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OF THE 7% p FORWARD
SCATTERING AMPLITUDES




1. Intreduotion

’ "Reoently we have~used.afneW»method to analyze the experiment—
alidata on forward elastic jf;p,soattering;in a model~independent .

“way [li . This and some other methods of analysing_TT% scattere
.ing:on the basis of .dispersien relationsnrequire;experimental,

" information on the\real_parts of the forward scattering ampli-
tudes, The. individual data points for thekvalues of these real :
parts generally have rather large errors, so_ that reliable infor-
mation can be extracted. from these data only by analyzing simul-
taneously a large number of independent experimental measure-f‘

hments.'Iteiszthsrefore of great importance in. such analyses to. ..
utilize a set of data which is as complete as possible. k

Experimental data on the: real parts.of the forward Jl‘p

“ soattering amplitudes come from many diverse sources.. Although
a fairly oomplete 1ist of references to theydata,is.availablefél,
no full compilation of their numerical values has been‘published.

‘Compilation [2] 1inoludes a summary of informatiocn on the for-
ward elastic differential oross seotion and total oross seoction
foer‘p soattering, from which the values of. the real parts of
the n p forward scattering amplitude can be eonstructed After
exlmining the original papers it turned out that the Iits to the
angular distributions obtained in most of" them used, as constra—
ints, either (a) the optioal 1imit in the Iorward direotion -
‘(assuming the absence of a real part): or (b) ‘a value ‘of ‘the real
‘part- oalculated from dispersion relation. Unfortunately the

Vauthors of the compilation [2] do not mention these facts -and

: do not distinguish between the theoretical and experimental



values“of the forward differential‘cross sections_the&:qoote;f
There; of ‘course, is no objection to theuapplication,of,procef‘_:'
dﬁré'(b) to many‘purposes. Inffact,litiamOunts to the use of- - -
'additionnl,vnluableIinformation.<ﬁowever, values of the real | -
parts of the amplitudes obtdinedfinfthis way cannot be regarded,r
as purely experimental'and*Should*not be ‘used ‘as’ input data ingfi’
analyses ‘of the diSperSion'relations;fData.based on such:fits.
are pot- included in our compilation. Instead, in many cases we:
’reanal}sed the original ‘data by fitting to. the angular distribu—
tions without using the constraints either (a) or.(b) and obta— .
ined.in"this way ‘the experimental value of the’ forward differen-
tial oross section.
We present ‘this compilation: here, similar to. our: compilation

[3] ‘of the ‘real: parts of-the: K P forward scattering amplitudes,
in ‘e form in’ which data may ‘be used: directly in dispersion rela~

tion‘caloulationsa

2, Determination of the Real Parts from Differential and Total .

Cross Seotion Data

The most straightforward method of determining the magnitude‘
of the real part of the forward soattering amplitude in ‘terms of
experimental data is provided by the relation

(ReP)*s ( (‘m* @
hmw 7 _
where(da /J.Q) is the elastic differential cross section in
the forward, direction, 3éoé is the total oross seotion, ?, is -
the c.m. momentum, and F' is the oc.m. forward scattering ampli—

tude.



Values of (6‘2/1&) are obtained by extrapolation of the
differential oross seotions to the forward direction. Two main '
; methods are used in practioe Ior this extrapolation. Firstly,

at energies ‘at whioh'the number of contributing partial waves
is not- too great (typioally, below a few GeV), the differential
.oross seotion as a“function of the o.m. soattering angle s is

~often ‘represented in the form of &’ truncated ‘series of Legendre

Z-C}:A Blw®)

polynomials

T

or simply in the form of a truncated power series

da(e) O
= a, SR
) ‘C'Z s’ , o

- where C 1s some, fixed normaligation oonstant,[usually,chosen

to be C=1/q. The coeffioients Al'or a are determined by a least

n

7‘7squares fit of the .parametrization (2) or. (3) to experimental

rﬁ,l;In this case, the measured values of

values of d3(@)/dR,
The seoond method s usually employed for- the analysis of .
l angular distribution at higher energies, where the elastic scat—

tering at small angles appears to have a diffraotive oharaoter.

