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ABSTRACT

Tbo:t.al and differential elastic cross-section datavate preéentéd at eight
incident m° momenta: 1,28, 1.34, 1.40, 1.43, 1.55, 1.68,- 1.77, and 1.84

GeV/c. These data were obtained from a hydrogen bubble chamber exposure

at the Bevatron, and contain mbre than 65 000 events,

This represents

more than one and one-half times the world's dafa hitherto available in

this energy region.

I INTRODUCTION

We present total and differential cross
sections for 1r+p elastic scattering at eight inci-
dent n* momenta: 1.28, 1.34, 1.40, 1.43, 1.55,
1.68, 1.77, and 1.84 GeV/c. These data, by-
products of an extensive investigation of in-
elastic 1-r+p scattéring,, represent:more than 4.5
times the world's differential cross-section
They

result from the measurement of about 230 000

data, up to now, inthis energy region. 1

"two-prong' interactions in the Lawrence

Radiation Laboratofy 72-inch and 25-inch bub-

__ble chambers. The range in the cosine of the
production angle covered by the data is'
-1.0< cos 87 < 0.98 at the six higher momenta
and -1.0< cos 8" < 0.96 at the two lower
momenta, where 6% is the angle in the ¢, m, -
- system between the pion in the 'finai state and

the beam direc'tio‘n.

II. EXPERIMENTAL PROCEDURE

A. Beam

The -rr+ beam used for the three momenta

in the 72-inch chamber (1.34, 1.43, and 1.68

GeV/c) had a single stage of separation with
two vertical slits, the second being used tc
clean up the beam close to the bubble chamber.
The momentum bite.of the beam was < + 1%.
The proton contamination of beam was negli-
gible, and the |_L+ contamination was estimated
to be 5+3%. The beam used for the five mo-
menta in the 25-inch chamber was the Ké7

beam, lwhich had two stages of separation, The

" momentum bite was < + 1%, the proton con- -

tamination was negligible, and the |J,+ contami-

nation was estimated to be 3+ 2%,



"B. Scanning and Measuring

The film was scanned for two-pronged _
events and roads were made for the Lawrence
Radiation Laboratery Flying-Spot Digitizer
(FSD).in a single pass, Approximately 10%
of the film was rescanned to obtain an overall
scanning efficiency. Events with a.\.bshor'tA
proton (< 2 ¢m projected length in spéce) were
measured by using the ''crutch point' mode.

In this, the scanner digitizes, oﬁ the road-
maker, the end of the proton track as well as
the vertex point in éa_ch view. These points
are transferred directly into the geometry
program where a vector in space is recon-
structed by using these points., The magnitude
and direction of this vector (and their errors)
are used in the fitting program. For proton.
track lengths of > 1.5 cm projected (= 41 mm on
film) it has been shown that the FSD has a
constant (and high) efficiency. At five of the v
eight momenta all'events that failed to get
through the geometry program (FOQG) were
remeasured. These remeasurements were
used to determine whether these events were
biased. It was found that these events were,
consistent in angular distribution with those
that went through on the first paSs.‘ However,
both passes showed a small but measuré,ble
(with high statistics) bias against low-
momentum backward pions which were also
closé in azimuth to the plane containing the
(This is

further discussed in Section IIIB.) The mea-

optical axis and the beam direction,

suring efficiency (defined as the number of
events that pa.sé geometry) divided by the num-
ber of events that had roads made was between
85 and 90% for each pass except for a small
number of rolls in which, because of bad film
(edge marks missing or light tracks), it was
lower than this. The three momenta that were
not remeasured were, in fact, on the high side
of this range. The fact that the remeasure-

ments are essentially unbiased is not surpris-

- total elastic cross section.

iﬁg when the usual reasons for failure are
examined. These are predominantly ‘over]ap_- :
ping beam tracks, confused origins, and tracks
g’o'ing outside their roads--the last of which is
usually due to badly measured fiducials (on

the roadmaker). .

In addition to the main scanning and mea-
suring of the data, va subset of data was handled
somewhat differently in order to obtain the
This is described
in Section IIIB.

Table I gives some of the parameters of
the exposure.

III. DATA

A, Geometry -and Kinematics

All events measured were processed
through the FOG-CLOUDY system of programs
for reconstruction and klincrnatic:fitting. The
resulting kinematics togeth:r with the ioniza-
tion information obtained from the FSD was
then input into FAIR, wher: the assignment of
a particular reaction(n+p, r+p'rr0, 'n'+pT)0, -rr+1r+n)
was m.ade on the basis of 1:th the kinematic sz
and an ionization XZ, It wes found that events
that were kinematically an biguous between a
4-c elastic hypothesis and .ny of the 1-c hypoth-

eses were, in fact, always elastic scattering,

" This left only the small number of events that

were ambiguous between ﬂ*p - Tr+p and

17+p - p'rr+_, i.e., for which a good fit was
obtained when either track was assumed to be
a pion (and the other a proton). These events
which occur when the lab momenta {and, there -
fore, the lab angles) of the two outgoing tracks
are the same were resolved by means of the
ionization measurements. It should be noted
that although these events populate a single
region in angular distribution, it is the same
for either mass hypothesis, and so even if the

wrong hypothesis is used no distortion of the

angular distribution results.



