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It is well known that, at sufficiently high energies, the differential

cross-section of proton-proton elastic scattering exhibits a pronounced structure
2

in the interval of the momentum transfer squared between the values t = -1.3 C-eV
2 p

and -2-0 GeV . Around t = -1.1+ GeV , there is a well established dip which is

followed by a secondary maximum. This structure gradually develops with in-

creasing energy from a slight corrugation below ISE energies till its maximal

appearance at a c m . energy Js of approximately 20-25 GeV.

Predictions [1] based on the model of geometric scaling [2] indicate

that, with a further increase of energy, this dip should be gradually smoothed

till it completely disappears at */? — 300 GeV, while It should later develop

again at asymptotic energies.

The basic idea of the model of geometric scaling is that, at sufficiently

high energies, the s- and t-dependences of a hadron-hadron scattering amplitude

F(s,t) reduce to a dependence on one single kinematic variable, the scaling

parajaeter T ,

P. Jakes' and M. Novak

Institute of Fhysics, Czechoslovak Academy of Sciences,
Prague, Czechoslovakia.

(1.1)

If an amplitude asymptotically saturates the Froissart "bound, i.e. if
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F(s,0)
2

s In s (1.2)

then, as was shown by Auberson, Kinoshita and Martin [3], it follows from the

principles of local field theory that the function

lim

f _2 s
Fls, -t.t In —

I ° SQ
F(s,0)

(1.3)

and entire of the order — . In this case, the geometricis analytic in

scaling model appears as a consequence of first principles , provided that

violently oscillating amplitudes are excluded. Let us remark in connection

with the requirement (1.2) that the systematic analysis of the p-p scattering

data made by Amaldi et al. [k] has led to the result that the total cross-

section should behave like to s with a = 2-1 ± 0.1.
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Remarkable progress hâ  been made recently in the experimental

investigation of the proi-on-antiproton scattering as well. It has turned

out that the differential cross-section exhibits a very similar dip-peak

structure like in the case of pp scattering. The resemblance goes so far

da PP
that the t-dependence of ~- at *T = 9-8 CeV ;5J is experimentally in-

dt
- PP

distinguishable from that of — at ^ - 52-6 GeV. It is therefore worth

revising the geometric scaling model in relation to the existing pp and

also pp high-energy data.

We repeated the calculation made by Dias de Deus and Kroll [l] using

recent data, on pp scattering, and obtained a confirmation of their prediction*

The diffractive dip-peak structure of the differential cross-section should be

gradually smoothed out and it should completely disappear at a cm. energy

ifs of approximately several hundreds of GeV. At still higher energies, the

structure develops again to its full re-appearance at asymptotic energy.

The process is controlled by the value of p(s)

Combining the relations (2.1) and (2.2) we obtain the following

equation [1];

(2.3)

This is a differential equation for the scaling function $ ( T ) , all other

quantities being known from experiment. Once + (T) has been determined at

some energy value, then, assuming that the model is valid at all higher

energies, one can preduct from (2.3) the behaviour of the differential cross-

section with increasing energy.

In accordance with Ref.l, we assume that the dip In — is produced

by a zero in <t ( T ) ,

<t>(t = TD) = 0 , (2.U)

p(s)
Re F(s,O)
Im F(s,O)

which rises from 0 to some positive value, and tends to zero again when

fs1 tends to infinity. Then, using the recent data on pp scattering,

we made an analogous calculation for this reaction as well. It turns out

that the diffractive structure should also be gradually smoothed out with

increasing energy but, contrary to the pp case, not completely, again re-

appearing with a further increase of ifS .

where t is the position of the dip. Inserting this into Eq.(2.3) we obtain

(2.5)

i s a c o n s t a n t . The l e f t - h a n d s i d e of (2 .*0 and p ( s )where K = TD d t

are determined by two independent measurements. We found this relation to be

in a very good agreement with experimental data (see Sec.Ill for details).

