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IN THE MASS RANGE 1400-1700 MEV
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Laﬁrence Radiation Laboratoryv
University of California.
Berkeley, California 94720

March 1, 1971

| ABSTRACT
5esterting from an'energy—independent phese-shift analysis
»carried out at 26 momenta between 385 and 1700 MeV/c, we attempt to
v find the proper energy continuation through these momenta our "best"

path'agrees in general with-paths found by other groups However, there

appears to be additional resonance structure in the P31, D35, and Plj

partial waves between lhOO -1700 MeV.
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In a. typical energyeindependent phase-Shift?analysis-there exist

-many‘pOSSiBle solutions at a given energy. We hope that.the tremendoﬁs

_ ambiguities which result when each.energy is considered separately will

be reduced'dr removed'by,imposing certain theoretical'aesumptions on the
behavior bf each paftiai—wave amplitude as a function of energy. We

assume that each partial-wave amplitude is continuous and maintains a

certain amount of "smoothness" when plotted on an Argand diagram. 1In a

preﬁious papef (1] we investigated several path~finding schemes and

-develeped a method that takes into coﬁsideration both confinuity and the

smoothness of each partial wave. In this letter we eXamine further the
"best" path found in ref. 1.

vWe discuss briefly the methods ueed in obtainihg the energy-

_ independent phase-shift solutions; we review the method used to find the
 energy continuation; aﬁd we examine the properties of our "best"

- ‘solution.

 _ Anlenergy;independent phase-shift anaiysis bf'pionenucleon
eeaftering Wasﬂcarried ouﬁ at Berkeley several years ago [2]. ’Solutions
were found at some 26 momenta, frpm 385 to 1700 MeV/c. For eompleteness
ve briefly mention the method used to obtain the solutions.
‘Af‘each of the 26 momentavinitial gﬁessesﬂfofvthe5parameters~
1,56 % 15,0 ‘
zationvSCheme called,ORPHEUS these parameters are variedzin an:atfempf

1 are made. Then by use of a variable-metric minimi-

“to get a good fit to the data by minimizing 1°. The data include the
‘ ﬁ+,ﬂ- “and chérge-exchange differential cross sections as4Well as the

at dhdieﬁ']epolarizations.‘ The analysis includes waves through G

waves (£ = L),
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The startlng values'of‘the n}s and 6’"1 for ORPHEUS are
obtalned by one of three methods. One uses a rather coarse survey
'wconducted wlth a ravine- follow1ng mlnlmlzatlon method us1ng startlng VTI ‘,?Q',._Q .

3p01nts chosen randomly 1n the general v1c1n1ty of the solutlons publlshed o .
.,by other‘groups.- A second method 1s to. use the ORPHEUS solutlons from :
':the flrst method at momentum .kn 1 orbvkﬁ+i as- 1n1t1al guesses in-
‘:,ORPHEUS at momentum k . Thrs method is partlcularly useful when one Zﬂ
d:.ls trylng to contlnue to k a path that prev1ously stopped at k l:U
The thlrd method cons1sts of s1mp1y u31ng solutlons obtalned by groups
”at other 1nstallatlons as startlng p01nts in ORPHEUS

At each momentum, solutlons w1th 1ntolerable x2 are removed

”_In the earller work done at Berkeley multlple solutlons at each momentum S

":(1 e.,. several w1th all parameters approx1mately equal) were reduced to

ip[one.v In thls work however, we have 1ncluded all solutlons that are‘

.“not exactly equal We feel 1t is 1mportant when carrylng out.energy-'

contlnuatlon procedures to have many solutlons at each energy Weqmust~

requlre, however, that the 'xe of each solutlon remain reasonabiy'good}

'vThe, xed’value alone 1s not a very good way of dec1d1ng wh1ch solutlon R

at each energy is the rlght one. For example, an energyvcontlnuatlon |

made up of the best x at each energy has very dlscontlnuous and rough

) behav1or and hence 1s unsatlsfactory. On the other hand a method”that

-rmposes smoothness whlle 1gnor1ng x | may g1ve a poor f1t to the data. 'EUQf" ”.{y