B. Weighting of Events

Two biases are ‘known to be present. 1n
the data, _'

1. In events with a small momentufn trans-
fer to the proton, the recoil proton is often so
small as to be undetectable. Below about
Pp = 100 MeV/c (3 mm in space) the scanning
Between 100 MeV/c

and about 250 MeV/c (7 cm in space) the scan-

efficiency is very small,

ning efficiency was found to depend on the
This effect is

This shows.a.

azimuthal angle of the proton.
111ustrated clearly 1n fig. 1.
scatter plot of cos 6 versus ¢, the azimuth
The

zero in ¢ is defined as being in the plane con-

of the proton around the beam direction.

taining the beam direction and the optie axis
of the camera, Figufe- 1 shows this plet at
one of our momenta (1.43 GeV/c) and for
0.9 < cos 6 < 4.0. The depletion of events
around ¢ = 0, w, and 2w is clearly seen, as is
the fact that as cos 9* decreases { _a;nd Pp
increases) so the bias.decreases, Since the
cos 6" distribution clearly should not depend
on ¢. we have used only part of the ¢ range
(for 0.9 < cos 9 < 1.0).

much of the ¢ range to use, projections of the

To determlne how
kind shown in figs. 2a through 2d were used.
These histograms..show the projections of the
plot in £1g 1 onto the ¢ axis for the regions

of cos 8" 0.98 to 0.96, 0.96 to 0.94, 0.94 to
0.92, and 0.92 to 0.90. An unbiased ¢ plot
should be flat; this is a necessary but not suf-
ficient condition. It is also necessary to
establish that no events are missed uniformly
in the flat region of histograms., This was
checked by the rescan, where no bias towards
protons of projected length > 7 mm in space
(6 mm on scan table) w_a.'s found. The maxi-
mum convenient values of cos 8" which gave
at least half the ¢ range (90+ 45 deg and

270+ 45 deg) with the above conditions were -

0.96 for our two lower momenta

0.98 for

*
cos 8 =

(1.28 and 1.34 GeV/c) and cos p* =

the higher momenta., Clearly, ias the beam
momentum increases and cos 6 decreases
(and proton momentum 1ncreases) so the usable
pbrtion of ¢ increases. _

2. A small bias in the data also exists i:: the
backward direction, i.e., for -1.0 < cos 6
< -0.95.
a histogram of ¢ for the region -1.0 < cos ¢ *
< <0.95 at 1.55 GeV/c.

have backward pions {in both c. m. and lab)

This can be seen in fig. 3, which is
-The events missin

which, when combined with a ¢ of 'cIose to 0 or
m, lie right on top of the beam track near the
vertex and therefore have a slightly hlgher -
than-normal fallure rate.

The bins that are welghted for the ¢ bias
are shown in Tables Ila-h. The fraction of the
¢ range used in each' bin can be obtained by
dividing the unweighted number by the weighted

number.

IV. RESULTS

A. Total Elastic Cross Sections

The total elastic cross sections were
obtained in the fnllowing way':

1. A sample of film at each momentum con-
taining between 400 and 800 accepted elastic
events was carefully rescanned.

2. Beam tracks were counted every 20
frames on the 25-inch chamber film (every 10
frames on 72- inch film) for these rolls, From
this total we calculated the 1r path length (L)
in these rolls,: taking into account the loss of
beam due to interactions (based on the known
17'-‘- total cross section) and the p+ contamination.

3. All two-prongs found in the first scan
were traced througn the FSD (HAZE),
(FOG), kinematics (CLOUDY),

(FAIR) programs in order to determine the

geometry

and library

throughput-efficiency of the system..

4. About 150 events at each momentum from
the above sample of film that were within the
fiducial volume but failed to fit any of the

+ + ¢ + + +
hypotheses 7 p, pr , 7 pn’, pr 7%, 7 w n,



1r+pn, or p-n+n with a satisfactory )(2 w”e‘reire'-'
measured in order to determine the measuring
efficiency for events that g0 through geometry.

We now define the following quantities for
the sample of film at each momentum:

Nf, the number of accepted elastic events in
the sample of film; '

L, the total 1T+ paf:h length taking into account
the I-L+ contamination and beam loss due to
interactions (based on the known total cross
sections); .

€,, the scanning efﬁciency of the first scan;

1
€59 the throughput efficiency of the system;
€3 the measuring efficiency for elastic
events,

was
3

included both the

(It should be noted that the way in which €
measured ensufed that €3
effect of bad first measures and the effect of
the tail of the first-measuz_'e XZ distfibution,)
The total number of elastic scattering
(NT) in the sample of film at each momentum
is given by _
N, (—:—X E X—é-i——) X c,
1 2 3

where ¢ is the ratio of the total number (Nt)

N

€

of elastic events accepted'in fhe entire film

(at one momentum) to the area (N) under the

fitted Legendre polynomial (see Section B),
The total elastic cross section is given by

. 27 800
L

(at the opérating conditions of the chamber 1

g X NT mb, where L is in cm

el

mb is equivalent to 27 800 ¢m of path length).
The error in 0.1 has been calculated by

combining the following effects: .

