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Abstract 

The angu la r  dependences of t h e  pp elastic s c a t t e r i n g  ana lyz ing  power, spin 

c o r r e l a t i o n ,  d e p o l a r i z a t i o n  and p o l a r i z a t i o n  z r a n s f e r  were measured i n  t he  angc la r  
range from 60° t o  9 7 O  CM a t14  ene rg ie s  between 1.96 and 2.23 GeV. A t  f i x e d  angles 

two maxima were observed i n  t h e  ana lyz ing  power energy dependence, both below a n e  
above 2.11 G e V .  Furthermore a r a p i d  decrease of the sp in  c o r r e l a t i o n  parametsr 
at 90° CM occur s  around t h i s  energy. The obse rvab le s  allow de te rmina t ion  of t h e  

abso lu te  va lues  of three nonvanishing pp ampl i tudes  at  90°. The energy depenCence 
of t h e  s p i n - s i n g l e t  amplitude shows a shou lde r  cen te red  a t  2 . 1 1 a G e V ,  w h i l e  =he 

s p i n - t r i p l e t  ampl i tudes  are decreas ing  f u n c t i o n s  of energy showing no evidence 
of s t r u c t u r e .  All experimental  data are l i S t e C  i n  tables and t h e i r  energy depen- 
dences are shown i n  f i g u r e s .  
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manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
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United States Government or any agency thereof. 



1. INTRODUCTION 

The a n a l y z i n g  power, a s p i n  c o r r e l a t i o n  parameter A , and two r e s c a t t e r i n g  
and K ) i n  pp elastic s c a t t e r i n g  were measured a t  S A T ~ N E  observables  ( D 

I1 using a p o l a r i z e d  proton beam and a p o l a r i z e d  proton target. The d i n  of the  

experiment was t h e  determination of t h e  a n g u l a r  dependence of these observa3les 
around a beam k i n e t i c  energy of 2.1 GeV i n  order t o  search for  p o s s i b l e  s t r u c t x e .  
Such a s t r u c t u r e  has  been suggested by ad i r ec t  r e c o n s t r u c t i o n  o f t h e  pp s c a z t e r i n g  
matr ix  carriec? o u t  a t  11 e n e r g i e s  between 0.83 and 2.7 GeV [LAC90]. B e s x l t s  of 
t h i s  r e c o n s t r u c t i o n  may e x p l a i n  t h e  r a p i d  f l u c t u a t i o n s  i n  the energy decendencs 
of t h e  pp a n a l y z i n g  power a t  f i x e d  a n g l e s ,  first observed i n  t h e  ANL-ZGS me2su- 
rements [SPI83] a n d  later confirmed i n  SATURNE I1 experiments [LAC99C, LEa9C]. 

oonn 
onon onno 

A t  2.0 G e V  pro ton  beam energy, t h e  a u t h o r s  of r e f s [ G O N 8 6 ,  GON87, LAF86, LcE199, 

LOM901 predicted t h e  e x i s t e n c e  of a d i b a r y o n i c  resonance i n  the  'S p a r t i a l  wave, 
implying an a b r u p t  change i n  t he  angular  dependences of t h e  A and Aookk s? in  oonn 
c o r r e l a t i o n s  around 5 5 O  CM. If t h i s  p r e d i c t i o n  is  t r u e ,  a change should  alsc be 

observed i n  t h e  energy dependence of these observables. Previous data were measured 

a t  d i s t a n t  e n e r g i e s  and do n o t  allow any conclusion.  The Same a u t h c r s  claim :hat 

t h e  p r e d i c t e d  s t r u c t u r e ,  as w e l l  as a n o t h e r  one near  T = 2.54 GeV,  i s  suggested 
i n  t h e  total cross s e c t i o n  d i f f e r e n c e  Ac (pp )  , [AUE86, AUE891. The engrgy de_sen- L 
dence of t h e  pp unpolar ized  t o t a l  cross secLion exhibit  no pronounce2 S t ruc t i l r e .  
However an i n d i c a t i o n  for a n  anomaly a t  T around 2.1 GeV may already be i x n 8  
i n  t h s  YIMROD data [9UG66] .  

0 

k in  

k i n  

Addicional ev idence  f o r  a s t r u c t u r e  i n  pp s c a t t e r i n g  i n  t h e  sane energy reg ion  
is  suggested by t h e  measurement of t h e  a n a l y z i n g  power Ano i n  t h e  i n e l a s t i c  channel  
pp + dn [E3E385, 8 E R 8 8 ] .  S t r u c t u r e  was observed i n  t h e  energy dependence of 

A ( OcH=900) cemered around a mass of 2.7 GeV.  T h i s  result 

was cmfirmed Sy new measurements of t h e  Emalyzing power and t h e  d i f f e r e n t i a l  c r o s s  
s e c t x n  energy decendence a t  SATURNE I1 [YON90].  

+ 

( ==G ) , A ( 9=0) and A no n o  90 
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2. FORMALISM AHD INDICATIONS FOR A POSSIBLE STRUCTURE 

Throughout this arzicle we use the scattering matrix formalism as given in 

ref.[SYS78a] , With the amplitudes a,b,c,d,e, and the four-index nctation of the 
observables. 

At 90' CM only 3 amplitudes survive: 

a = o ,  b = -  c, d, and e. (2.1) 

and assuming that the pp 

elastic differential cross sectioc o = du/dZ1 iS a known and smooth Tunction of 

l d I 2  and lei2. Since at this angle D 

oonn' *onon' Konno From the measured observables A 

energy, we can determine the absolute Values of three amplitudes at 90' CX : lbl 2 , 
we obtain : - 

onon - Konnol 

( 2 . 3 )  

Here lb(90°) I = Ic(90°) I = IMss(900) I 1s the spin singlet amplizuee, whereas 
the amplitudes d and e are mixtures of coupled and uncoupled triplet-states 

[aYS78a]. A resonance in the spin singlet state appears as a shoulder or a inaximum 
in the lb(9O0)l2 amplitude energy dependence. From eq.(2.2) it follows that a 

variation of the single scattering observable Aoonn(900) around ax? enerqy may 

represent evidence €or this structure. 

The effect of a spin-singlet resonance on the behaviour of the various spin 

observables might be diluted by a possible contributions of the spin-triplet 

amplitudes. 

A resonance is always expected to occur in a well defined spin aid momentum 

state. The corresponding partial wave can not be determined frcm an amplitude 

analysis. For this purpose complete sets of observables must be measured at several 

energies and angles to allow for energy dependent ?base shift ar,alysis (PSA). 
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4 

In t roducing  a Breit-Wigner resonance term i n  one p a r t i a l  wave at  a time, t h e  PSA 

may determine which p a r t i a l  wave i s  t h e  most s e n s i t i v e  tc  a resonance term. 

?he e i f f e r e n t i a l  c r o s s  s e c t i o n  of t h e  elastic pp scattering a t  90° CM has n o t  
been measured i n  s u f f i c i e n t l y  small energy  s t e p s .  The r e s u l t s  r e p o r t e d  i n  
refs [ ALB70, ANK68 ,  CLY66, KAM71, WIL72 1 show higher values cf t h e  d i f f e r e n t i a l  
c r o s s  s e c t i o n s  t h a n  ob ta ined  i n  a n  ANL-ZGS experiment [JEN77]. The a u t h o r s  of these 

papers state t h a t  e n e r g i e s  of d i f f e r e n t  data were c o r r e c t l y  determined. The 

e x i s t i n g  data a t  90° CM are shown i n  F ig .  1, where t h e  data of t h e  first group 
of experiments are f i t t e d  by a s o l i d  l i n e  whereas t h e  energy dependence from the 

r e s u l t s  of ref. [JEN77] i s  Shown as dashed curve.  The two groups of r e s u l t s  can  
not  be made c o n s i s t e n t  by a simple r enorma l i za t ion ,  s i n c e  their energy dependence 
i s  d i f f e r e n t .  We w i l l  assume t h a t  t h e  pp elastic d i f f e r e n t i a l  c r o s s  s e c t i o n  is  a 
monotonically d e c r e a s i n g  func t ion  of energy. I n  t h e  p r e s e n t  paper we use  two 
d i f f e r e n t  f i ts  t o  separate both groups of da/& data. 

