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ABSTRACT
Expefimental differential cross séctions.from data on £he.reac-

tion np » (x"n")A™ at beam momenta of 2.7, 3.0, 3.2, 3.9, and 4.2

GeV/c have been extrapolatéd to the oneupion—exchange pole to ob-

tain the n elaSth scatterlng cross sectlon. An éttempt is made

to correct for background due to klnematlc overlap with the com-

peting OPE process Tt p - p (n P). Analyses done independently

on the data in two beam momentum groupings at ~3.0 and ~4.0 GeV/o

give‘consistent results of a roughly consiant 7 -.ll mb cross sec-

" tion forvx-n- - 5 over the dipion mass range 450 - 750 MeV. Our

results are compared withvavailable results from other ahalyfoo and.
fzg_ o .witoﬂoevofolvtﬂooretio;i pfgaiotioﬁs for the T = 2 s-wave phase shift 
o 82

In this note we present a determination of the 5 n elastic scatter-
ing cross section by means of a modified C_hew-Lowl extrapolation to the
pion-exéhangé pole in the reaction
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It is thereby assumed that the.process depicted in Fig.'l(e) (referred
to hereafteries'prOCéss'A) plays aasignificaﬁt role in the overell reac-
-tion. 21,9hl:events of the type
| T xX P - % 7D | - (2)
with beamvmementa from 2.7 to k.2 GeV/cIEwe been used in the analysis.
‘The data were separated inte tﬁo sets: 10,773'erents at 2. 72 3 05, 3. Eh
GeV/c (referred to hereafter as the 3 GeV/E data) and 11,168 events at
3. 9 and k. Zh GeV/c (referred to hereafter as the o GeV/c data) Slmllar
investigations were 1ndependently performed on each set. |
| The perlpheral sample of data corresponding to reaction (1) is ob-
_talned by applylng the s1multaneous cuts | _ | |
m <0.75 GeV
1.02< M <134 Gev o (3)
£ < 0.5 GeV?

‘where t is the square of the momentum transfer from the target proton

to the outgoing n+p syered‘(welieke t to be‘pesitive in the'physicéimré:.-

gion) and the m(M) denote the 7" (x'p) invariant masses. We restrict

the discussion henceforth to those events which satlsfy the restrictions

- of Egs. (3), 155& at 3 GeV/c and 978 at k4 Gev/c. The differential dlstrlf‘

butions dd/dm, do/dM,and dq/dt are presented separately for the 3 and b4
GeV/c data in Figs. 2(a) - 2(f). The smooth curves drawn through the.
data in Fig. 2 are the results of a one-pion-exchange-model calculation
described beloﬁ which includes the effeef of background due to the pro-
cess shown in Fig. 1(b) (referred to hereafter as Precess B).

The experimental dg/dt for reaction (1) have been extrapolated to

e



)

\‘

-

the one-pion-exchange pole for four different T w mass regions at.each

“beam momentum following the procedure of Ma et al.6 Thisvprocedufe

differs from the traditionsl Chew-Low procedure in that (aq/at)exp is
normalized to the pole equation7 modified by a form factor F(m, M, t):
O 1 1

b amd Lm5m2PI2, ('t+u2)2'm%$;0(m) MEQ(M)O(M) F(m,M,t) (b)

instead of to the pole eduation alone. In Eq. (4)'u(mp),are the pion

(proton) rest mésses; PL'is the leboratory beam momentum, and q(Q) are

the'magnitudes of the momenta in the ﬂ-ﬂ-(ﬂ+p) rest frames. The ¢ func-

tions are the on-mass-shell vertex elastic scattering cross sections.

. All quahtitiés'have the units GeV or mb, except F which is dimensionless.

