) an imaginary part with a pure exponential q2 behaviour viz:

ko (s)
Im £(s,q) = —2B exp(-%a(s)q®)
4

where ¢__(s) is the total proton-proton cross—section. The values of

GbP and a were taken from parametrisations given by Wethere1117) and
)

Giacomelli'®’ respectively. This form is compatible with published data

on pp elastic scattering for -q? < 0.3 at FNAL and ISR energies.

ii) A real part which follows the derivative relationlg)

Re £(s,q) ~ — géﬁTnfgi’q))

Equation (19) is derived by an approximation from dispersion relations
and provides a method of estimating the phase of the pp amplitude
away from q2 = 0 at high energies.

This model gives the solid line prediction in figure 4a). It can be
seen that the prediction offers a fairly good description of the data
at the 20-257 level. When considering the agreement of the data with
our model it is essential to bear in mind that the theoretical prediction
is sensitive at the level of * 257 to the details of the model. The
main sources of this sensitivity are: |
i) The parametrisations of the nucleon amplitudes which lead to errors

of order 10-157 in do/dt for pp scattering.

ii) The percentage of D-wave admixture present in the deuteron. The

Hamada-Johnston wave function used in our predictions has a D-state
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probability of ~ 7%. Other wave functions exist?®)with D-state
probabilities as low as n 47, which describe low energy nucleon-
nucleon scattering and deuteron photodisintegration equally well.

Since the D-wave contribution comes in as an amplitude (and hence

the square root of the probability) a rough estimate shows that up

to 25% variation may be expected in the prediction from using two
different acceptable D-wave probabilities.

With these provisos in mind we can still see that our simple
-Glauber prediction performs just as well as similar analyses at lower
energieslo)’lg). This lack of energy dependence in the deuteron
spherical and quadrupole scattering amplitudes is brought out in
figure 4b) which shows our measurements of Rel(t) compared to those of
other groups at lower energies.

The effect of ignoring the D-wave component and essentially using
only Fs(q) is also shown by curves on figure 4a). The dashed curve
keeps the complex amplitudes as outlined above whilst the dotted curve
uses only purely imaginary (diffractive) pp amplitudes. A deep
minimum (actually a zero for the dotted curve) is predicted around
-t = 0.32 GeV?. This is caused by the destructive interference of the
two terms in (14). The second term corresponds to events where the
proton has scattered off both nucleons in the deuteron. This double
scattering term is negligible at small |t| but is the dominant process
for -t > 0.5 GeV? as is has a much gentler fall off than the first
(single scattering) term. Consideration of figure 4a) shows that the
D-wave component has an important effect only in the region of the
interference minimum in Fs(ﬁ), elsewhere it is negligible.

As indicated in the introduction an effect which is expected to
become important at high enough energies is that of coherent
rescattering of inelastic states produced after the first scatter in
the deuteron. Following Good and Wblker21) we note that for small
momentum transfers the change in the longitudinal momentum (Apz) |

* .
needed to produce a mass M is:

Ap

= (%2 - m?)/2
g = ¢ mp)/P
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where p is the incident proton momentum. For coherent rescattering to
occur the change in the wave number for the incident proton (Ak) has
to obey a relationship such that Ak.rD < 1, where T, is the deuteron
radius. Thus an inelastic intermediate state with mass M* will only
coherently rescatter if

%
M 2-nm

; ~ 29/ (20)
Equation (20) shows that the allowable range of M* increases with
increasing s. It has been postulated by Pumplin and Ross?) that the
creation of such M* states leads to a change in the Glauber prediction
sincé the double scatter amplitudes must include a sum over masses up
to some maximum term. The theory of this effect has been dealt with by
several authors??) but is very model dependent and detailed application
to our data would not be appropriate. We wish to note however that in
view of the reasonable fit obtained using only elastic rescattering
and the quadrupole moment it seems likely that inelastic rescattering
effects do not play an important role in pd scattering out to t values

of around -0.4 GeVZ2.

b) Inelastic coherent scattering

The data on the invariant differential cross—section for reaction
(2) are shown in figure 5 and Table II for t values from - 0.15 to
- 0.3 GeV?, The data are given as a function of M;/s (MX is the mass of

the system X recoiling against the deuteron), for M;/s.<10.1. The value

of M; is related to the c.m. energy of the observed deuteron (Ed) by:

M> = s+m?>-2J/s E
X d

d

which for large values of s and M; >> mé can be approxiﬁated by

2~ -—
MX ~ g (1 xd)
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As noted above for x > 0.9, ie Mi/s < 0.1, the background it thought
to be much less than 107 and hence no background subtraction has been
attempted on this data. .

