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ABSTRACT
' Enperimental differential cross-sections fron aata on the reactions
TP o ﬂ+n and = o o n st (1238) nave been ‘extrapolated to the one-
pion exchange pole to obtain the n+n elastic scatterlng cross section
,from threshold to 1. 4 GeV. Con51stent results are obtained in three
c.m. energy ranges for both reactlons.' Thevdataxhave been it to
several t-dependent extrapolatlon functions, and the results of the
fits are tabulated'and plotted as & function of %'n effective mass.
In particular, we'find cross sections of approximateiy 25 and 125 mb,
respectiyely, atlthe K and central'po(765)'mass positions,_
I. INTRODUCTION |
The @roper extractioneof,Xﬂ elastiCVSCattering cross sections
from data on the reactions Xp = Xn'n and Xp —9XﬁfA++(1258)
[for X“:“ﬂ,ﬁK,-p] has been the goal of many experiments since the work
of Goebel}'and Chew and Low.l Many analyses, which include the fits
.of experimental differential cross sections to various theoretical
* formulas as well as-numerous extrapolation-procedures, have either
’assumed'or-attenpted to show that single-pion exchange is dominant -
in the above reactions in the intermediate.energy-region. More
recently, however, Kane2 has pointed out that other exchanges
(e.g., p,»AE)'are‘just as, if not more, important in the region of
small momentum transfer. Thus it appearS'that if pion-exchange is
indeed present in s reaction, an appropriate extrapolatlon procedure

must be carrled out in order to 1solate and determlne 1ts magnitude.
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In this paper‘we present a determination of the. < x elastic
scattering cross section by means of a modified Chew-Lowl extrapola-
tion to the pion exchange pole in the reactions t _
7t p - (n #n - . L (12)
and ' o : N - |

ﬂp-'(:rsr)A (1238) . (w)
v We. assume (for small momentum transfer) that the processes de-
picted in Figs. 1(a) and l(b) play significant roles in reactions
(1a) and (1v), respectively., The extrapolation procedure which we

5 to successfully’yield n+p elastic scattering cross

use has been shown
sections in the region of the A (1238) resonance from peripheral data
on the reaction PP —>(pn Yn at 6.6 GeY/c incident laboratory beam
momentum, The method involves first norma1121ng the experimental
differential cross section (dd/at)exp at x ﬁ effective mass m,

to a function which behaves similarly with t but which reduces to the
required value at the pion-exchange pole. . The normallzed data points -
are then fit to a low;order polynomialin t. The pole velue of the poly-
nomial with best fit parameters yields the ﬂ x elastic scattering cross
section. The procedure does not require extrapolation of quantities
with poles and does not require the pion-exchange cross section

to vanish at Zero momentum_transfer in the data of reaction (la).
Effects such as helicity dependence, absorption,vand Reggeization

of the exchanged pion as thus allowed for. | | ' _

In Sec.- IT we list and examine the data used in the extrapola-
tion. The extrapolation procedure and the fits to the data are dis-
~cussed in Secs. ITI and IV, respectively The results and conclu51ons
are put forth in Sec. V. : ' '
II. EXPERIMENTAL DATA . .

The analysis of the datat of reaction (la) has been performed upon
a total of 20,5hl events which have been subdivided into 5082, 7728 and
7731 events corresponding to intervals in center of mass energy of
2.0 - 2.37, 2.37 - 2.49, and 2.49 - 2.70 GeV, respectively. The -
analysis of the, data5 for reaction (lb) has been performed upon a
total of 17, 729 events of the type

7 p ~aﬂ *ye n+p' | v v.v : ’ (2)
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which are subdivided into 7207, 4653, and 5869 events correspondlng
“to three intervals in c.m. energy. The first two- 1ntervals occupy
ranges of 2.57 - 2. 78, and 2. 78 - 2. 98 GeV in -c.m. energy and the .
third interval contains events with nominal beam momenta of 6.94 '
(3.73 GeV c.m.) and 8.4 (k. 08 GeV c.m.) GeV/c. TFor the purpose of
further discussion we denote the separation of events into c.m. energy
intervals as experiments, characterized by the ordinal numbers 1, 2,
and 3. | o
The strong Al (1238) component in reaction (2) can be seen in
the histograms of x p effective mass in Figs. 2(a) - 2(c) (corre-
.sponding to the three experiments) Two combinations are plotted
for each event, In order to obtain events corresponding to reaction
(1b) we‘reqnire
| , m<m<131+c;ev N )
where M is ‘the o3 p effective mass. If both M combinations for an
event fall within the it (3) then we use that combination with the
vrsmaller“value of t measured from the target proton to that outgoing
(12%8) combination. The four-momentum transfer squared (t) is
chosen to be positive in the physical region. The 1w effective
mass spectra for reactions (la) and (lb) are presented in Figs. 3
and 4, respectlvely.' The presemce of p- (765) production is obvious.
Additional structure near 1250 MeV for the higher c.m. energy experi-
ments is evidence for £ (1260) resonance production.
LT 'ITI. EXTRAPOLATION PROCEDURE