An i n t e r e s t i n g  behavior of the  pp a n a l y z i n g  power energy dependence at  fixed 

ang les  may be deduced from t h e  direct  r e c o n s t r u c t i o n  of p-p elastic s c a t t e r i n g  
amplitudes [LAC90]. Since  a common phase remains  a r b i t r a r y ,  it was fixed by s e t c i n g :  

'pe = 0 ,  i .e. le1 = e = R e  e , I m  e = 0. ( 2 . 5 )  

Above 1.6 G e V  two types  of SOlUtiOnS appea r ,  which differ  mainly i n  c h e i r  

r e l a t i v e  phases.  I n  t h e  f irst  one (Sl), t h e  s i g n s  of 'p and 'pb are p o s i t i v e  and 
i n  t h e  second t y p e  (S2),  they  are nega t ive .  T h i s  is  i l l u s t r a t e d  i n  Fig. 2 a t  SO0 

+ CM. Amplitudes c a l c u l a t e d  from PSA at  e n e r g i e s  below 1.8 G e V  [BYS90] are of t h e  

f irst  ty?e (Sl). I n  most cases, the  direct ampl i tude  a n a l y s i s  s o l u t i o n s  of the 

f irst  tyFe  show a better x2 value.  The s i t u a t i o n  is  i n v e r t e d  a t  2.1 G e V ,  where 

t h e  x2 is  a lmos t  always better f o r  t h e  second type of s o l u t i o n s .  Dashed l i n e s  i n  
Fig.  2 ccnnec t  t h e  black dots, assuming t h a t  S2 is  t h e  " t rue"  s o l u t i o n  at  2.1 Ge ' l  

only.  The p r o d u c t s  R e  b*e, I m  a e and I m  5 e are  r ep resen ted  by combinations of 
r e s c a t t e r i n g  observables, which need long  measurements and a c c u r a t e  knowledge of 

p-C ana lyz ing  power. Only R e  afe is  simply related to  a s i n g l e  and e a s i l y  measurable 
q u a n t i t y ;  namely t h e  ana lyz ing  power. Eq. (2.5) implies : 

a 

X * 

a' = R e  a*e = ]ale cos - - uAooon oono uA 
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In  t h e  follOWing d i scuss ion  w e  s tudy  the  consequences i m p l i e d b y  t h e  assumption 
t h a t  'pa vary as shown by t h e  dashed l i n e  i n  F ig .  2. In a large angu la r  range t h e  

value of I (pa] i s  approximately t h e  Same at  2.1 G e V  as a t  1.8 and 2.4 G e V  w i t h  COST a 
should - 0.5. However between 1.8 and 2.1 G e V ,  and  between 2.1 and 2.4 G e V ,  

c ros s  ze ro  and t h e  term cosy i n  eq.(2.6) should  rise up t o  cosy = 1. T h i s  may a a 
cons iderably  increase t h e  value of Aoono. However, t h e  product  of t h e  ampli tudes 
a and e remains unknown, except  at 1.8, 2.1, and 2.4 GeV.  

?a 

data [BVS78b,  BYS8C, B Y S 8 l l  show large va lues  and Aooon oono 
a t  2.2 G e V ,  i n  one  of t h e  two r eg ions  where 'p should cross ze ro  between 2.1 an& a 
2.4 G e V .  Note t h a t  t h e  data at 2.205 GeV .(plab = 3 GeV/c )  from ref.[MIL77], which 

suggest t h e  s t ructure ,  were measured w i t h  both beam and target po la r i zed ,  t hus  
. T h i s  method would r e v e a l  sys temat ic  a l lowing de te rmina t ion  of A 

e r r o r s ,  if any,  i n  beam and target p o l a r i z a t i o n s .  

The e x i s t i n g  A 

and Aooon oono 

There  exis t  two other sets of Aooon data at t h e  same *Inominal1* energy of 2.205 
GeV,  measured a t  t h e  ANL-ZGS[ DIE75, MAK801. Both r e p r e s e n t  quasi-elastic pp 
s c a t t e r i n g  of an  unpolar ized  proton beam on a polarized deuteron  target. The au tho r s  
of ref.[MAK80] claim t h a t  the i r  data are correct and t h a t  the  data from [ D i E 7 5 ,  

MIL771 must  be renormalized a t  2.205 ~ e v .  It is  i n t e r e s t i n g  t o  no te  t h a t  o the r  
sets of data from refs [DIE75, MAK801, a t  t h e  common energy of 1.27 G e V ,  are i n  
an e x c e l l e n t  agreement.  

F ig .  3a shows SATURNE I1 r e s u l t s  a t  2.1 GeV [PER871 and  Fig. 3b compares t h e  

ANL-ZGS resul ts  from [DIE75, MIL77, MAK801 at  2.205 GeV.  The d i f f e r e n c e  i n  these 

r e s u l t s  cannot  be exp la inedby  an effect due t o  q u a s i - e l a s t i c  s c a t t e r i n g .  I t  should 

be noted t h a t  t h e  ANL-ZGS was a weak-focussing accelerator w i t h  a momentum spread 
of 3.5% (ATkin - 100 M e V  around 2.2 G e V )  and  t h a t  t h e  k i n e t i c  energy at  t h e  target  

was determined by t h e  c u r r e n t s  of t h e  beam l i n e  magnets. If a fast va r i a t io r !  of 
t h e  pp ana lyz ing  power at  a f i x e d  a n g l e  around T - 2.2 G e V  exists, it is  p o s s i b l e  
t h a t  t h e  authors of t h e  three ANL-ZGS measurements have ob ta ined  c o r r e c t  resul ts ,  
b u t  at  beam e n e r g i e s  d i f f e r e n t  than  t h e  quo ted  ones. 

k i n  

data p o i n t s  e x i s t i n g  before  

1983 were carefully analyzed i n  ref. [SPI83]. I t  w a s  found t h a t  t h e  energy dependence 
of t h e  r e s u l t s  a t  f i x e d  four-momentum transfer can not  be f i t t e d  by smooth curves 

oono and Aooon A l l  pp elastic and q u a s i - e l a s t i c  A 
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. even if the points of ref.[MIL77] were renormalized. In ref.[SPI83] the observed 

differences in the pp * pp analyzing power 1s explicitly mentioned and the pos- 
sibility of a resonance behaviour is suggested. 

We conclude that Fig. 3b supports the observed energy-dependent structure in 

'f on the basis of data that are completely independent of those used in the direct a 
reconstruction of scattering amplitudes [LAC90]. An energy variation of the ana- 

lyzing power magnitude at a fixed CM angle iS only possible if ? changes its sign, 

as it is the case for solution S2 at 2.1 GeV. 
a 

Finally we note that, while a structure in an observable does not necessarily 

imply any resonance, the absence of Structure does not exclude one either. The 

pp analyzing power, related to the scattering amplitudes by eq. (2.6), is a relevant 

example. Suppose that only one resonant triplet partial wave is present so that 

it contributes to amplitudes a and e. The resonant part Re a*(res) .e(res) will 

be identically equal to zero, because a*(reS) and e(res) are orthogonal functions 

at the resonant energy[BYS78a]. Only combinations of resonant-background and 

background-background parts of (axe Survive. However, these terms may not provide 

any clear signal. Consequently, the pp analyzing power magnitude at the resonance 

energy will be close to the value interpolated from the data far from the resonance. 

3. EXPERIMENTAL RESULTS 

The measurements were carried out using the NN experimental set-up, the 

polarized proton beam and the polarized proton target (ref.[BAL93]). The experiment 

oono, Aooonl and Aoonn' measures principally the single scattering observables A 

with As a by-product we determined the rescattering observables Donon 

lower statistics. The data were obtained in the angular region from 58O to 97O 

CM at 14 energies of the extracted proton beam : 1.96, 1.98, 2.00, 2.02, 2.04, 

2.06, 2.08, 2.12, 2.14, 2.16. 2.18, 2.21, 2.22, and 2.23 GeV. The energy at the 

target center is about 5 MeV lower, taking into account the energy losses in the 

beam monitors and in the target. 

and Konno 

The momentum spread of the SATURNE I1 internal beam is Ap/p = 1..435~10-~ at 

2.2 GeV and depends mainly on the orbit radius. The beam is extracted at the same 

radius and the particle momentum is effectively constant during the spill time 

Page 5 



L 

. interval. Consequently 

magnitude with respect to the internal beam. 

the extracted beam momentum spread decreases an order of 

The measurement with a polarized beam around 2.2 GeV is difficult, since there 

exists a strong depolarizing resonance yG = 6 at 2.2016 GeV which can not be removed 

by tuning UF the accelerator. For this reason the energies 2.23, 2.22, and 2.21 

GeV were obtained by inserting diffe-rent copper degraders in the 2.24 GeV beam. 

