
-,-

' c i 3 !({, y f. -
-D~·f9. 

' ,,- ~ ~-::·:::·~~;~ ... ~-. 

_ . _ COOBUlEHMHc-c,_ 
-OB'bE,lJ;MHEHHOrO __ 

:,_ _-- MHCTMTYTA · '· < ~.: -, 

, _ H,ZJ;EPHhiX 
MCCJIE,ZJ;OBAHMti -_ ' -

-~ " I , 

' ,_ .· --- El .';5847. · 

-... _, 

,-

-·· 

'. --' 

" ... ' 

,• . ' 

.. · ~ ' 

. . ~,_ . 

' . '. --
' ,, ' 

' --

ON.THE REAL PARTS ----;- -- - :·. .-· +-- ---. __ . 
_---- ·.OF ,THE-~- 'P FO~R'\V ARD-

. -_. .... -- r • , . : ~ • '· • 

--._SCATTERING AM_PLITUDES 

--· 
. '. 

' . ~ \ 

~ '' 

.· \ 

., 

. _/ 

_;<·_·: 



El · 5847 

0 .V. Dumbrais 

A COMPILATION OF DATA 

ON THE REAL PARTS 

OF THE rr± p FORWARD 

SCATTERING AMPLITUDES 



1. Introduction 

Recently we have used.a new method to analyze the experiment­
~+ 

al data on forward elastic :Jt-p scattering in a model~independent 
,..,.+ . 

way tll • This and some other methods of analysing Jt~ scatter-

ing on the basie of dispersien relati•ns require expertmental 

'information on the·real.parts of the forward scattering ampli­

tudes •. The individual data points for the values 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 meaoure­

ments.·It is·therefore of great importance in such analyses to 

utilize a set of data which is as complete as possible. 

J--l+ Experimental data on the real parts of the forward . -p 

scattering amplitudes come from many diverse sources. Although 

a· fairly complete list of references to the data is available{2] 1 

no full compilation of their numerical values has been published. 

Compilation [2] includes a summary o~ information on .the for­

ward elastic differential cross section and total cross section 
,...+ 

forJt-p scattering, from which the Talues of the real parts of 

the .jt!p forward scattering_ amplitude can be constructed. After 

examining the,original papers it turned _out that the fits to the 
·, . 

angular dist~ibutions obtained in most of them used, as constra­

ints, either (a) the optical limit in the forward direction 

'(assuming the absence of a_ real part) or (b) a value of 'the real 

·part calculated from dispersion relation. Unfortunately the 

authors of the compilation [2] do not mention thes.e facts ·and 

do not distinguish between .the theoretical and ·eiperimental ! 
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values of the forward differential cross sections they· quote, 

There, of course; is no objection to the application of proce~ 

dure (b) to many purposes. In fact, it amounts to the use of.· 

additional valuable information. However, values of the real 

parts of the amplitudes obtained in·this way cannot be regarded 

as purely experimental and·should'not be used as input data in 

analyses of the dispersion ·relations. ·nata based on such fits 

are not· included in otir compilation., Instead, in m~ny cases we·. 

reanalysed the original data·by·fitting to the angular distribu~ 

tiona without using the constraints either (a) or (b) and obta­

ined in this way the experimental value of the'forward differen-

tial cross section. 

We present this compilation here, similar to.our compilation 
. + 

(J] of the'real·parts of the K-p·forward·scattering.amplitudes, 

in a form in which data may be used directly in dispersion rela- . 

tion calculations. 

2, Determination of the Real Parts from Differential and Total 

Cross Section :ba ta'· 

The most straightforward method of de'terminirig the magnitude 

of the real part of the forward scattering amplitude in terms of 

experimental data is provided by the r'elation 

, (rl&) . (Ref) = JA o (~)" 
lttr ' 

(1) 

where (d.6j d.Q)
0 

is the elastic differential cross section in 

the forward. direction, , 6~oi is the total cross section, "'· is 

the c.m. momentum, and F is the a.m. forward scattering ampli-

tude. 
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Values of (J. 'l/ J.Q.) are obtained by extrapolation of the 
. ' , , , 0 , '• , , , , 

differential cross sections to the forward direction. Two main 

methods are used in practice for this extrapciation. Firstly, 

at energies at which the' number of contributing partial waves 

is not too great (typically' below a few GeV), the differential 

cross sectio'n as a function of the c ~m. scattering angle -e- is 

often;represented in the form of a tru:acated series of Legendre 

polynomials 
N. 

