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Abstr@gﬁ
The Veneziano model, modified in order to gatisfy the Cerulug-
~Martin bound, is shown to give a véry good/@escription of p-p elastic

/

scattering over the full rangs of 1%, but‘%ﬁe diffraction peak.

& great deal of both experimental and theoretical efforts has
been devoted in the past few years to study the p-p elastic scatte
ring at high energies and large momentum transfers. By looking at the

experimental differential cross section dea/dt (L4$lqne can disbingnish

v v

three different regions.

- . ”
In the first one, for values of =t £ 1 &+ 2 (GeV/c)" the diffe



. . . A't :
rential cross section goes down as e . Theoretically this is com -
pletely understood in termsyof diffraction-like scattering, and it

is both qualitatively and quantitatively described by means of few‘

(6)

"Regge poles
In the second region, for values of ~t lying between ~ 2

: 2

gnd ~ 6 (GeV/c) s it has been obﬁerved(7) that the fixed s experimen

tal data lie approximately on straight lines, when they are plotted

' 810
as function of ,/ ~t. This is shown in Fig. 1. Theoretical attempts( )

to explain these data in terms of Regge cuts have partially succeded.

The transition from the second to the third region givé rige

|
H

to the well known break. The data still lie, at least roughly, on a

straight line but the slope is different. To be more precise the follow

) . P

i f la:
ing formula ..\E -m ~@

do_ o e { & iR

dermved on the basis of general thermodynamlcal as:umptlons, has been.

()

shown to be in vevy good agreement with' the experlments,

The most interesting feature of equation (1) is that, besides '
1
the t and u symmetry which takes care of the identical nature of the|

particles involved; the variables s and “% play a éompietely symmg‘

“tric role. This feature<reflects the physical'fagtkthat»at large an

gles the values of ﬂtl becomé'comparable*withas,&Reéalling now that‘-!

n



3. B

‘the usual Regge theory is supposed to be good at small angles, where |

' \tﬁgx:sg if we want to get a satigfactory deacription of elastic sc@ﬁz

i

-~ tering over the full range of %, we have to be able to perform both

limite; 8 —p.e0 for t fized, and s, Ht}—s =¢ .
Recently a Gery interesting model for a croggsing symmetric L,}"‘ L

@2

“relativistic scattering amplitude has been proposed by Veneziano ‘

Once linearly rising itrajectories are assumed, the model exhibits
Regge behaviour, saturation of finite energy sum rules, daughters,

_etc. This model has been introduced tO‘describe a very specific png 

cess (namely T -»TWW), but, due to the fact that all the proper

ties listed above are supposed to be.sharedvby any relativistic Sc;i~'1?;*'
 tering amplitude, we are encouraged to gueg?that its structure has t° ~i'
'ihave & very much wider wvalidity. Ihe‘gragévédvantage of the Venezianolrg*'
model cbmpared with formerReggefpole-maagis in that'ﬁhe kinematieali#

: Y .
- variables s and t can be treated on the same footing.

© Ina pure Veneziano-like model the limits discussed above both ,fﬁ

tk ' 4
~go like e ., where k is a function of thevscattering angle @, and for gt

i : ‘

- the t-~fixed limit, contains also a term like log s. This fact is very  [§
ungatisfactory if we recéll,thﬁ phenomenological discussion at the bg f;%
ginning of this paper. From a theoretical point of view the reason of;"?

(13

the failure can be relaéed to the fact that the Cerulus-Martin



‘bound is not satisfied.

Recent works hdwéﬁéQ(9’ﬁo)ﬁa§éwéﬁbwﬁmﬂéw;rstill keepingflia‘
E nearly rising trajectories, these asymptotlc limits can saturate yf‘y’
the Cerulus-Martin bound by the introduction of Regge cuts.

| Let us now consider the pnp elastic scattering, which is 8

_process crossing symmetric in the variables u and t, where u is

~ the energy variable and t is the momentum transfer.

In the rggion of the highAvalues of u and it]'where the Pome

ranchon poles and its cuts can be supposed to be dominant, it is

.

not unreasonable {to approximate cuts for away to the left in the j -plane,
by poles at their branch points.
Assuming for the residues of these poles a parametrization con .

4,15
sistent with the works on Regge cuts discontinuities( )we suggest.
/'l

- the following generalization of the Veneziano amplitude:

js“b - | W\-;M-Q. - -
A(‘W\‘c‘) - Z , PD - &wu")] r[‘ Oly\:“"] L ) | ’Q’wn\'k'k-ki; (3)
WA fﬁ—&mUﬂngﬂl L :

|
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L . L

where ¥ : A ”?
, |
|
|
1}

$
dlwﬁf) = 4+ X

‘.

!

. We note
‘that being the s dependence missing in eq.(2), we are ignoring the
contributions coming from the baryon number two channel but this is . ‘

considered to be a very reasomable approximation in thig process.

(%)

The form of the a__ ‘s has to be such that the signéfure factors.
come out properly, in case w1th the help of the baryon number two
channel contributions. S AEEORE ’ ;



The asymptotic limits are

L MWM) {JMQ + el gi}
&m A(m}. 7 (b |6 | ,(3)}
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-~ where fi andg1 are two slowly varying, known functions ofad(tﬁ/h

(4)

and F, contain also osciliating functions of J:; and -

only, whlleF1 >

‘tﬁ . These results, have been derived with a double use of the
E gaddle point method where the («1fﬁ§%ﬁ has been neglected. We shall

discuss later thls approxlmatlon“

'Wwwm Eq (4) is consistent w1th'that obtalned prev1ously by many

oﬁher_authors &1scuss1ng pap’scaiteﬁlng,(g )whlle the result (3) -

(1 1Y) -

;,is closely related to that\given”by”Grecq

in the case of hlgh

s energy p~p elastlc scatterlngo~ e P

B I

Recalllng from our prev1ous dlscu3310n that formulas (3)7‘~““w

= meter is éuggested.