The particle energy spectrum after the degrader is very large. The energy spread 

due to electromagnetic interactions does not exceed f 6 MeV,butinelasticprocesses 
contribute considerably to the energy spread. Therefore the degraders were inserted 

clcse to the beam extraction point and a powerful momentum analysis by four magnets 

was used in order to obtain a monoenergetic beam. The currents of the beam magr,ets 

. are used to select the beam at the desired energy. The absolute value of the Seam 

energy after the absorber is determined with an error estimated tc be less than 

a few MeV. 

At each energy the beam polarimeter[ARI87] provides the pp asymmetry A P 
O O ~ O  a 

and checks the stability of the beam polarization. The absolute value of 2 cannot 

be determined simply by using the measured asymmetry and analyzing power data 

interpolated from the results around 2.1 GeV when a strong variation of A in 

this energy region is expected. Therefore P was determined by comparing the A B oono 
observables . The absolute value of the target polarization is independent and Aooon 

of the beam energy and is known to an absolute precision better than f 0.03. EZelative 

errors during the experiment are smaller than -C 0.01. We deduce the angular 

dependence of the target analyzing power Aooon. from the asymmetry measurement. 

Aoono Aooon Because of the equality of the beam and target analyzing powers, 

for pp elastic scattering, we normalize the beam analyzing power A to that oono 
of the target, thus deducing the beam polarization PB. The error of 0 1s than 

9 

aono 

- - 

3 

T- about the same as the error of P 

A scan over 14 energies implied the reduction of statistics t o  the mir.imu. 

necessary for determination of the single scattering observables. Conseqently, 

the rescattering observables are determined with rather low statistics (about 4000 

to 10000 selected events per energy). To save time it was also necessary to measure 

several energies with the same target polarization direction, followed by the 

measurement of all these energies with the opposite P It is not obvious =hat T' 
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t h e  beam p o l a r i z a t i o n  P has e x a c t l y  t h e  same value  for both t a r g e t  p o l a r i z a t i o n s  
a t  t h e  same energy.  The parameters of t h e  a c c e l e r a t o r  and e x t r a c t i o n ,  l i k e  t h e  

e x t r a c t i o n  r a d i u s ,  may s l i g h t l y  differ, i n t r c d u c i n g  uncont ro l led  small d i f f e r e n c e s  

w e  deduce t h a t  t h e  i n  t h e  beam p o l a r i z a t i o n .  From t h e  d i f f e r e n c e  A 

sys temat ic  errors are of t h e  same magnitude as t h e  statistical ones.  A t  2.00 G e V ,  

h a l f  of t h e  data were taken without  t h e  magnet ic  f i e l d  of t h e  spec t rometer  magnet. 
A s p e c i a l  t r e a t m e n t  of these data was needed and t h e  errors at t h i s  energy are 

l a rge .  

B 

and Aooon oono 

data aeduced separately for 1.96 and 2.22 G e V ,  and Aooonl IF. Fig. 4 ,  t h e  Xoono 
- are shown as example. I n  T a b l e  1 w e  l ist  t h e  ana lyz ing  powers assuming A - ocno . They are plotted i n  Fig.  5. We observe cmsiderable change of t h e  ana lyz ing  Aooon 

power a n g u l a r  d i s t r i b u t i o n  at d i f f e r e n t  e n e r g i e s .  T h i s  is more c l e a r l y  demonstrated 
i n  P i g s  6a,b,c where t h e  r e s u l t s  averaged  i n  t h e  v i c i n i t y  of 6 5 O ,  7 5 O ,  and 8 3 O  

CM are shown. A t  8 3 O  CM t h e  a b s o l u t e  v a l u e s  on both  sides of 90° CM were taken 
i n t o  account  because of t h e  ant isymmetr ic  behavior of t h e  a n a l y z i n g  power angular  
dependence. Fig. 6d shows t h e  energy dependence of t h e  a n a l y z i n g  power averaged 

over t h e  a n g u l a r  r e g i o n  from 60° t o  8 7 O  CH. The p r e s e n t  data denotea  by b lack  dots 

are compared wi th  t h e  previous SATURNE I1 r e s u l t s  at 1.596, 1.796, 2.096, 2.396 

and 2.696 G e V  from ref.[PER87] (open circles i n  Figs 6a,b,c,d). These data are 
connected by t h e  sol i& l i n e .  The dashed l i n e  i n  these f i g u r e s  connects  t h e  new 
data. We stress t h e  e x c e l l e n t  agreement Setween t h e  data a t  2.096 GeV from [PEX87] 

and t h e  p r e s e n t  r e s u l t s  at  2.12 GeV. 

a t  fixed CM a n g l e s  i n  Figs  6a,b,c,d 

show two narrow m a x i m a  i n  t h e  measured energy  i n t e r v a l ,  as f o r e s e e n  i n  ref.[LAC90] 

and d i s c u s s e d  i n  S e c t i o n  2. One of them, a round 2.04 G e V ,  is s e e n  for t h e  first 

time i n  t h i s  experiment.  The A va lues  at  t h i s  energy at d i f f e r e n t  c e n t r a l  angles  
are about 40% higher  than  t h a t  deduced from t h e  smooth energy dependence suggested 
by t h e  r e s u l t s  from ref.[PER87] (Fig.  6d). The d i f f e r e n c e  a t  t h e  c e n t r a l  angle  
6 5 O  corresponds t o  eight s tandard  d e v i a t i o n s .  The second m a x i m m  is  observedclose 

to  2.23 GeV.  The decrease j u s t  below t h i s  energy may be a real c n e ,  s i n c e  asimilar 
decrease h a s  been observed i n  t h e  energy dependence of Aoono at  smaller s c a t t e r i n g  
angles  [LAC89d]. We cons ider  t h a t  ev idence  for t h e  second maximum has  been esta- 

b l i shed  i n  t h e  prev ious  measurements reported i n  refs[LAC89dILEH90,MIL77 ,S?I83] 

- - 
Aooon The energy dependence of A oono 

oono 

Page 7 



c 

The zero crossing of 'p is  probably t h e  r eason  f o r  t h e  two peaks i n  t h e  Aoono 

- - energy dependence. A s imple cos 'p f u n c t i o n  of energy i s  then  modulated 

by remaining terms i n  eq. (2.61, namely by t h e  behavior  of la1 and e ,  both being 
func t ions  of T From here it f o l l o w s ,  t h a t  t he  exac t  magnitudes, widths, 

shapes,  and pOSitiOnS of t h e  peaks i n  F i g s  6a,b,c,d may, i n  p r i n c i p l e ,  depend on 
t h e  scattering ang le .  

a 
Aooon a 

and 8 k i n  CM' 

a t  t h e  same 
energies i s  l is ted i n  T a b l e  2 and i s  shown i n  Fig. 7. Fig. 8a shows t h e  e n e r g  

dependendence of A va lues  averaged over t h e  angular  r eg ion  from 8 5 O  t o  9 5 O  

CM and Fig. 8b t h e  results averaged from 61° t o  6 5 O ,  wi th  central v a l u e s  of 90° 
and 6 3 O  CM, r e s p e c t i v e l y .  The previous SATURNE I1 r e s u l t s  from ref . [LZH87]  are 
shown as well. For  both angles we observe a fast decrease around 2.1 GeV.  The energy 
dependence at  6 3 O  CM (Fig.  8b) is  p r e s e n t e d i n  order t o  check t h e  p r e d i c t i o n  from 
refs[GON86, GON87, LAF86], as mentioned i n  S e c t i o n  2. The v a l u e s  averaged over 
energy i n t e r v a l s  from 1.96 t o  2.08 GeV and from 2.10 t o  2.23 GeV are shown as dashed 

l i n e s .  T h e i r  d i f f e r e n c e  reaches 15%. 

