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We obtain the most general and simple unitary formulae for the amplitudes y'/~xTt near threshold which are parameterized 
using the pion polarizability. Describing the Crystal Ball data [ Crystal Ball Collab., H. Marsiske et al., Phys. Rev. D 41 (1990) 
3324 ] y-/~x°x ° by means of them we get (tx-fl)~0= ( 1.0 + 2.5 ) × 10 -*2 cm 3 for the ~r ° polarizability. 

1. Recently,  the first da ta  o f  the Crystal  Ball Col- 
labora t ion  has been publ ished [ 1 ] on the T),--,n°n ° 
cross section in a wide energy region, beginning at 
threshold ~ .  We would like to poin t  out  that  addi -  
t ional  in format ion  may  be ob ta ined  from this data,  
concerning certain low-energy parameters  - the so- 
called pion polar izabi l i t ies  [ 3 ]. Polar izabi l i t ies  o f n  + 
have al ready been measured  [4,5] in exper iment ;  
however,  for x0, this  is the first possibi l i ty  to obta in  
such informat ion.  

Recall  that  hadron  polar izabi l i t ies  in the formulae 
for the Compton  ampl i tudes  define the correct ions to 
the classical Thompson  l imit  and play the role o f  
threshold structure constants  like the electromag- 
netic radius  in a form factor. More  exactly: in the lab- 
ora tory  system at the ini t ial  f requency o9-,0 the am- 
pl i tude is of  the form 

T ( T n ~ T n  ) = - 2e2 (e e ' )  

+ 2lt{ot~o9o9'(e e ' )  + f l~[K e] [K'  e ']}  , (1)  

where / t  is the p ion  mass, o9 is the frequency, K is the 
momen tum,  e 2 / 4 x =  T~7, the pr ime  refers to the final 
photon.  The second order  in the frequency term con- 
tains two structural  constants  ot and  fl called the elec- 
tric and magnet ic  polar izabi l i t ies .  

Passing over  to the helici ty ampl i tudes  yy--,nx in 

~ When this paper was finished, we learned about the appear- 
ance of JADE data [2], but JADE did not indicate the abso- 
lute value of the cross section. 

the CMS we have in the vicini ty  o f  the poin t  s = 0 ,  
t=U=/L  2 

T++ =T~_+ + ½s#( o t - f l )  ~ , 

T+ _ = T ~  _ + ( t u - / ~  4) (cz + f l ) ~ / 2 / t ,  (2 )  

where T ~ is the QED contr ibut ion  for x + and zero 
for xo. 

Pion polar izabi l i t ies  may be calculated (see, e.g., 
the review of  ref. [ 6 ] ) in different low-energy models  
based usually on chiral  symmetry.  It was found that  
x ° polar izabi l i ty  is the most  model  sensitive, so its 
exper imenta l  measurement  is the most  interesting. 

2. For  our  purpose we can use directly the ampl i -  
tudes yy--,mt f rom ref. [3] ,  but  in the vicini ty  of  
threshold these formulae may  be made  more  general 
and s impler  ~2. We consider  here only the helici ty 
ampl i tude  + + ,  which is the main  contr ibut ion  near  
threshold.  

We make the following simplifications to the model  
of  ref. [ 3 ]. 

(a )  In  the cross channel we retain only the lightest 
resonances p, co. 

(b )  We uni te  all the contr ibut ions  and consider  
polar izabi l i t ies  as free parameters .  

a2 As for other unitary models yy-,xx (see for instance, ref. 
[ 17 ] ), the polarizabilities are not controlled there. Note that 
all the models are quite similar at first sight, but may differ in 
details. 
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Thus, we have simple and practically model-inde- 
pendent expressions, which work well for w/~<0.7 
GeV z3. 

Me++ - ~ ° ( s )  
x~ ~ [ C° + H°v( S ) ] 

~r'~ 2 ( S ) w C  + ~ [c2+n~(s)]+ , 

M~+ - ~° ( s )  [ C ° + H ° ( s )  ] 

- x / ~  ~2(s )  [ CZ + H2v(s) ] + w N  " (3) 

Here g21 (s) is the Omnes function, corresponding to 
the phase shift 5 I, g2I(0) = 1, and 

WC=M~++(s, t ) _ Z O ( H _ ~ ,  + u ) \ M o - t  ~ + a C '  

wl,,= _ z,,( ~__~ " + u ) 
\M. - t  

- Z ° ' (  ~ t  ~ ~--)T---Z..~ + a (4) \ M ~ -  t + u N. M~o -- uJ 

Here/t = m~, zR  = ¼g~'w ~ 2 4nF( R ~ nT ) / M~,  a c, a TM 

are constants, corresponding to any high-energy con- 
tributions, M~_ + denotes n-exchange (QED).  The 
H~v are rescattering integrals given by 

s f ds' sin 5 ° ( s  ') H I ( s )  
-~ s,(s--~_s) It2~(s')l VI(s')" 

Unitarity only requires 

V~(s) = w~'~=°(s) ,  (5) 

where W ~ are isotopical combinations of W c and 
W N. Comparing the amplitudes (3) with definition 
(2),  we obtain 

C O C 2 ½/t(°~-f l )C=aC+ ~ + ~ - Z °  2l t2 
M~' 

C o 
½/.t (0~-- f l )  N = a N -'l- ~ -- ~f~- C 2 

_7o2 / /2  __ZOO 2P ~2 
--  2 2 ( 6 )  

M o M,o " 

#3 M is the helicity amplitude with the kinematical factor ex- 
tracted: T+ + =sm+ +. 