‘The fofm factor, F, canAbe any smooth fuhction whiéh reduces to unity
ét.the pioh-exchange pole. We use the phenomenological D&rr-Pilhuhn8
(referred to hereafter as DP) or Benecke-Dﬁrr9 factors which have been
Sh9> 10,11,12 to approximately summarize experimental Chew-Low distribu-
tlons for strong 1nteraction reactions of the classes Xp - Xn n and
Xp =+ X=n A over a large range of beam momenta. The usefulness of this
procedure lies in the fact ﬁhat the complexity of the t-dependence of the
function to be extrapolated is minimized, théreby decreasing.the order ofv
the polynomial necessary to fit thevexperimental pdints;

‘The function which we extrapolate to the pole for each specified Am

.interval is

q/dt)

ot = (dc/dt)DP_OPE | | (5)

where (dc/dt)bP_OPE is (4) after integration over m and M. The on-shell

n % cross section o is set equal to 1 mb in calculating the denominator,



L2
50 that at the pole o o . ="g". A polynomial in 't is then fit to the
" "

experimental "g points. If (do/at) had pre01sely the same t depen-

DP- OPE
dence as (dc/dt) '. then "¢" would be independent of t. Thus the pre-_

sence of llnear or higher terms in the polynomial flt allows for departures

of (ao/at)DP oFE from (da/at) . The DP factors used in calculatlng
(d0/at) P have the form (see Ref. 10 or 11): |
\2 .
F(m'M 5) = 2.3-u% U Qt l+l6Q (M+m.) +t : (6).
A, 2.5+ t 3+t 1+l6Q_t2 (vrm ) |

where Qt 1s the momentum of the incomlng target proton in the N rest

frame. No correction 1s made to the 7wt vertex factor. This last assump--

tion (valid according to DP for s-wave vertices) is in diéegreement with

expected:off-ehell effects near'threshold.16 By allowing "¢" to depend

on t in the extrapolation fits, any objections to the use of this form

factor near threshold are satisfied. See further comments on this point

below. _ . :
. The experimental "¢" values glven by Eq. (5) are shown as the SOlld

dots in Figs. 3(a) - 3(d) and Figs. B(e) - 3(h) for four different dl-plon
mass ranges in the 3 and 4 GeV/E data, respectlvely.. The linear extrapola-
tion functlon "o" = a + bt, shown as the solid lines in Fig. 3 has been .

fit to the data points in each case. The resulting confidence levels,

~and the best fit values for a and b as well as the extrapolated on-shell

on~ shell

seen_to yield acceptable confidence levels. Also given in Table I are the |

cross sectlons (o ) are presented in Table I. All of the fits are

= 2 s-wave mx phase shiftslB'(Sg) obtained from

TR _ 2 ., 2.2 o '
%on-she1y = 8 T X sin” 8 (7)
in which it is assumed that only the s-wave contribution is 31gn1f1cant

for m < 0. 75 GeV. In Eq. (7) the quantlty * is calculated at the central



vaiue”of therx-ﬁ- méss bin.v'Since the results at both beam momenta are

similar, the average cross sections for each di-pion mass range are also

presented in Table I.

We turn now to the subJect of backgroundlu from process B and its ’
effects upon thevpole.extrapolation. For events Satisfying the cuts (5),
we display in,f‘ig; 4 the differential distributions of dq/dmﬂ-ﬁ_w dq/d.Mn-
snd do/dt#-p for each.beam.momentum. Two‘combinatiOns are plotted for"
each event. The curves drawn through the data in Flg 4 are similar to

those presented in. Fig. 2 and are discussed below. The strong peripheral

o (765) component which is observed in Figs. h(a) and 4(d) constitutes

ev1dence for the process B [see Flg l(b)] With the use of the DP-OPE

description of this process, which has been demonstratedlo’ll’le to sum-

~marize rather well the Chewaow-distributions'bf-available processes of

this type, we.attempt to subtract this background contribution and redo

the pole extrapolatlon analy51s described above.