The a n g u l a r  dependence of t h e  sp in  c o r r e l a t i o n  parameter A 
oonn 

oonn 

and Konno' onon 
l i s t ed  i n  T a b l e  3 .  The first observable  depends on t h e  target p o l a r i z a t i o n ,  t h e  

second one on t h e  beam p o l a r i z a t i o n  only.  For elastic pp scattering t h e  r e l a t i o n  

i n  Donon 
t h e  reg ion  from 50' t o  140° CM, black dots denote  Donon(d), open circles are 

~ ~ ~ ~ ~ ( n - 8 )  data. 

Our data allow us t o  determine two rescattering observables ,  D 

Donon 
( 8 )  = Konno (x-8) holds. Fig.  9 p r e s e n t s  t h e  angular  dependence of 

To compensate for t h e  small statistics, w e  have averaged D i n  t h e  region 
from 60° t o  120° ( c e n t r a l  va lue  is 90° CM) i n  order t o  use these data for t h e  

c a l c u l a t i o n  of t h e  ampli tudes d and e. The energy dependence of D o n o n ( 9 0 0 )  is 

p l o t t e d  i n  Fig.  10 where t h e  SATURNE I1 data from refs.[LAC89a,b,c] are shown as 

well. The data are p r a c t i c a l l y  independent of energy wi th in  t h e  e,, -or s . 

onon 
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4. DIRECT RECONSTRUCTION OF SCATTERIHG AHPLITUDES AT 90° CM 

The obse rvab le s  measured i n  t h e  FreSent  experiment and t h e  known dc /d i2 resu l t s  
allowed us  t o  determine t h e  a b s o l u t e  V a l u e s  of t h e  ampli tudes b, d and e at 9co 
CM, us ing  eqs (2.21, (2.31, (2 .4) .  The r e s u l t s  are l i s ted  i n  T a b l e s  4 and 5 together 

w i t h  t h e  dc/& data used. T a b l e  4 uses  t h e  d i f f e r e n t i a l  c r o s s  s e c t i o n s  of [AL970, 

ANK68, CLY66, KAM71, WIL72] ( f u l l  l i n e  i n  Fig.  1). The ampli tudes are shown i n  
Figs l l , 1 2 , 1 3  as black do t s .  The open circles i n  these f i g u r e s  were calculated 
using t h e  de/d(2 va lues  from t h e  same r e f e r e n c e s  and  t h e  spin-dependent data from 
refs.[LEH87,LAC89a,b,c]. They are l isted i n  t h e  second p a r t  of T a b l e  4. T a b l e  5 

uses da/dn results from [JEN77] (dashed curve i n  P ig .  1) and t h e  Same s p i n  dependent 
data as i n  T a b l e  4. These p o i n t s  are p l o t t e d  i n  Figs l l , i 2 , 1 3  (+ for t h e  p r e s e n t  
experiment,  x for t h e  previous SATURNE I1 r e s u l t s ) .  Experimental  errors are small 

only.  The 2 f o r  Ibl , which depends on t h e  a c c u r a t e l y  measured observable  A oonn 
abso lu te  errors for t h e  two o t h e r  ampl i tudes  are equa l ,  s i n c e  t h e y  are dominated 

. However t h e  r e l a t i v e  error for  ldI2 is  consi-  by t h e  e r r o r s  on aonon 
derably larger t h a n  t h a t  for leI2. T h i s  can  be understood from eqs(2 .3)  and (2.4) 

where ldI2 i s  determined as a d i f f e r e n c e  of two large c o n t r i b u t i o n s  (1 + Aoonn 

and 2Donon),  whereas le1 i s  their  sum. The errors i n  t h e  do/& r e s u l t s  are n o t  
quoted, since t h e y  are normal iza t ion  e rnrs ,  which modify a l l  ampli tudes by t he  

same m u l t i p l i c a t i v e  factor. 

and Konno 

2 

2 We observe t h a t  lbl i s  a dec reas ing  f u n c t i o n  of energy t h a t  has  a shoulder 

between 2.10 and  2.20 GeV.  The s t r u c t u r e  is more pronounced i f  t he  d i f f e r e n z i a l  
c r o s s  s e c t i o n s  of [ALB'IO, M 6 8 ,  CLY66, KAM71, WIL721 are used, t han  w i t h  t h e  

[JEN77]  data. The energy dependence for t h e  ampl i tude  ldI2 seems t o  be c o n s t a n t  
i n  our energy reg ion .  I t  i s  compatible w i t h  z e r o  wi th in  errors at 2.23 G e V ,  where 

a negat ive value was ob ta ined  because of the  small statistics f o r  t h e  r e s c a t t e r i n g  
observables .  The ampli tude lei2 is  t h e  dominant one i n  our energy reg ion .  I= i s  
a monotonically dec reas ing  func t ion  of  energy,  independent of t h e  d i i f e r e n c i a l  
c ros s  s e c t i o n  used. T h i s  behaviour is  incompat ib le  w i t h  any s p i n - t r i p l e t  state 
resonance. 

2 The behaviour  of lbl at 90° CM sugges t s  a possible resonance i n  a sp in - s ing le t  
state. I t  is p o s s i b l e  t h a t  t h i s  resonance is  also respons ib l e  for t h e  obse-rved 
structure i n  t h e  ana lyz ing  power i n  t h e  v i c i n i t y  o f  a resonant  energy. I n  t h a t  
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case we may estimate t h a t  t h e  beam k i n e t i c  energy of t h e  resonance w i l l  be a t  a 

minimum of t h e  a n a l y z i n g  power between t h e  two m a x i m a  i n  F igs  6, where Aoono remains 
unaf fec ted  (see also Section 2 ) .  We found t h e  central energy value equal t o  2.11 

GeV which cor responds  t o  an invariant mass of 2.735 GeV. The width of t h e  resonance 
may be estimated from t h e  s e p a r a t i o n  of  t h e  two m a x i m a  under t h e  same assumption. 
Supposing t h a t  t h e  w i d t h  is no t  larger t h a n  h a l f  t h e  d i s t a n c e  between t h e  two maxima 
(+ 70 MeV i n  t h e  beam k i n e t i c  energy) ,  w e  f i n d  a resonance mass f u l l  width at h a l f  

maximum less t h a n  1 2  MeV. 

4. CONCLUSIONS 

The results for t h e  pp elastic Scattering ana lyz ing  power, t h e  s p i n  c o r r e l a t i c n  
at 14  ene rg ie s  parameter A and  t h e  r e s c a t t e r i n g  observables D 

between 1.96 and 2.23 GeV are repor t ed  a n d  compared w i t h  e x i s t i n g  SATURNE I1 data 
onon' Konnc oonn ' 

i n  t h e  energy range between T = 1.5 and 2.7 GeV.  k in  

rn 
*he Aoono Aooon 

- - data confirm t h e  energy dependent behavior of t h i s  observable ,  
p ree i c t ed  from t h e  Saclay direct r e c o n s t r u c t i o n  of pp s c a t t e r i n g  ampli tudes.  The 

energy dependence of A (pp)  at  f i x e d  CM a n g l e  shows two narrow maxima on either 

side of 2.11 GeV. The lower energy m a x i m u m  was determined for t h e  first time i n  
t h e  present  experiment .  The ana lyz ing  power v a l u e s  at  2.02 - 2.04 G e V  are about 
40% larger than  those found a t  2.10 - 2.12 GeV. T h i s  d i f f e r e n c e  cor responds  t o  9 
s t anda rd  d e v i a t i o n s  a t  t h e  c e n t r a l  a n g l e  of 6 5 O  CM. Above 2.11 G e V ,  a seconC 
i n c r e a s e  of t h e  ana lyz ing  power conf i rms  p rev ious  ANL-ZGS obse rva t ions  [ SPI831 

oono 

and SATURNE I1 measurements. S t r u c t u r e s  i n  A ( p p ) ,  found i n  t h e  p r e s e n t  expe- oono 
r iment ,  support  t h e  hypothesis  of ref.[LAC90], i.e. t h a t  t h e  ampli tude a n a l y s i s  
s o l u t i o n  w i t h  a n e g a t i v e  phase 'p around 2.1 G e V  i s  t h e  c o r r e c t  one,  whereas below 
1.8 G e V  and above 2.4 GeV t h e  s o l u t i o n  w i t h  a p o s i t i v e  'p a 

a 
i s  v a l i d .  

