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1. INTRODUCTION

One of the most important results in the study of the .////• radiative decays was the
observation in the early SO's by Crystal Ball1'' and Mark ll'"' of a pseudoscalar signal, the
/ (now //(1MO)), decaying into KKn. It was claimed for the discovery of a glueball state
because of the large measured branching ratio. Presently, the nature of this structure is still
controversial since an analogous peak has been observed in liadroproductioii with possible
1 assignment ' ' . In addition, clear pseudoscalar productions have been observed into
the vector-vector channels'1 ' in particular in />'V" where three states are present at 1490,
1760 and 2100 McV jc2.

A somehow related point, of interest, is t he existence of a narrow signal at 12S5 MrVjc2,
an example of which is found in the Jj4' - -/-In- ' channel. Its identification with the DjJ1

axial vector meson seems more and more supported' ' '. Nevertheless the spin-parity of this
signal must be carefully studied for the contemporary presence of another pseudosealar
state at roughly the same mass, the //( 1295) ''''.

Radial excitations of the standard //, //' mesons are foreseen by previous theoreti-
cal works'7' in the mass region above 1000 Mt V/c2 . Actually the (Jodfrey-Isgur model
predicts only two states, the /;(12S0) and the / ,(1285), between 1000 and 1500 MeV/c2.
Therefore the two 1717 nonets 0 ' and I f r are far from settled in the experimental obser-
vations and are then suspected to let room for glueball or exotic states.

In a recent, paper'8 ' DM21-"' reported on studies of .//i/1 radiative decays into A"" K^K* ,
A' + A'~7r° and T]W¥TT~ from the S.(5 million of .//'.'• events collected at the Orsay e*~e"
storage ring DCI. The //(1440) was observed in both KKn modes and. in the hypothesis
of a single spin-parity production, its pseudoscalar character was stated together with a
A'*(i892)A" dynamical contribution. No signal was observed at the //(1440) mass in the
r/7r+7T~ channel, but a peak at 1400 MtVjc2 consistent with a (?o(9SO);r dynamics.

In this paper results from Partial Wave Analysis ( PVVA ) of the observed signals in the
1100 -i- 1500 McV mass range are given for the coupled channels A."" /\" ̂  7rT and K + K ~7r°.
and for the IJTV^TT' channel.

2. TOTAL SIGNALS

The final mass distributions of the J JtJ- —> 7 A."f K ir° and •)K^K±wf events are
drawn in Fig.l. One can see, in particular from the A""A'r7rT events distribution where
the background level is very small, that the shape of the //( 1440) is asymmetric, suggesting
a threshold effect and/or the presence of more than one state. In any case a total product
branching ratio can be computed from a single fit using a Breit-Wigner curve folded with
A"*A" phase space over a polynomial background, BR[J/0 —> 7 A') * BR(X — KKn) -
(3.8 ± 0 . 3 ±0 .6 ) < 10~3.

The selection of the events .//</' • 'O]^n leads to the scatter plot m,,n versus n?,,,^ in
the 1000 McVIc2 < m,17riz < 1.S00 .\h Vfr2 mass region shown in Fig.2. The /JTTTT mass
projection (Fig.2o) gives evidence of two structures centered at 1265 and 1400 MeV/c"
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o n a r i s i n g b a c k g r o u n d . T h e |>CM('< M i n a n c c s of t lit* " ) / / ~ T a n a l y s i s a r e d e i i i o n s t ratted by th<>

m e a s u r e d 1 " if • ' / r r - s i g n a l ( A n ; 0.7 . U f I ' <-' f r o m IM)Ci " ' ! ) .

A first l ook t o t l i c s c a t t e r plot g i v e s e v i d e n c e lor d i f fe ren t d y n a m i c a l c o n t r i b u t i o n s .

T h e r e , a n o v e r a l l a l( rr d y n a m i c s is c l e a r f rom t h e ;/x m a s s p r o j e c t i o n ( F i g . ' J M , lint it

is r e l a t e d o n l y t o t h e l o w e r m a s s p a r t of t h e s t r u c t u r e at 1 H)O M e V / c " ' , n o t h i n g b e i n g

p o s s i b l e t o s a y a b o u t t h e d y n a m i c s of t h e I'Jfi'i MeV c" s t r u c t u r e ( d u e t o l i m i t e d p h a s e

s p a c e a v a i l a b l e ) a s well a> h i g h e r p a r t of t h e I 100 Mi \ , c~ s t r u c t t i re , w h i c h is c l e a r l y not

d o m i n a t e d by t h e (i,|X i n t e r m e d i a t e s t a t e .