da(t) r L2(6) SO

WE TP de

in a restrioted range of soattering angles'near the forward

‘direction are'usualiy fittedito an“exponential formpsuoh as

JZ(&)/Jt apCarltecty, O



Here t is the uaual momentum—transfer variable given by
- O
In most cases, a good fit to.the data is found byfretainiﬁg
only, the first one or two of the pgrameters‘ﬁ,b,c‘in Eq;(5){
The.method of determining the real part.of the;forward\éost;
tering amplitpdeiand(its sign as well,;which is,more‘precisev,ft
than that provided by Eq.(1) is based on the use of the inter-
ference between the nuclear and Coulomb amplitudes. In this oase
_one fits the measured values of o[@(f)/céf _to the. form
(for details see e,g, 4,5 ) - ,
datce) EP_ Ly -
TG I E AR

* siniJ’J # (f+aa;)c7m@)*.,

‘wliere f! —i'orward rp scattering amplitude,vF L(zll—')eﬁﬂx
x(form‘faetor), dk - the relative phase introduoed between the
nuelear andfCoulbmb'dmplitudes‘by thellong-:ange‘Coulomb force
‘and B o o _félf' o L,
o °‘+—‘M . RO
1t should be stressed that-the extrapolation of. the differential
cross sections to the forward diraction, simple in principle,
‘1s, in fact, . a very sensitive prooedure and is based on the
rather arbitrary assumption that nothing abnornal will oocur
inear the forward direction. For example -in the reoent‘paper[f6]
1t has been shown that in the case of the violation of the Po-

meranchuk theorem the sharp forward peak‘ﬁay become signifioant



only_in the region vt"‘..:’0.00J GeV ?, where Coulomb effects are
comparable with strong interactions. This, possibility may throw
‘v,doubt on the e usuel extrapolation prooedure by which the_
phases of forward scattering amplitudes . e.t high energies. are
‘obtained. :

Tt

3. The Data Compilation.

’ We have found from the available" literature "suitable ‘expe-—
rimental data on the angular distributions of the elastic ‘dif-
ferential cross sections at ' 97 energies.for JT p scattering

‘ [7-29] and at 49 energies for 7fp scattering [30..4.3] For

each energy at which a’ reliable extrapolation to the forwe.rd
direction was made in the paper originally reporting the expe—~
rimental data, we used the reported value of - (Cla /452 )o ‘or.
(2 [ dt) for our determination of. the real part of the for-
ward scattering amplitude. In: those oases when we. performed the
‘extrapolation to the forward direotion we give the minimal ‘num-
ber of terms in- (3) for the se.tisi’e.otory fit and the oorreepon-.,-
ding value of I /(number of degrees of freedom). In all oases
we made use of the most up-to-date: values of 8 [44] in.
oaloulating the. real -parts from Eq.(1).

In addition we he.ve found the values of of - measured at 22 .
energies for JU p eoattering [4 45—47] ‘and . at 8:energies for .
JL P scattering [4] « In-these: cases we evaluated the real parts .
-;using the values of - &at quoted.in original: papers,

For oonvenience,' we. have ‘converted the real parts of the

o.m.amplitudes obtained from Eq.(1) to the laboratory frame,



since the dispersion relations in whioh these data sre used ‘
are normally written for the laboratory amplitudes. In Tables YL
1 and 3 we present for X p’ and T scattering’ respeotively, the
magnitudes of these resl parts, IRef’ ’ their errors, A Re{
the me.gnitudesof»the ratio by Jat | 7y “their .errors, Al h
using the'pion laboratory momentum K“as the hinetio variahle.ffi
The errors A Re f and Ao(. take into aooount the estimated. |
errors on both (JZ/JLQ)D and G in Eq.(l). In: Tables 2
and &4 we preeent for T p and ﬁ'p soattering respectively the»
measured values of ol , their: errors, Aol. y the values of the '
‘real parts, Re f , Obtained. rron (8) and their errors. ‘4 Re}e

The errors A Re_f in this case take into aooount the estimated
errors on both ‘& _and Im 1! in Eq. (8). k

We use the natural units. (n.us), h=c=m_ =1, If other: units .
are preferred one can make use of’ the relstions 1Ref[fm] =
1.41 Ref‘[nnu.], 1 Ref[Gev.mb] =.2,79 Ref[n.u.] -

