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N* AND Z* SPECTROSCOPY 

P. BAREYRE 

D.Ph.P.E. - CEN-Saclay 

1. - NEW EXPERIMENTAL RESULTS ON X N  + 2-BODY SCAT- 

TERING. - 

1.1.- MEASUREMENT OF THE POLARIZATION PARAMETER FOR 
- 0 

n p + x n  .- Measurements of t h e  po la r i za t ion  parameter 

f o r  t h e  r e a c t i o n  n-p $n have been performed with 

t h e  Berkeley Bevatron a t  f i v e  momenta between 1.Q3 

and 1.79 GeV/c [I] .  The experimental arrangement con- 

s i s t s  i n  20 neutron counters ( f o r  t ime-of-fl ight mea- 

surements and angular information) and th i ck  p l a t e  

spark chambers t o  de t ec t  t h e y  rays  from 2 decay. 

The de t ec to r s  surround a 7 cm long propylene glycol 

polar ized  t a r g e t  ( 5m po la r i za t ion ) .  For each momen- 

tum, about 10  000 events a r e  de tec ted  i n  a t y p i c a l l y  

angular range : -.78 < cos eY< .87 . The background 

due t o  quas i - e l a s t i c  events i n t o  t h e  t a r g e t  sample 

was estimated us ing a dummy t a r g e t .  Those da t a  repre-  

s en t  t h e  f i r s t  charge-exchange po la r i za t ion  angular 

d i s t r i b u t i o n  ever made i n  t h e  energy domain covered 

by phase s h i f t  analyses.  

The prelimxnary r e s u l t s  ( inc luding s t a t i s t i c a l  e r -  

r o r s  only) a r e  displayed on Fig.14 of But terwor th ' s  r e -  

p o r t  with t h e  predictions of CERN(1971)[2] and Saclay 

(1972)[3 1, (1973)[4] phase s h i f t  analyses.  The general  

agreement is  q u i t e  good, s p e c i a l l y  f o r  t he  1973 Saclay 

smoothed phases i f  one remember t h a t  small  phase s h i f t  

changes can considerably a l t e r  t h e  polar iza t ions .  To 

show t h a t  t h e  agreement i s  non- t r iv ia l  we have compu- 

ted ,  from Isospin  Invar iance  [5],  t he  bounds on charge 

exchange polarizations knowlng cross-sec t ions  and po- 
+ 

l a r i z a t i o n s  i n  t h e  C p  e l a s t i c  s c a t t e r i n g .  Measure- 

ments a t  momenta above 1.8 GeV/c would a l s o  be p a r t i -  

c u l a r l y  useful  f o r  cons t ra in ing phase s h i f t  analyses.  

1.2. - BACKWARD CROSS SECTIONS FOR G p ,  xOn AND rlOn 

FINAL =ATE3 FRCM 0.6 113 1.05 GeV/c [6]. - A cusp is observed 

in  the FP elastic cross-section a t  exactly t;le q threshold 

(Fig .  15 of But terwor th ' s  r e p o r t ) .  The noon cross-sec t ion  

which peaks a t  t he  q threshold  r ep re sen t s  a considera- 

b l e  improvement i n  accuracy on the  previous 22ta. Th i s  

cross-sec t ion  l i e s  between t h e  bounds given by Isospin  

conservat ion  but not  on t h e  f r o n t i e r ,  a s  was suggested 

previously [7 1. (Fie .  17 of Butterworth's  r epo r t ) .  

1.3. - PRELIMINARY VALUES FOR n-p -+-v n FRCM 1600 

TO 1740 MeV [8].- These good s t a t i s t i c s  measurements 

show some pronounced s t r u c t u r e s  f o r  t h e  Legendre po- 

lynomials c o e f f i c i e n t s  aroung 1690 MeV. I n  p a r t i -  

c u l a r ,  C is  4 s tandard  dev ia t ions  away from 0. 
4 

1.4.-  MEASUREMENT OF x - ~  -, w n NEAR THRESHOLD [g]. 