T h e w h o l e f/rrrr d i s t r i b u t i o n h a s b e e n f i t t ed w i t h t w o B r e i t - W i g n e r f u n c t i o n s , l e a d i n g

t o 108 r 17 e v e n t s a n d a p r o d u c t b r a n c h i n g r a t i o BR(J. r - •) A'112(i-l ) ) • IiR(X

I]K^iV') ~ ( 0 . 2 o ! 0 . 0 1 L 0 .01 ) • 10 •' for t h e l o w e r m a s s s t r u c t u r e , a n d (il : 21 e v e n t s .

BR(J/v - 7 .V(L 1 WS)) , BR(X • / / T ' - ) ( 0 . 7 0 ^ O.Ofi L 0 . 1 1 ) -. 1 0 " ' for t h e u p p e r

o n e . H o w e v e r b o t h of t h e m p r e s e n t d i f f i cu l t i e s t o b e i d e n t i f i e d a s s i n g l e r e s o n a n c e s : f r o m

o n e s i d e t h e A (12()4) o w n s a n u n l i k e s h a p e , w h i l e t h e A -(KU)K) c o r r e s p o n d s t o d i f fe ren t

d y n a m i c a l c o n t r i b u t i o n s in s e p a r a t e p a r t s of i t s m a s s d i s t r i b u t i o n .

3. SICNALS FROM THK PWA

T h e t w o m o d e s - K ' K rr" a n d -. l\ " /\" ' rr ' s h o w c o h e r e n t r e s u l t s f r o m t h e P W A . s u c h

t h a t a c o u p l e d a n a l y s i s c a n b e d e v e l o p e d . T h e r e s u l t "• t o r t h e o n l y •"> c o n t r i b u t i n g w a v e s

i s r e p o r t e d i n F i g . 3 w h e r e -5 s i g n a l s a r i s e i n d i f f e r e n t m a s s p o s i t i o n s . T l i e d o m i n a n t o n e i s a

p s e u d o s c a l a r uun p r o d u c t i o n a t 1 HiO . U ' I c - ' . t o g e t h e r w i t h a A " A ( O j a t I 1 2 0 M< \ <- ' .

T h e t h i r d s i g n a l i s t h e A * A ( 1 ' ) a t r o u g h l y 1 HiO . U » \ c2. T h e p r o d u c t b r a n c h i n g r a t i o s

( P R R ) B R[J. v - - , A ' ) • B R ( X - K K x ) a r e r e s p e c t i v e l y : P B R 1 ( 1 . * • 0 . 2 • (). : ' , ) •

1 0 \ P B R : -- ( ( ) . * :$ : 0 . K 5 L O . I S ) • K) \ P B R , U l - T G L O . 1 ' . ; 0 . 2 1 ) • 1 0 ' . M o r e o v e r

a s m a l l b u t r a t h e r s t a b l e c o n t r i b u t i o n i n < f n x ( l r ) a t 1 1 0 0 M t Y c: c a n b e i d e n t i f i e d . I t s

P B R a m o u n t s t o -- l . r , , | ( ) ' . w i t h a w i d t h o f -- 2 0 M, V T - .

t h e d e c a y c h a i n •// ' . ' - ~ ' j ~ ~ i s a n a l y y e d t a k i n g i n t o a c c o u n t o n l y t h e H11 ( O S O ) • / / T :

i s o b a r ' 1 " a s w e l l a s t h e d i r e c t ' ' b o d y d e c a y . I ' h e a,\ r e s o n a n c e i s d e s c r i b e d v i a t h e F l a t t e

p a r a m e t r i z a t i o n w h i c h i s e q u i v a l e n t t o t h e B r e i f W i n n e r f u n c t i o n w i t h i n t h e c o n c e r n e d

m a s s r e g i o n . I h e A • <i,|/T • / / T ' T T l e a d s t o 2 w a v e s i f t h e s p i n ./ of A i s b u n t e d

t o 1 . n a m e l y I) a n d 1 ' ' . A t o t a l of (i d i f l e r e n t w a v e s i s c o n s i d e r e d . '.' w a v e s w i t h t h e

i/o d y n a m i c s ( p h a s e s p a c e . 0 ' a n d 1 ' ' ) ' H i d •'• w i t h o u t ( p h a s e s p a c e . 0 ' a n d 1 ' * ) .

T h e r e s u l t s d o n o t d e p e n d o n t h e d i f l e r e n t b i n n i n g c h o i c e s . I n t e r f e r e n c e b e t w e e n d i f l e r e n t

w a v e s h a s n o t b e e n i n c l u d e d , l e a d i n g t o t o o m a n y t r e e p a r a m e t e r s i n t h e P W A f i t s w i t h

s u b s e c p l e n t i n s t a b i l i t i e s .