Expanding 4>(T) in powers of we have, because of (2.U) t

II. THE METHOD

Following the standard der iva t ion of geometric seal ing model [ 2 ] , we

introduce the sca l ing function if ( T ) such t h a t

Im F(S,T) = 1m F(s)

Re F(S,T) = Be F(s) S_ (T(f,(T)

(2.1)

(2.2)

where T = -o(s) £- and F(s) 5 F(s,t = 0 ) , <j(s) being the total cross-

section. The set of quantities F, a, if and T refers either to the

pp or to the pp scattering.

(2.6)

We approximate 4>(i) by taking two, three or four terms of (2.6) and insert

the approximant into Eq.(2.3). In doing so, we also take into account the

fact that p(s) does not exceed the value O.ll*, and consider it to be of the

same order of magnitude as (T-T-^/T-.

To determine the form of if(x) in the given approximation, we used

for pp scattering the data on ~ at ,/s1 = 52.8 GeV and Js = UU.6 GeV
dt

in the intervals

-3- -U-



1.2 GeV £ -t < 1.7 GeV"

and

1.2 GeV2 < -t i 2.0 GeV2 ,

(2.7)

(2.8)

respectively (see Ref.6, pages ?83 and 28o, respectively). In the case of pp

scatterin

interval

scattering we used the data on -rr- at p = 50 GeV/c (VsP = 9.8 GeV) in the

1.2 G-V2* -t £.2.1 GeV2 (2.9)

(see Hef.5).

Ill. DISCUSSION

It turned, out that, in fitting the pp data in the interval (2.7),

the third and fourth derivative of <JI(T) at t = T could be fixed at zero

value, while in the interval (2.8) all the four derivatives were important.

In the'ease of the pp data, the third and the fourth derivative of $(r)

could be put equal to zero in the whole interval (2.9), which might be connected

with relatively larger errors of the input -r— data in this case.
dt

As it was already mentioned, the values of p(s) determined from the

fits of —r- are in a very good agreement with those obtained by a direct
dt

measurement of p(s), as can be seen from Table I

pp

pp

pp

pp

pp

f [GeV]

1*1*. 7

hh.l

52.8

52.8

9.8

-t

1.2

.1.2

1.2

1.2

1.2

[GeV2]

- 1-7

- 2.0

- 1.7

- 2.0

- 2.1

Table I

: p(s)
obtained from

the fit

0.062 ± 0.005

0.063 + 0.005

0.0T3 + 0.007

0.072 ± 0.005

0.025 ± 0.060

p(s)
measured

I 0.062 ±

L. 0.078 ±

0.010 +

(at p =

[Ref]

0.0.11

0.010

0.018

[7]

[7]

[83

70 GeV/c)

Results obtained for the pp differential cross-section are shown in
Fig.l. The experimental points (corresponding to Js = 52-8 GeV) were used

to determine t(i(T)fthe full line representing the corresponding fit. The

dashed curve plots the predicted behaviour of — at p = O.l!*, which is
dt

the expected maximum value of P ( S ) , located at 1/s1 equal to several hundreds

of GeV. It is seen that the dip in -r— is completely smoothed out at this

value of p .
PP

In Fig.2, the experimental points of — at Js =9,8 GeV and their

fit (full line) are shown which were used to determine the scaling function

<|>(T) for pp scattering. The dashed curve represents the predicted behaviour

of — at p - 0.14, which is again the expected maximum of p(s). The dip

is still clearly visible; its full vanishing would require a still higher

value of p .

IV. CQHCLUDIHG REMARKS

-5-

The existing data on pp and pp elastic scattering suggest that the

model of geometric scaling, which has its rigorous basis at asymptotic energy,

is applicable at presently accessible energies, even in the region of

relatively large momentum transfers. It does not follow from the results

obtained that the model is able to explain the diffractive dip-peak structure

in the differential cross-section of pp or pp scattering. On the other

hand, once such a structure is assumed at a certain energy, its evolution,

vanishing and re-appearing is well described within the frame of the model.

The model predicts a full and a partial vanishing of the diffractive dip in

the differential cross-section of the pp and the pp scattering,

respectively, in the energy range of several hundreds of GeV in the centre-of-

mass frame. The existing data on pp scattering are in good agreement with

its predictions.

Discussions with J. Dias de Deus and P. Kroll at the early stages

of the work are gratefully acknowledged.