Our next step will-beH%O“QopgiQQr‘%Héfpkp”écattering. This |

process is again symmetric in the variables .t and u, where u now



6.

has the meaning of a momentum transfer, and we assume that it will .
still be described by amplitude (2).
However we want to point out that to ignore the baryonic

- number two chammel contributions in both amplitudes, as we do, has v
: . Ml

- in principle
different implications for p~p e pp. Meanwhile eq.(2) should/descri « .

be pE goattering aléo in the diffragtion~region and its imaginary

‘part in the forward direction should give the agymptotic total cross:
section,on the‘contraryv‘the,amplitude we have guessed for the p-p
case; does not have any absorbitive part in the energy and therefore  =
neither»@e can éxpect to describe the diffractioﬁ peak. nor we §an give

estimates for the total cross sections.

The asymptotic behaviours of our amplitude, are now: R
| L 8 J a‘%ﬂ@ Vil %, Y ¥ay
QQ\M ACE:!E): G&&“{t‘) \k\@ e //" v {4 } (5) A
> - ! =
| R . L - 2\!:11 Q&U/FHH QS[DL'W\ QQ(V)‘B
: '% s q ku' {C) \\R. \t\ @ ’ \\\ v :
%’f‘; A, ), R (6)
4 -@weé\ |

Due to the different direction in which the 11ilimit is taken, fz, gz,

G, and G, are closely related tg f1, gy F, and F, 1ntroduced in (3)
and (4), but not equal to them.
Just by inspecting these two formulae, one can see that all

the previously discussed features of the large 1 p-p experimental

tdata are repréduced. More explicitly the different behaviour of our
b S ‘ . e o



7/ these details.

To

L,
amplitude in the fixed t and in the large angles regions give rise =
- to the discontinuity of the differential cross section observed ex . i

(3,4)

_perimentally - But the agreement goes very much deeper than

, ‘ th o
that. Eq.(5), in fact, describes all the data in the 3 region with *

~an accuracy comparable with the experimental errors. This is shown

L § .

‘in Fig. 2 where the experimental cross sections are compared with

‘ eq.(5), evaluated for ‘}cx°1g(1/P) = 0.66 (GeV/c)“T(*),

Purthermore, with the value of \ﬁal;“lg(-‘l/P) just given, eq.(6)

v

d
predicts the slopes of the differential oross sections in the 2n

[}

region. The agreement shown in Table I is not any worse that other
: | | 10)
- theoretical values available in the literature( ) but we want to

~ stress that it has been obtained without free parameters and by con

sidering G

2

4 and G, as constants. ~ /f L

We are aware that the.osoillating/terms that we have negleqié -

L (16)

ed play a very important role in modulatihg}the amplitude « A more

careful evaluation of these‘terms ig now in progress by numericalhy',f‘”

- evaluating the whole series. But we think that our results are promig

S
i

ing ehough‘the‘believe that thepmain features are independent from

Reoentiy in the framework of & Glauber-type eikonal ap

(10) | b

proximation to large angle scattering it has been racdﬁsidered the

' ; -2 ;
possibility that the Pomeranchon has a "normal" slope of about 1 GeV . We:

| ~(y)This.value,is'obtained«by'fitting'the 90° data.



.. wanti- to-point out that, meanwhile our asymptotic forﬁulaefﬁéﬁﬁb%mwm

, . 8&ive any direct information on ¢4 ;, the numerical evaluation of

PH I -

the whole series together with the above rvesult for -

bt

3 m]péur»ecﬂ&l“ﬂﬂl't 6 _eXperimeits, . will give:values:for
%o be checked ‘against the asymptobic pp total oross section.

In conclusion we want to stress that, being an "universal®

object like the Pomeranchon our main ingredient, any information abdut

4

the specific structure of the proton seems to be migsing, and this

f:
i
|

should strengthén the feéling~%hat the high momentum transfers phy
~ sics is sort of detached from the finandefails of strong interac

tion dynamics as the success of the thermpdynamical approach would

suggest.

We should like to thank N.Cabibbo for his interest in our

‘work amdkhelpfulvcriticism. '



Figure Captions

’Fig, 1"«"ﬁmp_Qifferential'croés~seﬁtions (dé/d}ﬁcJH'in units
| of ?0~3b cmz/sf,'as functions of JT%T » The experi

mental points are taken from Ref. 4 and 5. Dashed.lines
connect the exﬁerimentalkpoints with the same valus of=== -

’ PGD

_Pige 2 = pep differential cross.sections (d“fdﬁ%zp(in units of
-30 2 , | .
10 °" cm /sr, as functions of |tl. The full lines re

sult from eq.(5).

Table 1 «= Experimental and theoretical slopes of the curves of
© fig. 1 versus the incoming lab. momentum Pge Theoreti

cal values result from eq.(6).)/ :
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TABLE I

Py (GeV/c) Exp. slope Theor. slope
((}eV’/c)m1 (Gev/c) 1
8.1 3.9 3.2
10.1 5.0 3.5
1241 5.6 3.9
19a2 653 4‘5
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