The energy dependence of t he  s p i n  c o r r e l a t i o n  prameter A (90° CM) shows 
a r a p i d  aec rease  i n  t he  energy i n t e r v a l  from 2.06 up t o  2.16 G e V ,  which sugges ts  
a poss ib l e  resonance  i n  t h e  sp in - s ing le t  state. An abrupt  change i n  Aoonn i s  a l s o  
observed a t  63' CM. i n  agreement w i t h  t h e  p r e d i c t i o n s  of r e f s I G O N 8 6 ,  GON87, LAr-86, 

LOM89, LOM90 ] . 

oonn 
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The o b s e r v a b l e s  D and i< were determined as by-products of t h e  A 
onon onno oonn 

and ana lyz ing  power measurements. The S t a Z i S t i C s  for these q u a n t i t i e s  are small, 

and t h e  errors are large. 

A l l  measzed cbservables are i n  e x c e i l e n t  agreement w i t h  t h e  previous SATURNE 

11 r e s u l t s .  Tkey cannot  be compared w i t h  t h e  ANL-ZGS data Secause of t h e  uncer ta inzy  
of -,he ZGS energy as d i s c u s s e d p r e v i o u s l y .  The magnitude o f t h i s  u n c e r t a i n t y  remaix 
unknown and s r o b a b l y  differs  from one ZGS experiment  t o  another .  

The s t r c c t u r e s  are well pronounced in t h e  e n e r w  d e p e n d e x e  of t h e  meascrtd 

data. An amFli tude a n a l y s i s  was carried a u t ,  in order t o  determine =he s p i n  sta:e 
a n b t h e  i n v a r i a n t  mass of a p o s s i b l e  resoIlancs. T h i s  a n a l y s i s  used t h e  two e x i s t i n q ,  
i n c o n s i s t e n t  groups  of d i f f e r e n c i a l  cross s e c t i o n ,  data and r e s u l t s  i n  two sezs 
of &solute v a l u e s  for t h e  three non-vanishing ampli tudes b,  d and e a t  90° CZI. 

2 2 2 The energy dependences of I b I , I dl , and I e I are g e n e r a l l y  decreas ing  funct i0r .s  
i n  a large energy  i n t e r v a l .  The lbI2 energy dependence shows a local str1;c:ure 
around 2.12 G e V  and suqgests  a p o s s i b l e  resonance i n  t h e  s i n g l e t - s p i n  state. N=, 

s t r u c t u r e  c o u l d  be found i n  Id1 due to large errors. The ampli tude !e l2  shows 

no resonance Sehaviour  a t  al l .  

2 

If t h e  resonance  suggested by our  r e s u l t s  i s  confirmed, i ts  mass would be 2.733 

GeV. its f u l l  w i d t h  a t  half  maximum was estimated from :he r i se  of sp in- t r i? le=  
observables =n both  sides of t h e  resonance energy and was found t o  be less than  
1 2  Y e V .  Accsrate cross s e c t i o n  measurements i n  t h e  energy r e g i o n  under d i s c u s s i o n  
are h ighly  desirable. 

The pos iz ion  of t h e  resonance is  consisten: w i t h  t h e  lowest l y i n g  e x o t i c  q a r k  

conf igurac icxs  as predicted by Lomon, Sa'rance and Gonzalez [GON87, WF86, LCX%] 

using :he CIcxdy 3ag Model and an R-mazrix connec t ion  t 3  long range meson exchange 
forces. The s o s i t i o n  a l s o  agree w i t h  Zesonat ing  Grou? Method c a l c u l a t i o n s  fsr 
c o n s t i t u e n t  quark nodels  (CQM), as p r e d i c e d  Sy Wong [WON821 fo r  t h e  relativist ic 

CQM and by Kalashnikova, Narodetski i  and Simonov [KAL87] for t5e non-relativistic 

QCM. Such di 'saryons,  when f irst  proposed, were predicted t o  be a t  s u b s t a n t i a l l y  
lower energies [ A Z R 7 8 ]  us ing t h e  MIT Bag Yodel at  the equi l ibr ium r a d i u s  t h a t  would 
be r e l e v a n t  Ff t h e  multi-hadron system were conf ined  and if there were no long  
range forces. T h i s  work of Aerts, Mulders and de S w a r t  h a s  determined t h e  ener,y 
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range of most earlier searches for exotic diaaryons (see also ref.[KON89] a22 

references herein). 

An amplitude analysis cannot determine in which partial wave the resonance 

occurs. An enerqy-dependent phase shift analysis using all the SATURNE I 1  9aza 

measured at well-known energies in a large energy range would be requires for t3is 

purpose. 

Our results represent a consistent experimental indicaticn for a _=ossibie 

narxw resonance in the pp interaction. 
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TABLE CAPTIONS 

Table 1 - 

T a l e  2 - 

T a l e  3 - 

T a l e  4 - 

T a l e  5 - 

pp elastic s c a t t e r i n g  analyzing power a t  14 energies 
frsm 1.96 t o  2.23  GeV. 

Spin correlation parameter Aoonn i n  pp elastic scaccering 
a t  14  energies from 1.96 t o  2.23 GeV. 

Depolar iza t ion  D 

i n  pp elastic scattering a t  14 energies from 1.96 to 2.23 Gnv. 

and p o l a r i z a t i o n  t r a n s f e r  K onon mno 

S c a t t e r i n g  amplitudes a t  90' C!4 c a l c u l a t e d  using t h e  presen t  

results ( f i r s t  p a r t )  and t h e  data from [LE€i87, LAC89a,b,c]. 

(second par t ) .  The d i f f e r e n t i a l  cross section energy dependence 

was t a k e n  from reis.[ALB70, ANK68, CLY66, KAM71, WiL721. 

S c a t t e r i n g  amplitudes at  90' CX c a l c u l a t e d  using t h e  present  

results ( f i r s t  p a r t )  and t h e  data from [LEH87, LAC89a,b,c]. 

(second par t ) .  The d i f f e r e n t i a l  cross section energy dependence 

was t a k e n  from r e f .  [ JEN771. 
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FIGURE CAPTIONS 

Big. 1 - The d i f f e r e n t i a l  cross section of t h e  elastic pp scattering a t  
90' CM. 

........................... ANL-ZGS [KAM71] 

V ........................... LBL [CL,'166]. 

A ........................... LBL [ANK68] .  

+ ........................... CERN [ALB70]. 

x ........................... NIMROD [WIi72]. 

f u l l  l i n e  ................... 
o .......................... ANL-ZGS[JEN77]. 

dashed l i n e  ................. 

f i t  to a l l  preceeding data sets 

f i t  t3 t h e  [EN771 p o i n t s  

Fig. 2 - The energy  dependence of t h e  phases  9 ( F i g . l a ) ,  9, 

(Fig.1d)  from [LAC9O]. 
a 

(pc ( F i g . 1 ~ )  and 'p ( F i g - l b ) ,  

The fuli l ines  are t h e  PSA results [ B Y S ~ O ]  a t  50° CM 

and t h e  dashed l ines connect =Fie b l a c k  dots above 1.8 GeV.  

a 

Fig. 3a - SATURNE I1 Aoono results a t  2.096 GeV from ref.[PER87]. 

Fig. 3b - ANL-ZGS Aoono results from [DI675] (open circles), 
[M;L77] (b l ack  diamonds) and [ M a 0 1  ( c r o s s e s )  at  
2.205 GeV nominal energy. 

data deduced s e p a r a t e l y  and Aooon gono Fiq. 4 - Ccmparison of t h e  A 

a= 1.96 and 2.22 GeV.  

- - a t  14 energ ies  - - Analyzing power data Aoono Aooon Fig. 5 

Fig.  6 - Energy dependence of A = A  around G 0 ( 6 a ) ,  oono coon 
75'(6b) and 83O CX. (6c). Fig.  6d show t h e  ana lyz ing  power 

averaged over t h e  angular region from 60° t o  87' CX. 

....... t h i s  experiment, t h e  data are connected by 

t h e  dashed l i n e  
o ....... data from [PER87], t9e data are connected 

by t h e  solid l i n e .  
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Fig. 7 - Angttlar dependence of the spin correlation parameter A 
oonn 

a: 14 energies. 

