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Abstraat
F +

By solving the extremal problez for ihe functiomal

S{Ffh =l fWr)at

where f('l‘,) is = given péntinrxnnction and F(‘E)iu nn electromag-

netic fora feotor with komown amYy¥tiaa) properties, restriotions
on the slementery particle radius amd o0 the bahaviour of their
form factor in the mpace like region (";CO) aere obtained. Taking
into account the feot that on the baeid of experimentis (at Novomi-
birek and Orsay) with colliding beams, the .ﬂ-— meson form factor
in the interval 4m E‘té 4 (gev)? oan be approximated by the
Breit-Vigner formule, and asswiing that ite modulus at £2x1(Gev)2
does not exgesd some constant for the_ apper bouund of tmﬁ’-nuon
radiug, the values 0,69+ 0.14 {Bovosibirsk), 0.9:0,06 {Dxway) are
obtalned, » '




§1. Iantrodustion

Nore than two years ago, in papqr"l/, the upper boumd for

Olonentu'y particle radlus has been eptablished om the basis of

thn mlytieal properties of their form factors without any mo-
dol conuiduatiou. Subsequently 1t turnsd out/22 Y that muh
g%naral npproach can yleld rathex strong restrictions on mﬂ' -

-aescn radius
'

1, = V<>, <> = 6F.(0) w
r 4 . T

i1t we suppose that the acdulus of the form factax achieves its
saximal valus At t =<l'l1: +« It 19 elenr that these restrictions
aAy b strangthensd, if we use more experimemial information,
Thaat's il} ioa:othax with these results, integral relations for
the upper vound of f,. has besn ob¥ained’**%/, in whieh the mo-
dulus of the form faoctor in the annihilation channel appears.

A% present w have date’®/ for the modulus of the form factor

2
“in the small 1lutonll4lli,<_;t £ 1 ‘(Goﬂ? only. Because of

this faot 1% is of considerable interest to derive relations of
the above-mentionwd type, in which the contribution from the
high enexgy part is euppressed. 1In this article we aim to #p-
duoe such relations by eolving the extremal problem far the
funotional ' '

#{F,1} =~[;f(t)|l3‘r(t)rdt @

whare f ( t) is an arbitrary poaitive funetien.

. 3~

.By the same method we gmtablish rasirictions on the beha- -
viour of the-form factor in the scattering chunnel (‘t‘ -‘50).

§ 2. The Solution of“the Extremal Probtlem
Wo find the minimum of the functicnsl (2) in the olass of
fanottone F{t), wnich haa to satisfy the foliowing conditions:
g) F("t) 1- anglytic fuaction in the caplex‘!: =-plans

- wtth cut, {ln'n ,co];

%) .Be "I:I-n- &S , it incresses alower than any lipear ex;-
vomentist of AL _

c) it ie normalised by the condition F(O) 1,

d) its derivative at point twm() is F’(O)=¢ or

a4} its nugn:l.tuat at a certain poiat in spea-lim reglon

F, =R

Wa use the k.non nthodﬂ'e/ of solving exiremal problems of
thie types. To this aim we ma p the cut ‘t - plans into a unit
circle with csnter at 120 ana with two sides of the out forming
upper and. lower balf-sealw-circles: %he i relevant mapping im

4+ \[%m;r"‘ {

We then writ N \1 -’{'t/l'm;'—j' | 7
ps {F, f} = q;{ci , g} -1 ﬁ(9)|aca))iac4;

where

a(8)=G( =F@), t;am;

|
{
1




and 5(6’)1- an avey funption

B0=E )i e 1 o

Fow we rc.fo:uulato oondiuom a)-4) and n)-d') for the funot:l.on

G(z) .
a) G(I)in an spalytie function :l.n unit circle lZl(i :
v) for Z-» -1 growa plowsy than EX T_—&
e) 1t & P( It l
B nomniod by the condition

G (0
4) it has a derivative st point I = 62 (O)'—-d-%m“

1) 1te usnituﬂo at & certain point 2 E( 1 0) 1e
G(z,)=G_=F,.

1ot the -uight fumotion 5(9)-“1-:, the follod ng condi-

f £(8)de < + oo
/ | ng(o)A0 < +=

mcn the. orthogonql met of polynomiale y(Z) exists with
the properu.u/ a/

fg(a)?(e" (e‘)aa-.-gw (&)
E?(Z)?(Z);' 1 (7)

wheze (1- Z.Z;.)D(Z)D(Z )

D)= el / hg(0)Sr % do}

5

) for any 5 s
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end function G.(Z)can be expanded into polfnonial series

Glz)= 'éoau?v(z-;,) (9

Trom expresbions (4) and (9), it followe that we have to
find the minimum of the sum of the merive '

»{6,8} =2 16|’ o
=0

with the following additiomal conditlons:

L}

%:Gv(fv”(o)' 2“; L %’ Gvfﬁ’(z"’) &,

Pirst, we eolve the problea with lifear relations*(I). One

nae for the extremal function
=19, (0) + X CF (o) au

where Legendre multipliers ). and A are defined by the pystem

of equations

Z[‘F ()] A +f<P(°)<P(0)]?L -1

(2
Flgorgol el

-6 =

za (0) = 1, - z‘;a;f;(O)-i ” ”.