C ·[ At ~.c .Co5 ff) (2) 

l=o 
or simply in the form of a truncated pow.er series 

d. & (111") = :c t an ~lttt" 
J. Sl n-:o 

(J) 

I 

where C is some, fixed· normali~ation constant 1 :usually .. chosen 

to be C=l/q. The coefficients A1 or an are determined by a least 

squares fit of the. parametrization .(2) or: (.J) to experimental·. 

values of J'&(.g-)jJ.~. . 

The second method is usually employed for·the analysis .of. 

angular distribution at higher energies, where the elastic scat­

tering at small angles appears to have a diffractive character. 

In this . case, th,e measured values· of 

J & (t) _ K ,J. 6(-t:rJ 
tit - ,. ~ Q , 

(4) 

in a. restricted range of scattering angies·near the forward 

direction are usually fitted' to aD. expoaential form ,such as 

(5) 
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Here t is the usual· momentum-transfer ~ariable given by 

t =. :21} ( 1 - ~ U") . 
(6) 

In most cases, a good fit to the data is. found by retaining 

only.the first one or two of the parameters a,b,c in Eq~(5). 

The method. of determining the real part.of the forward scat:_ 

~ering amplit~de and.its sign as well, .which is.more precise 

than that provided by Eq. (1) is baaed on the use of ·the inter­

ference between the nuclear.and «::oulo~b amplitlldea. In this case 

one fits the measured values of J 2 (t} /eLi; . to the form 

(for details see e.g. 4,5 ) 
.t f. ; ( :lt=; I II: lim- 1!: [ cl.!: t:.Mi.J-!: 

t"" . . 

;-
·J 0-(1:) -

eli- (7) 

_t ~ j.J'] + ( 1 f o/,~ ) ( jf". ~ /' I 

where /,. - forward fttp scattering amplitude,· t;_: [ Ul. fif'J€Yf!il;c 
x (form i':Ctor), d - the relative phase introduced between the 

nuclear and' Coulomb amplitudes b;r the long-range Coulomb force 

and 
d ::: Re& 

!: - j,..~ 
(8) 

It should be stressed that·the extrapolation of. the differential 

cross sections to the forward direction, simple in principle, 

is, in fact, a very sensitive proo.edure and is based on the 

•rather arbitrary assumption that nothing abnormal will occur 

near the ~orward direction. For example .in the recent paper[6) 
'. ' • ' > 

it has been shown that in the case of the violation of the Po-

meranchuk theorem the sharp forward peak may become significant 
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only _in the region t~O.OOJ Gev-2 , where Coulomb effects are 
\. ~ . ; 

comparable with strong_interaotions. This possibility may throw 
doubt on the usual extrapolation procedure by which the 

~ ' ' . .. '. . ' 

phases of _forward_soattering amplitudes at high energies are 

obtained. 

J, 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 1rp scattering 

[ 7-29] and at 49 energies for 1Ct-p scattering [ J0-4-J]. For· 

each energy at which a reliable extrapolation to the, forward 

direction .was made in the paper originally reporting the expe­

rimental data, we used the reported value of {d. Z / d.S(,) 
0 

or 

( d G / dt) for our .. determination of the real part of the for..,. 

ward scattering amplitude. In· those oases when we_ perform~d the 

extrapolation'to the forward direction we give the_ minimal num­

ber of terms in-(3) for the satisfactory fit and the correspon-. 
;. . . 

ding value of J( /(number of degrees of freedom). In all oases 

we made use of the most up-to-date values of 6-td. [44] in 

calculating the.real-parts from Eq,(l). 