ACKNOWLEDGMENTS

One of the authors (J.F.) would like to thank Professor Abdus Salam,

the International Atomic Energy Agency and UNESCO for hospitality at the

International Centre for Theoretical Physics, Trieste. Thanks are also due

to Professor Paolo Budinich for hospitality at the International School of

Advanced Studies, Trieste.

-6-



rt-
REFERENCES

[l] J. Dias de Deus and P. Kroll, Acta Fhysiea Polonica B9_, 157 (1976).

[2] J, Dias de Deus, Hucl. Phys. B££, 231 (1973);

A,J. Buras and J. Dias de Deus, Hucl. Phys. BJ1, 1*81 (1971*).

[3] G. Auberson, T. Kinoshlta and A. Martin, Phys. Rev. D3,. 3185 (1971).

[It] U. Amaldi et a l . , Phys. Lett. 66B, 390 (1977) and Phys. Lett. 6gB,

1*60 (1976).

[5] 2. Asa'd et a l . , Phys. Lett. IOBB, 51 (1980).

[6] Landolt-BBrnstein, Numerical Data and Functional Relationships in

Science and Technology, New Series, Group I , Vol.9a (Springer-Verlag,

Berlin-Heiderberg-New York, 1981}.

[7] V. Amaldi et a l . , Phys. Lett. 66B, 390 (1977).

[8] L.A. Fajardo et a l . , Phys. Rev. D2l*, 1+6 (1981).

H fe

11

o

-7 -

. ._» . • , . « - 4 ,+ Mi •'.



CUBfiSIIT ICTP PUBLICATIONS AMD INTERNAL REPORTS

IC/S2/63 N.S. CHAICIE, V.K. DOBREV and I.T. TODOROV - Conformal techniques for OPE
in asymptotically free quantum field theory.

IC/82/6't A. FRYDKtSZAK and J. LUKIERSKI - N = 2 massive matter multiplet from
quantization of extended classical mechanics.

IC/62/65 TAHIR ABBAS - Study of the atomic ordering in the alloys HI-IH using
diffuse X-ray scattering and pseudopotentials.

IC/82/66 E.G, NJAU - An analytic examination of distortions in power spectra due
INT-REP.* to sampling errors.

IC/82/6T E.C. NJAU - Power estimation on sinusoids mounted upon D.C. "background:
IDT.REP.* Conditional problems.

IC/82/68 E.C. NJAU - Distortions in power spectra of signals with short components.
IMT.REP.*

IC/82/69 E.C. NJAU - Distortions in two- and three-dimensional power spectra.
INT.REP.*

IC/82/70 L. SCHWARTZ and A. PAJA - A note on the electrical conductivity of
disordered alloys in the muffin-tin model.

IC/82/71 D.G. FAKIROV - Mass and form factor effects in spectrum and width of the
INT.REP.* semi-leptonic decays of charmed mesons.

IC/82/T2 T. MISHONOV and T. SARIISKY - Acoustic plasma waves in inversion layers
INT.REP.• and sandwich structures.

IC/82/T3 T. MISHINOV - An exactly averaged conductivity in a disordered electronic
INT.REP. model-

IC/82/7U 3.M. HUJIE'JR RAHMAN - Structural energetics of noble metals.

IC/82/75 E. SEZGIN and P. van NIEUWENHUIZEN - Ultraviolet finiteness of H • 8
supergravity, spontaneously 'broken by dimensional reduction.

IC/82/76 JERZY RAYSKI and JACEK RAYSKI, Jr. - On a fusion of supersymnetries with
gauge theories.

IC/82/77 A. BOKHABI and A. QADIR - A prescription for n-dimensional vierbeins.
INT.REP.*

IC/82/78 A. QADIR and J. QUAMAR - Relativistic generalization at the Newtonian force.
IJIT.REP.*

IC/82/T9 B.E. BAAQUIE - Evolution kernel for the Dirac field.

IC/82/8O S. RAJPOOT AMD J.G. TAYLOR - Broken supersymmetries in high-energy physics.

IC/62/81 JAE HYUHG YEE - Photon propagators at finite temperature.