~5%

(a) Statistical error on Nf

(b) Statistical error on number =2.5%
of beam track c‘ounted

(c) Error on yu contamination =2%

(d) Error on €y . . . =2%

(e) Error on €, zi%

(f) Error on =2%

€3

=1%
=1%

_ (g.) Errér on Nt .
(h) Error on N
The last of these was estimated by increasing
the order of fit by one and :eeing how much the
area under the curve chang:d as well as by the
usual propagation of errors. '
Thus it can be seen that the statistical
error on Nf, and the other ¢rrors combined,
contribute equally to the final error of =7%.
Table III and fig. 4 show the elastic cross

sections obtained,

B. Angular Distributions

Table I a-h and figs. 5 a-h show the angu-
lar distributions at the various momenta. In
figs. 5a-h the histograms of weighted events
have been plotted in such a way that equal areas
correspond to equal nu}"nbe_r of events, since
the bin size above.cos 6* = 0.90 has been
decreased. These data, in the bins shown,
were then fitted with a Legendre series, using
a least-squares method, in the range -1.0< cos
6* < 0.98 for the six higher momenta and

* .
-1.0 < cos 8 < 0.96 for the two lower momenta.

The expansion used was

- 8
dN ¥
—_— = 1/2 Z AnP (cos 6k) ,
d(cos 6 ) n=0 n

Table IV and fig. 6 give the values of coef-
ficients of the Legendre series normalized to
the zeroth order, A,n/A0 up to AB/AO' At no
momenta was a higher order needed to fit the
data. A typical curve of XZ divided by degrees
of freedom is shown in fig. 7. The area under
the fitted curve is proportional to the total
number N (=A0) of elasti; events {at all angles).

The differential cross sections in mb/sr
given in Table II are directly proportional to
the number of events per unit interval in cos 6*.
Strictly speaking, they should be interpreted’
as a mean for each bin, although clearly, since

the forward bins have been split into fine



intervals, a very good approximation is to use
the midpoint of each bin.
The constant of proportionality is given by
do| N 1
* T’
averaged N el Zﬂ
over bini
is the number of events in bin i (or
and A cos 6 i

has IM been progated

where N
weighted number),
width,
into do/dﬂ,

normalization and not the relative error

is the bin
The error in @
el
since it affects only the overall

between bins.

V. DISCUSSION
The purpose of this paper is to present
our data in such a form that they may readily
be used in phasev-shift analyees. The differ-
ential cross sections are of accuracy com-
. parable to or greater than any in the literature
. in this energy regmn and have greater range
(in cos 6 ), we hope they will be particularly
useful, Quahtatlvely, they appear to agree
. with available published data. . The total
elastic cross sections preeented are also in
- good agreement with those in the 1iteréture,
(eee fig. 4) with the possible exception of our
point at 1.55 GeV/c.

to determine the total elastic cross section -

The general method used

was also the one used to determine the various
inelastic -channel cross sections, for which it
is more appropriate.
difficult to determine systematic effects to’
within less than 4 or 5%, and therefore we

decided to match our statistical error to this,
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Table I. Parameters of this exposure.

Beam - ~ Total energy - Number of | Number of

momenturn in c, m, ' picltures 7 -prongs )

.(GeV/c) L (GeV) " measured __fleasureL b
128 1.821 . 35000 43 000
134 - 1.850 - 28 000 39 000
1,40 - 1.884 50000 21 000
143 4.896 22 000 31 000
455 4955 424000 40 000

1.68 2.016 30 000 37 000 4
1.77 . .2.057 .~ 422 000 24000

1.84 2.089 419000 25000

a. 72-Inch chamber pictures; others are 25-inch chamber
 pictures, ' :
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Table II.

weko et

Numbers of events in the a.ngular dlstr1but1ons a.nd d1fferent1a1 cross

sections, and errors (Part a). 1.28 (GeV/c)
" Number - Number of Error in Cross Error in
Cos @ of Weighted Unweighted Number of = = Section Cross Section
Interval Events Events Weighted Events mb/sr mb/sr
~1la0N =495 13640 136, 0 11,662 1.515 «130
-e¢95 =490 113,0 113,0 10.630 - 1.259 «118
-e9n =485 7640 7640 8.718 . 847 «097
-¢85 =480 7340 73.0 84544 . «813 «eN95
~e80 =,75 5840 5840 74616 0646 «085
"‘.75 _.70 48.0 48.0 6.928 0535 0077
—eTn =465 53.0 53,0 7+280 «591 eN81
~e65 =460 57.0 57.0° Te550 +635 « 084
~e6N =455 83,0 83,0 9.110 «925 «102
-e55 =450 67.9 67.0 8.185 o 747. «N391
“QSOV“.L'“S ‘ 70.0 70.0 8.367 ) .780 .093
—e45 =o40 72,40 72,90 84485 . <802 «095
—elN =435 70,0 7040 8.367 « 780 «093
-+35 =430 7240 72,0 - 84485 - «802 « 095
-e3n =425 5540 5540 Tets16 e613 «083
—.25 ‘.20 40.0 ’ 40.0 60325 0446 .070
-—e2N —415 35,0 35,0 5.916 «390 « 066
e 15 e 10 39.0 39.0 6.245 0435 0070
~el0 =405 27,0 27,0 5,196 «301 «058
=405 NeNN 23,0 23,0 44796 +256 «053
040N &05 25,0 25,0 54000 «279 «056
«N5 410 24,0 24,0 4,899 «267 «055
«e1n W15 2040 20,0  4e472 «223 «050
15 420 15,0 15,0 - 3.873 "e167 « 0473
e2N 425 30,0 30,0 S5e477 «334 «061
e25 430 37.0 37.0 6.083 . 0412 «N68
e30 435 34,0 34,0 5.831 - «379 «065
¢35 440 43,0 43,0 664557 - 479 «073
40 445 62.0 62,0 Te874 e691 «088
45 450 70,0 70,0 8.367 + 780 «093
5N 455 84,0 84,0 9,165 «936 e102
«55 460 99,0 99,0 . 9,959 1,103 o111
6N o65 125.,0 7125 0 . 11,180 14393 «125
70 W75 191,0 191.0 13,820 - 2,128 «154
«8n 485 288,0 °  288,0 164971 3.209 «189
«85 490 379.0 - 379.,0 19.468 4,223 «217
492 494 209,00 17040 16 039 5822 Y
94 L,96 193,0: 20.875 8.078 «581