In addition we have found the values of cl measured at 22 

energies· for ']tp scattering [4,45-47] and at 8 energies for 

1/:~ scattering [ 4] ~ In these cases we evaluated. the real parts 

using the values of (?,i~ · quoted.in original papers •. 

For convenience,- we have ·converted the real parts of the 

c.m.amplitudes obtained from Eq,(l) to the laboratory frame, 
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since the dispersion relations in which these _data are used 

are normally written for th~labor~tory'amplitude~. I~ Tables 

1 and J we present for Jl"-p and Jr~ ~oattering respectively, the' 

magnitudes· of these real parts, / Re j J , their errors, A Re/ , 

the magnit-udes of· the ratio d. , /at./ , their .errors, .1 o( , · 

using the pion laboratory momentum I( ·as the kinetic variable. ~ 

The errors A Re f and A fl.. take into aocount the. estimated 

errors on both ( J. 6/ dl(,)o and 6 +ot in Eq. (1), In Tables 2 
+ . ' 

and· 4 we present for Jl-p and 1l' p scattering respeoti vely, the 
~· ' 

measured values of cl.. , their errors, Ad. , the values of the 

. real parts, Re f , obtained from (8) and their errors A Ref. 

The errors A Ref in this case take into aooount the estimated., · 

errors on both cJ. . and Im / in Eq.(S), 

We use the natural units.(n.u,), h::o::mr"'l• If other units 

are preferred one can make use of the relations lRef(fm) ~ 

1.41 Ref [n.u.], 1 Ref[GeV.mb] = 2.79 Ref(n.u.]. 

In many oases, the central value· of (Re F)2 calculated from 

Eq.(l) turned out tobe negative, although the calculated error 

was large enough to allow also a reasonable-. range of positive' 

values. In these oases, we set Re F~o with a smaller. error~ If, 

however, it was· found that no positive values were. included· 

within the error limits, we oonoluded that .the data on (e/gjJJ2~. 
and zt~ at the,energy in question are incompatible (probably 

because their errors·have been underestimated). Since we have_ 

no well-defined procedure for enlarging the. errors in these oa­

ses, we merely indicate the'se points in Tables 1 and J bT means 

of an asterisk and. no values for-. the real parts are given for 

them. 
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Table I. !.::ignitudes of' the real parts of the 
,.-_ 
JL Jl forward 

scattering amplitude in the laboratory system and ofai._:Hef_/Imf_, 

as a function of the pion laboratory momentum k. ~'he optimal number 
:L . 

of parameters in the expansion (J) and the quantity J /(number of . 

_ degrees of freedom) a_re given in those cases in which no extrapola-

tion of the differential cross section was made in the original 

paper reporting the experimental data. 

k Refe- \Ref! A Ref Number X"' lot. I !J.tN 
(GeV/c) renee (n.u.) (n.u.) of param.. /'t' 

0.256 [7] 0.34 0.04 0.74 0.09 4 1.12 

0.336 [81 o . .-o9- 0.07 0.19 0.15 

0.342 [91 0.30 0.04 0.64 0.08 

0.406 [91 0.29 0.03 0.82 o.ro 

0.427 (1o] o.ro 0.06 0.30 o.I9 4 0.87 

0.490 (9] 0.07 0.15 0.18 0.40 

0.490 [n1 0.26 0.04 0.68 0.12 4' 0.79 

0.532 [n1 0.16. 0.26 0.38 0.61 4 0.69 

0.532 [121 0~22 0.04 0.51 o.o9 4 0.72 
., 

0.549 (91 o.oo 0.22 o.oo 0.48 

0.557 [I3] o.oo o.15 o.oo 0~33 

.0~573 [nl 0.18 0.04 0.37 0.08 4 1.31 

0,;583 (14]x) · 
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0.610. (IJ] 0.33 0.21 o.S9 o.38 
0.614 [II] x) - - - - 4 1.48 
0.614 [12] 0.17 0.06 o.3o 0.10 ~ ' 1.06 
0.6S8 [Is] x) - - - - 4 __1.29 
0.661 (n] o.os 1.41 0.07 I.S6 