IC/82/82 S.M. MUJIBUH RAHMAN - Roles of electrons-per-atom ratio on the structural
IHT.REP.* stability of certain binary alloys.

IC/82/83 D.K. SRIVASTAVA - Geometrical relations for potentials obtained by folding
INT.REP.* density dependent interactions.

IC/82/84 C.A. MAJID - Glass forming tendencies of ehalcogenides of the system
INT.REP.* (As£ S e j ) ^ ^ : (Tl£ Se) x .

IC/82/85 C.A. MAJD - Surface photoconductivity in amorphous As Se .
INT.REP.*

THESE PREPRINTS ARE AVAILABLE FROM THE PUBLICATIONS OFFICE, ICTP, P.O. Box 586,
I-3U100 TRIESTE, ITALY,

(Limited distribution). 9

IC/82/86 FAHEEM HUSSAIH and A. QADIR - Quantization in rotating co-ordinates revisited.

IC/82/87 G. MUKHOPADHYAY and 3. LUNDQVIST - The dipolar plasmon modes of a small
INT.REP.* metallic sphere.

IC/82/88 A.P. BAKULEV, N.N. B0GOLIUB0V, Jr. and A.M. KURBATOV - The generalized Mayer
theorem in the approximating Hamiltonian method.

IC/82/89 H.M. MQHAPATRA and G. SENJANOVIC - Spontaneous breaking of global B-L symmetry

and matter-anti-matter oscillations in grand unified theories.

IC/82/90 PRABODH-SKUKLA - A microscopic model of the glass transition and the glassy
state.

IC/82/91 WAHG KE-LIN - A new vacuum structure, background strength and confinement.

IC/82/92 G.A. CHRISTOS - Anomaly extraction from the path integral.
INT.REP.*

IC/82/93 V. ALDAYA and J.A. DE AZCARRAGA - Supergroup extensions: from central charges
to quantization through relativistic vave equations.

IC/82/91* ABDUS SALAM and E. SEZGIN - Maximal extended supergravity theory in seven
dimensions.

IC/82/95 C SENJANOVIC and A. SOKOKAC - Observable neutron-antIneutron oscillations
in SO(10) theory.

IC/82/96 Li TA-tsein and SHI Jia-hong - Global solvability in the whole space for a
INT.REP. class of first order (juasilinear hyperbolic systems.

IC/82/97 Y. FUJIMOTO and ZHAO Zhi Yong - Avoiding domain vail problem in SU{S)
IM.REP.* grand unified theories.

IC/82/98 K.G. AKDENIZ, M. ARIK, M. HORTACSU and M.K. PAK - Gauge bosons as composites
INT.REP.* of fermions.

IC/82/lOO M.H. SAFFOURI - Treatment of Cerenkov radiation from electric and magnetic
charges in dispersive and dissipative media.

IC/82/IOI M. OZEH - Precocious unification in simple GUTa.

IC/82/102 A.N. ERMILOV, A.N. KIREEV and A.M. KURBATOY - Random spin systems with
arbitrary distributions of coupling constants and external fields.
Variational approach.

I0/82/1O3 K.H. KHAKNA - Landau's parameters and thermodynamic properties of liquid He II.

IC/82/10lt H. PUSZKARSKI - Effect of surface parameter on Interband surface mode
INT.REP. frequencies of finite diatomic chain,

IC/82/105 S. CECOTTI and L. GIRARDELLO - Local Hicolai mappings in extended superayametry,

IC/82/106 K.G, AKDEHIZ, M. ARIK, M. DURGUT, M. HORTACSU, S, KAPTANOGLU and U.K. PAK -
INT.REP.* Quantization of a conformal invariant pure spinor model.

IC/82/107 A.M. KUREATOV and D.P. SAHKOVIC - On one generalisation of the Fokker-Planck
INT.REP. equation.

IC/82/108 Q. SEHJANOVIC - Necessity of intermediate mass scales in grand unified
theories with spontaneously broken CP invariance.

IC/82/109 HOOR MOHAMMAD - Algebra of pseudo-differential operators over C*-algebra.
INT.REP.*

IC/82/lll M. DURGUT and H.K. PAK - SU(N)-QCD2 meson equation in next-to-leading order.