The experimental resolution in M;/s can be estimated from
examination of plots for elastic events. From this method we obtain a
resolution of 0.01 (standar deviation) for these data. This means that
the mass resolution in this experiment was not adequate to examine the

nM < 4 GeV, which is

X
in the range

diffractive resonance structure in the regio
seen in pd data measured by Akimov et a1.25)
180 < s < 1441 GeV?,

In common with the relationship between the dp and pp elastic
differential cross—section, the invariant inelastic differential
cross—~section for dp - dX is lower than that for pp - pX at the t values
measured. It exhibits the same peak towards low values of Mx as seen
in the pp casea). The FNAL data on pd - Xd2%) showed that at low
values of t (0.03 < |t] < 0.12 GeV) the differential cross—section

followed the relation:

d?%g a2o
- (pd »~ Xd) = — (pp > Xp) R, (t) (21)
dedm? dedm?

where Rel(t) is the elastic pd/pp ratio as defined previously. In that ¢
range of 't values, where single scattering dominates, the ratio for both

elastié ahd ineiastic reactions is essentially determined by the value

of the form factor at t/4 (see (4)) which enables equation (21) to be

used. .

‘Fpr the t values covered by this experiment, where double
scatteringfis'important, it is no longer clear that such a simple
relationship as,équation (21) should hold. Comparison of the

—&iff;acti€e c£oss—sections in Table II and the corresponding quantities
for pp +;pX s;aled down by Rel(t) as given in Table I indicates that
the sgaledvproton invariant cross—sections are about 20-307 lower than

those»fbr.db + dX. Thus equation (21) is not satisfied for our data,
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though the magnitude of the divergence from (21) is not large.

One can define the single diffractive (sd) region in pp - pX
scattering as the region with M;/s < 0,05, In this region n 987 of the
inclusive differential cross—section is expected to be diffractive and

since the cross-section for dp - dX is of a diffractive nature we may

define the ratio:

005
1 dc 2
R (1) = fF__ o dth;/s de/S 'dp + dX
sd 005 2 (22)
1 d“o 2
- —_— dM
T _ o dth;/s x/S 'pp > pX

This quantity can be used to scale down the proton data, a process'
which amounts to checking of relative shapes of the deuteron and
proton missing mass distributions in the single diffractive region,
Table III shows the values of the integrals and the corresponding
values of de(t), and all quantities are plotted in figure 6. de(t) is
somewhat bigger than Rel(t) and it shows a similar behaviour, flattening
off with increasing momentum transfer. As in elastic scattering, the
slope of the inelastic pd-distribution is just over twice that of PP
inelastic scattering. In the limited t range covered by this
experiment both distributions can be adequately described by simple
exponentials. For the dp ~ dX data the slope parameter is about
15.1 GeV™? whilst for PP > pX it has a value of around 6.5 GeV 2

The result of scaling the invariant proton differential cross-
sections by de(t) is shown in figure 5. It may be seen that the scaled .
proton distributions agree very well with the deuteron distributions for
ﬂx/s < 0.05 and also agree within errors up to M2/s = 0,1,

This result implies that R d(t M2 ) is largely independent of M2
(at least to 20%) for M2/s < 0.05. Although this is not 1mmed1ate1y
obvious from the Glauber type expression for inelastic coherent
scattering it can be explained phenomenologically in the following way.
At small t values where single scattering processes dominate R d(t M2)

will be independent of M2 as we can write
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|2£, G M2)S.. A/ 2) |2
R 4 (t ,M;) = - X TOT 23)
Je, @) |? -
i X
where STQTCE)=SSCE)+SQ(E)

and fi(ﬁ;M;) is the amplitude for pp - pX.

Equation (23) is clearly independent of Mi. The equivalent double
sqattering term contains an integration over of all possible
intermediate states, but at small t it is predominantly composed of
one elastic and one inelastic amplitude and hence leads to a similar
‘cancellation .as in (23).

The empirical agreement between the shapes of the M; distributions
for pp > pX and dp + dX is still unexpected when viewed in terms of
particle exchanges. As noted in the introduction the exchanged particles
in &p -+ dX are restricted -to I=0. Most analyses of the diffractive peak
in‘pp -+ pX using the Triple-Regge formalism?%) demand an increasing
non—diffréctive term for,Mi/s > 0.05. Following the notation of
reference (26) this is an (MMP) term (M=Meson, P=Pomeron) and it is
found. to give a contribution to the invariant differential cross-section
eqﬁal to the leading diffractive (PPP or triple-Pomeron) term at
Mi/s = 0.1 at s = 400 GeVZ?. Since both of these terms are s—independent/
we expect the same situation to apply for our data. Hence the dp + dX
data,.hhéré_no (MMP) term is possible, should be about 50% of the
pp » pX data at M;/évz 0.1 when the two distributions are normalised for

-Mi/s < 0.05, The fact that this is not seen by us casts some doubt on

the convehtional-Triple-Regge énalyses of this type.