In many cases, the central value' of (Re F)2 oalculated from ;
Eq (1) turned out to be negstive,*although the oaloulsted error B
was large enough to allow also-a reasonable range of" positive :
values. In these cases, we set Re F=0 with a: smaller error. Ir,
however, it was found that no- positive values were. inoluded
within the error limits, we conmcluded that the data on (él&/%ﬂﬂ)
and aﬁt at the energy in question are inoompstible (probably
because their errors have been underestimated) Sinoe we have ;
no well-defined prooedure for enlerging:the.errors in these ca- -
ses, we merely indioate.theselpoints'in Tshles ltand:J by,means 3
of an asterisk and no values rorathe~real ﬁartskare7givenhror

them,
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VVTeble i. .agnitudes of ‘the real parts of the. jzeﬁ forward -
‘scattering amplitude 1n the laboratory system and 01d. zRef /Im; i)
as a function of the pion laboratory momentum k. ‘he optimal number
of parameters in the expansion (3) and the quantity jr /(nunber of
v‘degrees of freedom) are given in those cases in whlch no extrapola—

tion of the differential cross uection was made in the original

_paper reporting the experimental data.

k  Refe-  |Rer| ARef IaLI‘ e Number -_I_z '
(GeV/c).:ence. _ (n.u.)_) “(nets ) . of param.jv
0.256 [7] 034 o004  0.74 0.09 y  I.I2
0.3 [8] 0,09 © 0,07 0.9  C.I5 |
03w  [91 o030 0.0 0.64  0.08
0.406  [9] - 0.29 0,03  0.82 - 0.I0
o.27  [10] 010  0.06 © 0430 0.9 4 0,87
0.490 [9]  0.07  0.I5 0.18  0.40° |
o090 (1] 026 " 0.04  0.68 0,12 & 0.7
os32 - [1r] o6 - o0.26 038 o6l b 0.69
o032 [12] o220 o4 oI 009 4 0.72

0549 (9] 0.00  0.22 0,00 048 |
0,557 [1] 0,00 © 0.5  0.00 0,33

0,57 - [11] 0.8 . 0.04 037  0.08 4 131
" 0,583 [14]") B C
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0.610 .
0.614

0.614
0.658

0,661

0.675

0.675 .

0,683
0.699
0,707
0,726
| 0.726
0.730

0.750

0,773
0.777
0,799

10,826

0.848
0.855

0.875 .

0,904
0,922
0.925

0.956 .

0.975
0.979

(]
[]®
(12]

(15]%)

(13]
(1

[16]

[17] %)
[13]
[15]%)
[11]
[161%
(18]
[13]
[19]
(]
[13]
[15]™
[16]
[13]
{201
[22)%)
(]
(20]
(3]0
(20]
(13]%)

0.33 .

0.17

0.0
Q.3§
0.21
0.05
0.00

0.32
0.00

0.28

0.00

0.00

0.00

0.00

0.00
0.12

0.70

0.21

0.06

.41

0.50

0.27
0.19

0.13
0,17
0.24
0,39
0.26

0.17 .

0,33
0.16

. 0.40
1,49

0.21

12

0.59
0.30
0.07

0.37

0,23

0,05

0.00
0.35
0.00
0.32
0.00

0.00
0.00
0.00

- 0.00

0.09

0.43

=l e

Io48 o i,,
. 1,06

»vI.29, | .

Lis
0.5

1.76
143

L6

1.28

LI3 .

0.73

2,25
1.89°

" I.40

.0.46



(131
{20]
(15)
IR
ol
{20]
{16]
(1]
(2310
[20]
(]
[20]
{13]
(13)
(5]
{131
{16]
{13}
[13]
[13]
{20l
R
(3]
[13]
]!
201
(13]

- [22]