IC/B2/112 0.P, KATYAL and K.M, KHANNA - Transverse magneto-resistance and Hall
INT.REP.* resistivity in Cd and its dilute alloys.

IC/82/113 P. RACZKA, JR. - On the class of simple solutions of SU(2) Yang-Mills
INT.REP.* equations.

-10



IC/8£/'lllt G. LAZARIDES and Q. SHAFI - Super symmetric GUTs and cosmology.

IC/82/115 B.K. SHARMA and M. TOMAK - Compton profiles of some lid transition metals.

IC/82/116 M.D. MAIA - Mass splitting induced by gravitation.

IC/82/117 PAHTHA GHOSE - An approach to gauge hierarchy in the minimal SU(5) model
of grand unification.

IC/82/118 PAHTHA GHOSE - Scalar loops and the Higgs mass in the Salam-Weinberg-
Glashow model. 1

IC/82/119 A. QADIR - The question of an upper "bound on entropy. (

IHT.HEP.* i

IC/82/122 C.H. LUNG and L.Y. XIOMG - The dislocation distribution function in the
plastic zone at a crack tip.

IC/82/124 BAYANI I. RAMIREZ - A view of bond formation in terms of electron momentum
INT.HEP.• distributions.

IC/82/12J H.N. COHAH and M. WEISMAHN - Phasons and amplitudons in one dimensional
INT,REP,* incommensurate systems.

IC/82/128 M. TOMAK - The electron ionized donor recombination in semiconductors.
INT.HEP.*

IC/82/129 S.P. TEWARI - High temperature superconducting of a Chevrel phase ternary

IHT.REP.* compound.

IC/82/130 LI XIHZ HOU, WAHG KELIH and ZHAHG JIAMZU - Light spinor monopole. ,

IC/82/131 C.A. HAJID - Thermal analysis of chalcogenides glasses of the system \
IHT.REP.* (As Se ) : (Tip Se) x . t

IC/82/132 K.M. KHANHA and S. CHAUHA SIHGH - Radial distribution function and second
IHT.REP.* virial coefficient for interacting bosons.

IC/82/133 A. QADIR - Massive neutrinos in astrophysics.

IC/fiE/lS1! H.B. GHASSIB and 3. CHATTEHJEE - On back flow in two and three dimensions.
IHT.REP.*

IC/82/137 M.Y.M. HASSAN, A. RABIB and E.H. ISMAIL - Binding energy calculations using
INT,REP,* the molecular orbital wave function.

IC/82/138 A. BREZIHI - Eigenfunctions in disordered systems near the mobility edge.
IHT.HEP.*

IC/82/lUO Y. FUJTMOTO, K. SHIGEMOTO and ZHAO ZHIYOHG - Ho domain wall problem in
SU(N) grand unified theory. 1

IC/82/1U2 G.A. CHRIST03 - Trivial solution to the domain wall problem. (
INT.HEP.* 4

IC/82/143 S. CHAKRABAHTI and A.H. HAYYAR - On stability of soliton solution in NLS-
type general field model.

IC/82/lltl* S. CHAKHABARTI - The stability analysis of non-topological solitons in
IHTLREP.* gauge theory and in electrodynamics.

IC/82/ll*5 3.N, RAM and C.P. SINGH - Hadronic couplings of open beauty states.

IC/82/lli6 BAYANI I. RAiMIREZ - Elctron momentum distributions of the first-row
homonuclear diatomic molecules, A .

IC/82/11+7 A.K. MAJUMDAB - Correlation between magnetoresistance and magnetization in
INT.REP.* Ag Mn and Au Mn spin glasses.

IC/82/llt8 E.A, SAAD, S.A. El WAKIL, M.H. HAGGAG and H.M. MCHALI - Fade approximant
nil'.KEP.* for Chandrasekhar H function.

IC/82/llt9 G.A. El V/AKIL, M.T. ATIA, E.A. SAAD and A. HENDI - L-'article transfer in ,
I11T.REP.* multiregion. iyt Ji