©290,0




‘Table II, Partb 1.34 (GeV/c)

Cos ©
__Interyal
"'1000 "‘095

“e9H 9D
- 90 ~,85
~eB% ~a87
-8 —-,75
—075 *‘:7"-)
—e 1y ~,65.
"‘e()f") —'06’)
~—e6) — .55
"‘.55 "'65"_‘
"s5-’7 "045
—e&thH —4,49
—o i) ~ ¢35
_035 '-.3")
-030 —025
"025 “‘20
~sZ2N =415
“'.15 ——elf)
-.10 "005
- 05 0,99
Q.0N e05
oN5 10
«1n .15
.15 .20
220 425
«25 .30
e30 .35
«25 o 440
40 445
] e 50
«5N + 95
«55 <60
+ 6N .65
«65 70
e 10 75
s 75 480
80 .85
«85 L,90
«9n .92
«92 94

«94

ot

+ 96

Number Number of

Exrror in - Cross Error in
of Weighted Unweighted  Number of Section Cross Section
Events (Ni) Events  Weighted Events mb/sT mb/sr
476,0 445,0 22565 2,213 «105
302.0 302.0 . 17,378 1.404 081
222,0 222,0 14,900 1,032 069
144,0 144.0 12.00n «670 056
157.0 157.9 12,530 e 130 «058
125.0 125,09 11.189 4581 052
163,0 163,0 12.767 « 7158 « 059
169,0 169,0 13.000 « 71B6 «N60
196.0 196.,0 14.000 «911 eN65
211.0 - 211,0 14,526 981 0068
©198,0 198,90 14,071 «921 2065
214,0 214,0 14,629 « 995 «N58
- - 222,0 222.0 14,900 1,032 «N69
20800 208.0 140422 ) 0967 OO\’)-,
195.0 195,0 13.964 2907 « 065
165.0 165,0 12.845 0 167 « 060
152,0 152,0 12,329 e 707 W057
137.0 137.0 11,705 «e 637 2054
114.0 114,0 10,677 ¢e930 2050
96,0 96,0 9,798 o446 e 046
56.0 56.0 7.483 0260 0035
5240 5260 76211 242 «034
61.0 61,0 74810 « 284 «eN36
54,0 .54,0 . 74348 e 251 «034
29,0 29,0 5.385 «135 2025
T72.0 72.0 84485 e335 .039
74,0 74,0 8.602 344 « 040
95,0 95,0 9. 747 2 >0045
119.,0 . 119,0 10.909 . «553 0051
137.0 137.0 11,705 «637 054
180,.,0 180,0 13.416 837 « 062
217.0 217.0 14,731 1.009 «068
254,0 254 .0 15,937 1,181 074
322,0 322,0 17.944 1.497 «e083
450,90 450,0 21.213 2.092 «099
553,n . 553,0 234516 T 24571 « 109
770.0 770.0 27.749 3,580 «129
1083,0 1083,0 32,909 5.035 «153
501,0 334,90 27.414 5,823 «319
5730 382.0 29,317 6660 «341
T747.0 498,0 33.474 8.683 « 389

&
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Table II, Partc 1.40(GeV/c)

% ~ "Number Number of Error in Cross ~ Error in
Cos © , of Weighted Unweighted Number of Section Cross Section
_Interval Events Events Weighted Events mb/sr mb/sr
~1e00 =475 S 267.,0 2670 164340 1.842 113
T .95 =4 N . 181,40 1 181,0 13,454 1e249 «093
~49N =415 126,0 . 126,0 11,225 «869 077
-a85 ~, 30 . 79.0 79.0 8.888 «545 «061
~o8n =, 75 T 109,00 109.0 104440 «752 «072
~e75 =, 70 94,0 9440 94695 648 067
—e TN —¢05 . 115,0 115.0 10.724 e 793 074
“e65 =450 1 114,0 114,0 10.677 «786 NT74
—e6N =435 119,0 119,90 10.9N9 «821 «N75
~¢55 =430 15540 15540 12.450 1.069 «086
~e 50 =445 141,0 141,0 " 11.874 973 «082
~e45 =40 - 183.0 183,0 13.528 16262 «N93
—el4n =,35 175.0 175,90 13,229 -~ 1.207 091
~¢35 =430 15840 158,0 . 12.570 1.090 -~ +087
~e30 =425 . 167.0 16740 12,923 1152 «N89
~e25 =420 12640 126,90 11,225 +869 eNT7
—e20 —415 106,0 10649 104296 e 731 «NT1
-e15 =410 83,0 83,0 . 9.110 «573 00673
~e10 =,25 84,0 84,40 9.165 _ 579 . 063
~e05 0.0 67.0 - 67490 8.185 462 «056
DeND o055 70,0 70,9 84367 «483 «N58
05 410 5040 50,0 7.071 345 049
s10  s15 0 48,0 4840 6.928 , 331 2048
15 L20 39.0 39,0 64245 : 269 . #0043
20 .25 43,0 43,0 64557 e 297 045
«25 430 . 36,0 36,0 64000 4248 e 041
30 .35 31,0 31,0 5.568 0214 «038
35  L40 37,0 : 37,0 6.083 . +255 ' 0042
4N 445 41,0 41,0 6403 .283 NG44
50 455 44,0 - 44,0 6¢633 . «304 W 046
55 460 69¢9 69,0 84307 _ 476 «N57
6N 465 90,0 90,0 94,487 C e621 . L4065
65 L, T0 119,0 119,90 10.909 - .821 e 075
70 75 - 210,0 210,0 14,491 1e449 - «100
75 480 323,0 - 323,0 17,972 2.228 124
80 485 - .515,0 51549 22.694 34552 . o157
e85 .90 789,0 789,90 28.089 5el42 _ 194
9N W92 . 367,0 36740 19,157 64329 _ «330
092 J94 . 444,0 369,0 23.114 74657 «399
94 496 553,0 461,0 254,756 9.536 bll
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Table II, Part d 1.43(GeV/c)