Fig. 8 - Energy dependendence of A at 90° (8a) and 53O CH (ab). oonn ....... this experiment 
o ....... data from [LEH87]. 
Two dashed lines in Fig. 8b are averaged values over 

the energies from 1.96 ta 2.08 GeV and from 2.10 to 

2.23  GeV, respectively. 

Figs 3 - Angular dependence of Donon(0) (black dots) and 
(130O - 0) at 14 energies. Konno 

values averaged over and Konno Fig. 10 - Energy dependence of Conon 
the angular region from 60° to 120° CM (central value is 90° CM). 

....... this experiment 
o ....... data from [LAC89a,b,c.]. 

Fig. 11 - Amplitude 1 S(90°) I as a function of the Seam energy. 

....... this experiment, fit to the cross section data from 
refs [ ALB70, ANK68, CLY66, KAM71, WIL721 usee 

Aoonn 
as for the previous item. 

....... from ref. [LEH87] anB the Cross sections 0 

+ ....... this experiment, fit to the cross section daca from 
ref. [ JEN771 used. 

Aoonn ....... from [LEH87] and the cross sections from [JEN77] used. x 

2 Fig. 12 - .4mclitude ld(90°)1 as a function 3f the beam energy. 

....... this experiment, fit to the cross section data from 
refs [ ALB70, ANK68, CV66, :KAM7I, WILY21 used. 

o ....... spin-dependent data from ref.[LEH87,LAC99a,b,c] 
and the cross secticns as for the Srevious item. 

+ ....... this experiment, fit to the cross section eats frcm 
ref.[JEN77] used. 

x ....... spin-dependent data from ref.[LEH87,LAC99a,b,c] 
and the cross sections frcm [JEN77] used. 
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Fig. 13 - Amplitude ]e(9O0)I2 as a f u n c t i o n  of the beam energy. 
Symbols are the same as i n  Fig.  12. 
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Table 1 

= 1.98 GeV 

= 2.763 GeV/c 
T k i n  T = 1.96 GeV 

? = 2.742 GeV/c 
kin 

la5 plab 

- - 
Aoono Aooon -t - 

'CM 
-4- - 

'c3 Aoono Aooon 
deg. ( GeV/c ) deg . ( GeV/c ) 

................................................................ 
57.0 0.846 0.110 f 0.313 . 

61.3. 0.947 0.127 f 0.011 61.0 0.957 0.071 f 0.Ol .G 
65.c) 1.062 0.103 k 0.012 65.0 1.073 0.088 k 0.010 
63.0. 1.180 9.123 t 0.012 69.0 1.192 0.095 2 0.311 
73.0 1.301 0.118 ? 0.012 73.0 1.315 0.090 ? 0.011 
77.G 1.425 0.077 5 0.013 77.0 1.440 0.092 t 0.011 
81.5 1.551 0.067 k 0.013 81.0 1.567 0.061 f 0.02 
85.3 1.679 0.069 5 0.013 85-0 1.696 0.041 f 0.011 
89.0 i.307 0.003 f 0.014 89.0 1.825 -0.009 5 0.012 
93.0 1.935 0.014 f 0.014 93.0 1.955 -0.026 f 0.012 
95.0 2.063 -0.051 f 0.018 97.0 2.084 -0.044 f 0.016 ................................................................ 

= 2.00 GeV kin T = 2.02 GeV T k i n  

- - 
Aoono *ooon Aoono Aooon 'CM 

deg . ( GeV/c ) 

-t - - -t 
2 'C!! 

deg. (GeV/c) 

57.9 0.889 0.120 f O.Oi6 
61.1 0.969 0.129 5 0.021 61.1 0.978 0.150 f 0.011 
62.9 1.080 0.134 t 0.022 64.9 1.091 0.164 f 0.012 
69.0 1.204 0.130 t 0.022 69.0 1.215 0.140 f 0.012 
73.3 1.329 0.132 t 0.024 73.0 1.342 0.137 f 0.013 
77.0 1.455 0.065 t 0.024 77.0 1.469 0.133 +- 0.013 
81.3 1.582 0.117 f 0.026 81.0 1.600 0.102 t 0.013 
84.9 1.713 0.101 f 0.026 84.9 1.729 0.076 f 0.013 
89.0 1.343 -0.018 t 0.029 89.0 1.861 0.048 f 0.014 
93.0 1.975 -0.037 f 0.027 93.1 1-997 0.010 f 0.014 
96.2 2.080 -0.030 f 0.036 96.4 2.106 -0.038 5 0.017 ................................................................ 
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T a b l e  1 - Cont. 

= 2.04 G e V  T k i n  Tkin  = 2.06 G e V  

= 2.848 G e V / c  plab 
= 2.827 G e V / c  plab 

- - 
Aoono Aaoon 

-t - - 
2 'CM Aoono Aooon 'CM 

deg . ( G e V / c  deg. ( G e V / c )  

-t 

---------------------------------------------------------------- 
33.0 0.9CO 0.156 f 0.014 
61.1 0.968 0.152 f O.OC9 61.0 0.997 C.133 f 0.011 
64.9 l.lC2 0.155 f 0.010 64.9 1.113 0.130 f 0.012 
69.0 1.229 0.157 f 0.010 59.0 1.241 0.154 f 0.013 
73.0 1.355 0.147 f 0.011 73.0 1.368 0.115 f 0.013 
77.0 1.484 0.130 f 0.011 77.0 1.499 0.137 f 0.013 
81.0 1.616 0.112 f 0.01' 81.0 1.631 0.093 k 0.014 
85.0 1-746 0-096 2 0.011 84.9 1.762 0.051 f 0.014 

93.1 2.017 0.014 f 0.012 93.1 2.037 -0.009 f 0.0'5 
96.5 2.130 -0.048 f 0.014 96.6 2.153 -0.073 f 0.017 

89.0 1.879 c.022 2 0.012 89.0 1.898 -0.022 0.014 

................................................................ 

= 2.12 G e V  T k i n  
D = 2.910 G e V / c  .. lab 

= 2.08 G e V  T k i n  
Plab = 2.869 G e V / c  

- - 
'oono Aooon *CM 'oono Aooon 

deg. ( G e V / c )  

-t - - 
2 

-t 
2 'a 

deg. ( G e V / c )  

--------------------^^__________________------------------------ 

58.1 C.92i 0.172 20.019 
61.0 1.007 0-146 f 0.012 61.1 1.027 0.108 -r 0.011 
64.9 1.125 0.131 2 0.012 54.9 1.147 0.101 2 0.0lL 
69.0 1.252 0.132 f 0.013 69.0 1.277 0.116 f 0.012 
73.0 1.38C 0.123 f 0.013 73.0 1.408 0.113 k 0.012 
77.0 1.512 0.137 2 0.013 77.0 1.541 0.092 f 0.312 
31.0 1.647 C.055 2 0.014 81.0 1.679 0.070 k 0.012 
85.0 L.780 0.037 k 0.014 85.0 1.814 0.034 f 0.012 
89.0 1.917 0.019 k 0.014 88.9 1.950 0.306 k 0.012 
93.1 2.056 -0.023 2 0.015 93.1 2.095 -0.047 2 0.013 
96.7 2.179 -0.088 f 0.016 96.7 2.223 -0.096 k 0.014 

=--------------------------------------------------------------- 
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T a b l e  1 - Cont. 

