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- In an experiment performed at the Fermi National Accelerator Laboratory

we studied the coherent inclusive reaction

p+d-~+X+d ' {1}

("

at small momentum transfer Here we report results in the range

mp2 < sz < 4 (GeV)? which covers several of the known resonant states of
the proton. . Data were obtained at incident energies of 50, 180 and 275 GeV.

(2)

Excitation to states of higher mass is reported in the following letter

(3)

The target consisted of a deuterium gas jet placed in the internal
beam of the accelerator. The slow recoil deuterons were detected by stacks
of two silicon solid state detectors (surface barrier) of thickness typically
200 um for the front and 1500 um for the rear detector. Only recoils stop-
ping in the rear detector were accepted, and deuterons were unambiquously
identified by the energy deposited in each detector. This technique 1imits
the four-momentum transfer that could be measured to the range(a)
0.03 < |t] < 0.07 (GeV/c)?. The detectors were mounted near 90° with respect
to the beam direction on a movable carriage at a distance of 2.5m from the
target and each stack subtended a solid angie 4Q - 16 x 10'6 steradians.
The detection technique of slow recoils from hiqh energy collisions has
been previously used for the measurement of p-p e]astic(s) and ine]astic(a)
scattering as well as for p-d elastic saattering{7). A description of the
apparatus and method is given in ref. (8) which discusses the measurement of

elastic p~d scattering by the authors of this letter.

At a fixed recoil angle w {measured from 90°) the mass sz is given by



\ . . Mg * P
M2 = my? + 2p [sinw /Tt] - % g t!] (2)

where p 1is the incident momentum and [t{, the four-momentum transfer, is
given by

[t] = 2de (3)

with T the kinetic energy of the recoil deuteron. The data were normalized
by using a fixed detector stack which measured elastic scatterina at

[t] = 0.043 {GeV/c)2. The elastic p-d cross~section was taken to be(8)

d)?
dol _ {o.p 2y.-Dit] + ¢ t?
at T (1 +p?le (4)
el
with chd the total pd cross-section and p the ratio of real to imaginary

part of the forward elastic scattering amplitude. Details are discussed in
ref. (8). We believe that the uncertainty in normalization is smaller than
+ 3%.
The resolution in sz is dominated by the uncertainty in the recdil
angle, dAw. Detector size and the width of the jet Timit Ad to about #3 mrad.
It holds that

AMXZ = 2p VTt Aw (5)

In order to improve the mass resolution, especially at therhigher incident
momenta, we used a slit to-1imit the extent of the jet target {alonq the beam
direction) seen by a particular detector. This reduced Aw to +1.2 mrad.

Furthermore, slit scattering was monitored by running a jet at low energy (50 GeV)



where essentially noc inelastic protons are produced over the useful kinetic
energy range covered by the detector. Since the elastic scattering is so
dominant, the bulk of the slit-scattered deuterons originate from the elastic
peak which is (practically) independent of the incident energy. Thus the
50 GeV slit data could be used as a measure of the background present at
higher energies. Use of the slit is limited to sz_s 4 GeV® because, to
assure proper normalization, each detector must also monitor elastic
scattering {i.e., be located at small angles).
An additional contribution to the mass resolution arises from the

uncertainty in the incident momentum, p. In this case

2 %‘1 (M2 - m?) . (5a)
The 50 GeV cross-sections were determined without the slit and typica11y-
Ao = +3 mrad, but Ap =+1 GeV. The 180 and 275 GeV data were taken with
the )it so that Aw =+1.2 mrad but Ap =+8 GeV. On the average,
&M 2=+0.07 (GeV)?.