(IIl x) .. 
0.67S - - - - s 1.14 
0.67S [16] o.3o o.so o.37 0.62 s o.si 
0.683 [17) x) -
0.699 [n1 0.21 0.27 ... o~23 0.29 
0.707 [Is) x) - - - - 4 1.76 
0.726 lnl o.os 0.19 o.os 0.20 . 4 1.43 
0.726 [I61 x) - - - - 4 1.62 
0.730 l181 o.oo o.n o.oo 0.14 
o. 7so· [nl 0.32 0.17 0.3S 0.19 
0.773 [19] o.oo 0.24 o.oo 0._26 6 1.28 
0.777 (II} 0.28 0.39 o.32 0.44 7 1.IJ 
0.799 (D) o.oo 0.26 o.oo o.3o 
0.826 [rs] x) - - - - s 0.73 
0.848 [16] o.oo 0.17 o.oo 0.19 
0.8S5 [D] o.oo o.33 o.oo 0.37 6 2.2S 
0.875. [201 o.oo 0.16 o.oo 0.17 7 1.89 
0.904 [22)x) .. 

0.922 [n] o.oo . ' 0.40 o.oo 0.32 
0.92S (20) 0.12 1.49 0.09 1.16 8 1.40 
0.956 [n]x) 

0.97S [20] 0.70 0.21 0.43 o.IJ 8 0.46 
0.979 (n]x) 
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·<" ' 

·0.995 [131 o.oo 0.15 o.oo 0.09. 

· 1.000 (20) 0.22 0.68 o;D 0.39 8 o. 75 ' 

. 1.003. [15) 0•66 0.19 0.38 o.n 7 1.16 

"1.004 (D) X) 

1.024 tl3l Oo21 0.41 0.12 0.24 

1.030 l2o1x) 7 1.72 

1.030 ' [16] 0.27 0.41 0.16 0.25 8 0.60 

1.042 (D] 0.66 0.15 0.40 0.09 

1.046 [23)X) -
1.055 [20] 0.37 0.98 0.23 0.61 9 1.II 

1.068 (D) 0.63 0.21 0.41 o.D 

1.080 [20] 0.69 0.17 0.46 0.12 8. 1.09 

1.088 (D] 0.58 0.29 0.40 0.20 

1.107 (D) 0.37 0.25 0.27 0.18 

1.121 [15] 0.77 0.09 0.58 0.07 7 0.49' . 

1.125 (D1 0.68 0.09 0.51 0.06 

. 1.151 [16] 0.45' 6.15 0.34 0.12 7 0.60 ·. 

1.165 (D) 0.14 0.74 o.n 0.57 

·1.167. (n1 0.39 0.17 0.30 o.D 

1.174 (131 0.69 0.12 0.54 0.09 

1.180 (201 0.09 1.08 0.07 0.85 8 2.05 

1.214 (D) x) 
' 

1:251 (D) 0.35 0.43 0.27 0.32 

' 1.260 [13) 0.22 0.38 0.16 0~29 . 

. 1.280 (131 0.00· 0.18 o.oo 0.14 

1.280 ' [2o1 o.oo 0.44 o.oo 0.33 8 2.05 

1.323 [D] o.oo 0.23 o.oo 0.17 

1.332 [221 o.19 0.83 0.14 0.60 



I .343 .. (n] x) 
1.360 l2o] x) - - - 6 1.54. 
I.38I (IJ)X) 
1.407 [nJx) 
1.440 [20] x) - - - - 7 I.Io· · 
1.446 [n]x) - -. 
1.470 [n]x). 
1.505 [IJ] o.oo 0.23 o.oo O.I5 
1.505 [20) x) - - - "" 8 0.68 1.509 [n)X). 
I.568 [D] x) 