Assumlng only 7t exchange and neglecting interference terms between

the competlng processes, the background contribution to a (dg/dt) point

is given by Aoﬁ/ét where AUB is the cross section contribution from pro-
cess B.SUbject to the cuts on m, M, and t, specified in Eqs (3). The

width At is the width of the t bin in question. The calculation of AUB

o is discussed in a brief appendix to this paper. The function which is

extrapolated to the pole for each spe01f1ed Mm interval is, therefore,

(dc/dt) p. = Dog/at -
(dor/dt)

"o

(8)
DP-OPE

As before o(m) is set equal to 1 mb in calculating the denominator so

by = M

that at the pole Uon shell o .



to have a more or less consistent value of 7 ~ 11 mb.

ozt

6-
The experimental "o" points, calculated usrng Eq. (8)~are displayed

in Fig. 3'as the open circle points. The dashed lines and the open-circle
1 .

extrapolated cross sections at t = _“2 are the results of fits of "c" =a + bt

fo these'points° Tﬁe parameters and cross section results are presented
in Table II. The cross sections in the mass rangebhho - 750.MeV are ceen

_ . . 5 _

The results in Table IT indicate that:large positive b coefficients
are still required in the 4 GeV/c data fcrvdipion mass m < 0.55 GeV. If
we assume that the background subtraction has been properiy done and that
interference effects are insignificant,‘the necessity for the non-zerc‘b
parameters in the fits to the background subtracted "o ve..t points in
this mass racée indicate that DP-OPE is a poor'approximation to the t-
distribution for nn masses just above threshold, as suggested by Lovelace.®

As a means of illustrating the degree of overall fit quality of &

strict DP-OPE model to the data (which we stress is not assumed in the

actual extrapolations, where we permit the linear coefficient b to be
nonezero),_wevshow in Figs. 2 and 4 curves calculsted assuming an incoheré
ent sum of Processes A and B. The contribution for Process A is assumed

given by Eqs.(h)and(ﬁ)with o(m) = 10 mb for m < 0.75 GeV. The contribu-

tion from Process B is described in the appendix. The ihtegrated theoreti-

cal cross sections {for Process A + Process B subJect to the same experi-
mental cuts (3)] of 0.21 mb and 0.15 mb for the 3 and 4 GeV/c data are.

to be compared with the experimental values of‘(0,2h + 0,01) mb and

(0.17 * 0.0l)bmb, respectiveiy. The integrated theoretical cross sections

from Process A account for 55% and 59% of the total, respectively, at

‘the two momenta. The curves describe the data rather well in Figs. 2 and h;
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esﬁecially-in'the'm and t distributions; however the position of the

**(1238) is shifted to lower mass in the data and the curve does not .

adequately reproduce the data in the AP(1238) region of the n p mass

spectrum of the % GeV/c dafa.

T
In conclusion we compare our results for o) with prev1ous

_on- shell
determinations.]f2 17 =20

Figure 5 shows most avallable values. The dashed
error bars 1n Fig. 5 represent the uncertalntles in the smooth curve at

the nxt mass value in questlon. In those cases in whlch only 82 was glven

- A7y mww . e
(e.g., Baton et al.™ '), O oneshell was calculated u51ng Eq. (7). similarly
we present in Fig. 6 the set of related 82 values as well as the predic-

0

tion (dashed curve) of Arnowitt®l from current algebra and the predic-

‘tion (solid curve) of " Wagner 22 /ho utilized & unitarized Venezisno

formula. While our results are in good agreement with theoretical expecta-
ﬁions, the rather large divergence of available experimental results sug-

gests that unknown systematic uncertainties exist in meny determinations.

A high statistics electronics experiment on the more background-free

n+p - ﬁ+ﬁ+n reaction at higher beam momentum should permit a more

reliable determination of Sg and of the as yet unknown contributions.of

d-wave'and‘higher angular momentum states.



| APPENDIX

The~¢alculation of the curves shown in Figs. 2 and 4 vas performéd o
w1th a Monte- Carlo program. 25 The 1ntegratlons were taken over the full
kinematic range of varlables subJect to the cuts of Eq. (3). In order to
calculaté tﬁe'reflection of Proéess B on the histograms reievant to Process
A, ahd viéefversa, it is necéssary to include informaﬁion»about the angular
.distributioﬁ in each vertex center-of-mass. In all cases this was approxi-
'm‘ated.by ‘thAe on-shell z;ngu:Lar distributiori.?h The n-proton angular distri-