Eqs. ( 3 ) - ( 6 )  contain four free parameters: 
( a - - ]~ )  C, (O~--fl) N, C O, C 2. The dependence on C °, 
C 2 enters owing to the final state interaction and con- 
sidering this amplitude not in the 7n--~Tn channel, 
where the polarizability is defined. But it is seen from 
our calculations that the experimental smallness of 
5 2 leads to ~2(s)  ~ 1 and the term C2922 does not dif- 
fer from the constants a c, a N. 

So we may put C2=0 in (3), absorbing C2~ 2 by 
constants with good accuracy. Besides, one may be 
convinced of the very weak dependence of H~(s )  on 
the constants a c, a N because the main contribution 
to V I is generated by QED. So we neglect them inside 
H I  and arrive at the amplitude ~,q-}n°n °, which de- 
pends on (c~-fl)  N and CO: 

Q°(s)  HOv(s) -x/c~ O2(s)HZ(s)  

C o 
+ ~ ( ~ o _  1 ) + ½/l(Ol--fl)N+ W TM , 

t ) - Z .  + 

\ ~ o - t  + M ~ -  uJ 

_z4 

VI(s)-~- WI ' J=°(s )  . (7 )  

3. Some words about the nn-interaction, which is a 
necessary input in (7). We use the same approxima- 
tion of experimental data on nn as in ref. [ 3 ] with 
the scattering lengths from the experiment of ref. [ 8 ]: 

a°/ t=0.24 + 0.04, aZo/t= - 0 . 0 4  + 0.04. 

30 in (3) is in the same manner indeed only a smooth 
part of the experimental phase shift (without the 
fo (975 ) effect) because of the very small coupling foqq 
(see the results of the coupled-channel investigation 
of ref. [9 ] ). Our calculations show that the ampli- 
tudes are more sensitive to the near-threshold behav- 
ior of  the phase shifts than to their other properties. 
We think that the influence of the nn-interaction form 
on the value a - f l  needs a more detailed investiga- 
tion but here we restrict ourselves by the one variant 
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of  the nn-interaction that roughly corresponds to 
experiment. 

4. Here we fit the cross section "Tt--.n°n ° [ 1 ] in the 
region v / s<0 .7  GeV by formula (7) ,  considering 
o t - f l  and C O as free parameters. As a result we 
obtain ~4 

( a - - f l ) N =  ( 1 . 0 + 2 . 5 )  × 10 -42 cm 3 , 

C°=0.115_+0.030 GeV -2 , 

Z2= 11.4 a t N D = 7 .  (8) 

The corresponding cross section is shown in fig. I. 
Note that we have taken into account  statistical er- 
rors only of  ref. [ 1 ]. 

The question arises whether the p, to contributions 
are of  importance in amplitude (7).  One may be con- 
vinced that neglecting them leads to a marked differ- 
ence in the cross section at v/~> 0.5 GeV. Using such 
an oversimplified model for describing the data we 
obtain instead of  (8)  

( O L - - f l )  N =  ( 5 . 5  H- 1.7) X 1 0  - 4 2  c m  3 , 

~4 We use the system of  units e2=47tot, where a ~  ~7. Note, to 
avoid mistakes, that some analyses use the system e2= or, and 
the corresponding values of  polarizabilities differ by a factor 
47~. 

ox Yr - ~%o), .b~r.  
icoe 01 < o . e  | 

÷ 

I I I I I 
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Fig. 1. Comparison of  CB data [ 1 ] near the threshold with our 
predicted cross section using the parameter  values ofeq.  (8).  

C°=0 .115  _+ 0.030 GeV 2 , 

Z2= 10.3 at N D = 7 .  

One should note that the main contribution to Z 2 (8) 
comes from the two experimental points near thresh- 
old and their influence is opposite. To demonstrate 
this fact we can unite these two points into one, with 
the result 

a R~N--  ¢4 4+3"0Xv  10 -42  , - - / J )  - -  I . - - 2 . 5 . /  A c m  3 

C ° = 0 . 1 4 4 + 0 . 0 1 6  GeV -2 

X2=3.7 a t N D = 6 .  

Having the numbers (8)  we can estimate the 
charged pion polarizability by means o f  the model o f  
ref. [3].  As a result we have ( a - f l ) c =  (9.3 +2 .5)  × 
10 -42  cm 3. To derive this, information about the de- 
cays R--,ny is necessary, so it is difficult to estimate 
the total error here. 

Recall that the experiment on n + Z ~ n + Z y  [4] 
gives ( o t - f l ) c = 1 7 . 0 + 3 . 6  in the same units, and 
y p ~ T n + n  [5] gives ( o t - f l ) c = 5 0 + 3 0 .  Different 
theoretical predictions for n + [ 6 ] are in the interval 
(8 -16)  × 10 -42  c m  3, and one can expect 
I ( a - f l ) N l <  3 × 10 -42 cm 3 from different theoreti- 
cal predictions. 

5. We conclude that the experimental cross section 
yy--,n°n ° [ 1 ] allows one to obtain information about 
n ° polarizability from the near-threshold region. The 
use o f  a nn interaction close to the experimental one 
allowing for chiral zeros leads to the value (8) ,  which 
gives a reasonable estimate for ( t~ - f l )  c, also. For  
better confidence it is necessary to investigate the in- 
fluence o f  the nn interaction on the values o r -  fl ob- 
tained and to take the systematical errors in the ex- 
periment into account. Certainly, the formulae 
obtained may be applied to the yy--,n+n + also, and a 
joint  analysis of  data on yy--,n+n - and nOn ° will be 
more reliable and preferable. 
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