- - 
AQQnO AOOOn 

-t 'CM 
deg . ( G e V / c  1 

-L c 'CM 
deg . ( G e V / c  ) 

................................................................ 
52.4 0.964 0.117 f 0.020 
61.1 i.037 0.149 f 0.010 61.1 1.046 0.149 i: O.OC9 
64.9 1.158 0.137 F 0.010 64.9 1.168 0.147 f 0.013 
69.0 1.289 0.142 5 0.011 69.0 1.301 0.155 i: 0.011 
73.0 1.420 0.121 f 0.011 73.0 1.433 3.123 f 0.011 
77.0 1.556 C.115 k 0.011 77.0 1.571 0.115 i: 0.010 
81.0 1.693 0.062 k 0.011 81.0 1.709 0.078 k 0.011 
85.0 1.932 0.040 F 0.011 85.0 1.848 0.050 .C 0.021 
86.9 1.969 -0.000 f 0.012 88.9 1.987 -0.001 f 0.011 
53.1 2.116 -0.036 f 0.012 93.1 2.135 -0.053 i: 0.012 
96.8 2.244 -0.075 F 0.012 96.8 2.266 -0.071 f 0.012 ---------------------------------------------------------------- 

= 2.18 G e V  Tkin = 2.21 G e V  Tkin 

- - 
*oono Aooon -t 

2 %H 
deg. ( G e V / c )  

- - 
Aoono AQQQn -t 'CM 

deg . ( G e V / c  ) 

56.4 0.974 0.125 f 0.022 58.5 
61.1 1.056 0.145 f 0.010 61.1 
64.9 1.179 0.155 f 0.010 65.0 
63.0 1.313 0.116 F 0.011 69.0 
73.0 1.446 0.140 i: 0.011 73.0 
77.0 1.585 0.116 .C 0.010 77.0 
81.0 1.724 0.102 f 0.011 81.0 
85.0 1.@67 0.050 f 0.011 85.0 
88.9 2.006 0.011 F 0.012 88.9 
93.1 2.154 -0.047 f 0.013 93.0 
96.8 2.287 -0.094 f 0.012 96.8 

0.990 
1.072 
1.196 
1.331 
1.467 
1.607 
1.749 
1.892 
2.034 
2.183 
2.319 

.------- 

0.083 f 0.028 
0.139 f 0.010 
0.125 f 0.011 
0.143 i: 0.012 
0.123 i: 0.012 
0.113 f 0.011 
0.052 i: O.Ci2 
0.031 i: 0.012 
-0.001 f 3.013 
-0.040 f 0.013 
-0.087 .C 0.013 

.----------------- 

* I  
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Table 1 - Cont. 

= 2.22 GeV Tkin 
= 3.026 GeV/c 

?lab 

= 2.23 GeV Tkin 
= 3.026 GeV/c 

-t - - 
%M Aoono hooon -t %H 

deg . ( GeV/c ) deg. (GeV/c)2 

---_------------------------------------------------------------ . 
56.5 0.995 0.139 2 0.035 58.6 1.001 0.169 2 0.037 
61.1 1.076 0.129 2 0.012 61.1 1.081 0.169 2 0.012 
64.9 1.200 0.155 f 0.012 64.9 1.206 0.159 k 0.012 
69.0 1.337 0.151 2 0.013 69.0 1.342 0.148 2 0.013 
73.0 1.473 0.116 k 0.013 73.0 1.481 0.172 k 0.013 
77.0 1.614 0.089 k 0.013 77.0 1-621 0.142 2 0.013 
81.0 1.757 0.061 2 0.014 81.0 1.764 0.086 +- 0.014 
85.0 1.901 0.037 2 0.014 85.0 1.910 0.078 .C 0.014 
88.9 2.043 -0.003 k 0.015 88.9 2.051 0.011 f 0.015 
93.1 2.194 -0.071 2 0.016 93.0 2-203 -0.055 2 0.015 
96.8 2.329 -0.082 k 0.016 96.8 2.340 -0.079 2 0.015 ................................................................ 

. I  
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T a b l e  2 - Cont. 

= 2.06 GsV 

= 2.848 GeV/c  
T k i n  

= 2.04 GeV 

= 2.827 GeV/c 
Tkin  

pl.25 plab 

Aoonn -t Aoonn *al -t %M 
deg . ( GeV/c  ) deg . ( G e V / c  ) 

............................................................... 
5E.0 0.9oc 0.238 f: 0.024 
61.; 0.988 0.220 2 0.016 61.0 0.997 0.207 k 0.019 
64.9 l.lC2 0-273 2 0.016 64.9 1.113 0.270 f 0.030 
69.0 1.229 0.291 2 O.Oi7 69.0 i . 2 4 1  0.340 2 0.021 
73.0 1.355 0.326 f 0.017 73.0 1 -368  0-381 5 0.021 
77.0 1.484 0 -401  2 0.017 77.0 1 -499  0.408 f: 0.021 
81.0 1.615 0.420 2 0.017 81.0 1.631 0.445 f C.022 
85.0 l.746 0.339 5 0.017 84.9 1.762 0.501 2 0.021 
89.0 1.679 0.444 f 0.018 89.0 1.898 0.479 f: 0.022 
93.1 2.017 0.445 f: 0.019 93.1 2.037 0.487 2 0.023 
96.5 2.130 0.398 f: 0.022 96.6 2-153 0.463 2 0.G25 --------------------------------------------------------------- 

= 2.12 GeV 

= 2.910 GeV/c  
Tkin = 2.08 GeV 

= 2.869 GeV/c 
Tkin 

5 a S  pldb 

-e 
Aoonn 2 Aoonn eCM 

-t 

deg. ( G e V / c )  2 deg. ( G e V / r )  

58.1 0.92:. 0.237 2 0.030 
61.0 1.007 0.249 2 0.018 61.1 1.027 0.203 2 0.019 
64.9 l.i.25 0.239 2 0.019 64.9 1.147 0.239 f: 0.029 
69.0 1.252 0.292 f: 0.020 69.0 1.277 0.295 f 0.021 
73.0 1.380 0.375 5 0.020 73.0 1.4128 0.355 2 0.923 
77.0 1.512 0.399 5 0.019 -7.0 1.541 0.373 f: 0.320 
91.0 1.647 0-415 2 0.020 81.0 1.679 0.391 f: 0.C21 
85.0 1.78C 0.447 2 0.020 85.0 1.814 0.397 f 0.021 
89.0 1.917 0.440 2 0.020 88.9 1.950 0.395 f: 0.022 
93.1 2.056 0.505 +- 0.020 93.1 2.095 0.397 f: 0.G23 
96.7 2.179 0.432 2 0.022 96.7 2.223 0.413 f: 0.C23 ............................................................... 
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Table 2 - Cont. 

= 2.22 GeV 
= 3.016 GeV/c 

Tkin 

pldb 

= 2.23 GeV Tkin 
Plab = 3.026 GeV/c 

Aoonn 
-t 'a 

deg . ( GeV/c ) 
Aoonn -t 

2 'CM 
deg. (GeV/c) 

--------------------------------------------------------------- 
3E.5 0.995 0.243 f (2.060 58.6 1.001 0.238 5 0.064 

64.9 1.200 0.226 f 0.021 64.9 1.206 0.240 5 0.G21 
69.0 1.337 0.215 f 0.023 63.0 1.342 0.263 5 0.022 
73.0 1.473 0.247 5 0.022 73.0 1.481 0.289 5 0.022 
77.0 1.614 0.294 50.022 77.0 1.621 0.355 5 0.021 

61.1 1.076 0.181 5 0.021 61.1 1.081 0.209 t 0.030 

81.0 1.757 0.328 2 0.024 81.0 1-764 0.366 5 0.G23 
E5.0 1.901 0.387 f 0.023 85-0 1.910 0.382 5 0.022 
88.9 2.043 0.324 5 0.024 88.9 2.051 0.353 5 0.023 
93.1 2.194 0.335 k 0.025 93.0 2.203 0.371 5 0.025 
96.8 2.329 0.332 5 0.025 96.8 2.340 0.327 5 0.025 ............................................................... 

. I  
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Table 3 

Angle -- 
CM deg. (GeV/c) 2 Konno 

-t Donon Konno Anqle 
CM deg. (GeV/c) 2 

T = 2 -00  GeV , = 2.784 GeV/c ki?. 

Angle -- - 
CM deg. (eeV/c) 2 Donon K onno 
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Table 3 - Cont. 

Donon Angle -t 

CM deg. ( G e V / c )  2 
Konno 

Angle -t 
2 CM deg. ( G e V / c )  

Donon ‘onno 

. I  

= 2.848 G e V / c  plab 
T = 2.06 GeV , kin 

-c Angle c. 

CM deg. ( G c V / c )  2 Donon I< onno 

61.4 1.007 0.988 f 0.206 0.357 f 0.214 
69.0 1.240 0.319 2 0.233 -0.220 f 0.242 
75.5 1.547 0.241 f 0.228 0.501 f 0.236 
90.1 1.936 0.320 f 0.265 O.iG3 2 0.274 ----------------------------------------------------- 
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T a b l e  3 - Cont. 