0,00
0.22
0.66

0;21

0.27

0,66

0.37

10.63

0.69
0.58

0.37

0.77
0.68

0.45°

0.14
0.39
0.69

0,09

0.35

0.22

0.00-
10.00
0,00
0.19

0.15

0.68
0.19

0.41

0,41
L 0.I5

0.98

0.21
0,17
0.29

0.25

0.09
0,09
0.5
0,74

0.17
0.I2
'1.08

0.43

0.38

1 0.18
0.44
0.23"
0.83

13

0.00
0.13

0.38

0.12

. 0.16
- 0.40

0.23
0.41
0.46
0.40

0,27

0.58
0.51

0.34
0.11

0.30

0.54
0.07

0,27

0.16
0,00
0.00

‘0,00
0.14

0.39

0.II 7
Co0.24

0.25

0.61
0.I3

0.12

- 0.20
0.8
0.07
0,06
Coae
057

0.3
0,09 B
- 0.85

032
0.29 °
C0.I4
0,33

0.17

0.60

0.09.

0.75 .

1.I6

1.72

0.60

III -

1,09

0,49

0.60°

2,05

2,05



I1.343..

1.360
1.3681

1.407

L.440
I.446
1.470
1.505
© 1,505
1.509
1.568
- 1.579
1.590
1,603
1,700

- I1.700

1,720
1,880
. 2,000

2.070

2,269
2,460
12,500
3,150

4,130

4,950
8.500

o
L20]%)

[13]%
(3]0

,[2Q]x)

[13]%) .
(370
(13]
{20 %)
(131%)
(13
(201 %)
(24]
(13]®)
[26] X).
[27]

[251%)

(26]
(281%)
(25] X)

[251%)

[251%)
[261%)
(23]
(23]
[23]
[29]

0.00
0.96

L3

1.0I

-0.47

0.47
0.49
0.87

14

0.00

0,27
0.35
0.15

0.16

. 0,13

O.I2
0.I3

10
10

- I0

Ly

C Lo

0.68,
I.I3 .

I.I9. -

0.75 .

I.15
I.05
I.I0

0,72 +
0,95
0.80. .-

0.82



12,400 29 0.90 I1.79 0.10 . 0.I9
16.400 20 463 2.28 0.35 0,17

x - '
In these cases, the value of (ReF)2 caloulated from 3#q.(1)

was Tound to be negative within the.errors,
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Table 2., The zeosured values .of = Ref /Imf. and of the real

parts of the 7[ ' forward scattering e,mp’l‘iktude ir the laboratory

Systém, as a function of the picn 1aboz;avtyory momentun k.

It

Refe—~

Ref

V'Alief

16

~-0,139

(6e/0) rence  (mews)  (meuw.) d = aa _‘
‘1.9 [s5]  -0.20 0.08 - -0.I0  0.04
2.44  [45]  -0.34 0.10 ~0,14 0.04
3.06 [46] -0.47 0.14 -0,17 0.05
3.8 [47]  -0.56 0,22 0.7 0.07
4,00 fe1]  -1.I5 105  -0.33  0.30
4,17 [45]  -0.54 0.18 -0.15 0.05
456 [46]  -0.62 0.I6 -0.16 0,04
4,95 - [45]  -0.58  0.I6  -0.1& 0,04
5.65 [45]  -0.55 0.18 -0.I2  0.04
6.13 [471 -055 018  -0.22 0,09 -
7.89 (4] ° -0.764  o0.162  -0.I23  0.026
9.84  [41 . -0.967 0,144  -0.128 0,09
9.89  l4] .-I.Ie2 0.8 -0.I57 . 0.024
11.89 [4] -1.092 0,161 -0.122 0,018
s 16 [4] -1.184 0,262 -0.II3  0;025
15.99  [4) -1.487 0.222  -0.127 = 0,0I9
18.19  [4] 1.9  0.356 -0.1I3 0,027
20,15 (4] -1.452  0.378 -0.100 0,026
2038 [4]  -1.746  0.279 -0.II9  0.0I9
22,13 [4] -1.761  o0.428 -0.III = 0.027 .
24,22 [4] 2126 o0.501 0.1  0.029°
26.23 - [4] 2,593 0,541 0.029



Y o , P N
- lable 3. iiagnitudes of - the real parts of the Ji p forward scat-

" tering amplitude in the iaboratory system and ofal.+ E'?"ef,{_/lr?1f+-

“she conventions are the same as in.Table I.

