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‘:Phaée.Shift and Zeros in K+p'*

: Marcel Urban**

Lawrence Berkeley Laboratory
University of California
Berkeley, California

ABSTRACT
A ;pecificeeXample——K+p elastic sCattering——is used to -show some
drawbaoks,of the classioal phase shift analysis (PSA). We_use:the
recenfly introducedvmethod of'zeros'to obtain newiresults ooncerning
K*p.elastic and to prove that PSA are not well fit to the study of this . .

“interaction.

*Work performed under the auspices of the U. S. Energy Research and
Development Adrmmstra.tmn. 7 :

*%0n leave of absence from Ecole Polytechnique, Paris |
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Introduction

K'p elastic is among the reactions where thé amplitude analysis is
the most contradictory. This does not necessarily come from the quality
“of the expefimental data but also from the method of analysis.. C:
Schmid(l) has pointed out that K*p»elastic shows no structures and that
no helpful neafby* zeroé should be expected in ekotiﬁ chanﬁéls.

In section I we show some faulté common to'many'phase shift analyses
’and in most of the K*p ones. In section II we interpret these failures

(2,%) and discover hidden weaknesses' of

in terms of Barrelet's 'zerology"
" PSA. In section III, a direct search for zeros is applied to K'p
experimental data, and it showg no evidence for the existence of any

Barrelet zeros of that amplitude. Hence the presence of nearby zeros in

the PSA results invalidates all the PSA quoted in this paper.

1. Abnormal Behavior of Different Sets of K*p Phase Shift Analysis

We have éxémined the. results of seven PSA's published by différent
authors.(4’5’6’7’8’9’10)** Differential cross séctions and polarizationS'
weré reconstruﬁted by means 6f the amplifudeé, and we bbserved some .
systematic discrepancieé between the sméoth behavior éf the eXperiméntal

data and the PSA's results.

*A nearby zero is a zero whose confidence domain is located in the
convergence ellipse given by the p pole.:

 #*In Ref. 11 we have studied systematically these different sets of
PSA. We will here only take a few examples for the sake of clarity.



o

1) »Polarization ofteﬁ shows peaks near +1 or -1, Qith no countef-.
part in the experimental data. (Fig. 1aj
Z)F An enefgy variation of a few percent giﬁes a rédicalvéhange iﬁ
éome fits (Fig..lb). The experimental dété and other PSA's lead
us to‘questioh suéh fast'change with energy.
3) At moﬁenta around and above'2 GeV/c somé'fits show smaill
_oscillations around a good average fit (Fig. 1lc). Tﬁe statistics
~are tdo poor to make such microstructures cfedible. Furthermore
these oscillations are eliminated by using-Barreiet zeros, then
we resent them as an unnecessary éomplication of the scattering
bamplitudes. |
'Thé above criticisms apply ”moré or less" to all the phése shift
solutions that we have analyzed,'but we understand that it is very
diffi@ult to get rid of these errors. As we will see now, the advéntage
of the method of zeros is to explain these difficulties and to overcome

them.

II. The Method of Zeros and the PSA in K'p

A. Summary of the method of zeros

In parity conserving reactions: 0 + 1/2 - 0 + 1/2, E. Barrelet shows

~ that one complex function A sums up all the T matrix and that the measure-

ments of the differential cross section and of the polarization give access

only to the modulus of this function. By a Joukdsky mapping he transforms.

the cos® plane* into the'ele plane.

y

*when 6 is real, it is the center of mass scattering angle.

i
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' cosd = %{w + =) ; ' W =e
In the w plane the physical region is the entire unit circle. The
amplitude, defined on this nerplane, is noted: A(w,s). s is the center.

of mass energy squared. If we call transverse cross sections the two

quantities: = _ ‘ | |
+ do_ ;. - _ _do i :
to<g<_)_; Jogsg L1+ Plcos®)] ; (ﬁ<g<2n) = Joosg |1 - Plcos8)]

: m . ,

where‘doldé6$6‘is the differential cross Section,’P is the'pplarization,
the relation between the transverse cross sectionraﬁd_the amplitudé'A is:
Z(w) ivA(w); Aw 1), whefe A and G'méén comple* cdnjugate
of A and w. | :
The local structure of do/dcos and of P(cose)jfolldws»directly
from the locatiOn of the 1's zeros. (See Figs. 3, 4 in Ref. 3.) In
particular the locéiqmaxima or minima of the poiarization curves are

associated with nearby zeros (Fig. 1).

