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ABSTRACT
A‘low—background saﬁple of approx1mately 550 events
from the_reaetlon n+ n — n p has been obtalned from a -
Stﬂdy'ef the;reeeﬁion n d-—>pprw W né in a bubble .
chamber experiéeht with‘ineiaent pienvmomentum'between_ 
1.1 and 2.4 BéV/cf ”The n production anguiar distributions

and the total cross section are very well fitted by a -

tWoeparameter.Reggeized A-— eXchange model with VeneZiand-tjpe.
-resiaue fuhctionS; ~The model is also compared with data from

other experlments spannlng the incident momentum range fro
near threshold to 18.2 BeV/c, and the-agreement is Yery good.
We report an investigafien of the reactipn n+ d — p‘pfn+ o no

performed in the fall of 1966 in the deuterium-filled 72-inch bubble

»
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chamber at the Lawrence Radiation:LaboratoryL Thé momentum of the in—
cident pion beam from the Bevatron encompassed‘the range from 1.1 to"
2.4 BeV/c at the eight momentum settings 1.10, 1.30, 1.53, 1.58, 1.70,
11.86,'2;15; and 2.37 BeV/c; the total exposure size was 14 events/pb.
Because of the Fermi motion offtheAnucleons inithe deuteron,:a single
beam momentum gives rise to a continuum of c.m; energies, and eé a
result our exposure gives continuous coverage‘of the c.m. energy range

from 1.7 to 2.4 Bev.l |

| . . .
The events discussed here all have four visible outgoing tracks;

" that is,. we do not report on events where the ?spectator"_?rotqﬁ (p) in
the reaction | | | | |
| - 7t a e (p)pa A B ()
vhaS’momentum.less than about'sé MeV/c in the labdiatory( 128 QOO
four-pronged events ﬁere measured withvthe Spiral Reedef-end.fitted with
' the»etaﬁdard'LRL'fitting-progr%ms TVGP and SQUAW. A sample of.8710 e&ents'
assiéned to reaction (1) and having at 1east.one pfoton in the'final‘
vstate'ﬁith laborafory mementum-leSs than 300 MeV/c,was Obﬁained; the
lefter reqﬁirement is to insure tﬁatAwe ére deaiing with events in which
: only'the neutron in the deﬁtefeﬂ"ﬁekes»part in ﬁhe interaction.

The ﬁ+ﬁ-nO mass spectrum from feection (1) shows prominent 7 and
peaks. ‘The n peak contains about 350 events with little background°.a
max1mum-11ke11hood fit u31ng the program MURTLEBERT2 was employed to
estlmate the number of n and w events and to determlne the cross sec-'
tions for the reactions

'nf nv-e np x eA,(éa)

_ﬂ+ D — " p. .'f DR o (2b)
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" . as a function of c.m. energy by nofmalizéfion.to selected final'stétéé
whose cross\section is known from‘charge—symmetric daté.} The background
3_fracti§n in the 1 mass cut (55O.MeV/02 <fm(ﬂ+n_no) <‘57O MeV/cg)'is 13

| ber cent. i' o . N : o |
The:n production angulér distribufioﬁs ahd total cross‘seciions have
_ beeh fitted-uSing a Reggé-ﬁole-éxchangehmodel.in?diving”thé simplest
allowed meson ekchange,'thé Ag; or R-trajectory. _The:differentiél Cross
section,'éxpressed in terms of the‘invariénf'aﬁplitu@és A and B, is

do a | _.38% M q iﬁi? 2 sH- u 2 lk!2 E] 2
digosGS Kmb): i '—_8—;—§—a;£.{;'M2 ’A’_ + [Gjrifq + Y IBI