M o n t e C a r l o c h e c k s h a \ e s h o w n t h a t t h e d e t e c t o r a c c e p t a n c e i s r a t h e r c r i t i c a l f o r t h e

s e p a r a t i o n o f t h e w a v e s 0 a n d ! ' . w h i l e a i p i i t e u o o d d i > c r i i n i n . i t i o n b e t w e e n w a v e s w i t h

a m i w i t h o u t tin d y n a m i c s i s p o s s i b l e I m m r t h a n 1M)' . ). 1 h e d e t e r m i n a t i o n of ./• . 4 | A n

u v i i s a n e r r o r o f r o u g h l y -W i . F o e d t h r o u g h b e t w e e n H 1 1 T ( O ) a n d <IOTÏ( 1 ' I i> p o s - i b l e ( u p

t o :{()".' ) f o r x - 1 a t t h e ;/( 1 1 K) I e n . - r g y r a n n e .

W h e n a l l t h e s i x w a v e s a r c c o n s i d e r e d , t h e P W A r e s u l t s h o w s i m p o r t a n t l l u c t t i a t i o u s .



T h e >)KK ( P . S . ) i s n o t a b l e t o c o l l e d t h e b a c k g r o u n d s h a p e , w h i c h i s s p l i t i n t o t h e !{

w a v e s s o i n d i c a t i n g t h a t t h e s p i n - p a r i t y i d e n t i f i c a t i o n o f a p o s s i b l e s i g n a l , w h i c h d e c a y s i n t o

//7TTT d i r e c t l y , i s n o t p o s s i b l e w i t h i n o u r a n a l y s i s . I n t h e f o l l o w i n g o n l y t h e J / T T T ( 0 ' ) w a v e

w h i c h i s s u b j e c t e d t o m i n o r f l u c t u a t i o n s i s k e p t , b u t t h i s c h o i c e , w h i c h r e m a i n s a r b i t r a r y ,

d o e s n o t a l i r e t t h e r e s u l t s of' t h e a n a l y s i s . T h e u n p h v s i c a l <,,>rr ( I ' . S . ) w h i c h s h o u l d c o l l e c t

* / ( i ,T n o n - r e s o n a n t p r o d u c t i o n a s w e l l a s p a r t o t h i g h e r s p i n e v e n t s , i s a l s o d i s c a r d e d . 1 l i e

r e s u l t o f t h e P W A l i m i t e d t o t l i e t h r e e s e l e c t e d w a v e r , //7TT ( 0 ' ) , (InK ( I ) " 1 . 1 ' ' ) . s h o w s

( F i g . l ) n o s i g n i f i c a n t <IUTT c o n t r i b u t i o n a b o v e I K ) I ) . \ / < l ' < < • - ' . a M o b s e r v e d i n t h e s c a t t e r

p l o t o f F i g . 2 . I h e < / U T ( 0 ' ) w a v e d o e s n o t c o l l e c t a n y s i g n i f i c a n t s i g n a l , i n p a r t i c u l a r it

i s r a t h e r f l a t i n t h e / / ( I I 1 0 ) m a s s r a n g e . C o n v e r s e l y t h e an j ( 1 ' ' ) c o n t r i b u t e s t o b o t h

' h e p e a k s a t I2f>.r> a n d I M)O . U f I " <•'. b u t o n l y t o t h e u p p e r a n d l o w e r p a r t s o f t h e m a s s

d i s t r i b u t i o n , r e s p e c t i v e l y , t h e r e s t o f t h e s e p e a k s d e c a y i n g t h r o u g h a d i r e c t ( / T T T p r o d u c t i o n .

F r o m a s i m p l e B r e i t - W i g n e r fit ( d r a w n i n F i g . I I . n a m i n g P B R B R ( J • v • "< X ) •

B R ( X - • ;/7T ' /T ) , t i n " f o l l o w i n g p a r a m e t e r s a r e o b t a i n e d f o r t h e t w o s t r u c t u r e s i n (ï |)7r( I ' |:

• . Y ( 1 2 ! M ) ) : m 12!M) t K i \ I < \ ' <•-. I ' B R ( ! . : { • 0 . 1 ) • i t ) ' . .,• O . I . ' , : o . l " > :

• . Y ( i : W " . ) : m I : ' , * : , i If, A / , I ' M - ' . I ' B R ( 2 . 7 : O . s ) • IO ' . .,• 1 .0 • ( U .

T h e w i d t h s a t t a i n r o u g h l y 150 : K) . U f I ', <•-'. ( a r e s h o u l d b e t a k e n f o r t h e p a r a m e t e r s

o f t h e A"( 1 ' )( 1 :{S.r» ) d u e t o t h e p o s s i b l e f e e d t h r o u g h b e t w e e n t h e t w o w a v e s » , | j ( l l ) a n d

« n n - ( I * I.
W h a t h a s b e e n a n a l y z e d a s d i r e c t i / r r x U ) ) p r o d u c t i o n , w h e n f i t t e d w i t h s i m p l e B r e i t -

W i g u e r o v e r a l i n e a r i n c r e a s i n g b a c k g r o u n d l e a d s t o t h e v a l u e s : n i j 1 2 7 0 : 1 .*> M t \' <•-'.