'Zk_The best method 1s one that keeps only solutlons w1th reasonable xg,

b"fbut has enough at each energy to. allow the smoothlng program freedom

.to flnd a smooth and contlnuous path
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The problem is to define a procedure by which a computer can
pick out one solution at each energy such that'the.reSultant’pathfis

both continuous and smooth when viewed on each Argand diagram. We

define a "distance" D for the path i as

éi» . j;fjtv _Br_j a(z,j,l’k’i), .; _.; j. ;o (lj

max
B’Jfl k=kmin

where a path"consists of one sclution at each momentum k, and where
£ ‘is the orbltal angular momentum, J the total angular momentnm, and
I the 1SOSp1n. The s1mplest ch01ce for the function a(s,3,1, k'i) is

the. geometrlc dlstance between two. p01nts on the Argand dlagram,

: do(z,a',l,k,-i) = |T(£,4,T,k,4) - g(ﬂ,d,l,k-l,i)l, ~ (2)

where gv‘is{the:appropriate partial-wave amplitnde.' The proper energy-
‘vcontinued path iS‘assumed_to be that path imin5 for which thev"distance"

D, is a minimum.

1

The problem with us1ng just  the geometric dlstance [eq. (2)]

for d is that although it does incorporate thefidéa of continuity

(i.e., the solution does not change much when the energy is changed_'
"sllghtly), it does not produce paths that are smooth They are not. .

smooth because the angles may change erratlcally even though the d1stance .

on. ‘the Argand diagram from energy to energy changes smoothly. To

>-_correct thls we deflne

.'d(/z;j.’i:k,i). = | [l/(a + COs 9)] d‘o(,@)j',:[)k:i)):. | (3)



w0 ueRL-20616

_vhere 9"ishthe anéle:between thevveotoIS'

= 7(£,3,1,k-1,1) = T(4;3,1,k-2,1i)"

‘ . N

and

B ?T(z,'j',I,'k;i)‘ < 1(£,4,T,k-1 -i‘),-

Aahd‘where:# O(z,J,I k 1) :is.deflned in eq. (2) (see Flg.,la) .pIhu'
tref; 1 we flnd the best value for a. isa = 1.5. An example of the
i effect of ineluding the .smoothlng factorﬁ- (lIS +‘cos'9) , '1n'the'
:defihitioh of .ﬂh cah:be seeh:ihvfig 1. Flgure 1b shows the P33 wave
vfor the path found by u31ng 4 = do, Flg lc shows the same wave for
:the path found by us1ng the smoothlng factor" [eq. (3)] In Flg 2
we exhibltutheA T p and n “p elastlc and inelastlc total cross ph
vsectlons as a functlon of center-of-mass energy W for our "best"
‘1path for a moreAcomplete study of the effects “of: us1ng the smoothlng
'ffactor and the results of us1ng other deflnitlons of the "dlstance

D see ref l | ‘ |

OUr best path agrees in general with the paths found'by other

groups: However, there appears to be: addltlonal resonance- llke structure'

in the P31 D35, and Pl3 ‘partial waves (see Flgs 3 andAh) Further
;1nvest1gat10n of thls behav1or 1ndlcates that, 1n addltlon to loops 1n:'
the Argand dlagrams, each'of the above partlal waves has a peak 1n the'
°v¥part1al-wave total, elastlc, and 1nelast1c cross sectlons._ Also, each?
f(the loops has a correspondlng max1mum 1n the speed where the speedf

1s deflned by
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 Speed(I,J,4,k) =
] 'il'lII (k + 1) T s g(k)| |gI,le(k),- ngjjz(k._ 1)]
= AT - E . E - B '

kel T Pk %k

The loops.on-the Argand'diagrams alone or the‘peaks in the partial-wave
Cross sectlons alone, or the maxima in the. speed plots alone would not
be compelllng ev1dence for the ex1stence of resonances in these waves.
However; the'fact that each of these partlal waves eXhlbltS all three
propertles leads us to belleve that- they may 1ndeed be resonances. A;