BF Opiginsfof.the'inéonsistencies described in séction I
Fitting the data by a truncated partiél wave expénsion is4éqﬁivélent
to fitting 5 (w) by a polynomial and COnsequently'by a gngn”numbé£ bf,zeros;
| Fig. 1 displays the partial wave fits‘to the data with the poéitidn‘in
the w plane of the zéros whiéh have been éxtrécted‘ffom this fit plotted
gelow each fit,
1) Polarization peaks towards +1 or -1: Fig. la shows that they
. come from zéros touching the unit circle.
2) kapid:yariation of the fits with the energy:b»These vériations
are dqé to the implicit use of false zeros tbéether witﬁ the

true ones., :



3) Oselllations; “In order to reproduce the forward peak;‘itehasv
been necessary to meke the degfee'of theppelynomial SO nigh
. that_the'fits’oséillate randemlypfdr large angles whefe the
croespsection is very emall. Thisleffeci introduced some |

nearby zeros called "statistical zeros."

C. A further study leads te the discovery of other:ineoneistencies
"We expect that when'the energy varies. zeros follow regular
rtrajectorles for the follewlng reasons:

1) In.every reaction where zeros have been extfacted, they lie on
smooth trajectories. An example would be n'p, where the data
are very accurate.(s) | |

2) In the energy—dependent analysis of the BGRT group,(4)'the
regularlty criterion is automatically satisfied. Fig. ‘2a showe
how the BGRT.zeros move in the complex cose plane when energy
varies.

The PSA of BGRT doee not,cafry all of the'errors mentiened'

prev1ously, ma1n1y because of their smooth energy dependence, but Fig.

2a shows that they have a zero near the phy51cal region. Such a zero

glves a definite shape to the polarization which does not follow the

‘real one, partlcularly in the forward reg1on (a feature whlch is not shown

in the figures of this article.)
'ereping this in mind one can find new errors: discontinuities appear

in zero trajectories at the energies where new partial waves are introduced




in the fits;(ll) the structure of zero trajectories is often over-complicated
(see Fig. 2b); due to the so-called Barrelet ambiguity, zeros are easily
confused with their geometrical inverse in the ele plane, but the associated

- discontinuities are distinguishable from those mentioned above.

II1I. The D1rect Search for Zeros

We have developed an or1g1nal method permitting a direct determ1nat1on
of the zeros from the experlmental data. Its main features are the follow1ng:
l) We use thebmethod of moments and, instead of fitting do/dcoeexto a
truncated Leéendre'pOIYnomial'series‘and P(cos8)do/dcos8 to an
associated.Legendre"polynomial serieé; that 15 to take'a weight
function constant over cosf within +1 and'—l, we vary_this weight
function in order to improve the fits. This takes care of the
oscillation phenomenon previously seen (II-B). (It is not hard
to construct polynomlals, startlng from a constant as the
lowest that are orthogonal with respect to a given weight
functlon' perhaps proportlonal to [do/dcose]-1.)

2) Once we have the coeff1c1ents of our polynom1al enpan51on (the
locat1on of the . zeros and one overall coeff1c1ent) we are faced
.w1th the question: . How much‘confldence may we place 1n'the «
location of the zeros and are there blases implicit in the method?
Since the coordinates of the zeros are not linear functionévof'
the coefficients, the answer is not trivial to give.v’We have
‘solved_this_problem,(ll) though description of the analysis will be

left to anothef (later) publication, and found that there are

indeed.some'biases; but they may be analyzed and corrected for.



3) We_dse conformal mapping but not in the usuﬁl way. fhe dif-_.
ferenées are that we apply the mapping directly to the cos®
values, and that the leading singularity is takén at the o
pole instead of the dipion. This was dictated by the behavior
of the fits when the locations of the;éiﬁgularities weré
chésen. |
~ In order to show clearly the different impréveménts broughf by all
these differences in fitting procedure, we keep Qnvafour zeros in the
A(w,s) amplitude at 1.74 GeV/c out of six or eight zeros at this
energy in the PSA. | |
Figs. 3abc show the succéssive imprbvements, and Fig. 3d displayé |

the corresponding zeros in the w plane. The most striking feature is

that the fit improves as the zeros become further from the physical region.