Conclusions
Our conclusions aré §S'f611OWS:
I) The data for dp elastic scattering show a gradually flattening \
.t-depéﬁdence between -0.15 > t > - 0.42 GeV?. Very little energy
dependence is exhibited in the t-distribution between Vs = 38 and

Vs = 53 GeVZ, A slight shrinkage is detectable in the above t range
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between PS and ISR energies.

2) The data on the ratio of the differential elastic cross-sections for
dp »~ dp and pp > pp are quite well fitted using the simple Glauber
model with the inclusion of the deuteron quadrupole moment. The
inelastic rescattering mechanism does not appear to give an
important contribution to the dp elastic cross-section in the t range
covered by this experiment.

3) The missing mass distribution for dp - dX has a very similar shape
to that for pp = pX for values of M;/s < 0.1. The ratio of the two
distributions at the same t is equal to de(t) wherelRSd(t) is the
ratio of integrals of the invariant differential cross-—sections
for dp = dX and pp - pX taken up to a value of Mi/s = 0.05. The
similar shape for dp > dX and pp -+ pX is at variance with the pr

predictions of conventional Triple-Regge analyses.
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Figure captions

Fig. 1.
Fig. 2a)
b)
c)
Fig. 3a)
b)
Fig. 4a)
b)
Fig. 5.

Schematic plan and elevation views of the apparatus. The

abbreviations used are as follows:

Al, A2 - support arms

B — 'Barrel' of scintillation counters.

H11, H12, H13, Hl4, H21, H22 - Hodoscopes.

(U1,U2) and (D1,D2) - Luminosity monitor telescopeé.

Tl - T4 - Trigger counters.

Momentum spectrum of particles detected by the small angle
spectrometer.

Momentum spectrum of the subsample of events which satisfied
the elastic criterion (see text).

Momentum spectrum of inelastic events compared to the predicted

proton distribution from a simple spectator model (see text).

Measurements of the elastic differential cross-section (do/dt)
for dp > dp from this experiment and references (9) and (10).

Measurements of (do/dt) for pp = pp from this experiment.

Measurements of Rel(t) (see text) from this expgriment

compared with various predictions based on Glauber scattering
theory.

Measurements of Rel(t) from this experiment (s=2813 Gev?)
compared to values of Rel(t) calculated from other measurements
at lower energies. The s=48 GeV? results are calculated from
Bradamante et a1.1°) and Allaby et a1.23). The §=262 GeV?
results are calculated from Akimov et al.g) and the FNAL Single

Arm Spectrometer Group.

Invariant differential cross—sections for dp - dX compared to

cross—sections for pp = pX scaled down by de(t) as defined

in the text.
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Fig. 6. Measurements of the 'single-diffractive' do/dt (see text) for
PP > pX and dp - dX, and the ratio between the two, de .

compared with Rel'
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TABLE I
|99 gp > ap) Oy | R e hip > a
(Gev?)| 4t dt dG/dtIpp > op
(mb/GevV?) (mb/GeV?)
0.13 - 21.1 £ 0.3
0.15 2,52 £ 0.11 18.0 = 0.2 (13.6 = 0.7 1072
0.17 1.60 = 0.09 14,5 £ 0.2 11.0 + 0.6 b
0.19 0.97 + 0.06 10.6 = 0.2 9.2 £ 0.6 '
0.21 0.54 + 0.05 8.02 * 0.15 6.7 £0.6 '
0.23 0.32 + 0,04 6.25 + 0,13 5.0 £ 0.6 T
0.26 0.23 + 0.04 5.05 + 0,16 4.5 0,7 v
0.30 10.093  0.025 3.09 + 0.10 3.0 £0.8 '
0.34 (0.055 + 0.019 1.85 + 0.07 3.0 £ 1.0 '
0.38 {0,030 + 0.008 1.12 £ 0.05 2,7 £0.8 v
0.42 (0.025 + 0.009 1.03 +0.05 2.4 0.9 '
0.46 - 0.69 * 0.07
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TABLE II1

Integrated invariant differential cross—section

for pp + pX and dp > dX and the ratio Ry =

405 d?g
dtd M2/ s)
-— - X
Gsd(dp -+ dX)

d

G.q(PP > PX)

am2/s) = o
x

9d 9sd
-t dp » dX pp > pX de(—t)

(Gev?) (mb/GeV?) (mb/GeV?)

0.15 1.34 + 0.07 8.11 % 0,15 (16.5 +0.9) x 1072
0.17 1.07 + 0.05 7.69 + 0.15 13.9 0.7 "'
0.19 0.79 + 0.04 6.44 + 0.16 12.3 +0,7 "
0.21 0.48 + 0,03 5.59 + 0.13 8.6 * 0.6 '
0.23 0.32 +0.02 4,74 * 0.12 6.8 +0,5 "
0.26 0.29 + 0.02 4,22 +0.15 6.9 +*4Q,5 ''
0.3 0.17 + 0.02 3.29 + 0.10 5.2 0.6 '

sd
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