On Ahe o¥ber hasd; it can seslly be deduced from formmls (7), _

thet - 7

.. L,
Tlpo] - Diz(o)
| D o)

P (OO R mlC

‘ Subetituting (11) ia (10), emd ‘solving the system of equa~

ﬂ.on (12), by taking into agoount the last relations, we ob~
fain ' '

-.,."w

I 1 1 I
¢._.=Aotz—on(+A
2 Z 3

. i

A D%0) , A-I= - D(0)D0),

A =D(0)+D'(o)

II ‘lu un of linear relu.tiona II, we taim a:unilar ataps and
A W
find .

(14)

(15}

(18) -

i g : .+_Df2(o) o
- FRog= Dz(o)(1 O

L
3

AN Loge (s, A= 15 DOM()

1 %, - an

A "—‘-—rD(O)

Thue, the nolut:l.on ot ou exirémal problea 1- given by the

faoilowing ine qul:l.tiu -

<7 f f(t)lF(t)\ dt, . e

<% f fm|Fw)at

ars dlfimd by u:puuiono (14) - (A7),

cplm)

min
~ Yor further oouiderationl, it is necessary o ooncrotilo

the weight runetion.-f(f) Lat

p, ‘
.F (4!\'\‘73':) = FT Cxp(am ) /“(2 }20)
where the choice of &, A is restricted by the. cxi-tene- aon~

ditlon of the funot.‘l.onal (2) only. low we can ealeul.te coetfi-

cients A I amd A , which are txproasod through D(o) D (0) '

. and D(Z{D.

On the basis of eqs. {(5), (9) amd (19), after mome cslcula-

tions, we obtain

D(o)=—exp{ a B(-i--/‘, 1)}

D(o)aD(o){v - 73—5‘_ B( 4)} (21)

ol Bt S

(19) ~



.

whare B@(,}S) is & eecond kind Buler functiom and F(u,ﬁ;v,z)
is a hypergeometrical function. The sxpresaions (14)-(19) with
relations (21) soclve our problem in a general .form: inequalities
(18) and (19) impose some restriotions on elementary particle
radius (see (1)) and on magnitudes of thelr form factor in the
scattering channel, if the'last_onn‘ia known in the annihilation

channel. It is of worth to note that by a proper choloe of the

pazansters (L ,/J .V ., the convergence of integrals in (18) amd -
~

(19), as rapidly ae we ‘want, cen be achisved.

§ 3. Behaviour of the ..7/"- meson Porm Factor in tha
Soattering Channel

In this section we obtain some estimates in the most inte-
regting case. Iat the ./7: mason form factor be bounded on the

cut

' : 2
F(t Ié M 4bm” - (22)
fr( ) ? t= s
Por our purposs, it 1e pufficient to coneider the inaqua-

lity (18) with tha welght function & =-0,) = 1 (ees (20)):

(O(+’l)+‘1 A

where coefficlenis A are calculated by formulaa {15), (21)

-;-—IJ‘ z\(_‘ll (4m :C)] (23)

-9 -

end

E) -

According to Novosiblrsk end 70raay axpprimental date/sfﬁ
- meson form fatctor in the interval 4mz.4_.‘t$1 (6e7)2 1a
given by . 7 )
2 &
F .(4"1;5;) = — k mf N C
7 LAml xs P-mel“

" k _ me{eV) T3(MeV)

Novoeibirsk 0.8140.22 794s9  105+20

Oreay 1.2540.15 76946 116+11

If we aspume that in the intervagl 't 'J 1 (mv)z, the modulus ni'
the form f:octor does not exoeed ths valus Hgs {compare IF ("),*
« €~ 7 }, then, within experimental errers, the constant’ A

ie defined by formula (24):

3,7240.86 Novosibirek

A= : (25)
5.46+0.57 Orsay

and for mean-square radiue we have,

. 2 0.69* 0.14f - Novosibirak (26)
Fd . .

G =V<%>< O.SOto.Owa._itaa! |

Here we have taken into account the rolltion 0) —zz—

How we refer to the second insquality (19) with thl la.ne
weight function as before. It is straightforward %o come from
(19) to the inequality .

2 2
(142) G - 2(1+ 2)G s 1_11" < lz, A
o

-10-




L

.1_:1}_2‘(1 + \/*_T) F(i)(:i— i_ﬁ )

{z'?)

wheze according to (3)

_a-N1-Yamy 4o
1

It ia remarkable that from (27) we obtaim in particular the
same etrong bounds on f - mason radine .
' The upper bounds (26) and (28) must ba compared with expe-

rimental date’? X

T oB._oif

It peems that the obtained sstimates for .ﬂ—- meson ra-
dius are not ihe beet ones because of arbitrariness in the
choige of the functiomal (2).

The restriction {26) ie of greastest intereat for not
15:50 momdnituw tranafers H‘,I It ocould be improved eapeciml-
ly for large momentum tranonri, if we fix the behaviour of the
fors factor for 't ~»+4 x5 . Then we can consider (19} with
nore npeolfic weight function, I

Gbrns;mﬁing inequalities immediately follow from (13) with

-1II -

(21)., ‘They are rather complicated and so we do 1ot write them

dow.
rtho author is indebted to A.Ts. Amatuni for interest in

ihe woxk, apd to Yu. 3. Yernmov and K.N. Mnatpakanova for dis-

spaplons.
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