I.579 [20] x) - - - - 7 1.IJ I.590 [24] o.oo 0.19 o.oo 0.12 
1.603 [IJ1 x) 
1.700 [261 x) - - - - 6 1.19. 1.700 [27] o.oo O.I6 o.oo O.IO · 10 0.75 
I.720 [25] x) - - - - 8 I.I5 
1.880 [26] o.oo o.r2 o.oo 0.06 9 I.05 2.000 (28] x) - - - - 10 1.10 2.070 (25) X) - - - - 10 0.72 2,;269 [25] x) - - - - IO 0.95 2.460 [251 x) - - - - IO o.so 2.500 [26) x) - - - - 9 0.82 3.150 (23] o.oo 0.47 o.oo 0.16 

4.IJo [23] 0.96 0.47 0.27 . o.IJ 
4.950 [23] I.43 0.49 0.35 0.12 
8.500 [29] l.OI 0.87 O.I5 O.IJ 
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12.400 

18.400 

29 

29 

0.90 

4.63 

1.79 

2.28 

0.10 

0.35 

0.19 

0.17 

x) 2 
In these cases, the value of (ReF) calculated from J;q. (1) 

was found to be ner;ative v;ithin the error:.;. 
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Table 2. Thn ~:lf'O ::;ur0c1. v~lue::; of d.;..~ Rei'_/Ir.tf_ ~nil of the real 
. ,...-

parts of the li 11' forw~rd scatterine c.rnplitudc iP the lnborntory 

system, as a function of the picn laboratory monentum k. 

Jc Refe- Ref .1 Hcf 
d. (GcV/c) renee (n. u.) (n.u.) A.d. 

-
I.9I [45] -0.20 0.08 -0,!0 0.04 
2,44 [45] -0.34 0,!0 -0,!4 0.04 
3.06 [46] -0.47 0.!4 -0.!7 0.05 
3.48 [47] -0.54 0,22 -0.!7 o.cn 
4,00 [2!] -I.I5 !,05 -0.33 0,30 
4,!7 [45] -0.54 0,!8 -0.!5 0,05 
4.56 [46] -0.62 0.16 -0.!6 0.04 
4.95 . . [ 45] -0.58 0.!6 -0.!4 0,04 
5,65 [45] -0.55 0.18 -0.!2 0,04 
6.!3 [47] -0.55 0,!8 -0.22 0,09 
7.89 [41 -0.764 0.!62 -0.123 0,026 
9,84 [41 . -0,967 0,144 -0.128 0,019 
9,89 l4] -!.192 0.182 -0.!57 0.024 

II.89 [ 4] -1.092 0.!61 -0.!22 0,018 
!4.16 [4] -1.184 0,262 -0.1!3 0•025 
!5.99 [4] -1.487 0.222 -0.127 0,019 
!8.19 . [4] -1.491 0,356 -O.II3 0,027 
20.15 [ 4] -1.452 0.378 -0.!00 0~026 

20.38 [4] -1.746 0.279 -O.II9 0,019 
22,!3 (4] -1.761 0.428 -O.III 0.027 
24.22 (4] -2.126 0.501 -0.!23 0.029' 
26.23 [4l -2.593 0,541 -O.D9 0.029 
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Table J. ;'iaenitudes of· the real parts of the 
,.,... ;- . . ; 
}l p forward scat-

tarinG amplitude in the laboratory system and of oL.,;: Ref/Imf+. 

·;'he conventions are the same as in. 'l'able I. 

k Re;fe- \Ref\ A Ref 
\0.1 

, NUlllber .. X"' 
·lld. 