In Fig. 1, we show typical differential cross-sections at masses

sz > 1.9, 2.7 and 3.1 Gev?, for 275 GeV incident enerqgy. These cross-
sections exhibit a steep t-dependence as expected for coherent scattering
from deuterons. We find no evidence for a turnover in the t-distributions
down to values of |t} = 0.03 (GeV/c}?. MWithin our t-range, these distri-
butions could be fitted by single exponentials. However, since the deuteron
form factor, S(t), determined from elastic scattering can be expressed (for

small values of t) in the form(7’8)



|S(t)]? = e-boltl ¥ cmt2 (6)

with (8) bo = 26.4 (Ge\d’/c)'2 and ¢, = 62.3 (GeV/c}'4, we have fitted the

differential cross-sections with a form similar to Eq. (6)

d%0  _ p o-byllt] - 0.035] + ¢ [t* - (0.035)]

dtdMm 2 o
X

The parameters A and bd were pbtained from the fit, while ¢, was fixed at
c, = 62.3 (GeV/c)'4. The fit was made around the central value of our
‘measured t-range, |t| = 0.035 (GeV/c)?, so that the best fit values and
errors of A and bd remain uncorrelated.

The results of the fits for dzo/dthx2 at |t] = 0.035 are given in
Table I as a function of sz and sﬁown in Fig. 2. We note the existence of
a prominent broad enhancement in the region sz = 1.9 (GeV)? and a smaller
peak at M ? = 2.8 Gev? which we identify with the N'(1688) state. 1In Table I
we also give average values for bd. [f it is assumed that the deuteron
cross-sections factorize as do{pd) = do(pp) - Fd’ where Fd{t) is the coherence

factor defined as

g
T

cpd 2
_ T
Fqlt) = "1ﬁ5:) [s(t)1? , (8)

then bN = (bd'bo) is a measure of the "slope-parameter" for the diffractive

dissociation of the proton on a nuc1eon(9). We note that if b0 is treated



as a constant independent of MXZ, the siope parameter bN decreases from a
value of by = 24 (Gev/c)™? at M 2=1.9 (GeV)? to by =10 (GeV/c)™" at
sz = 4.0 (GeV)2.

In order to compare these data with previously known results on the
diffractive excitation of the proton we have divided the differential cross-
section by ﬁj(t)evaluated at the appropriate t-value. If the cross-section
factorizes, this procedure should yield the corresponding data for pp = Xp.

In Fig. 3 we show data for this reaction obtained(10} at 20 GeV, together

with our 50 GeV and 275 GeV data refit about the corresponding central t-value
of 0.042 {GeV/c)?. In Figs. 4a and 4b, we compare our resuits with data for
the reaction pp + Xp obtained(s) at 175 and 260 GeV, where the central t-value
used is 0.025 (GeV/c)?. The agreement between the higﬁ energy results indi-
cates that the cross-section does indeed factorize. We further observe that
the general behavior of the low-ﬁass diffractive excitation of the proton does
not change its character between 20 and 300 GeV, even though the overall cross-
section decreases markedly with energy. If one assumes the presence of a
background, as discussed in ref. (10), the magnitude of the 1400 enhance-
ment peak changes very little with energy. The changinag values of bﬂ and

the structure in the cross-section as a function of sz are distinctly different

(2)

from the smooth behavior for sz > 5 GeV? reported in the following letter.
We are grateful to many members of the Fermilab staff and in particular to
the personnel of the Internal Target Section for their cooperatiqn in the plan-
ning and execution of this experiment. HWe acknowledge the support of the
technical staff at Rockefeller University and the University of Rochester. The

Soviet members of our team express their gratitude to the State Committee for

Atomic Emergy of the USSR and the JINR, Dubna, for their genercus support.
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TABLE

The results of the fit to the data using the form given in equation 7.
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FIGURE CAPTIONS

Differential cross-sections at 275 GeV/c vs. t for sz = 1.9, 2.7
and 3.1 (GeV)?.

Vatues of (d®c/dtdM 2} at |t| = 0.035 (Gev/c)® vs. M ? for incident
energies of 50, 180 and 275 GeV.

A comparison of our results for (T/Fd) (dzo/dthx2)|t| - sz 2t 50
and 275 Ge¥ with the 20 GeV pp results reported in ref. 10. The curve
is a fit reported in ref. 10 including resonances aﬁd a "non resonant"
- background.

a) A comparison of (lle) (dzc/dthxz)ltl - ops At 180 GeV with

175 GeV pp data (ref. 6);

b) A similar comparison of our 275 GeV data with the 260 GeV data of
ref. 6.
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