17

k ) Refe- ) \‘Reff\ - .ARe'f 1l CAd ’Nu‘J;n‘b‘er v -Zz
(GeV/c) -rence (n.u.) (meus) = of param. N.
“0.361  [30)] 1.07 0.0 0.96 0.0 4  2.22

0.427. [31] I.08  0.0I 1.52 0.0I ~ & = 2.23
;'0.490 - [ 0.93 0.0I 1.80 0.02"" 3 ..0.79
o532 (1] 0.9 0.05 2.17 0.10 5 L3
C0.532. [12] 0.90  0.02 2.07 0.04 50,99
0,573 [II]  0.89  0.04 2.30 0.0 5 .0.9I

0.573 [32) 0.76  0.06 1.96 . 0.I6 S

0.614  [II] 0.69 0.08 1.97 0.23 5 . 2.10
Co.614 [12] 0.76 - 0.02 2.17 0,05 5 .IL.2I
- 0.658  [33) 0.69  0.06 2.13 0.I9 5 10,78

0.675 - [11} 0.60 0.05 1.90 0.15 5 . I.0I
0707 (33} 0.58  0.05 1.86 . 0.6 5 231

0.726  [34)  0.59  0.04  I.89 0.I2 - -

0.726 [1I]  0.56 0,05 1.7 0.I5 -6  1.30
"0.726  [35] - 0.63  0.II 2.02 0.35 6 - I.23-
cormr o [11] o2 0.03 I.29 0.I00 -5  2.I4
~0.826  [33] 0.3  0.I3 0.93 0.35 © 6 0.83
0.87s  [20] 038 005 . 072 0II 5  0.93
S0.910  [36]  0.I7  0.22 0.31 0.1 | s
- 0.925 - {20] - 0.00 0.20 = 0.00 6.35’ - 6 ‘i.sl
0.949 [35] - 0.25 0.2 0.40 0.I9° 4 0.89

o B onm o en o

, . . 0.39 7 1.43



1.ooo  [2079)

1,003 - [33]
1.030 :  [35]
1,030 [20]
- 1.030 - - [37]
1,080 [20]

1121 - [33]

1,131 “[lex)"~'

‘1,180 [20]
1181 [35]
1232 [39]"
1.280 ‘[2o]x
1,360 - [20]
1444 “[33]
150  [40]"
'1.579 [20]
1.600 f41]
1.689°  [33]
1.760  [42]
2.000 [28]x)
2,000 (401
2,080 [42]
2.500 [40]
2,920+ [13]%)
8,500 (29]

12,400 [29]

0.07
© 0,54

1.07
0.57
0.67
0.82

0,00

0.00

0.00
0.00

0,61
0,05

0.33
- 0.I3

. 0,46

3.93
0.29

0.24
0.27

0.1

0.09

0,59 -

0.30

I1.51

- 2,00

0.33
0.14.

0.00 -
0.34"
0.15

0.37

0.40 .
0.81 -

0,00

0.04

0.32

0.64

0,35

0.42

0,52

0.00

0.00

0.00

0.00

0425
0,23

9 £ oo

I R JERC IRV BERV B B S R e

LI0

I.58

1,27
1,50

135
086
o7
‘I;gaxgi,i
019
5200
107
1.08°
1.06°
126"

0.59
0.63

1.78
0.67

I.I4

x)In these cases, the value of (ReF)2 caloulated from Eq. (l)

.was found to be negative within the errors..
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Table 4. The ;mea'sured values »F ¢:l.+'-5‘;‘.ei’_*_/lmf_| ~nd -of the real
parts of the o Corward scattering amplitude -in the laboratory

system, as a function of the plon laboratory romentiur ke

I Dofe~ el A Ref A

- (Ge‘\}/c) rence  (not) (n.ue) ad

7.76  [4] -I.I9% 0,130  -0.2I2 0,023
9.86 (4] -1.551 0.154 -0.221  0.022
10.02 {41 -I.31 0,100  -0.20I 0.0l
I1.95 (41 -1.567 0.117 -0.187 0.014
14,00 {41  -1.841 0,233 -0,190 . 0.024
16,02 - [41  -1.870  o0.242  -0.I70 . 0.022
‘17,96 [41 -L.753 . 0319 -0.I43 0,026
2019 (4] -2.470  0.49%  -0.I80 0,036
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