The experimental do/dt for reactions (la) and (lb) have been
extrapolated to the one-pion-exchange pole for different ﬁ . mass

regions (for -each experiment) following the procedure of Ma et al.5

This procedure differs from the traditional Chew-Low method in that.h»-

the experimental differential cross section‘(do/dt)exﬁ is normalized
to the pole equation modified by a suitable form factor, instead of
to the pole equation alone. For reactions (la) and (1b) we write6

) .
% 1 t 2
- s i EE ,221;535-[m q(m)o(m)]F(m,t) (ka)




and

g o1 [ q(m) o(m)] MEQ(M)G(N
T hule?  (ne)? (t4°)°
respectively. 1In Eqs. (4) p(mp) are the pion (proton) rest masses,

P. is the laboratory beam momentum, ge/ha 29.2, m(M) are the

L

x'x (x'p) effective masses, q(Q) are the momenta in the 'n (x'p)

FlmM,t)  (4b)

rest systems, and the o functlonu are the on-mass-shell vertex elastic
scattering eross sections. A1l quantitles have the units GeV or mbﬁ
except F whlch is dimensionless. ‘

The form factors (F) used in Eqgs. (4) can be any smooth con~
tinuous functions which reduce to unity at the pion -exchange pole.
To obtain suitable F functions we first multiply the phenomenological
Durr-Pilkuhn (referred to hereafter as DP) p (765) vertex factor by
the t dependent form factor8 which WOlf9 found was necessary in order
to descrlbe the .t distributions of varlous quasi-two-body processes.

Defining a function G Qe'write

2. ) [14(8.30)° -
‘ G(m’t)=[2 ;ﬁ ( ) [ +09.50) ] - (5)
o 1+(8. Bqt) v
where q_t is the moment um of the 1ncom1ng beam pion evaluated in the

i rest system. The form factor appearing in Eq. (k) is given by

14+7.1( ) , _
— 2l (62)
1+7.1(a, )¢ |

where (q ) 1s the momentum squared of the 1ncom1ng target proton

Fmt) [

evaluated in- the neutron rest system, and (q ) is this quantity
taken on-shell. Similarly the form factor appearing in Eq. (4b) is
given by the product of the phenomenologlcal pp At (1258) vertex
factor and G(m,t)

2 2 -‘(M+m )24t | |
o [ P

F(m,M,t) = (
: ‘ (M+m -0
where Qt is the momentum of the incoming target proton evaluated in

the AT rest system. The use of form factors ‘such as (6a) and (6b)
along with other- approprlate Durr Pllkuhn factors have been showng’



to describe experimental Chew-Low distributions for strong -inter-
action reactions of the’ classes Xp -Xﬁ n and Xp - Xn A (for
X ==, K, p) over a large range of beam moments. The usefulness
of this procedure lies in the fact that the complexity of the t-
~ dependence of the function to‘betextrauolated is minimized, thereby
'decreasing the order of the-polynOmial which is fit to the experi-
mental p01nts. '

The functions which we extrapolate to the pole for each spec1-
fied interval in = Y1 mass (£m) are _ .
(do/at) - (7a)
(1/t )Tdc/dt)DP oFs

"ta

for resction (la)'énd
' (dc/at)

"¢9 (dc/dt)BP ore - ()

for reaction (1), The expressions (do/at)DP OPE in Egs. (7a) and (7o)
aresEqs. (ha) and (hb) respectivelw,after 1ntegrat10n over the vari-

able(s) other than t. The on-shell cross sections o(m) are set equal

to 1mb in calculating the denominator so that at the pole ueagn“shell
P
="to" aud Uon chell = "g" for reactions (1a) and (1b), respectively.