The cross-sec t ion  dependence does not show t h e  beha- 

v iour  expected f o r  a pure S wave production,  but t he  

da t a  i s  cons i s t en t  with i so t rop ic  c.m.s. angular d i s -  

t r i b u t i o n s .  F inal  s t a t e  i n t e r ac t ions  could expla in  

t he  e f f e c t .  

.2. PlIASE SNIFT ANALYSES OF ELASTIC (&IUD CdARGE 
+ 

EXCHANGE) r N  and K+N SCATTERING.- Two analyses  

which t r e a t  simultaneously the  d a t a  i n  the  a v a i l a b l e  

channels have been submitted. 

2.1 .- xN SCATTERING.- The Saclay group [ 4 ]  presen t s  

an a n a l y s i s  up t o  2.4 GeV t o t a l  energy which d i f f e r s  

from t h e  previous one [3]  on two a spec t s  : 

+ 
2.1.1.- New da ta  a r e  included : accura te  r p  d i f f e -  

r e n t i a l  e l a s t i c  cross-sec t ions  [ l o ]  xn the  low momex- 

tum range : 180 < p c 408 MeV/c and oharge exchange 

angular distributions from Berkeley [ 6 ]  and Saclay 

[ l l ]  f o r  1.0 < p < 2.4 GeV/c. In  t hese  two energy 

domains an  independent-energy phase s h i f t  a n a l y s i s  

has been f i r s t  performed, us ing conventional methods. 

A unique general  so lu t lon  has been obtained a f t e r  

applying t h e  c r i t e r i a  of "minlmal path" i n  t h e  A r -  

gand p lo t .  

2.1.2.- The p a r t i a l  waves have been parametrized 

sepa ra t e ly ,  a s  funct ions  of energy us ing a genera l i -  

zed Breit-i'figner approximat ion : T = T 
RES+ T ~ ~ ~ ~ ~ *  

The un i t a r i zed  background amplitude d i f f e r s  from t h e  

previous a n a l y s i s  i n  order  t o  maintain a c o r r e c t  be- 

haviour a t  threshold  f o r  t h e  p a r t i a l  amplitude. The 

main changes between the  two analyses a r e  : 

- a b e t t e r  determination of Sll a t  low ene rg i e s ,  

- a b e t t e r  determination of some s t r u c t u r e s  above 

1.9 GeV, 

especia l ly  on t h e  low angular momentum waves which 
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permit ted  t o  i nc lude  two more resonances of small  

e l a s t i c i t y  : S (2.0 GeV) and D13(2.029). These two 
31 

p a r t i a l  waves a r e  displayed on f i g u r e  1 , with t h e i r  

r e s p e c t i v e  speed plo ts .  
3 

Fig.1.- Sgl and D13 p a r t i a l  waves obtained i n  t he  1973 
Saclay phase s h i f t  ana lys i s .  So l id  l i n e s  correspond t o  
t h e  f i t t e d  p a r t i a l  waves us ing a generalized Bre i t -  
!Vigner approximation. New resonances a r e  S31(2.0 GeV) 
and D13(2.029 GeV). 

I t  should be not iced  t h a t  t h e  spacing between 2 

energies  a t  which phase s h i f t s  e x i s t  increases  with 

energy. Above 2 GeV mass, t h e  condi t ion  of 4 po in t s  

along hal f  a c i r c l e  on the  Argand p l o t  t o  def ine  a 

resonance puts  rtot > 150 t o  200 MeV . New data  

( c r o s s  s ec t ions  and po la r i za t ions )  a r e  needed t o  be 

su re  t ha t  s t a t e s  of small e l a s t i c i t y  and width have 

s o t  been missed. 

The use of a d ispers ion r e l a t i o n  f o r  t h e  B+(v  , t = O )  - 
i nva r i an t  amplitude computed from the phase s h i f t s  

has  given an accu ra t e  determination of t h e  pion-nu- 

c l eon  coupling constant  : f L  = 0.0742 + 0.0013 

(Fig.11 of Butterworth's  r epo r t ) .  