B s R ) S O
;whef¢ M is the.nucleon>ﬁaés; s, t, and u are the usualyMéndelstam
 vafiables;‘and qi and qf'are the initial-_and final—state'c,m. moménta,
respectively. 1k is thé t-channel meson momentum; and p is the t;channel
baryon momentum. (All momenta and masses are in BeV.) We have chosen to-

parameffize the invariant amplitudes A and B by the leading order in s

of a Veneziano.parametrization: e - -7 3
A eerh) = sl -a)s T g
B (3eV7%) = b P(1 - a(t))(1 + e HB) pugyo(t)-1 (k)

Here a(t) is the A, trajectory function, which we take to be the
' straight-line form . _ -
ot) = 2+ (t - )b - | (5)

This parametrization is similar to the standard Regge parametrization

of t—qhannel helicity amplitudes,5 but the Veneziano model demands that
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,b" =Db' = Db be the~un1versal slope of the llnear trajectorles. Hence,
taking the trajectory slope b from experlment to be 1 BeV 2;]eachv | |
' res1duevfunct10n 1sfdeterm1ned.up,to an overall constant., The tuo‘real
numbersvaé and bo are consequentLy the only parameters.in our fit.M‘
: d A least-squares fittlng procedure to thebshape onlyfof_the pro-
duction angular‘distributions yieldsptheAbestbfit forr »
| ‘b/a -2 | - (6)
This f1t is dlsplayed upon the data for the productlon d1str1but10ns at
each of s1x Coels” energy 1ntervals in Flgures 1 a)- f) The productlon
angular ‘distributions are presented after subtractlon of background theh'
three -pion productlon cosine dlstrlbutlons for three -pion masses adjacent
to the 7 mass cut.are‘fairly flat at all c. m. energies, .80 ‘an isotropic
vbackground was.subtracted.\ A small upward correctlon (the shaded events
in Flgure 1) has been made to the forwardmost two blns 1n each C.m.
energy lnterval due to the effect of the Pauli exclusion principle‘in
;suppressingvlou-momentum-transfer,events,in reaction,(l).5
' The curves on the production distributions all satisfy equation:(6),
but they are normallzed separately to have the same area as the res-
pectlve hlstogram in Figure 1. It w1ll.be seen below, howeyer, that a
51ngle choice of scale factor, i}e; a unique choice of a and bo, fits
both the shape and absolute scale of all distributions. The secondary>
zero in the curves of'Flgure 1 (at t = -1.3 BeV2 occurs because the
- signature factors in eduatiOns (k) go to zero at a(t) = -1.
The energy dependence of the total cross sectlon for reactlon (2a)

and for its charge symmetrlc counterpart Tp — 7 n, have also been
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compared-to the model- the data p01nts used span the c.m. energy interval
from threshold for the reaction up to almost 6 Bev, the highest energy

‘at which it has been»studied. Figure 2 is a logarithmic plot of the
jtotal,cross'sectionbfor reaction (22) and 1ts charge—symmetric equivalent
' vs;;c;m. energy, along'withdthe predictions of the Reggeized A -exchange
_model.f Figure 2 contains 13 cross- section pOints from this experiment »

~ and one- p01nt from another < -a experiment6 for reaction (2a), and 15

7,8

pOints from two more experiments done.on;the charge-symmetric reaction.
, Curves for three different ratios bo/aéuare displayed on the data,‘all‘
normalized. to pass:through'the arbitrarily-seleCted data point.at

Eé'm. = 5;46 BeVi.aFor b /a ='2.4 the fit is seen—to be very goodvover
_the entire range of energies,' this is the same ratio which gives the"
best fit to the shapg of the production angular distributlons for our:
experiment;-

Thevparameter values used to obtain the fit to the shape of our
_production angukzr distributions and to the total cross section over a
wide range-of_energies-are l _ _

| | | a, = 28.7, b, =W68 8 . (1)
From the two dotted curves in Figure 2 corresponding to b /a = 2.2
and 2.6, it is seen that a variation of only about 5 per cent in the -«
‘ratio (6) is allowed in order to fit the cross section data. 1In order
.to fit the‘shape of the production cosine distributions, the tolerance'
is about 10 per cent Furthermore, in order to fit the Width of our

ve\perimental production cos1ne distributions, an A2 traJectory slope of

1 BeV 2 + 10 per cent is necessary; it should be noted that this value
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is obteined under the-restrictioﬁ that b = b' = b, which is not eppiied '
in a conventional Regge £it. -
| Figure 3 shows.the'differential cross section for