1n_u

Polynomials in t are then fit to the experimental "tg¢" and "o points.
Note that if (do/dt)p, oo
(do/at) then "to" points can be described by the form bt and
"o points ere independent of t. Thus the need for

has précisely'the same t dependence as

other terms in the polynomlal expressions allows for departure of
(do/at)DP op £¥om (dc/at) '

_ IV. FITS TO DATA

Thé experimental "to" values for reaction"(l_a),'calculated;l
using Eq. (Ta), are displayed in Pigs. 5 - 7.’ The‘three figures
are subdlvided 1nto 11, 13, and 13 parts v
corresponding to the denoted reglons of x n- effective maSs, respec-
tively. Least-squares fits of the data in Figs. 5 - 7 have been
performed separately to the assumed forms a + bt, bt, and bt + ct
The resulting confidence levels and the best fit values of the para-
meters, as well as the extrapolated on-mass-shell ﬁ+ﬂ- elastic scat-

tering cross sections are presented in Tables.T - III. The numbers
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listed in the second column of the tables represent only the periph-
eral (small t) events used to calculate the experimental "to" points.
All of the fits listed in the tables have acceptable confidence levels
(> 1%) excepf for the "to" = bt fit in the lowest g+n- mass range in
Table I. Therefore the experimental differential cross sections
(do/at) xp. Bppear to be adequately represented by‘(dd/&t)DP_OPE in
the t and m ranges considered here. The straight lines and the extrap-~
olated points at t = -u (in Figs. 5 ~ 7) represent the expansion
"tg" = a + bt using for a and b the best fit values obtained in the
least-squares fits. Tables I - III indicate that the a and c para-
meters obtained in the fits are generally consistent with zero. How-
ever, ﬁhey are negative and positive, respectively, in the central
p mass region. Thus, the resulting extrapolated cross sections from
the a + bt and bt + ct2 fits are larger and smaller than the bt fit
value, respective1y, in the:central p mass regioﬁ. The extrapolated
cross sections listed in-Tabies.I - IIT are plotted in Fige. 8(a) -
8(c) as a function of i effective mass. The smooth curves drawn
in Fig. 8 are l2nK2 which represent the unitarity limit for an elastic;
p-wave nxt resonance. The points in Figs.'8(e), 8(b), and 8(c) occur
below, above, and below the unitarity limit at the p mass peak, respec--
tlvely. '

The experimental "o¢" points for reaction (1v), ca:l_cu_’]_a.ted-l2
using Eq. (7b), are displayed in Figs. 9 - 11. The three figures
are subdivided into 12, 9, and 10 parts corresponding to the denoted
regions of n+n— effective mase, respectively. Least-squares'fits
of-the data in Figs. 9 - 11 have been performed separately to the
assumed forms a and a + bt. The resulting confidence levels and
the best fit values of the parameters, as well as the extrapolated
on-mass-shell ﬂ+n- elastic scattering cross sections, are presented

in Tables IV - VI. As above, the numbers listed in column 2 of each

.-y

table represent only the peripheral events used to calculate “the
points. Five of the "¢" = a fits listed in Tables
IV - VI have unacceptable confidence levels (< 1%). In the remaining

experimental "o

cases, however,'the experimental differential cross sections (do/dt)exp
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appear to be adequately described by (d0/dt)p_opp in the t and m
ranges considered. The straight lines and the extrapolated cross
sections at t = —uz.(in Figs. 9 - 11) represent the expansion

"o" = a + bt using for a and b the best it values obtained in the
least-squares fits. Figures 9 - 11 indicate an abrupt change in
slope parameter b while passing through the p region. The change
from positive to negative values of b accounts for the large values
of extrapolated cross section observed in the ﬁ+n- mass bin starting
at 0.78 GeV. The extrapolated cross sections listed in Tables TV -
VI are displayed in Figs. 12(a) and 12(b) as a function of x'n effec-
tive mass. The smooth eurves drawn in Fig. 12, again represent the
p-wave unitarity limit. The poihts in both Figs. 12(a) and 12(b)

exceed the unitarity limit at the p mass peak.