2.2. - K+N SCATTERING. - The BGRT co l l abo ra t ion  has 

submitted t h e  f i n a l  vers ion [12] of phase s h i f t  ana- 

l y s e s  including both I = l  and 0 i sosp in  s t a t e s  and 

performed up t o  2.02 mass. The experimental da ta  a- 

va i l ab l e  conta ins  t h e  t o t a l ,  i n e l a s t i c ,  d i f f e r e n t i a l  

c ross-sec t ions  and po la r i za t ions  f o r  t h e  Kf p (I  = 1 

channel: I t  inc ludes  Ktn -t K O ~  charge-exchange and 

K+n + ~ + n  d i f f e r e n t i a l  c ross-sec t ions ,  most of which 

were measured by t h i s  co l l abo ra t ion .  I t  uses a l s o  to -  

t a l  and t o t a l  i n e l a s t i c  cross-sec t ions  f o r  t h e  I = O  

s t a t e  but not t h e  new t o t a l  c ross-sec t ions  from 

Brookhaven [13]. 

Three types of phase s h i f t  analyses have been per- 

formed : an energy-dependent analysis (5 parameters 

per wave) and two energy-dependent analyses.  I n  one 

of them, t h e  I =  1 p a r t i a l  waves were kept f i xed  a t  

a so lu t ion  coming from t h e  ana lys i s  of t h e  I = l  chan- 

ne l  alone [14]. 

These t h r e e  methods y i e l d  s imi l a r  r e s u l t s .  I n  par- 

t i c u l a r ,  3 common fami l i e s  of so lu t ions  were found. 

Some checks with p a r t i c u l a r  f e a t u r e s  of t h e  da t a  

(new I = 0 t o t a l  c ross-sec t ions  and charge exchange 

po la r i za t ion  a t  0.6 GeV/c) may be considered t o  f a -  

vour t h e  so lu t ions  which g ive  the  bes t  Z: candidate  

w i t h  t h e  Pol wave. Fig .2  shows the  corresponding Argand 

'plots together with the ones of the bes t  2: candidate (P ) 
13 

Fig.2.- Argand p l o t s  of : P13, do t t ed  l i n e  corres-  
ponds t o  t h e  ana lys i s  of ~ + p  e l a s t i c  channel a lone  
and o the r  l i n e s  come from the  energy-independent ana- 
l y s i s  of Iz0.1 s t a t e s .  P energy-dependent ( s o l i d  
l i n e s )  and energy-indepen8ent s o l u t i o n s  of t h e  D 
c l a s s .  (Numbers correspond t o  inc ident  momenta (hkV/c)) . 

Therefore a unique general  so lu t ion  i s  not obtained 

i n  K'N analyses  and no d e f i n i t e  conclusion can be 

drawn on t h e  exis tence  of a 2". Clear ly ,  more pola- 

r i z a t i o n s  a r e  needed t o  cons t r a in  t h e  K+N phase s h i f t  

analyses.  In  p a r t i c u l a r ,  new deutera ted  polar ized  

t a r g e t s  [IS] open the  p o s s i b i l i t y  t o  measure po la r i -  

za t ions  i n  e l a s t i c  and charge exchange ~ + n  sca t t e -  

r i n g ,  which seems e a s i e r  than t h e  determination of A 

and R parameters i n  K+p sca t t e r ing .  

3.- PARTIAL WAW ANALYSES OF THE 3-BODY INELASTIC 

CHANNELS.- Three-body i n e l a s t i c  channels i n  $p and 

K+N s c a t t e r i n g  account f o r  near ly  a l l  t h e  t o t a l  in- 

e l a s t i c  cross-sec t ion  (about ha l f  of t h e  t o t a l  c ross-  

s ec t ion )  below 2.0 GeV mass. 

Two methods of ana lys i s  have been followed : 

- ana lys i s  of quasi-two-body r eac t ions ,  w hich have 

been i s o l a t e d  by c u t s  i n  D a l i t z  p l o t s  : 

by a CERN-Saclay co l l abo ra t ion  [16] : 70 000 events  

f o r  1.89 <&< 2.1 GeV . 
- Generalized i soba r  model analyses o f t h e  whole 

f i n a l  s t a t e ,  using t h e  Deler-Valladas formalism : 
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$p -, XXN-, d , N p  , N ~ ( x x ) ~  = J =  

Two p a r t i a l  wave analyses us ing t h i s  technique ha- 

ve been submitted : 

- LBL-SLAC co l l abo ra t ion  (17 ] : 200 000 events f o r  

1.3 < &< 2.0 GeV (except f o r  a 0.11 GeV gap 

1.54 < 5 C 1.65). 