25

- butions were calculated from the CERN'phaSe shift analysis ™™ and the sx

angulaf diétributions reconstructed from the phase shift analysis of

Malamud and Schleln26 (the results are 1nsens1t1ve to the ch01ce of solu-

tlon) for m < 1 GeV and for m > 1 GeV from Wolf e The Durr-Pilkuhn cor-
rection at the“ﬂ P vertlces are 1dent1cal to those used by Colton et_al.27.
in an analysis of pp - (pn”)(pn’), in which it was demonstrated that these

corrections are unnecessary for M 2‘1.6 GeV.
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Table I. Results of fits of the experimental solid "¢" points shown in

Fig. 2 to the assumed forms "¢" = a + Dbt.

n n_ Mass Range (GeV)

Dete set - Fit quantities 0.28-0.44%  0.44-0.55 0.55-0.65 0.65-0.75
Con. lev.(%) =~ 8k 45 9% T8 |
f3,Gev/b - a (mb) | 3.4+ 2,0 - 6.6+ 1.8 9.7+ 1.9 11.9+ 2.1

| b (mb/GeVg) 2%1.1%33.2  128.2+19.7 63.1t13.7 29.9+12.1

' Geitfé%ﬁmﬁ$uﬁ -1.1% 2.5  L.1+ 2.2 ‘ 8.4i 2.1  11.3% 2.3
v_ag (Deg.) 0* 7.7t 2.0 -1k.3: 1.8 -20.0t 2.1
Con. lev.(%) 17 T 8 29
hgev/e  a (ub) b6t 2.6 6,5£2.0 10.7+ 1.8 7.0t 1.8

b (mb/CeVE) 279.4+45,1 - 11694542440 55;2i1u.u 58.9+1k4.1

‘cextraﬁ(mb) . =0.9% 554 | 3.2+ 2,3 9.6g 2.0 5.9+ 2,1
ag (Deg.) - o® 6.7+ 2.4 -15.3+ 1.7 -=1k.5% 2.6
- Average
value
of the : _ ,
2 sets Con. lev.(%) 50 58 ' 89 .53
a (uwb) 3.8% 1.6 6.55+ 1.5 10.2% 1.3 9.1t 1.k

b (mb/GeVE) 2U8.5+26.8 1&5.6115;2 59.5t 9.9  b2.3t 9.2

Oextrap(m®)  -1.0% 2.0 3.7t 1.6 9.0+ 1L.h 8.4 1.5

sg (Deg.) 0® . 7.3 1.5 -1k.8+ 1.2 -18.0% 1.6

a. Since ¢ g::_Sin2 Bg'and g was less than zero the phase .

extrap extrap

shift has been set to zero.
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1o n

Results of fits of the experimental open circle "o" points

shown in Fig.

mn o

2 to the assumed form ¢

=.a + bt.

a1 Mass Range (GeV)

“£0 zero.