V. DISCUSSION AND CONCLUSIONS

The extrapolated'n+ﬂ- elastic.scattering cross sections result-
ing from the dlfferent fits appear to be similar for the three experi-
ments ;n all cases. This observatlon supports the one-plon—exchange
hypothesis and indicates that the systematic effects induced by errors
in the experimentally determined cross sections for reactiens (la)
and (1b) are small compared to the statistical errors. In Table VII
we list the extraﬁoiated cross sections, averaged over the three experi-
ments, from both reactions (la) and (1b). These eross.sectione are
also plotted in Figs. 13(a) and 13(b), respectively, as a function
of n+n-‘mass.v The cross sections obtained from each of the assumed
forms for "to" and "c" appear to be quantitatively consistent every-
where except in the central p mass region. In partlcular,‘a value
of roughly 25 mb is observed at the K mass. In the central p mass
bin the "to" = a + bt and "o" fits indicate an average cross section
of roughly 125 mb. The "to" = bt and "to" = bt + ct® fits yleld
cross sectlons which are somewhat smaller at the p mass peak. The
latter effect has also been observed in an earlier analys1s by
Marateck et al. L3 One expects a 51gn1f1cant s~wave con‘brlbu.tloﬁl
at 0.765 GeV so the results of our "to" = a +bt fits are probably
more reliable.15 Bach of the fits indicate a p width (FWHM) of
around 150 MeV. However the unknown resolution inherent in data

compilations such as these prevents an accurate estimation. Presum-
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ably a value such as 130 Mev would be consistent with our results.
The curves appearing in Fig. 1% were calculated from the theoret-

ical expre351on for )

o= kﬂ%e [5sin Si+ % 1n285_+ L 31?253 't cos(o o)sin 8 sing 3] (8)

vwhere 5 is the scattering phase shift for angular momentum L and
I-spin T, and only s and p-wave T ﬁ elastic scattering are assumed
to occur. In Eq. (8) sin 81 was taken to be a resonant p-wave

Breit-Wigner of mass ‘and width O. 765 and 0.125 GeV, and the values

for the &-wave phase shifts Bg and 80 were obtained from the analyses
of Colton et al.16 and Malamud et al.,17 respectlvely. The solid

and dashed curves correspond to using the_"up-np"'and "up-down" solu-
tions :of'sg, respectively, in Eq. (8). Both curves_sgree'with the
averaged extrapolated cross sections below the central p region in
both Figs. 13(a) and 13(b). _Aboﬁe 0.8 = GeV the dashed curve appears
to agree more closely with the aﬁeraged extrapolated cross sections.
The data in Figs. l3(a) and lB(b) have also been compared to the pre-
dictions of Eq. (8) using for 8 the "down-up" solutions of both
Malamud et al.l7'and Marateck et al. 13 While reasonably good agree-
ment between the data and predictions is observed in the p region and
~above, poor agreement (predicted o too low) is observed below m = 0,65
GeV. = - ' . . » _ »
o In’ conclusion we have performed an extrapolation to the plon-
exchange-pole in reactions (la) end (lb) in three c.m.‘energy regions

-1n order to determine the T ﬁ elastic scattering cross section for

: ﬁ x effective masses below l L GeV. The pole extrapolation performed
-here differs from earlier methods 15 in that: (a) We first normalize =
the experimental differential cross section to the pole-equation modi-
fied by appropriate form factors instead of to the pole equation alone;
(b) 4in the analysis of the date for reaction (la) we allow for. non-
vanishing contributions of the experlmental differential cross section
(e.g., "t0") at t = O in our fitting procedure. The results of using
several t-dependent extrapolation functions to fit the date of reaction
(1a) are somewhat ambiguous in that generally good fits are obtained



to the to" points, but the extrapolated i elastic scattering cross
' sections differ somewhat at the p-mass peak. Clearly an order of magnl-
tude inerease in the number of aveilable np e n-ﬂ+n eventssis necessary

in order to accurately'determine thesa and ¢ parameters in the a + bt + ct2
fits to “to" peints'which are evidently required for a more precisevextrapo-
“lation. - : ’

We find, additionally, that theen&m&polated ﬂ n elastic scattering
cross sections obtained using each extrapolaxlon function are similar for
each c.m. energy region. The c.m. energy averaged results of reaction
(1b) and the a + bt fit results of reaction (1a) are consistent with each
other and with those_values obtained from the plane-wave expansion for o

[Bq. (8)], which utilizes published values for the s-wave phase shifts.
| We thank Professof Peter E. Schlein for helpful suggestions.
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Table I. Results of fits of the "to" date points, for Experiment 1 in x p - (n‘-n_:+)n, to the assumed

forms & + bt, bt, and bt + ct2.