.·· (GeV/c) renee (n.u.) (n.u.) of param. .N 

0.361 (30] I.07 O.OI 0.96 O.OI ' 4 2.22 

0.427 (3I] 1.08 o.o1 !.52 o.or 4 2.23 

0.490 [II] 0.93 o.or !.80 0.02 3 .0.79 

0.532 (II] 0.94 0.05 2.!7 O.IO 5 !.36 

0.532; [I2] 0.90 0.02 ·2.07 0.04 4 0.99 

0.573 [II1 0.89 0.04 2.30 o.ro 5 .0.9I 

0.573 [32) 0.76 0.06 1.96 0.16 

0.614 [II] 0.69 0.08 1.97 0.23 5 2.IO 

0.614 (12] 0.76 0.02 2.17 o.os 5 . ·!.21 

0.658 [331 0.69 O.OG 2.13 0.19 5 •0.78 

0.675 [II1 0.60 0~05 1.90 O.IS 5 .. r.o1 

0.707 [331 0.58 o.os 1.86 0.16 5 2.31 

0.726 [34} 0 •. 59 0.04 1.89 O.I2 

0.726 [IIl 0.56 0.05 .1.79 0.15 . 6 ·I.30 

0.726 [351 0.63 O.II 2.02 0.35 6 1.23 · 

0.77.7 [rr] 0.42 0.03 1.29 o.ro . 5 2.14 

0.826 [33] 0.36 0.13 0.93 0.35 6 0.83 

. '0.875 [20] 0.34 o.os 0.72 O.II 5 0.93 

. 0.910 (36] 0.17 0.22 0.3I 0.41 

0.925 (20] o.oo 0.20 o.oo 0.35' 6 I.3I 
0.949 [35] 0.25 0.12 0.40 0.19 4 0.89 
0.950 [20] O.I3 0.23 0.21 0.37 6 I.IS 
0.975 [20] o.oo 0.25 o.oo 0.39 7 !.43 
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1.ooo [20]x) - - - - 6 1.10 
1.003 . [33] o.oo 0,33 o.oo 0,47 6 1.58 
1,030 . [35] 0,25 0.14 0.34 0,19 4 1.27 
1,030. [20] O,II o.61 0;15 0,84 . 7 . 1.50 
1.030 [37] 0,27 0.05 0,37 0.07 
1.080 [20] 0,32 0,33 0,40 0.41 8 1,35 .. 

[33] 1,121 0.69 0,13 0,81 .. 0,15 7 0,86 
1~131 [38]x) .;. - - - 4 0.77 

·1.180 [20] o.oo ) 0.46 o.oo ·. 0.47 8 1,93 
1.181 [35]x) ' . 5 0.19 - - - -
1.232 [39]x) - - - - 5 4,2o· 
1.280 [2o]x) - - - - 7 1.07 
1,360 [20] 0.07 3.93 0,04 2.57 8 1,08. 
1.444 [33] 0.54 0.29 0•32 0,17 7 1.06 
1,500 [40]x) - - - - 8 1,26' 
1.579 [20] 1.07 0.24 0.64 0,14 8 0,59 
1~600 (4I] 0.57 0.27 0<35 0,16' 
1,689. [33] 0,67 o.n 0,42 0,07 7 0,63 
1.760 [42] 0,82 0,09 0.52 0.06 
2.000 [28lx) - - - - 8 1.78 
2,000 [401 0,00 0.59 o.oo .. 0,36 8 0.67 
2,080 [42]x) o.oo 0,30 0,00 O.I7 
2,500 [40] - - - ·- 9 1.14 
2,920 .· (43]X) 

8,500 (29] o.oo 1,51 o.oo 0,25 
12.400 [29] o.oo 2,00 o.oo 0,23 

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

was found to be negative wit~in the errors. 
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"""4 Table 4. The mcusurerl valuer-: 'lf d. -"of /Im ~ ~n~1 of th11 :real 
" t' " 

+:""' -!- '~-I· "." "· 

partn of the 1C ].J forwc.ru- sc.:J.ttcrinG ::unrJlitwlc in th"l l"'l1Jorc.tor:y 

sy:>tcm, as a function of the pion laboratory nor.1cnt1m 1~.: 

k Tide...: i.lcf L\ Ref' ~ 
(GeV/c) renee (n.n.) (n.u.) 

/.ld. 

7.76 [4] -1.194 0.130 -0.212 o.o2J 

9.86 [41 -1.551 0.154 -0.221 0.022 

10.02 [41 -1.431 0.100 -0.201 ·o.OI4 

II.95 (41 -1.567 O.II7 -0.187 O.OI4 

14.00 [4] -1.841 o.2JJ -0.190 0.024 

16.02 [41 -1.870 0.242 -0.170 0.022 

17.96 [41 -I. 753 · 0.319 -O.I43 0.026 

20.19 (41 -2.470 0.494 -0.180 0.036 