TP nm, oy e
from referencef8 at c.m. energies above Q.SOABev;zaloﬁg with the pre-
diétions of the.ReggeiZed Aé-exchénge model.’ATheiegives aﬁeenermalized
to have the. same area as thevhistograme,.Which ie nbfkae£ﬁ5lly neceeSary ’
beCaﬁse of the'eiceilent agreement"between fhe medei and;the total
cross section points:of this reference. The agfeeﬁeﬁf between the dif-
'ferenfial cross.sections and the modeiein'Figﬁre 3.is'setisfaCtory.9x
The model has also been compared with the dlfferentlal cross sec-'
- tion for reaction (2a) measured by Benson19 at‘E;vi = 2 78 BeV and with
‘that for reactlon (8) measured by Wahllg and Mannelllll'at'E .m; = 4.43
BeV. (The comparlson is shown 1n reference 1. ) The data of Benson agree
very well with the model, even better than the equlvalent data of reference
8 shown ;n Figure 5bw The dlfferentlal cross section of reference ll is
vbroader_than‘the.ﬁodel and also broader than the dlstrlbutlon of reference
8 Shown_in Figtre 3d, With which it should be identical; 'These discre-
paﬁcieS'in:the preduction distributibns‘et high energy (Ec;m. > 2.5 BeV) :
sheuld'Ee kept in mind when makingvdetailea comperisons with"the.model
Cross sectlons for reaction (8) have also been measured close ‘to threshold
by Rlchards et a.l.,12 and at the energles where these measurements overlap
with ours,. the agreeﬁent beﬁween the two experimehts is'excellent. The

" model fails td'descfibe the differential cross section only for.Eé m

values near threshold, around the mass of the N(1550); the model has
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been compared with the dafa of reference 12 in this region.

The 31mple two-parameter Regge exchange model descrlbed hene as
;thus sufflclent to predlct accurately both the productlon angular
dlstrlbutlons and the total cross section for reactlon'(Ea) over a
range of c. m. energles from 1.7 to 6 BeV (thls corresponds to 1n01dent
. beam momentim between 1.1 and 18.2 BeV/c); this indicates that-n pro-
duction in reaction (2a) exhibits duali*ty in-tne sens.e. £hat the.A
—exchange Wthh domlnates the reactlon for hlgh energy and small t also
'eglves a surprlslngly good descrlptlon at lower energy and at large .
;angle.

We are 1ndebted to the scannlng and measurlng staff of the Lawrence

"; Radlatlon Laboratory for their industry and to-the LRL computer center

staff for thelr constant cooperatlon. -We thank Prof.vLu1s W. Alvarez

. for his support and'encouragement.
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" FIGURE CAPTIONS

FIG. 1. n production'cosine’distribdtions for six lOO+MeV—wide'cym. :

energy 1ntervals centered at the values 1nd1cated Shaded events are
added to account for the effect of the Paull ‘exclusion pr1n01ple; ‘Some
blns have negatlve contents because of the background subtractlon. Thea
curves are the predlctlons of the Reggelzed A -exchange model ﬁlth
bo/a.o =::,:;4 they are normallzedbto have the same area as the hlstograms.:
FIG;VE. Cross section for n+ n —an'p or %P "ﬂ n vs. c.m. energy. |
Three predlctlons of the Reggeized A -exchange model are plotted allf
curves are normalized to pass-through the data point at E c.m. ='5.h6 BeV..
FIG. §. leferentlal cross sections for - p —aq n from reference 8.

The curves are the Reggeized A -exchange model predlctlons with .

'bo/aO = 2.4 and are normalized to have the same area'as the histOgrams.
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