: * Number . Number of Error in Cross Error in
Cos 0 of Weighted Unweighted - Number of - Section = ‘ross Scction
___Interval Events Events'  Weighted Events mb/sr "~ mb/sr
~leBn ~c95 34640 303.0 : 19.877 v - 24208 «127
e TH ~,90 242,0 242,0 15.556 - 1le544 « 099 -
-_(v‘i;r\_ "‘085v - 137.0 13700 110705 ’ 087[‘> . 0075 !
e 85 _c80 . ' 99.0 99.50 . 90950 0632 0063
a8 =75 106.0 106,0 10.296 676 eN66
~e 15 =410 113,0 - 113,0 10.630 o721 «N68
"“e7q ""‘.65 148.0 . 148.0 120166 0944 of)78
—e65 —~,60 - 175.9 175,0 13,229 - 1,117 « N84
—ebn ~.55 177.0 177.0 - 13.304 1.129 «085
~eD5 ~-.50 196,90 196,90 14,000 1,251 «N89
-e50 —-.45  212.0 - 212,0 14,560 1,353 N33
—-e45 —-,40 214,0 214,0 14,629 1,365 «N93
- o &4t.0) "'(,35. : 21900 219.0 14.799 10397 ’ e 094
—a35 =,30. . - 195,0. - 195,0 13.964 1244 «N89
~e30 —~u25 179.0 179,0 13,379 ' 1,142 «085
—e25 =.20 186.0 186,0 13.638 1.187 «087
~e20 =15 . 138.0° ‘ 138.0. 11.747 « 880 e 075
—-el5 ~o10 12640 12640 " 11.225 « 804 NT2
—ol{) "'(05 113.0 : 11300 100630 0721 » 0068
.:—005_0.,00 : 87.0 87.0 . 90327 0555 0060
0.0n L05 : 82.0 - 82.0 9,055 «523 «058
-{)5 01() o 62.0 : 62.0 ’ ) 7‘874— : .396 : 0050
e1n 15 56,0 '~ . 56,0 7.483 «357 048
«15 20 45,0 - 45,0 6.708 287 . 043
20 425 _ 45,0 - 45,0 6,708 - «287 «043
225 430 43,0 - = 43,0 64557 274 « 042
e300 435 3640 36,0 6.000 «230 «.038
«35 40 ' 52.0 52.0 Te211 ¢332 « 046
N 45 49,0 49,0 : 7.000 «313 « 045
45 450 5040 50,0 7.071 319 <045
«50 «55 . 56,0 5640 Te483 : «357 .048
55 - 460 86,0 . 86,0 94274 : 549 ~ «059
w60 465 147.0 147,0 12,124 . 0938 e 077
65 470 ©193,0 193,0 13,892 1.231 «089
7N e 15 : 281,90 281.0 16.763 14793 «107
« 15 .80 T 430.0 430,0 20.736 26744 C e132
«80 .85 673,0 673,0 254942 4,294 166
e9n W92 541,0> ~  361.0 28.474 8.629 454
92 94 671.0 . 447,0 31,737 © 10,703 « 506
«94  L96 704.,0 469,0 . 32.508 11,229 ' «519

«96 ,98 798.0 399,0 39.950 »12.729 637
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Table II, Parte 1. >55 (CeV/c,)

v Number Number of Error in Cross Error in

% .
Cos © - of Weighted Unweighted Number of Section Cross Section
Interval ~_Events  Events ~ Weighted Events _mb/sr mb/sr