Applying this direct method to the otherAexperimental data yiélds
the followiﬁg‘results: at energies below 2 GeV/c the data are cbmpatible
with the absence of zeros inéide an ellipse given by the p pole; this
configuration of zeros gives evidence that the déta can be fitted as well

(11)

with effective* poles as with these unstable zeros. Consequently we
claim that it is unwise to parameterize the K*p amplitude by'a polynonmial

as PSA does.

Conclusion

A non-exhaustive comparison between PSA and the method of zeros is

given in Table 1.

*not necessarily on the real axis

B S R T
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Table 1

PHASE SHIFT

ZEROS

Obtained with the no-singularity
model : !

Requires no model

Introduces unknown errors so that
estimators are biased and informa-

- Errors are known so that estimators

are unbiased and more information
is kept

tion is partly lost

Not local, so that all [-1, +1] must
be covered by measurements

Local, so that only parts of [-1,
+1] need to be measured

Nearby and unstable zeros are
implicitly mixed

Nearby and unstable zeros are
separated

]The relationship between parameters

(phase shifts, etc.) and observed
quantities is complicated and not
particularly direct '

The positions of zeros have direct
relationships to the observables
that are readily visualized

Data must be taken at energies that
are close together because interpo-

lation is tricky

Data can be taken at energies that
are far apart with very high
statistics

The method of zeros explains PSA's errors, easily seen on the fits,

: 7 e |
" but reveals new ones. The use of this new method on K p's experimental

data shows that there is no evidence for nearby zeros below 2 GeV/c.

This fact leads to two consequences:

PSA are unwise to parameterize the

vK+p amplitude by a polynomial; there is now a new argument against the

3 o . . . + . . o :
formation of an exotic resonance in K p with spin greater than 1/2, for

in that case we would see 2(J - 1/2) characteristic nearby zest

(J: spin of this resonance).

" The author wishes to express his appreciation to Owen Chamberlain,

"~ concerning this work,

" E. Barrelet, and D. Chew for helpful discussions and suggestions
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Fig. 1. (a)

(b)

(c)

Fig.:Z. (a)

(b)
Fig., 3. Data

(a)

FIGURE CAPTIONS
The fit is the lﬁ solution of Ref. Slaf Plab = 1256 MeV/c;
and the'daté points come from Ref. 13. Below this are shown
the zeros of this fit‘in the w pléne. ‘The polarization's
peak toward +1 cbme§ from the zero on the unit circle.
Fits (from solution 1 of Ref. 7) to the ?olarization at
2.00 GeV (full curve) and 2.02 GeV (dashed curve) in the
center of mass with'the corresponding zeros in the w plane
('. and @ respectively).

The fit is the a-solution of Ref. 9 at P =-2500 MeV/c,

lab _
and the data points come from Ref. 12. Below this are

shown the nearest zeros of this solution in the w plane.

Thé oscillations of the fit come from the implicit use of
statistical zeros as true ones. |

Zeros' tréjectéries of Ref. 4 in the complex cos8 plane.

The ellipse corresponds to the p pole and to the highest
energy of‘fhis fit., ‘Arrows go.ffomilow‘to high energiés.

A cross (dot) means that the zero ﬁaé a positive (negafive)'
imaginary part in the comp1ex éie plane; Notice the
rectilinear character of the traiectofies.

Same as for (a) but ﬁhe Z€eros afe fromiRef. 10.

points from Ref. 9. |

Fit with a weight function equal to 1 on cosé (Legendre

Polynomial for do/dcose).
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(d)
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Fit with the same polynomial degree but with a Wéight fuhction

different from 1 on [-1, +1] in cos8 plane.

Fit using conformal mapping on cosé and an appropriate weight

function. .

The zeros of the fits in the e16 plahe

-a) (), b) @, c) (o).

Notice that as the fit improves theAcorrespondihg 2eros

go away from the unit circle.
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