i Mo =8 + f?t "E5" = 1t "tg" = bt + ct?
A7 Miss . Prob. || ~ Prob. T, prob.
Rang_(cev) Events o (wb)  af® Lmb) 64)) o (wb) (%) o (wb) (%)
28146 56 YT+ 15 20 4 8 2 |l a2z <1 541 22
46,5 T0 48 +-19 .-.9:_12“-;2'.-’33i1+ R 5:3 :.8
Sk-,62 104 46 +12 -94+8 92 | 2 +3 65 l 1 _{_1 _ 68 |
.62-.68 159 - %6 +18 2413 b || b9+k 99 0+l 95
68-.72 261 6 + 31  22+22 13 || '95 ij 6 15 1 +2 8
T2-.T5 225 122 s M 1143 11 || 107+7 18 0+3 1
«T5-.78 297 140 + U7 21 4 35 1 || e T 2. 5z+2. 5
.78-.81 267 167 +50 55438 1 %+6 1 542 4
.81-.85 215 T0O+39 -T+31 % 61 + 4 92 1+2 ‘89
.85_-'.-90 200 7 i' 37 ~26 + 30 .82 e W +3 78 1+1 88
.90-.98 209 34+ 38 53 +32 13 29 + 2 7 SESY 4

~

3 ‘Z_"_“



Table IT. Results of fits of the "to¢" data points, for Experiment 2 in x p = (n-st+)n, to the assumed
" forms a + bt, bt, and bt + cto.

Myt g bt Mpp o1 e .“p‘t.:+ et?_
% Mass - Prob.. . Prob. H Prob.
Range iGeVJ{ Events o (mb) a/;i (wb) (%) I o (wb) (%) ) o (mb) oy (_bl (%)
28- 46 53_ -:-35_'111 f-1l;+7 20 || b+ 2 6 +1+ 2+1 8_0 
- .h6-*.5___2+_ | ._‘;65 wsn 77 65 || -721;'1 5 52 28 +7  lxl %
 .51_;-'.62 139 br(ilo ;-§i6 T2 2+3 33 25 + 5 241 66
.62- .68 206 :,“5:12 3_{7 B 5oii3_ o 50+ T 01 -85
68- .12 300 % 419 -T+12 T8 85+5. 83 | L+l 1 42 76
2- .5 3 1o3k+ 26  5+18 25 | 110 +6 31 flis o +3 22
.75 -' .8 418 144 + 26_ -'2&_:18‘ 2 |lmox6 2 80 4 1 61 2 28 -
8- .81 M8 128 426 .18 +18 | 37 |j10k x5 577’ 5% 10 2+ ?‘- o8
8l- .85 370 97+l -23+15 Mo 65 +3 28 §f 37 2 i 1 s
.85- 90 . 323 46 +18 - 34+1k 10 bl+2 16 | 33+ 6 2+1 23
.90- .98 343 55 + 13 -2k +10 T 2h+1 20 | 1743 140 %
298-1.1 252 30 +12 =16 + 10 8 12 + 1 7 T+2 1+0 26
L.l -1.2 251 ho+25 -2ip2 88 || 15+1 82 1 3 0+0 %

_st_



Table IIT.

Results of Pits of the "to" data points,
assumed forms & + bt, bt, and bt + ct .

2

. - - + ’
for Experiment 3 in % p - (% % )n, to the

e — & 4 bh | . "g" = bt o+ ct
X Mass | L Prob. . 2 ‘Proﬁ.
Range (GeV) Events o (mb) a/i° (ub) (%) g_(mb) ou (wb) (%)
)46- .54 6 30.'_;__13 -2+8 89 | 25 + T o+2 80
Sh- 62 110 b i 13 -6+8 26 22 + 8 5:.‘2 50
62— .68 173 -281_1 12 748 5 3647 12 3
oo m mawm osen a raw axe
T2--.T5 320 101421 -2+13 8L 105+ 11 -1+2 86 |
.75~ .78 J+151 B 121 i 23 -6 ;1’15_' 60 1_'1.1_-!;]_'1. 0+2 | 58
.T8- .81 '368, | '96'1'2‘5‘ -'3‘3:'15‘, 27 | 8?;110 2 +2 55
813 .85 uo5. .5_55_15» 5 +11 35' 67 + 6 11 39 -
.85- .90 300 22 +13 10 + 9 13 38 i I 0e+1 10
.90- .98 332 21410 248 62 23 + 3 0+0 62
.98-1.1 277 2746 1345 43 T+2 1+0 31
1.1 -1.2 258 - 15 +13 ] 3412 L2 1242 040 42
1.2 -1.% 335 ki3 13+28 9 18 + b 040 8

_‘?7% 
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Table IV. Results of flts of ‘the "o" data. points > for Experiment l in
T p - (1: it )A (1258), to the assumed forms e 'and 'a + bt.

