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DISCLAIMER
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Government. While this document is believed to contain correct information, neither the
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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"to the centre-of-mass scatterlng amplitude through the following relations

Introdﬁction

In this sﬁpplemeﬁt;a.comparison of the many different elastic phase shift
ahaljses-is made. |

The dynamics of the interaction of a pion with a nucleon are contained in
the partial wave amplitudes T— (=1 + 2) - These T-matrix elements are related
(1)
- r(e) + g(e') oen

where

Wll—‘

f(e) (L+1)T +LT}

L L(cose)

and v
glo) = £ 2(1F - 1) P; (cose)
L

f(e) and: g(e) are the spin non-flip and spin fllp scatterlng amplltudes.

The dlfferentlal cross- sectlon and polarlzatlon are then glven by:

do _ |2 Iz
2 - |ute) |f<e) + |g<e) ,v
and
-
9% P = 2 Re(f¥g) 1
where '

The partial wave amplitude is then parameterized'by a phasevshift, O,

and an absorptlon parameter, n, accordlng to
: + 0 2ist
s A

L B

The object of an elaétic phase shift analysis‘is to determine the values
of n‘aqd_sbas a function of_energy. This is accomplished by adjuéting the values
of n and ® until the prédicted cross-sections and polarizationé give a reasonable
fit to the observed experimental distributions. There are two main types of

phase ghift analysis-—— energy-independent and energy-dependent, which are

.discussed in turn.



Energy Independent
- In an energy-independent analysis fits to-the experimental data‘are

undertaken at'eacn energy where measurements have been made. Unfbrtnantely;"-
a lérgefnumber of 'good' fits are often obtained at each energy and eome selection
has then to be made. ‘Tnis selection is made in a different manner in each of
three major energy—independent analyses.
(1) Saclax(g)

Smooth veriation of the n and & are required together with smoothness in
other functiens of the partial wave amplitudes.
(ii) Berkeley(B)

In this'case a distance function is defined for the change in the wvalue of
a partiai wave amplitude from one energy to the adjacent energy point. Their
final solution ie then  that set of'solutione which has tne smellest;'total
distance' throughout the whole energy range. |

()

(iii) Cern Experimental and Theory

In this analysis continuity is applied through partial wave dispersion
relationé.b After first making an energy-independent analysis at each energy
the parameters are used in a partial wave dispersion relation to predict the
partial wave amplitudes at all energies. These are then fed in as 'data’
together with’the experimental measurements and a new fit performed. Using
the results of.this fit new partial wave amplitudes can be determined from the
dispersion relations and the whoie process iterated until consistency is
achieved. When the final step of the process is a fit to the experimental
data the CERN Experimental Phase Shifts are obtained, and when the last step
is a ealeulation of the partial wave amplitudes through dispersion'relatidns

CERN Theory Phase Shifts result.
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) Energy Dependent

In this type of analysis a smooth varlatlon of the partial wave amplltudes
is ensured by-maklng a parameterization of the phase shift ete. All experlmental
data‘erebthen fitted at'the"same'time; the parameters describing the phase

shifts etc. being determined. The vefious analyses of this type differ in

their parameterizations.

(i) Roper(5)

In thls case polynomlal expan81ons of the &'s and n's are. used for the
non-resonant contrlbutlons to each partlal wave. The.resonances are parameterized
by a Brelt—ngner Amplltude. In all cases the correct threshold dependence is
ensured. One-drawback of this anaI&sis is that-it simply adds resonant and non-
resonant amplitudes in ; given partial-wave, 1eading:to the possibility of
Violeting unitarity.

(i1) Chilton(é)

In this analysis a parameterization of the partial wave ampiitudes is used
which is consistent with a partial wave dlsper31on relatlon.; The snalysis is
performed in two parts, the flrst for pion kinetic energles 1ess than 700 MeV
and the second for the range above 700'MeV, resulting in some dlscontlnulty at

the break.

(iii) GlaSgow(7)

The analysis used here conpains some features of the energy independent

method. The phase shift'6 and inelasticity parameter n are expanded as a series
: . 2 o

2 2.n
5 = nEQ ®n (k" - ko)
2 P
= 2 b (k2 - k2)
n=0 °©

over a 11m1ted range of the data eg. lOO MeV. The only restriction 1mposed is
that the value of the phase shlft and 1ne1ast1¢1ty should be contlnuous in mov1ng

from one energy region to the next. The requlrement of a contlnuous first

D - 3,_
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derivative 1s also made but not strictly enforced. In this manner a continuous
set of phase shlfts are obtalned over the whole range. A f1t 1s then made tg
thls solutlon W1th part1al wave amplltudes wh1chvconta1n both background and
resonances, some partlal waves contalnlné more than one res0nance._ Flnally

a fit is then made to: all of the data allOW1ng the background and resonance
parameters to vary; This method leads to the solution GLASGOW A If'the CERN
Theory values for the partiagl wave amplltudes are used to allow an 1n1t1a1 |
determlnatlon of the background and resonance parameters before the flnal fit

‘ is attempted, GLASGOW B results. o R |

The propertles of these dlfferent analyses are summarlzed ln the tlgures,

the elastlc and 1nelast ¢ part1al cross sectlons belng calculated as

' 1, | , IJ2| .
oM = nx2(5a+ %)-[l - EnLIJ cos2s™tY £ (nLIJ):] a
elastic - - )
LIJ ' L1 LIJ\2
s = A d [ @]
inelastic . ; -

where L - orbital angular momentum
J - total angular momentum

T - total isospin -

Comments

We would like to add the following remarks;

(i) A1l of the six.methods are biassed against the existence of narrow resonances.

(ii) In many diagrams the small scale obscures the differences in values of 7

and particularly &. However, although these differences are small they do corres-

pond to the‘differences in-the.elastic and inelastic cross-sections irdicated.
(111) A comparison of these phase shlfts results with exper1mental data can be

8) ,

found in the paper to which thls is a supplement
(iv) 1In these graphs the solutlon descrlbed as CERN-EXP. corresponds to that
descrlbed as CERN-KIRSOPP in another compllatlon(g)

L -
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