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We have measured the dissociation of neutrons into (pﬂ—) systems
. A —————————

AN

)
Jzawmifiﬁ . in neutron-nuclear collisions between 120 GeV/c and 300 GQY[C. The

experiment was performed in the 1 mrad M-3 neutral-beam line of the
Meson Detector Laboratory at the Férmi National Accelerator Laboratory.
The apparatus, which is sketched in Fig. 1, consists of a large-
aperfure forward wire-plane spark chamber V-spectrometer. The
nuclear-target box is located 400 meters downstream of the neutron-
beam production target. (During our run'300 GeV/c protons from the
main ring of the accelerator were used for targeting at the Meson Lab. )
Nuclear targets, typically 0.2 radiation lengths in thickness, were
used to study coherent production of pﬂ_ systems. The target box was
surrounded with scintillator/lead sandwich veto counters so as to be
able to detect nuclear break up processes and thus reduce the trigger
level for the experiment. The trigger requirements were designed to
suppress incoherent production as well as the production
of more than two charged particles within the target box. Fiducial
and spark coordinates from all eighteen chamber planes were reéd out
magnetostrictively (simultaneously from both ends) whenever the loéic
requirement A+*S-H1 was satisfiéd. .Here, A represents the logical OR
of all the veto counters i.e., the counters surrounding the target
box, the-%éinch phick scintillation veto counter at the entry to the
target box (indicating that the pérticle initiating the collision
was charged rather than neutral), and the various baffle coﬁnters

surrounding the magnet aperture (indicating. presence of charged or

neutral particles in addition those entering the magnetic field
volume) ; S represents a-%; inch scintillation counter, located 2 .

inches downstream of the nuclear target sample: this counter provides



the information.that at least one charged particle left the region of
interaction. Two and only two of the eight H1l hodoscope elements were
required to have signals before the acceptance requirement was ful-
filled. The spark chambers were capable of being pulsed 15 "times
during the ~1 sec beam-spill. A typical run consisted of 10,000 triggers
taken over a six hour period. Quality of the performance of the
apparatus was monitored using an online PDP-15 DEC eomputer; re—

construction of events and analy51s was performed off-line. Approx1mately

80% of the 600 000 trlggers yielded successfully reconstructed events.

The coherent digsociation of neutrons ean proceed'either through

the hadronlc diffractive dissociation process (often referred to as

1)
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Pomeranchukon exchange)( or through the electromagnetic excitation

of the neutron in the coulomb field .of the target nucleus (Prlmakoff

. (2)

effect, or photon exchange).

(3)

The dissociation of neutrons has been

studied at lower energies, where kinematic restrictions cause sub-

stantial damping of»the cross section for coherent hadronic excitation
at large values of pm mass (M) as well as asuppression of the cross
section, at all values of M, for contributions from the coulomb pro-
duction process.(h) The present data were obtained in an investigation
of neutron dissociation in the 120 GeV/c-300 GeV/c momentum band for a
variety of nuclear targets, ranging from Hydrogen through Uranium. In
this note we will display the general characteristics of the pPT  mass

spectra and the momentum-transfer distributions obtained in the coherent

dlssoc1atlon of n > pﬂ for Pb, Cu, C and Be targets We will also

- e e

present results for total cross sections of neutrons on nuclear

targets in the SO GeV/c to 300 GeV/c momentum range.
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Figure 2 displays distributions of the square of the four-momentum trans-
fer (t) Dbetween the incident neutron and the produced pw systems

for three regions of M: (1) The A(1236) mass region, defined as

M< 1.28 Gev- (2) The N¥(1400) region, defined as 1.35 < M < 1. h5 GeV;
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and (3) The N*(l688) reglon, deflned as 1.55< M < 1. 80GeV (We use

the varlable t' = It - t |, where tn is the kinematically allowed

g it ¥ v

minimum value of t for the production of a pﬂfﬂﬁxgtem having mass M
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at a given value of the incident momentum for the neutron.) Corrections
for target-emply measurements and for small variations in the geometrical

acceptance of the apparatus have been calculated using a Monte Carlo

program and were applied to the data. The steep peaks observed at small
t'.,with values of diffractive slopes characterlstlc of the 51zes of the
e AT S ST i i A e ¥ SR

nuclear targets, give us full confidence that the 1ne1ast1c productlon

pchess'takgﬁplace coherenély éver the entlre nqg}ggs. (It should be
recalled that we do nofvﬁeasure the momenfum’of the recoil nucleus and
consequently the reaction n + A +> (pﬂ_) + A"has no constraints.r We be-
lieve,however ,that background from other coherent or incoherent channels
is not important for the data which we present in this paper. (5))

The distributions in t', for each target, éppear tovshow similar
dependences on M. Namely, for the A(1236) region all the distributions
display a sharpening of the t' spectrum at t' < 0.001- GeV . This
excess contribution can be attributed to coulomb productioh of pw
systems, which because of the known large Any coupling is dominated
by A°(1236) production. Taking our experimental resolution into account,
the initial fall 6ff of the cross section in t' is consistent with the
theoretically expected form fofncoulomb production.(6)

We have used the -dominance of the coulomb cross section for production

on Pb to extract the momentum spectrum of the incident neutron beamn.