"¢" = a + bt

T Mass S o e b B | ' Prob.

Range (GeV) _ Events _ ofmb)  (#)" Y o (mb) e (ub) (%)
28— .45 | 6L "1i”f’1 | 16 | s +35 | 1+1 86
45~ .55 % 27T + 3 o1 25+ 7 | 0+1 <1
.55- .63 159 ; B3 -"’5o° | w8 -1 +1 45
.63~ .68 s CERS I 60 || 32 %10 2 %1 el
68- .72 o3y | B | 17 fluesar | oaaze 50
T2- W5 ez | Byt6 ..v5‘v | 12+ 17 -3 2 5

K - I '288 '115)#{7'vl- '~7o B TSRS 123 62
.78~ .81 258 uss7 <1 | w2+er k3 <1
.81~ .8k 217 7 | 79_5‘5 . B 77'_ 8% + 18 ) 0O%2 69
B .88 209 | 60k v || st | 32 5
.88- .95 - 19k Cosre3 o | sozn | 1t1 65
295-1,05 | 139 | o3tp | 3 |l wxi2 | 21 T



Table V. Results of fits of the "o" data points, for Experiment 2 in

-16-

ﬂ+p - (n+n-)Af+(1238), to the assumed forms a and a + bt.

non

Yo' =a a" =a + bt
x'n Mass ' . : Prob.. . g Prob.
Range (GeV) Events o (mb) | (%) o (mb) by (%)
- Jho- 60 110 2k + 3 1 347 6 +:2 95
.60~ .68 120 Bk 4 b 50 25 4+ 1k N + 3 99
.68- .72 7 "147 - 8L+ 7 9 T i 22-_. .5 +3 ‘15
T2- 5 160 125 + 10 97 +30  hak 6
.75~ .78 - 282 | 143 + 11 - 28 112 i»ﬁ:_ b+ b o 25
8- .81 165 Wzal 5 200 + 47 -6 46 58
.81- .86 198 L mis5 <1 % +19 b2 <1
86- .96 . 200 B3 20 B 241 62
.96-1.16 . __16.3 20 +2 1.5 22 + 6 - o.i 0 <1

'



Table VI -Results 'otfhflts of the ,
' 7 p - (:n: ) (1258), to the assumed forms a a.nd a + bt

Pi'ob .

,1'9"-.1..'18;_5;‘{._ Ses 1Bx1 M6 1345 5 1i1 s

1181, 52 256 : " 62 f.26 ¥ 6.‘-; 0 o ,5‘5

1+
|

W
H

1. 52-1 62"-'7- 218 a2 s1. b 25 :.tlF_”-‘-.."v‘"-l s

H




Table VII. Extrapolated ﬁ+ﬂ- elastic scattering cross-sections, averaged over the three experiments

(in wb).
% p = (2 x)n _ ‘ 7 p > (x"n AT (1238)

a'n mass S ot mass
range (GeV) "to"sa+bt - "to"sbt "t dibtrct® ‘range (Gev)  o"=a "o"=a4bt
0.28 - 0.46 o8 a1 513 0.28 - 0,45 11 %18 6+ 38
0.46 - 0,54 ol + 8 '27 tp  ehtlh 045 - 0.55 .27 + 28 .25 + 7B
0.54 - 0.62 b5 + 7 o 2 25%3 0.55 - 0,60 = 35 i:}g - ko=x
0.62 - 0.68 598 Mtz L5l 0.60 - 0.68 M3tz BT |
0,68 - 0.72 79 % 12 »_ 6t3  T6%6. 0.68 - 0.2 Tt . 88r P =
0.72 - Q.75_' iou 15 105 = 4 -1067+'8 0.72 - 0.75 106 + 5 107 % 13
0.75 - 0.78 1%2 + 16 m T 93 x 7 ,0.75 - 0.78 124’115 : o1kt 1L
0.78 - 0.81 116 £16 97 %3 85+ 6 0.78 - 0.81 123 £5 159 + 18
0.81 - 0.85 69 £ 12 63 £ 2 61 £ b 0.81 - 0.8+ 87 £ 4 90 12
0.85 - 0.90 | 34 + 10 .‘59 + 1 36+ 3 0.8k - 0.88 6o+ 5 66 * 8
0.90 - 0.98 3y o+ 88 LIPS | 0.88 - 0.96 %6 L2 1§ £ 5
0.98 - 1.1 - 28 5P 12 + 1P 7.t'1h 0.96 - 1.18 19 + 1B 17 + 4P
11 -1.2 o 2012 131" 12:2” 1.18 - 1.32 v27 + o8 26 + 68
1.2 - 1.3 h+38  19:18 18 x 18 | 132 - 1.60 12 £ 18