Data set = Fit quantities  0.28-0.44%  0.44-0.55 0.55-0.65° ° 0.65-0.75
. Con. lev.(%) 80 ko 72 91
3GeV/c . a (mb) - 9L.Bt:E.h  28.9800.9  10.4£°1.9  10.9% 2.3
‘ ,.b_(mb/beva) 97.5+36.7 27.0£20.5 13.5%14.0 o.hi12,5-_
- Oextrap@) -0-T£3.0  B.b 2.2"'10.1i'2,1 1q.9:_2.3‘
| 50 (Deg. ) o* -11.0¢ 1.5 -15.7+ 1.7 -19.9% 2.2
» :>',Con: lev;(%) é‘ - 65 29 18
o éhjham/c'; a (ub) 5,1 2.7 7.2t 2,0 10.9t 1.9  6.1% 2.0
b (mb/GeV?) -155.3+47,1 91.0+24.6  -5.9%15.0 29.3*15.0
extrap( b) 2.1% 3.5 5.4¢ 2.4 11.1+ 2.1 5.5¢ 2f2.'-
- 50 (Deg.) 3.3t 2.8 8.7+ 1.9 -16.5% 1.6 -1k.0% 2.9
Average  Con. lev.(%) %] 52.5 50.5 54.5
value . ' ' . : :
of the a (inb) 2.9+ 1.8 8.1 1.4 10.7t 1.k 8.4+ 1.4
2 sets
b (wb/GeV") 119.5:29.0 53.2+15.7  L4.5£10.2 12.1% 9.5
oextrap(mb) 0.5%2.3  T7.0% 1.6 10.6¢_1.5 8.1% 1.6
_ 50 (Deg.) -1,3+ 2.3  -10.1* 1.2 -16.1% 1.2 -17.8% 1.8
© a. Since_cextrap d:Sln 8 and o extra < O the phase shift hasvbeen set
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FIGURE CAPTIONS

TﬁebreaCtions considered in this paper, A is the one we attempt
to isolété iﬁ orderlto.study ﬂ;ﬁ- elaétic scatteriﬂg. vPr;cess‘B,
which>is>the‘d0minan£ mode of poﬂ-p production at the beam
moménta.cdnsidered'here, is aAbackground sourcé for the study

of Process A.

Expéfimental differential crossvsectiOné: (a) do/dm wheré m is
ﬁ-ﬁf mﬁss; (b)rdd/aM where‘M is «'p mass; (c) dc/ﬁt where t is
thé:momentum'transfer.to the ' p system for the data at.B Gev/ec.
(a) - (£) are the same fér the data at 4 GeV/c. The smooth |
cuf?es drawn are'fhe predictions of the strict Dﬁrf-Pilkuhn OPE
model.described iﬁ the text. |

Experimental "o" values plotted as a function of t. The solid -

‘data points are calculated usihg Eq. (5) whereas the open'circle :

data points are corrected for background with the use of Eq.(8) as de-
séribed in the feﬁf. The solid and dashed lines represent the

best fits of the linear expression "¢" = a + bt to the data.

- The extrapolated cross sections at the left side of each plot

are the values of this best fit function at t = -ug.

Experimental differential cross sections forvevents satisfying
the selection criteria defined in Eq. (3) for the data at 3 Gev/é:
(a) dc/amﬁ_n+, (b) dc/aMﬁ_p, (c) dc/atﬁ-p. (a) -,(f) are the
same for the 4 GeV/c data. Two combinations are plotted for

each event. The smooth curves are the predictions of

. the strict Durr-Pilkuhn OPE model described in the text.

&)
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Fig. 5.

Fig. 6.

' etveen AT
Comparlson between %on-shell

(open-c:chle pomts) and w1thout (SOlld dots) the background

determined in this analysis with

su'ntractlon procedurex descrlbed in the text, and other publrlshed

Vaiues o ‘fhe solid cu:m}'e.is from ﬁeference 12 and the simbols [ | )
o,v » and A refer to d.a.ta. from References 17-20, respectlvely._
In those cases where 8 values only are publlshed (Ref‘erences 17;

20) the correspondlng cross sectlons are derived using Eq. (7) i

_ the text.

Comparlson ‘between Bg determined in this analysis with (open-cirele .
points) and without (solid dots) the background subtraction .proce—
dure described in the text, and other pubi_ished values. The

dashed and solid cu.rves‘ are theoretical predictions from References

- 21 e.nd 22, respectively. The symbols B,0,V¥, and & refer to

data from References 17-20, respectively. _‘In the case where only

T . ' ’ : ’ ‘ndis
-oonv-’s hell values are published (Reference 19) lthe corresponding

phase shifts are derived using Eq. (7) in the text.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or ‘ v

B. Assumes any liabilities with respect to the use of, or for damages

 resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission’
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
_vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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