The observed pm momentum spectrum in Pb for M < 1.28 and t' < 0.001 was

first corrected for diffractive event background. The subsequent un-

folding of the resolution and of the known coulomb production process(6)

provided the corrected momentum spectrum,(Fig.3) which is consistent with the

directly measured neutron spectrum using calorimetry;(T)
| The.data in the N (1400) and N*(1688) regions,particularly

where coulomb production is quite small, exhibit a sharp exponential

fall off with t' characteristic of the individual nuclear sizes. The smooth

f T TR
curves drawn on the figure are superp051tlons of the contrlbutlons from

(6)
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and from dlffractlve coherent productlon The latter is based on
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coulomb

an optical model descrlptlon for the production process described by

(8)

Margolis. Standard Woods-Saxon parameters were used to describe the

(9)

muclear shapes. The total cross section of a neutron on a nucleon

was taken to be a constant 39 mb and the elastic forward scatterlng

(wﬂk (kﬂlpj

amplitude for n-nucleon and (pﬂ }~nucleon was taken to be‘;ndl Our ex-
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perimental resolution was folded into the overall prediction for the
shape of the t' spectrum. The value for theb(pﬂ‘)—nucleon total cross
section was also taken to be 39 mb, a value consistent with the shape
observed for the t' distribution and consistent with similar measure-
ments made at incident neutron momenta of ~12 GeV/c.(3)

Figure 4 displays the M spectra for two regions of t': (1) t'<0.001
GeVg, a region where coulomb production is important; and (2) 0.005<t'
<0.03 GeVz, where diffractive production dominates. The data in Fig. 3
indicate substantial A(1236) production, particularl& at small t'; a
shoulder is evident at the N*(1520) and a small enhancement is observed
at the N*(1688), both mainly at the larger t' values. The difference

in the various M-spectra can be attributed largely to the known dependence

of the coulomb production process on t' and Z (the nuclear charge).



The cross section for A®(1236) production, in particular, is approximately
proportional to 22 for £'<0.001 GeVg. The curve superimposed on thé Pb
data is the predicted shape of the mass spectrum expected on the basis

of coulomb production. (The absolute normalization is also consistent
with the data.) The curve displayed on the Be data is based on a cal-

culation of the reggeized Deck effect.(lo)

The shape of the predicted
nass diétribution is in reasonable agreement_with the data.

The energy dependence of the cross section for several mass intervals
for Be, C, Cu and Pb targets is displayed in-Fig. 5. .Only Pb appears to
shdw an increase of the cross seétion with momentum. This rise>is con-
sistent with the dominance of the coulomb process in Pb, (even for
large M-values),and the consequent rise of the cross section with enérgy.
The cross sections for production using the other elements is constant
to within 10% possible systematié uncertainties.

The cross section for neutron dissociation into pm  systems on. Pb
is ~1% of the total n-Pb cross éection. Therefore, our V spéctrometer
can be consideied as a neutron detector having excellent positional and
energy resolution. We have utilized this aspect of the spectrometer to
perform a precision measurement (limited only by statistics) of neutroﬁ—
nuclear total cross sections. Using nuclear transmission targets located
~200 meters upstream of the spectrometer Pb target, we measured cross
sections as a function‘of momentum. The transmission targets were cycled
automatically, typically every ten minutes (a target empty position was
included in the cycling). Counter telescopes were used to monitor the
neutron flux throughout the data taking. Small (<0.5%) corrections for

elastic scattering of the neutrons in the transmission target were also

measured and applied to the data.



In Fig. 6 we display our measurements of the total cross sections
of neutrons on C, Al, Cu and Pb targets as a function of beam momentum.

These measurements connect up very smoothly with measurements at lower

R L e

energies but appear to be somewhat inconsistent with other recent measure-
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ments at Fermilap:S{i?
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Figure Captions

1.

2.

Schematic of spectrometer system.

Distributions in momentum transfer for neutron dissociation off Be, C,
Cu and Pb nuclei. In each case we display the t spectra for pm mass
ranges < 1.25 GeV, 1.35-1.45 GeV and 1.55-1.80 GeV (data for the lowest
mass band are shown at the bottom of each set). The curves indicate the
contribution of diffractive production (bottom curves) and the sum of
diffractive and coulomb production (top curves).

Neutron momentum spectrum in the M-3 beam at Fermilab.

Mass spectra for coherent produced pw pairs for t'<.001 GeV2 and
.005<t'<0.03 GeVg. The curve on the Pb data is the shape expected for
the mass distribution assuming dominance of the Primskoff pfoduction
amplitude. The curve on the Be data indicates the shape expected on
the basis of a reggeized Deck model.

Energy dependence of the coherent production cross section on nuclei.

Energy dependence of total neutron-nuclear cross sections. The curves

indicate . an averaging of measurements at lower energies.
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