=100 =455 339,00 78540 204081 .978 «058

—e35 =475 T 17640 17840 144691 C e555 042
~e00. =e35 14140 14140 11874 47 ' «034
~e85 =430 123,0 123,09 . 114091 e355 032
~480 =470 . 1260 12640 11,225 «3063 eN32
—eTH =4/ . 175,0 17540 13.229 «505 «038
~e 10 =455 L 103,0° 168,0 12,961 %485 4037
—a0H =G0 209,49 209,03 14,457 o603 . : « 042
~e 6D ~e 5 263.0 269,0 164401 776 } o N&GT
~e55 =50 238.0 298,90 17.263 « 860 «N50
—057 =40 C275,0 27%40 164583 7933 048
~e 4D = 4l 338,0. 338,90 1841285 975 . +053
—ehn =5 321,00 - 321,0 17,916 «926 e052
~435 =420 21440 274;0 160553 ) .790 . 0048
—e30 —¢l5 259.0 259.0 -~ 16.093 o 747 _ «046
~e25 =420 26540 269.0 164401 776 « 047
~e20 =4 13- 245,0 24540 154652 707 © «045
"".15 "n}.\’) 198.0 ) 198.0 140071 0571 0041
—eln =475 175.,0 17540 13.229 ¢505 «038
~e05 0400 146,90 14640 12,083 T 421 «035
J4NN0 .)5 141.0 14100 11.874 ’ : ¢‘H)7 0034
05 W10 138.,0 138,0 114747 «398 “«034
sl 419 12840 128.,0 11.314 . - 4369 . «033
15 20 112.9 112,02 10583 - W323 " «031
20 W25 8740 © 8740 9.327 - 4251 027
«25 &30 8040 8040 8+944 e231 «026
¢35 4D 49,0 49,0 - 74000 . W14l #0020
L B 36,0 . 36,0 6,000 <104 017
45 &5D 34,0 34,0 56831 .098 $017
5N ¢35 35,0 35,0 5,916 - 101 «017
55 460 5740 570 - T74553 . G164 . .022
60 o955 103.0 - 103,03 10.149 . ,297 S W029

W65 W70 192,90 192,013,856 - .554 «040
e70 &5 . 379.0 © 379,00 . 19.468 1,093 «056
75 W80 6770 67749 264719 1,953 eN75
80 485 1059400 105040 32,404 3.029 «N93
¢85 490 . 1846.,0 - 1846,0 . 42.965 54325 124
90 . 72 C929,0% . T74,0 33,392 64699 e 241
«92 W94 . 1033.9° 861.,0° 354205 7ol 254
94 496 125040 10420 38.724 014 279

96 498 1392,0 928,90 454635 10.038 «330
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Table II, Part f 1.68(GeV/c)

96

S
Cos ©
Interval

=100 —695
*095 -« iy
“.90 “085
"085 ”ﬁaq

- ~e80N =75
~-e 15 —.7)
~e TN ~465
“065 “060
".‘60 --,5")
~e¢55 =,59
-1.50 ~ o5
—~ o4 5 - 40
—ehnN —~435
*.35 *.3”
“030 *025
~e25 ~,20
".20 ___.]r)
“015 *.10
—~al1l0 .05
-005 D00
00N 05

05 .10
e 10 Y
le. .2”
i20 02)
«25 e 31
«30 435
¢35 o 40
Y AT
45 .59
e 50 e Oh
.55  L60
.60 .65
«e65 e 10
e TN 75
e 75 .89
«80 .85
e85 .99
«90 .92
e92 .94
« 94 .96

.98

- ~Number

. 1050.0

Number of Error in Cross Error in

of Weighted Unweighted  Number of Section Cross Sectiun
"~ Events Events Weighted Events mb/sr mb/sr
119.0 114,0 11,145 <489 e 046
739 73,0 8e544 ¢300 eN35
6740 67.0 8185 e 275 « 034
41.0 41.0 64073 0168 0026
5340 53,0 T¢280 «218 «030
_ 610 61.0 T.810 ¢ 250 «e032
:.‘7500 75.0. 8+66N «308 «036
117,90 117,0 10,817 0480 LY
136,00 136,0 11,662 558 « 048
157,.,0 157,0 12,530 e 645 «051
167.,0 167,90 12,923 « 686 «053
138.0° 138,0 11.747 0567 « 048
]52;0 : 152.0 12.329 0624 0051
173.0 . 173,0 13.153 « 710 « 054
175.0 175.0 - 13.229 « 719 «054
152.0 152,0 12,329 o624 «051
139,0 139,0 11,790 «571 « 048
lO0.0 100;0 '100000 0411 0041
. 114,0 114,0 10677 « 468 e 044
. 82.0 82.0. 9.055 " «337 037
©105,0 - 10540 10,247 -~ e 431 o042
69,0 69,0 8307 «283 034
79.0 79.0  8.888 o324 «036
73.0 73.0. 8.544 «300 "~ «035
7.0 77.0 8s7175 316 «N36
81,0 81,0 - 9.000 333 037
59,0 - 59,0 T.681 e 242 - 0032
59,0 59,0 T7.681 e242 « 032
39.0 39.0 6245 0160 “e026
48,0 48,0 6.928 197 - +028
34,0 34,0 5,831 « 140 024
42,0 42,0 6.481 0172 «.027.
73°Q 73.0 v8.544 0300 0035
15049 150.0 12.247 616 «N50
282.0 282,90 16,793 1,158 « 069
482,0 482,0 21.954 1,979 - «090
. 154,.0 754,0 - 27.459 3.096 T e113
12n6,0 1206,0 34,728 4,952 «143
624 .0 520.90 27.364 6,405 «281
752.0 - 627.0 30.032 7.719 308
74,0 - 649,0 38.233 9.998 +392
52540 45,826 10.778 470

