
ANALYTICITY AND p '  + 1111 

A. D. Martin 
Univers ity of Durham, England . 

Abstract :  Analyticity ,  in the form of fixed t and fixed u dispers ion 
relations , dis tinguishes between the 1111 partial wave solutions in 
favour of solutions with a p 1 ( 1600) resonance with a branching ratio 
of 25% into 1111 . 

Resume : Analyticite , dans la forme des dispersion relations t fixe 
etllf"ixe , fait la dis tinction entre les solutions 1111 ondulations 
partiales en faveur des solutions avec resonance p ' ( l 600) avec une 
proportion ramifiee de 25% a 1111 . 
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An outs tanding problem in meson spectroscopy , which is particularly 

relevant with the advent of the new w particles , concerns the exi stence 

of p ' ,  w ' ,  � ·  vector mesons .  To date the only experimental evidence for 

these me sons is  for a p 1  resonance . Although the Frascati data1) for 

e+e- + 2rr (4rr) is not conclusive , there is definite evidence �or a p 1 ( 1 600) 

resonance in the FNAL photoproduction data2) for the reaction yBe + 2rr (4rr)Be . 

The analysi s of these latter data is not completed yet, so the branching 

ratio p '  + rr+rr-/p ' + rr+rr-rr+rr- is not given, but there are indications that 

it will be small . 

Independent evidence on the p ' + rr+rr- decay mode can be obtained from 

the rrrr partial wave analyses of the high s tatistics CERN-Munich data3) , which 

should lead to a reliable es timate for the p ' + rr+rr- branching ratio . 

Unfortunately , these analyses are subJect to discrete Barrelet-Gers ten 

ambiguitie s :  that i s ,  if the rr+rr- ampl itude is wri tten in the form 

F(s , t) F ( s  ,o )  rr 
i 

2 2 * where z = l+t/2q , then the observable I F I is unchanged by zi + zi . This 

leads to four poss ible solutions3 •4) , which as far as the p 1 ( 1600) is 

concernedt divide into two categories : (i) solutions B,D ( in the notation 

of ref . 4) which have a relatively s trong p ' + rrrr coupling (elas ticity 25%) , 

and (ii) solutions A ,C  which show no evidence for a p '  signal (elas·ticity 

:4%) . In terms of t�e Barrelet zeros these two categories arise because 

the firs t zero, z1 ( s ) , to enter the physical region has Im z1�o near 

1 . 25 GeV which causes a branching of solutions . Solutions of 

type (i)  and (ii) correspond to Im z
1

>0 and Im z
1

<0 respectively above 

this energy . 

tThe partial wave analyses3 •4) show no evidence for p 1 ( 1 250) coupling to rrrr . 



One way to distinguish between the solutions would b e  to obtain 

nN + nnN data in o ther channels bes ides n+n± scattering . For example ,  

data on n
±
no scattering or TI-TI+ + n°n° will  be a valuable discriminant ; 

a recent discussion is given in ref , 5 ,  

Analyticity may also be used to select the physical nn partial wave 

solution . The data determines [F ( s , t) [ and each solution has a character-

istic phase ¢ (s , t) of the amplitude relative to its phase at t=o , This 

is  illustrated in fig.  1 at one typical energy . We see that solutions 

n+n- AMPLITUDE AT 
M"" = 1 · 5 5 GeV 

z, ·-0 ·68 !0·13i  

u_ 
u_ 0 
Cf) ::> __, ::> Cl 0 · 5  0 ::::;: 

3Tt � 2  
< J: Tt Cl.. 

.!!.. 2 

z, .0·13 - 0·13i 

l 1 
Fig. 1 
The modulus and phase of 

the n+n- amplitude , The 

modulus can be extracted 

directly from the data, 

but the phase ( shown 

relative to the phase at 

t=o) depends on the partial 

wave solution . The 

Barrelet zeros are indica-

ted and solutions A , B  

correspond to  Im z1<o , 

Im z1>o respectively . 

153 



154 

A and B though of course having the same I F I ,  have quite different phases , 

especially near the backward direction due to their opposite signs of the 

imaginary part of the nearby zero , z1 (s) , Since analyticity inter-relates 

the phase and the modulus of an amplitude we expect it to dis criminate 

between solution s .  From fig. 1 we anticipate analyticity at fixed t to 

determine the overall phase ,  but not to choose between solutions ,  s ince 

their real and imaginary parts are very s imilar near the forward direction . 
' 

In contrast ,  near the backward direction, where the phases differ mos t ,  

fixed-u analyticity should distinguish solutions once the overall phase 

is known . 

Froggatt and Petersen6) have s tudied fixed t and fixed u analyticity 

using a technique developed by Pietarinen , They conformally map the right 

(and left) hand cut s -planes into the unit circle and at each fixed t 

(fixed u) they parametrize the amplitude as a polynomial in the new 

variable and fit to the data for I F I , They find a solution very s imilar 

to B ,  that is a p ' ( l600) with a 25% branching ratio into TITI . However ,  

there are two aspects of the procedure that could lead one t o  doubt the 

resul t .  Firs t, they explicitly include the P , f and g resonance poles 

in the full ampl itude so as to l eave a smoother function for polynomial 

parametrization. This would appear to bias the analysis in favour of the 

solution with a p '  resonance under the g .  Secondly , the expansion of an 

amplitude in terms of large order polynomials in the unit circle leads to 

large oscillations in the behaviour of the amplitude b etween the end of 

the data and I s l = 00 .  

To avoid these diffi�ulti�• we may consider conventional fixed t and 

fixed u dispersion relations ,  parametrizing the amplitude in terms of 

Regge pole forms beyond the region of the data . Here the procedure7) is  



to minimize the difference between the output Re F ob tained from disper­

s ion relations , by integrating over the data with a free � (s )  for 

1 < IS < 1 .  8 GeV, and Re F calculated directly from the data using the 

same phase . The minimization is performed us ing several fixed t and u 

values , and at several values of s with a particularly fine grid of 

points in the region 1 . 25 < IS <  1 . 5  GeV where analyticity is expected 

to distinguish solutions of categories (i) and (ii ) , typifi�d by solutions 

A and B. We show in Fig. 2 only the results for u=o ; we see that 

SOLUTION A SOLUTION B 

I I 
u = O  U =  0 

Re F 0 

I 
-1 I 

0·6 1 -0 1·4 0·6 1-0 1 -4 
Mtt tt (GeV) Mitlt (GeV) 

Fig . 2 The real part of the backward �+�- amplitude as obtained 

from the u=o dispersion relation ( the curve) and the input data 

( the points ) .  Several t and u values are fitted simultaneously 

and the overall phase � (s , t=o) is determined ( see ref . 7 ) . 

1 ·8 
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solution B ,  which has a s i zeable p '  � rrrr coupl ing,  satisfies analyticity 

very well whereas solution A, which has no p '  signal , fails badly in the 

region IS �  1 . 4  GeV. As hoped analyticity discriminates between the 

solutions and s trongly favours solutions with a p 1 ( 1600) with a 25% 

branching ratio into rrrr . 
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