Tkin = 2.08 G e V  , = 2.869 G e V / c  
plab 

-r A n g l e  - 
CM deg. ( G e V / c  ) 

Donon KOIlnO 

61.4 1.017 1.267 f 0.185 0.029 f 0.182 
68.9 1.249 0.682 f 0.207 0.414 -1: C.204 
78.4 1.559 0.584 f 0.206 0.367 f 0.203 
9G.5 1.969 0.477 f 0.241 0.482 -1: 0.238 

--------------------____^_______________------------- 

= 2.910 G e V / c  plab = 2.12 G e V  , *kin 

Angle -t 

CM deg. ( G e V / c )  2 
Donon Konno 

51.7 1.046 0.453 f 0.196 -0.042 f 0.223 
69.0 1.276 0.989 f 0.210 0.257 -1: 0.237 
7s. 5 1.593 1.015 f 0.204 0.443 f 0.231 
90.1 1.993 0.389 f 0.237 0.793 -1: 0.269 ----------------------------------------------------- 

= 2.14 GeV , Plab = 2.932 G e V / c  T k i n  

-t - Donon Konno A n g l e  

CM deg. ( G e V / c  ) 
2 

61.7 l.CS6 0.725 f 0.186 0.632 4 0.209 
60.0 1.288 0.887 -1: 0.S9 0.402 f 0.224 
7S.5 1.608 0.478 f 0.191 0.272 f 0.214 
90.2 2.015 0.305 f 0.220 0.814 -1: 0.248 ..................................................... 
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T a b l e  3 - Cont. 

= 2.16 GeV , = 2.953 GeV/c Tkin 

Donon 
Angle -t 

2 CM deg. (GeV/c) 
Konno 

61.8 1.069 0.613 i 0.183 0.252 f 0.206 
65.1 1.304 1.084 f 0.195 0.245 f C.219 
7S.4 1.619 0.434 i 0.187 0.453 i 0.211 
90.1 2.030 0.478 f 0.222 0.438 t 0.250 

= 2.974 GeV/c 
plab 

= 2.18 GeV I Tkin 

Donon 
Angle -t 

2 CM deg. (GeV/c) 

It. onno 

..................................................... 
61.7 1.C76 0.592 f 0.183 0.466 t 0.189 
69.1 1.316 0.671 f 0.201 0.539 t 0.210 
78.4 1.634 0.813 f 0.200 0.351 t 0.208 
89.5 2.042 0.480 i 0.225 0.368 t 0.235 

T = 2.21 GeV I = 3.005 GeV/c kin 

Donon 
Angle --t 

2 CM deg. (GeV/c) 
'onno 

61.9 1.397 0.683 2 0.224 0.556 t G.219 
69.0 1.330 1.033 f 0.223 0.2S9 2 0.219 
78.6 1.664 0.652 2 0.215 0.241 t 0.211 
90.0 2.074 0.605 i 0.254 0.7'9 t 9.249 ..................................................... 
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T a b l e  3 - a n t .  

= 2.22 GeV , = 3.016 GeV/c Tkin 

-t 

Donon Angle - 
2 CM deg. (GeV/c) 

Konno 

61.9 1.101 0.529 f 0.254 0.225 rt 0.241 

7E.3 1.664 0.590 2 0.253 0.633 k C.240 
68.9 1.333 0-714 f (2.266 -0.077 2 0.253 

89.3 2.076 1.050 f 0.299 0.314 C 0.274 

= 2.23 GeV , = 3.026 G e V / c  Tkin 

Donon Angle -t 

CM deg. (GeV/c) 2 
K onno 

62.0 1.110 0.933 f 0.243 0.340 f 0.229 
68.9 1.336 1.489 f 0.266 0.300 f (3.250 
78.2 1.664 1.088 f 0.251 0.725 k 0.236 
89.6 2.078 0.625 k 0.296 0.514 f 0.270 
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T a b l e  4 

1.96 0.2150 0.0593 F 0-0017 0-0239 f 0-0148 0.2875 a G.0146 
1.99 0.2080 0.0548 f0.0016 0-0249 f 0.0138 0.2816 ?I C.013E 
2.CG 0.2020 0.0538 f 0.0020 0-0263 f 0.0242 0.2703 f 0.0242 
2.02 C. 1960 0.0537 f C.0016 0.0367 f G.0164 0.3450 f C.0164 

C. 19OC C.0530 0.0014 0.0120 f C.0130 0-2520 F C.0130 L.04 
2.06 0.1850 0.0474 f 0.0014 0.0695 f 0.0154 0-2056 2 0.0154 
2.02 0.1800 0.0483 f 0.0014 0.0332 f 0.0132 0.2301 f 0.0132 
2.iZ 0.1680 0.0509 f 0.0018 0-0245 F 0.0132 0.2097 0.0132 
2.11 0.1620 0.0466 f 0.0014 0.C230 f 0.0120 0.2077 0.0120 

2-18 0.1500 0.0481 20.0016 0-0205 f 0.0108 0.1833 F 0.0108 
2.2:. c .1420 0.0490 f 0.0021 0.0092 2 0.0114 0.1773 f 0.0114 
2.22 0.1390 0.0453 20.0013 0-0341 F 0.0126 0.1526 F 0.0126 
2.23 0. 1360 3.0437 f 0.0019 -0.0099 f 0.0121 0.1937 f 0.0121 

-I 

2.16 0. I 560  0.0502 f 0-0018 0-0250 f 0.0114 0-1866 F G.0114 

_______-_------^--------------------------------------------------------- 

1.596 0.3170 0.0838 f 0.0043 0-0556 a 0.0130 0.4107 f 0.0130 
1.796 C -2600 0.0629 2 0.0016 0.0764 f 0.0122 0.3177 f 0.0122 
2.096 0.1750 0.0500 2 0.0026 0.0322 f 0.0066 0-1353 0.0066 
2.396 0 - G900 0.0275 ?: 0.0016 0-0126 f 0.0116 0.1123 f 0.0116 
2.696 0.0750 0.0234 F 0.0019 0-0172 f 0.0104 0.0859 F 0.0104 ......................................................................... 
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T a b l e  5 

1.96 0.1580 0.0435 f 0.0013 0.0175 5 0.0110 0.2112 f 0.0+10 
1.99 0.1525 0.0399 f 0.0011 0.018L f 0.0100 0.2051 2 0.0100 
2.00 9.1452 0.0366 4 0.0014 0.0189 5 0.0174 0.1943 f O.Cl74 
3.32 3.13S2 0.0379 f 0.0011 0.0259 f C.0116 0.1748 f C.0115 

c .  1320 0.0368 f C.OC10 0.0CE3 * O-C@90 0.1821 ,t O.3OQC 6i.w 
2.06 0.1260 0.0323 f 0.0009 G.0473 .C 0.0104 0.1400 f 0.0104 
2.08 0.1195 0.0321 f C.0009 0.0220 f 0.0088 0.1528 f 0.0088 
2.12 c. lOS0 0.0327 f O.GO12 O.Ol57 f 3.0086 0.1348 f 0.0086 
2.14 3.1C35 0.0298 f 0.0009 0-0147 k 0.0076 0.1326 5 0.0076 

2.18 C .0960 0.0307 f 0.0010 0.0131 k 0.0070 0.1173 f 3.0070 
2.21 0 . 0 9 3  0.0316 f 0.0013 0.0059 f 0.0074 0.1143 f 0.0074 
2.22 G - 0900 0.0294 f 0.0013 0.0221 f 0.0082 0.0988 f C.0062 
2.23 0.0885 0.0284 ?I 0.0012 -0.0065 f 0.0078 O.i.261 f (3.007s 

1.596 C .2720 0.0719 f 0.0036 0-0477 f 0-0110 0.3524 f C.Oli0 
1.796 0.2100 (2.0617 f 0.0013 0-0617 f 0.0098 0.2566 2 G.0098 
2.096 c. 1140 0.0325 .C 0.0018 0.0210 f 0.0044 0.1418 f 0.0044 
2.396 9.0750 0.0230 f 0.0014 0.0105 f 0.0096 0.0936 f 0.0096 
2.696 0.0&0 0.0150 f 0.3012 0.0110 f 0.0067 0.0550 f 0.0067 

-7 

2.16 0.1000 0.0322 f 0.0012 0.0161 f 0.0074 0.1197 2 0.0074 

---------------^--------------------------------------------------------- 

______--------------____________^_______--------------------------------- 
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