- Saclay [18] : 30 000 events  f o r  1.4 < ,& < 1.54 

GeV. 

We s h a l l  summarize these  3-energy-independent par- 

t i a l  wave ana lys i s ,  t h e  p a r t i a l  waves being l a b e l l e d  

,2J 
where L i s  t h e  incoming ( x ,  K-N) angular  

momentum, L '  t h e  outgoing angular momentum between 

t h e  resonance R : A , p , ~ ( ? n c ) ~  = J =  , K*(890) and 

t h e  remaining p a r t i c l e  (x,K o r  N). I and J a r e  t he  

i s o s p i n  and t o t a l  sp in ,  S i s  t h e  t o t a l  i n t r i n s i c  spin. 

3.1.- SIMULTANEOUS PARTIAL WAVE ANALYSIS OF THE 3 

FINAL STATES : ~ + p  , 1 ~ * ( 8 9 0 ) ~  , ~A(1230) . -  Data have 

been measured a t  4 energies  covering t h e  wide bump 

of t h e  I = 1 t o t a l  i n e l a s t i c  cross-section.  

The production angular d i s t r i b u t i o n s  (expanded i n  

Legendre polynomials) and t h e  dens i ty  matrix elements 

of the A++KO and ~ * ( 8 9 0 ) p  have been used together  

with t h e  data  (cross-sec t ions  and po la r i za t ions )  from 

K+p e l a s t i c  s ca t t e r ing .  This  ana lys i s  does not make 

use of t h e  i n t e r f e rence  e f f e c t s  associa ted  with t h e  

over lap  of t he  K* and A bands, i . e .  i t  cannot r e l a t e  

i n  phase t h e  two channels. 

At each energy, s eve ra l  acceptable so lu t ions  were 

found, showing t h e  following f e a t u r e  : t h e  A K  channel 

which i s  t h e  only one f o r  which r e l i a b l e  amplitudes 

can  be  obtained does not seem t o  be dominated by a 

s i n g l e  p a r t i a l  wave. Four waves were found important ; 

A s D ~ ~  , APP33 , ADD35 and AFF37 . 
The da t a  were found a l s o  compatible with t h e  dual i -  

t y  hypothesis ( a l l  p a r t i a l  waves i n  phase) and with 

l i n e a r  dependent energy parametr iza t ions  of the  par- 

t i a l  waves. These conclusions d isagree  with the  ana- 

l y s i s  of t h e  KN + KIN s c a t t e r i n g  f o r  which t h e  I = 0, l  

I sosp in  s t a t e s  have been separated [ 2 2 ] .  A peak s t a -  

t i s t i c a l l y  marginal i s  found on r 1 = 0  
near 2 GeV 

mass. Moreover, t he  I = 0 , 1  in t e r f e rence  term shows 

t h a t  non neg l ig ib l e  imaginary p a r t s  of t h e  amplitudes 

a r e  present.  

C lea r ly ,  a more soph i s t i ca t ed  ana lys i s  based on t h e  

Isobar-model (which i s  i n  progress)  i s  needed t o  g ive  

more p rec i se  r e s u l t s .  I n  t h e  present s i t u a t i o n ,  t he  

ana lys i s  is  cons i s t en t  with the  non-resonant i n t e rp re -  

t a t i o n  of t he  cross-sec t  ion bump. 

3.2.- ISOBAR MODEL ANALYSIS OF xN * XXN .- The Sa- 

c l a y  group and t h e  LBL-SLAC col labora t ion  a r e  pursuing 

t h e i r  own analys is .  A s  not iced  by C. Lovelace [19] 

seve ra l  years  ago, "phase-shift  analys is  i s  one a rea  

where t h i s  dupbication i s  useful .  To have M v e  groups 

t r y i n g  t o  c u t  each o the r s '  t h r o a t s  i s  much more e f f i -  

c i e n t  than random s e a r c h i n i t .  