el
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‘Table II, Partg 1.77(GeV/c)

memér

Cross

_ Number of Error in
Cos © of Weighted - Unweighted Number of  Section
Iaterval Events Events Weighted Events mb/sr
~1.0n -.95 12,0 68,0 8.731 «210
—e95 —=,90 51,0 51,0 Telll © «149
~s9n =,85 2440 24,0 4,899 :e070
~¢85 -,8n 3740 '37.0 6.083 © «108
~s8n ~,75 38,0 38,90 6164 "e111
-e75. ~.70 65.0 65,0 8.062 .190
~e 7N —465 74,0 - 74,0 8.602 «216
~aH5 —460 85,0 85,0 9.220 248
~eHN =o55 - 109.0 109,90 - 10.440 -¢318
-455 =,50 © 134,0 134,0 11,576 «391
-0 — 45 127,00 127.0.. 11,269 "e371 -
—-e&t5 =240 129,60 129.0 11.358 «377
"‘.40 “035 . 16700 167.0 ’ 120923 0488
-e35 =30 127.0 127,90 11,269 «371
=~e3n =,25 142,0 142,0 11.916 415
-s25 =.20 120,0 120,0 10,954 351
—-e2Nn =415 106.0 106,0 10.296 «310
-e15 =410 874N - 87.0 . " 94327 254
-s 10 =.05 120.0 120,0 -~ 10.954 ¢351
0.0N .05 102.0 102.0. 10.10n 4298
«05 L,10 117.0 117,0 10.817 . e 342
s10 415 $99.0 99,0 9,950  «289
15,20 . 88,0 88,0 9,381 «257
« 20 225 ©120.0 120,0 10.954 .- 351
e25 430 14,0 74,0 . 84602 216
e3N . 435 83,0 83,0 9.110 «242
¢35 440 88,0 88.0 9.381 257
4N 45 . 5740 57.0 - 7.550 166
e 45 05() 57.0 57.0 7055” ‘ « 166 v
+5n 455 5740 ~57.0 Te550 «166
55 .60 94,0 © 94,0 9.695 -~ $275
6N 465 115,90 115,0 10.724 +336
65 470 200.0 - 200,90 14,142  +584
«75 L,80 566.0 566.0 23.791 1.653
«8n0 .85 954, 954,0 30.887 2.787
e85 .90 - .1365,0 1365,0 - 364946 3.987
9N  L,92 S 706,00 706.0 264571 54156
«92 494 " 876,0 730.0 324422 6397
94 96 952,0 794,90 33,785 . 6,952
096  L,98 -1260,0

840,90

43,474

5.201

Error in
- Cross- Section
mb/sr

026
«N21
o014 "
«018
+018
eN24
«025
«027
«030
+033
«033
+038
«033
«035
032
«030
«eN27
«032
.030
«030
«032
«029
027
e032
«025
«eN27
«022
«N22
«eN28
«031
D41
«055.
« 069
+ 090
«108
e194
«237
247
o317
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Table II, Parth 1.84(GeV/c)

- Number Number of  Error in Cross Error in | 2

Cos 6" - of Weighted Unweighted Number of = Section  'Cross Section
Interval Events Events Weighted Events mb/sr - mb/sr :
~le0n =495 31.0 . 31.0 . 54568 0115 021
~e95 =,90 16,0 16,0 4,00N eN6D "~ «015
-e9n ~-,85 2040 20,0 L4o4772 _ «075 : N7
-085 _.80 14.0 ' 14.0 30742 0052 0014
—e8N =675 22.0 22.0 44690 .082 «017
""075 ".70 32.0 324,0 50657 ’.119 0021
~e7n —465 31,0 31,0 54568 4115 +021
-e65 —,60 45,0 45,0 © 6.708 0168 025
~e60 —.55 70.0 70.0 8.367 w261 N3l
~¢55 =-,50 66,0 66,0 . 8.124 246 «030
“05.0"‘.,11"5' . 79.0 79.0 80888 o .294 ' 0033
—el45 —-,40 109,0 109,0 104440 - <406 0039
—elN . —435 . 80,0 80,0 8.944 «298 «033
-« 35 “.30 ) 90.0 . 90.0 90487 0335 0035
~e30 —,25 99.0 99,0 995N : «369 ' 037
~e25 =420 : 73,0 73,0 « B.544 «272 -~ 032
~e20n =415 . 68,0 68,0 - 8,246 253 ~ .031
—el15 =10 71,0 71.0 . 8.426 2264 «031
—eln —-.05 13.0 73,0 84544 o272 032
—-eD5 04,00 L T4,0 74,0 84602 276 032
0.0n 405 72.0 72,90 84485 268 032
005 .1() ) 73.0 7300 8.54[{' . 0272 . 0032
eln .15 676N _ 67.0 8.185 . +250 «030
«15 20 74,0 74,0 8.602 - 276 D32
2N 425 . 65,0 65.0 8.062 e 242 : «030
e25 430 98,0 98,0 9.899 e365 «037
e3n 435 61.0 61,0 7.810 «227 . +029
¢35 LG40 66,0 66,0 84124 : e 246 <030
e40. 445 51.0 51,0 Tel41 «190 0027
45 50 52,0 52,0 = 7.211 «194 «027
e5n 55 4640 46,0 6,782 w171 eN25
«55 460 67.0 67.9 8.185 «250 «030
«6Nn 65 106.0 106,0 10.296 - «395 «038
«65 70 155,0 155,0 12,450 . #5577 046
e 1N 15 250,0 250,0 15.811 931 «059 f
« 75 480 393,0 - 393,0 19.824 le464 . «074
«8n 485 630.0 630,0 254109 2347 «094
e85 .90 992.0 992,0 31.496 3.695 : e117
90,92 516.0 516,0 22,716 4,806 - e212
«92 .94 58740 489,90 264545 54,467 e 247
«94 ,96 747.0 623,0 29.928 . 64957 2179

«96 L,98 .803.0 535,0 34,717 74478 323




it
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*
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Table III. Numbers of evén'ts and cross sections at the various momenta.

