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Outline of the talk 
� Open problems in e+e- a nnih ila t ion a rou nd  
√s =  2 G eV  ( c lose t o N N  t h resh old )
� Measurements of nucleon time-lik e form factors
� E x istence of anomalous structures in multih ad ronic 

p rod uction

� S t u d y  of  f ea sibilit y  w it h  F I N U D A
� e+e- → N N annih ilation and  form factors ev aluations
� Apparatus’ c h an g e s
� E x pe c te d  to po l o g i e s an d  d e te c ti o n  e f f i c i e n c i e s



Measurements o f  th e nuc l eo n f o rm f ac to rs 
i n th e ti me-l i k e reg i o n

� Based o n  t o t al  an d di f f er en t i al  c r o ss sec t i o n s:  

� GE =  F 1 +  (s/ 4 M 2
N ) F 2 GM =  F 1 +  F 2 (S ac h s F F )

� GE v s GM c an  b e di sc r i m i n at ed v i a t h e an g u l ar  
di st r i b u t i o n s
� s >> M2

N: o n l y  GM(s)  c o u n t s
� s ≈ 4  M2

N (t h r e sh o l d ) : GE(s)  ≈ GM(s) ⇒ i so t r o p i c  d i st r i b u t i o n
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FENICE data: the di f f er en ti al  c r o s s  s ec ti o n s
� General c ro s s  s ec t i o ns  f eat u res :
� σ ≈ β
� σ ≈ |G|2
� O n l y |G|2 c a n  b e m e a s u r e d ,  n o t G
� ∆|G|/|G| =  ½ ∆σ/σ

� N eu t ro n: d o m i nanc e o f  t h e 
( 1 + c o s 2θ)  t erm
�� |G|GEE| <  0 . 1  |G| <  0 . 1  |GMM| @  9 0 %  C . L .| @  9 0 %  C . L .

� P ro t o n: i s o t ro p i c  d i s t ri b u t ’ n
�� |G|GEE| | ≈≈ |G|GMM||
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FENICE data: the p r o to n  m ag n eti c  f o r m  f ac to r



FENICE data: the n eu tr o n  m ag n eti c  f o r m  f ac to r
� Assuming GE =  0  | GM |  c a n b e  o b t a ine d  a s a  

f unc t io n o f  s

� P e c ul ia r  b e h a v io ur s:
� |GM( n ) | ≈ 1 . 5  |GM( p ) |
� |GM( n ) t i m e -l i k e | >  

|GM( n ) s p a c e -l i k e |
� I n d i c a t i o n s  f o r  a n  

a n o m a l o u s  b e h a v i o u r  
c l o s e  t o  t h r e s h o l d  
(w h e r e  m u s t  b e  GM≈ GE)  

According to all theoretical predictions:  G ( p)  >  G ( n)



FENICE: FENICE: m u l t i h a d r o n  m u l t i h a d r o n  c r o s s  c r o s s  s e c t i o ns e c t i o n 1 . 8 21 . 8 2 --2 . 4 4  2 . 4 4  G e VG e V
� Hints for a  d ip  c l ose  to th re -

sh ol d  c orre sp ond ing  to a  
rise  in |G M( p ) |

� F rom  a  c om b ine d  fit:
� M  =  1 8 7 0 ± 1 0  M e V
� Γ =  1 0 ± 5  M e V



Open pr o b l em s  l ef t  b y  F E N I C E
� Why G(n) >  G(p ) ?
� GE(n) < <  GM(n)

� Why | GM(n) t i m e -l i k e |  >  
| GM(n) s p a c e -l i k e |  ?

� F o r m  f a c t o r s i n  t he  u n p hy-
s i c a l  r e g i o n (d i s p e r s i o n
r e l a t i o n s ) ?

� O n l y m o d u l e s  c a n  b e  
m e a s u r e d

� I s  t he r e a  s t r u c t u r e  c l o s e  t o
N N  t hr e s ho l d ? 

� N o  i n f o s  o n  o t he r  b a r yo n s F F

proton

ne u tron



Another anomaly at 1.9 G eV :  ob s erv ati on i n
d i f f rac ti v e p hotop rod u c ti on and  e+e-→6π

� Evidence for a  na rrow  s t a t e a t  1 . 9  
G eV fou nd b y  E68 7 in t h e diffra ct ive 
p h ot op rodu ct ion of 6π fina l  s t a t e,  
int erfering  des t ru ct ivel y  w it h t h e 
cont inu u m  b a ck g rou nd

m = (1.911m = (1.911±± 0 .0 0 40 .0 0 4 ±± 0 .0 0 1)  0 .0 0 1)  G e VG e V
ΓΓ = (2 9 = (2 9 ±± 11 11 ±± 4 )  4 )  M e VM e V

JJPCPC = 1= 1 _  __  _ ,  I,  I G  G  = 1= 1++

�

�
� � � →

π



e+e-→ n n :  t y p i c a l  t o p o l o g i es

√s = 1900 M e V ,  B  = 0. 5  T



e+e-→ n n :  t y p i c a l  t o p o l o g i es

√√s = 1880 s = 1880 M e VM e V ,  B  = 0.  T,  B  = 0.  T



Tentative events yields/day, e+e-→nn
L ≈ 5×10 31 c m -2 s-1 

Ld a y ≈ 4  p b -1 ;  σ A n n  ≈ 1 n b
B  =  0 . 5 T

Chamber transparency: 85%
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e+e-→ p p :  t y p i c a l  t o p o l o g i es

√s = 1900 M e V ,  B  = 0. 5  T



Tentative events yields/day, e+e-→ p p
L ≈ 5×10 31 c m -2 s-1 

Ld a y ≈ 4  p b -1 ;  σ A n n  ≈ 1 n b
B  =  0 . 5 T
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Advantages and drawbacks with FINUDA
� Total cross sections can be measured with 

“ decent”  ef f iciency

� S ome p roblems f or the dif f erential cross sections 
due to the ap p aratus’  limited accep tance
� Some more thoughts about a better angular coverage 

need ed

� F urther studies:  p ossibility  to measure the p roton 
p olariz ation
� T ool to get the relati ve p hase and  i nf er somethi ng more 

about G M and  G E ,  that i n the ti me-li k e regi on are comp lex



Conclusions
� The cross section measurements for both e+e-→nn and  

e+e-→ p p seems to be feasibl e 
� maximum efficiency: 30% close to threshold
� M ost imp ortant p rob lem: reduced F I N U D A  ang ular 

accep tance! !   

� γ γ back g round  rej ection enoug h strong  if ev ent 
recog nition req uires
� A  more-than-tw o-p rong  annihilation star 
� A  sig nal on T O F one b y a neutron w ithin a definite time g ate 

� e+e-→3π+3π- cross-section feasibl e w ith an about 2 0 %  
efficiency
� R educed efficiency due to ap p aratus’  ang ular cov ering  
� M omenta reconstruction can help  to identify ev ents w ith 5  

p rong s only