The Saclay group [18] r epo r t  preliminary r e s u l t s  of 

an energy-independent p a r t i a l  wave ana lys i s  a t  four 

energies ,  i n  which they f i t  simultaneously t h e  3 

r eac t ions  : 

Several  improvements a r e  introduced i n  t he  f i t s  

with r e spec t  t o  t h e i r  previous a n a l y s i s  [18] : 

- t h e  f i t  of t h e  channel nCp -+ p nixo ; 

- t h e  i nc lus ion  of u n i t a r i t y  l i m i t s  ; 

- a b e t t e r  parametr iza t ion  of t h e  r a n d  of c e n t r i -  

fuga l  b a r r i e r  f ac to r s .  

The ove ra l l  a r b i t r a r y  phase i s  chosen by ass igning 

t o  t h e  APPll p a r t i a l  wave amplitude t h e  phase of t h e  

e l a s t i c  p a r t i a l  wave. 

The LBL-SLAC ana lys i s  has been repor ted  previously 

[20]. I t  u t i l i z e s  t he  da t a  i n  a very e f f i c i e n t  way 

making a simultaneous maximum l ike l ihood  f i t  t o  a l l  

t h e  events  f o r  the t h r e e  channels mentionned above. 

The a n a l y s i s  i s  confined t o  F waves o r  l e s s  (L, 

L' 5 3 )  which allows i n  p r inc ip l e  by spin-par i ty  

conservation 60 i n e l a s t i c  aapl i tudes .  I n  f a c t ,  a 

qua r t e r  of them below 1520 MeV and about ha l f  of 

them above have been determined. 

The absolute  phase is spec i f i ed  by smoothing the  

so lu t ions  us ing a multichannel K-matrix f i t  of t he  

dominant waves i n  t h r e e  s epa ra t e  energy regions  

P11(1310-1540 MeV), D15, F15(1650-1810), F35(1810- 

1970). The ove ra l l  i n e l a s t i c  phase i s  thus  t i e d  t o  

t he  e l a s t i c  phase. 

COMPARISON OF THE RESULTS. - The Saclay  group has 

kept more p a r t i a l  waves i n  h i s  ana lys i s  than LBL- 

SLAC (24 in s t ead  of 15 around 1 .5  GeV) and two of 

those  add i t i ona l  waves a r e  found t o  be important 

plPPll andADD15 . 
I n  order  t o  show the  r e l i a b i l i t y  of t hese  analyses ,  

we show on f i g u r e  19 of  utterw worth's r epo r t  t h e  A r -  

gand p l o t s  of t h e  3 dominant waves f o r  both analyses  

i n  t h e  same energy range (1.38-1.54 GeV). There i s  

a general  agreement except f o r  t h e  P PP 
1 11 wave men- 

t ionned above. The d i f f e r ences  observed i n d i c a t e  

t h a t  t hese  analyses have t o  be pursued. 

Above 1500 MeV, t h e  LBL-SLAC co l l abo ra t ion  has  

r ecen t ly  found a second so lu t ion  ( s t i l l  being explo- 

red  [21] which conta ins  t h ree  more waves than the  

one presented  a t  t h e  Batavia  Conference. Those a r e  
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plPPll , Aspll and A F F ~ ~  . The APP has  a d i f f e r e n t  ges t h e  coupling s igns  of a l l  t h e  resonances above 
11 

behaviour across  t h e  gap ( see  f i g u r e  22 of But ter -  1620 Mewrela t ive  t o  t h e  low energy ones (P 11 'D13) 
wor th ' s  r epo r t ) .  As a r e s u l t ,  o ther  waves under- g iv ing a good agreement between the  r e l a t i v e  s igns  

go an almost 180° ro t a t i on .  Consequently, t h i s  chan- of t h e  Ax and C(1385)x amplitudes,  a s  well  a s  wi th  t h e  

p red ic t ions  of SU6 and t h e  quark model. 
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