. =G1-

N¢: :
Number of Number of Number of o N
‘ good elastic. ~ events within - weighted events =~ Number of
. ‘Beam - events found ~the accepted” = withinthe: =~ events under the = . o
momentum  within fiducial range in’ " "accepted range ~ fitted curve  Cross-section
(GeV/c) volume cos 6 and ¢ of cos 6% . =4<cos %1 (mb)
4.28 - 4031 3730 . 3832 4428 . 45.5%x1.1
134 . 10871 9627 10265 - . 11984 o 4T.521.2
1,40 . 7333 68489 709% . 7891 474212
143 9239 8357 9438 10 327 20.7£ 1.5
1.55 14205 13 274 14345 16 004 15,2210
1.68 .9 454 | 8319 . 9403 40 543 13.6+ 1.0
.77 10794 9580 40308 . 44550 - 116208

184 7246 6644 7434 803 9.9:0.7
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" Table IV. Legendre A coefficients.

o Prt (Gev/c) |
1.34 1.5 - 1.43 1.55 1.68 1.77 1.8

1.099 1.127 1.153 1.406 1.69 1.878 1.961
(£0.031) (20.032) (#0.030) (#0.023) (*0.03L) (£0.028) (x0.033)

2.019 2,112  2.12k  2.2k5
0

_}375 2.k425 .h28
£0.045) (20.0L46) (20.04k) (x 0

2 > 2
.03L4) (+0.0L5) (+0.0L41) (20.0L49)

1.613 .2.12h . 2,146 }615 2.787 LTl

2 2 . 729
(£0.055) (£0.055) (£0.053) (+0.0k0) (#0.054) (0.048) («

.058)

1.298  1.733 1.728

2.062 2.212 2.161 2.178
(+x0.063) (+0.061) (+0.059) (+0.0LkL) (20.059) (+0.053) (%0

.063)

0.293  0.616 0.58%  0.97%  1.215  1.257  1.301
0.063) (20.062) (#0.059) (*0.043) (£0.057) (%0.052) (+0.063)

768  0.816  0.877  0.855

.895  0.766  0.762
.061) (#0.059) (+0.055) (+0.039) (= 0

.052) (+0.048 (%0.058)

0.201 0.105 0.096  0.108  0.170 - 0.111  0.157
(£0.048) (£0.050) (#0.0k45) ($0.033) (:0.0Lk) (+0.042) (£0.051)

0.074  -0.049  0.045 -0.013 -0.085 =-0.025 =~0.060 .
(#0.0L4) (20.0L49) (+0.0LL) (#0.032) (20.038) (+0.033) (*0.038)
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tRADIANS)

XBL 707-1592
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Fig. 1. Scatter plot of ¢ versus cos 8 at

1.43 GeV/c for forward scattering angles
*
(0.9 < cos 8 < 1.0).

T

a. Cos § 096 to 0.98.].

b. Cos 8 0.94 t00.96 |

of ~events

Number

€. Cos 8 0.92 to 0.94 .

d. Cos 8 0.90 to 0.92 |

) o . .

LA

Fig. 2. Histograms o

(<] . 2 “ ) 6

radians ) :
XBL707-345»G

f ¢ for various regions of

%
of cos 8 at 1.43 GeV/c.
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Fig. 3. Histogram of ¢ for -1.0 < cos 8 Co thy ' B
< -0.9, i.e., the backward direct'ion, ) . . 1. ) J
at 1.55 GeV/c. ' e - J‘
— . . . . v U S e . gf'J
-0 0.0 11 ] - 6.0 +1
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201 9 e e . ) XBL7O7-3457
"E’ l l v ‘ Fig. 5. Angular distributions. The X on the
: ’ v * .
~ 15t I i 4 ordinate at cos 8 = 1 is the point
g l _ ' _ . . obtained from the extrapolation using the
S 10 I i o Legendre series. The events in the
q, o N - | . . N -
» histogram are weighted. Typical errors
o are shown on some of the boxes. For the
S st 1 numbers and cross sections, see Table II. .
(& . N
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Fig. 4. Plot of total elastic cross section,
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A,/ A/, As/A, Ay/Bg As/A, P/hy A/A
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Fig.

A, for the eight-order fit.
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6. Legendre coefficients normalized to
0 The erférs
are smaller than the size of the points’
(see Table IV). The difference in the
coefficients between the eighth order and
the minimum order necessary to fit the
data was always less than the error in the

coefficients,

ﬂ e
;
{
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. ' % .
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Fig. 7. Curve of x° divided by degrees of

freedom as a function of the order of fit

for 1.43 GeV/c.
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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 anj/ 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 employeé 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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