. *%
,crude estlmate of the resonance parameters yields

Partial vave Mass (MeV)  Total width T (Mev) X = re/T
CP3L - | 1630 _ . 50 0.7
D35 1660 b ,"j' 10,07
P13 BEETY ow _ o.ié‘;

‘For;comparison in Fig. 4 we exhibit the Argandbdiagram, speed, and'A
'partlal-wave total cross sectlon, respectlvely, for the well- establlshed.
>_D15 resonance. It 1svof 1nterest that a narrow Iv-vé peak (r =~ 50 MeV)
at lh62_MeV,has been reported recently in xN invariant-mass plots>
from pp ;;pNﬁ at 6.6'GeV/c: [3]. The peak is considered-to be
:differentefrom the well-known broad N(lh?O)%+. From our analysis it
¢ou1d well be our P13 resonance.
These tentative.neW'resonances'are narrow and mainly inelastic,‘ :

As noted by other authors [4] all path- flndlng technlques tend to be |

b1ased agalnst narrow resonances. ThlS can on the one hand explaln why



) :these“resonancesahave escaped notice"until*now,Aandfon‘the<otherrhandht
_hlend support for thelr ex1stence because of the1r surv1val of ourh".’

.:method's attempts to smooth them away : The‘:ig.‘values of the solutlons
';around these tentatlve resonances are all reasonably good (1 e.,lhxef'
'per degree of freedom | l) and hence they cannot be ruled out on the

. baslS'of«thelr fi2: values. It can be argued however, that more solu- . -

t,tlons with reasonable Xg, can be found at each energy, thereby poss1bly

changing our results. Thls is poss1ble, but the orlglnal search for

solutlons was qulte.erhaustlvevand as many:as 80'solut1ons at”each )

' energy were found ,’, | |

In summary,-we have- applled a path f1nd1ng scheme to an energy-h
“1ndependent plon—nucleon phase shlft analys1s and found 1n addltlon to N
i'the generally accepted resonances, three partlal waves apparently

"hnposse831ng'prev1ously unseen.resonant behav1or (1.e.,-an Argand-loop,‘;?ﬁ

'peaks 1n both the speed and partlal—wave cross sectlons) Qf the:three

jthe le structure at 1630 MeV is the most conv1nc1ng.
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“FOOTNOTES *

‘This work was'dbhevundei the auspiées'of.the-U.St‘Atomic.Eﬁérgy: a

Commission.

For a discussion on how to determine the resonance parameters see,

v'for'exémpleé Particle_Data Group, ﬁN4APartialfW§ve”Amplitudeé; .

UCRL~20030; 1970 (unpublished). =
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FIGURE CAPTIONS

.(é) Argand diagramvillustrating the vectors A and:'g -and

the angle © used in defining the function

'a(z,j;l,k,i) = [1/(1.5 + ¢os 6)ld4,.

(b), (c) Illustration of the effect of including the "smoothing

factor” in the definition of d. Notice that the path found

(b) by using simply. d = dO has a jaggéd structure around 1716

' MeV, whereas the path‘fodhd (c) by uéingbthe "smoothing factor"

no longer exhibits this unwanted behavior.

P}ot of thé rn+p aﬁd nfp Aeiastic and ihélésfie total'cross'
sections versus c.m. eneféy W for our 'best" path.

Thé Argand diagram and plots of the speed, partial-wavé'total,
éiastic, and inelastic cross sections versus c.m. eﬁergy' W

for the P31 and D35 partial waves obtained from our "best" -

path. The arrow indicates the position of'é possible resonance.

‘The Argand diagram and plotsvof the speed, partiélfwave total;

elastic, and inelastic cross sections versus c.m. energy. W

- for the P13 and D15 partial waves obtained from our "best"

path. The arrow indicates the position of a possible resonance.
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