25 + L€

g. based on one experiment

h. average of two experiments

s ¢ . ? . X . T

& - e — e e B - - e el e o - e e - . . : Cee g = - - . e e e e
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o FIGURE CAPTIONS ,
Singlerpion-exchange diagrams for the reactions considered
in this paper. ‘

+ - ' ' . + + - +
% p effective mass spectra for the reaction m p = n = = p.

Two combinations are.plotted for each event.

I . . - + -
it 5t effective mass spectra for the reaction # p > n =« n.

ﬂ+xfbeffective mass spectra for events of the type ﬁ+p - n+n-(ﬁ+p)
where 1.12 < M(x'p) < 1.34 GeV. If both x'p combinations fall
within these limits we use that combination with the smallest -

t from the target proton'to the n+p system. One n+ﬂ- combina-

vtidn is plotted for each event.
The experimental "to" quantities'for reaction (1a) and Experi-

ment 1, defined in Eq. (T7a),for all the 11 denoted t'% mass
regions. The straight lines and the extrapolated points at

't = -p represent the expansion "to" = a + bt using for a and

b the best fit values obtained in the least?squares fits.

The experimental "to" quantities for reaction (la) and Experi- .

ment 2, defined in Eq. (Ta), for the 13 denoted i mass regions.

The straight.lines~and'the extrapolatéd points at t = _“2 repre-
sent the expansion "to" = a + bt using for a and b the best fit

v Values obtained in the least-squares fits.
Te

The experimental "to" quantities for reaction (la) and Experi-
ment 3, defined in Eg. (7a), for the 13 denoted n+n~ mass regions.

The straight lines and the extrapolated points at t = -u2 repre-~

‘sent the expansion "to" = a + bt using for a and b the best fit

vValues obtained in the least-squares fits.

- Extrapolated on-mass-shell ﬁ+ﬂ- elastic scattering cross sections,

obtained in least-squares fits of.the "tg" points shown in Figs.

5-T7 to the assumed forms bt; a + bt, and bt + ct2, plotted

as a function of njn- effective mass. The curves are 127K

which is the unitarity limit for an elastic p-wave xx resonance.

The experimental "¢" quantities for reaction (1b) and Experi-
ment 1, defined in Eq. (7b), for the 12 denoted m'w mass

.regions. The straight lines and the'eXtrapolated cross sections

at t = -u2 represent the expansion "¢" = a + bt using for a and



- Fig.

Fig.

Fig.

Fig.

10.

11.

12.

15.
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b the best fit values'ottained in the.least’squares fits.

The experimental " o" quantities for reactlon (lb) and Experl-
ment 2, defined in Eq. (10), for the 9 denoted e mass
regions, The straight lines and the extrapolated cross sec-
tions at t = _“2 represent the expansion "o" = a + bt using
for a and b the best - fit values obtained in the least- squares
fits. '
The experimental
ment 3, defined in Eq..(?b), for the 10 denoted 7' mass
regions. The straight lines and the ektrapolated cross

"g" quantities for reaction (lb) and Experi-

" _n

sections at t = =p° represent the expansion "¢" =a + bt using

’for a and b the best fit values obtained in the least- -squares

fits.

'Extrapolated on-mess= shell ¥ ﬁ elastic scattering cross sec-

tions, obtained in least -squares fits of the "o" points shown

"in Figs. 9-11 to the assumed forms a and a + bt, plotted -

as a function of ﬂ x effective ‘mass. The curves are 12ﬁ12

which is the unitarity limit for an elastic p-wave wnx resonance.

Extrapolated on-mass-shell 7t ﬁ elastic scattering cross sec-
tions, averaged over the three center-of-mass energy regions

(or experiments) The solid and dashed curves represent the
1"

. up-up and up-down solution values for 80, respectively,
in the expansion (8) ' '
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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

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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