P B R 1 ( 0 . 7 : () . :{) ^ 1 0 ' , a n d n , . I :{<)7 : !) M , \ ' , < - . P I i R 1 ( 2 . 1 i 0 . ^ ) • I O ' . T h e

s p i n - p a r i t i e s o f t h e s e p o s s i b l e p r o d u c t i o n s a r e n o t r ' - a l l y k n o w n a s s t a l e d a b o v e .

I n a n y c a s e . s t r o n g c o n f i d e n c e i s r e t a i n e d i n t h e A ' ( I 2 ! ' O ) • < / t ) ~( I ' ) s i g n a l i d e n t i f i -

c a t i o n , d u e t o i t s s t a b i l i t v . T h e s i g n a l i s f u l l y c o n s i s t e n t w i t h t h e / ( ( | l*S."V ) i d e n t i f i c a t i o n

s i n c e f r o m t h e D M 2 r e s u l t "" o n ./ (.' - - , / > " - ' rr s h o w i n g a J1 p r o d u c t i o n a n d t h e c u r -

r e n t b r a n c h i n g r a t i o s f o r / i d e c a y s '" t h e f o l l o w i n g p r o d u c t b r a n d l i n g r a t i o i s c o m p u t e d :

HR(J, v - - , / , I • « / ? ( / , - , / . T - - 1 ( I ) . ' ) : ().: ' , • 0 . 2 ) • 1 0 ' .

M o r e o v e r n o , ; , |7r s i g n a l i s o b s e r v e d w h i c h c o r r e s p o n d s t o t h e r e l o u a n t < ; ( , , T ( 0 ) j j r o -

d u c t i o r , o b s e r v e d a t I KiO M i I . c i n t h e /\ A rr r a d i a t i v e c h a n n e l . B y u s i n g i t s m a s > a n d

w i d t h ' 1 1 . t h e f o l l o w i n g u p p e r l i m i t ( a t 1M)1J of C L . ) i - d e r i v e d :

BR(J. K- - - . . Y ( I K i O ) ) • B R ( X • ( / „ - • ' > - ' - ) • O . s - 10 '

T h e fit h a s b e e n p e r f o r m e d o v e r t h e > n i n of t h e 0 a n d 1 ' <?,, — d i s t r i b u t i o n s i n o r d e r l<>

b e i n d e p e n d e n t o f t h e p o s s i b l e f ' e ed t ! t r o u g h b e t w e e n t h e t w o w a v e s .



4. CONCU'SIONS

The PWA of the DM2 results on the .//(/• — -, K K TT and .//</• — -yrjiv^K channels
shows a rich speetroscopy in the i/( 1110) mass region. In particular one finds out:

1. a s trong confirmation for the / i ( 12S.r>) in the ,}j\,< radiative decays:
2. a signal observed at 1270 . l / d ' / r in the IJXTV mode (not flyTr); however it seems

difficult to relate it with the ;/( 12H.') observed by other experiments'"! to decay into
IfTTiT v i a «HTT;

,'{. one pseudoscalar signal at 1160 MtY/c2 decaying into /v*/v with a width -- 50
MtY/r2;

4. one pseudoscalar signal at 1120 \h\'/c~ decaying into <i,,7r — K Kir with a width ••-
•r>0 \fe\'/r2; as no correspondiiiK 0 " signal is present, in O^TT —> i]nw, the question is
raised of whether it is real n{) production or some other dynamical effect, resulting in
a / \ 7 \ mass distr ibution sharply peaked near its threshold;

.r>. a l ' * product ion around 1 IHC) MeY/r2 decaying into / v* / \ ;
fj. a l ' " signal at ~- MOO Mr\'/c2 decaying via OQTT into I/TTTT and possibly into KKw;
7. a bump at. 1400 McY/r2 into qirir (not

To conclude, the presence of such a large number of possible states points out for exotic
physical activities in the considered mass range. T h e quant i ta t ive and precise measurement
of those is however beyond the limits ol the available statist ics.
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Fig.l Mass distributions for the two .//</• — -yKKn modes:
(a) K^K^ir* channel;
(b) K^K~n° channel.
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Fig.2 r/Tr* mass versus i/7r+7r mass scatter plot. (2 entries per event).
(a) 7/7T̂  n ' mass projection
(b) T)W^ mass projection
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Fig.3 Coupled KKK channel PWA; 5 waves considered.
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Fig.4 PWA results of the TJTT+7T channel; 3 waves considered.


