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ABSTRACT‘

Work on high energy hadron-hadron édllisions in the
}Qeometrical,model, performed undef the DOE Contract No.
DE-AS09-76ER00946, is summarized. Specific items studied
include (a) the elastic hadron—hadron scafteriﬁg at ultrahigh
eﬁergies and the exisﬁence of many dips, (b) the computation |
of meson radii; (c) the hédroniq métterﬁqurrent effects 6n
-inelastic.tﬁo—ﬁody processes,'aﬁd td)Athe diffraction disso-

ciation processes in hadron-nucleus and hadron-hadron collisions.



.(I) Introduction

Thé geometric$l deécriptioh of-highienergy hadron;hadron
Acollisién was developed at first to aégount for the élastic
phenomena."The physical picturel which underlies the dis-
cussion of<high:energy séattéring envisages‘aAhadron as an
extended objec£ with manyldegrees of -freedom. Elastic
 sca£tering is then described? as»two objecﬁs going through
each otherIWith attenuation and scattering-each:other by é
aiffraétion process; A mathematical formalism héé been
developed which provides a direct link between the hadroniq
form factors énd the elastic differential cross section.
This model‘of.eléstic scatteriné théh éontains no adjustable
'pérameters‘works extremely wéll at highAenérgiés; It pre- |
‘.aicted3’4_the existence of a dip in elastic pp scattering,
which'has‘subsequently beén foundlin‘ex.periments5 ét CERNFISR.

'As two hadfons pass through éach other, they may not
remain in their original states after ‘scattering. In fact
eitherior both.hadronsvmay becomé excited and then fragmént
into pieces. Gebmetrical reasoning‘along Lhis line has 1ed
us naturally to ﬁhe speculation that for inelastic procéSsés'
thé'fragments f:om'either the target or the projectile wilil
approéch a'limiting distribution in their fespective rest
frames at high energies. This hypothesis, referred to as
the hypothesis of_limiting fragmeﬁtation6, has been confirmed
by experiments7 at CERNjISR. -

'4Pursuance of the geometrical deséfiption has also

-12

- generated some additional ideas and concepts8 which are



useful in high energy collisions. An especially interesting

- , . et 11,12
-one is the concept of hadronic matter current distribution™ '

Experimental test of this idea is ekpécted to bé carried out
. in the near future.

-Since main reéuits;of the geometrical model nhave been
sﬁated and'disqussed in.the previous4préposals, we shéil not
review them here in any detail. -In ﬁhé following, work
perfdrmed and resulté published bf the Principal Investigaﬁor
during the past two years under the DbE contraqt are summarized.
Rgsearch proposed for the coming yearé will be étatéd below
in'Section B. | | |
(II)..Elastic hadron;hadron séattering_at'lsabella eﬁergies-

The development of the geOmetrical model czam2 in two
stages. When the model was first proposed,'experiﬁental_
trend seemed to ihdicate tha£ the pp fdtal cross'Section
and the diﬁferential Cross séction would approach z limit
at high ehergies.- The'discuséioﬁs were then centered on
the phys'ical'interpret.ation2 bf:the shape of the éifferential
cross section and its relation to hadroﬁic structure, Basea

1 =

on the proposed theory we further predicted the existence

-of diffraction maximum and minimum. Early experiment5 at
ISR'in 1972 has beautifully vefified our predictions; the
quantitative‘agreément13 between theory and experiment was .
truly impressive. Then in 1973, following ‘the experimental
discoveryl4 of increasing‘total cross éection,:the model
was generalizedls.to éccommodate this new phcﬁomenaAby

allowing .the opaqueness function to have a separable energy

dependence. This generalization is consistent with the spirit .



of the original model,fand:it has yiéldedfadditionalA
apfediétibns: the shrinkage of theAdiffractidn‘structure
‘and the cohcﬁrrent rise of'thé secondumaximum‘with energy.
'Thevserieé of»experim_ents16 performed at CERN-ISR in the
past'yeafs has cléa;ly coﬁfirmedAthe Vaiidity of these two
additional<prédictions of the-geometricai model. |
1_Reprint #1 discusses the behavior'of the various hadron- -
hadﬁon4elastic processés in the energy région much above the A4
ISR range;' Ourlﬁheory predicted the existénée'of a second
dip in pp elastic collision which ﬁas so far eluded experi-
mental séarchl7; We believe the reason for this is simply
:that the pfesent experimental data are not at'high enough -
énergies.’ In comparing the change of élope at two different
"t regions betweeﬁ'the 200 GeVv data?‘8 and 1500 GeV‘datal6, we
concludedlg:tﬂat perhaps_thére are alreaaylhints in the |
~ present data of thé éxistence of the second dip”iﬁ pp elastic
séatterihg.‘AAn additional test of this éonjecture that éan
be carried out a£.CERN—ISR has been suggeSted in Reprint #1.
In.the same paperzolwe have coméuted-differential cross’
sectiQnAcurves and several impoftant parameters fbr various
values of.ct iﬁ pp, mp, Kp and 7w usiﬁg the geometrical model.
.Sé far mp ana Kp élastié scatteriné Have not'shown any.dips
at all; .We’believe, however, that the reéson for this is
the same'as‘for the case of the second dip'in pp. scattering.
According to'fhé geometrical picture, when the total cross
section is sufficiently hiéh; many dips would develop in éll

hadronic elastic scatterings. It is not surprising that this



- should be’the case, since increasing opaqueness would produce

2l s the scattering center at

an effective black disc
sufficiently high energies.
~(III). Meson Radii

The géometriéal}pic£ure of hédronfhadron collisions
'éan be applied to compute matter distribution inéiae hadfons.
Using this model we have calculated from pPp scattering data
at ISR energiés the proton méttér form factor and found it.
in close agreemeﬁt22 with the proton Gp form'factor measufed
in ep séattering ex?eriﬁents. We haVe also up-dafed our
V‘compu£a£i0n23 of the meson.form factors'ﬁsing the new meson-
protoh.scattering.data24.'“(See Reprint5~#2 and %3.) To
avoid possible biases in our analysis, we have adopted thé

parametrization and numerical fits to the differentialhérosé-

section dataiprqvided by the experimentalists in their paper. ..
‘ 25,26 '

- We believe4bur fecent‘analysis is gseful and results
are more reliable. Experimental values'fpf meson radii are.
now‘évailabie for'coﬁpériSOn with theoretical predictioné.‘
A direétvmeasurement27 of the pion radiué by electron scaﬁj
tering‘haé been published. The same experimental groué has
also carried out a kaén experiment at Fermilab.' Their

preliminary data on the kaon radius was announced 8 at the

[\

Tokyo Conference in 1978. At the same conference our theo-—
retical result529 were also presented. The good agreement
of the geometrical model prediction with the direct measure- -

ments is especially cncouraging, and certainly demonstrates



: the usefulness of our model. . In fact,_féw otherAtheo;eticai
models héve predictions totmake ébouﬁ meson radii; "Although
ﬁodelsAof the vector meson dominance ;ariety have-yieldgd

" some values fof the pion-radius, definitivé pfediction abou£
the kaon radius‘does'not existiés far aé.we know;

'(iV)_ Hadronic matte;»éurrent distribution

Since geométrical concépts such as éiies, matter dis; 
tribution, or the opagueness disﬁribution of hadron are
very useful in discussing high energy collisions,Aone‘may

"raise the interééting questionll whether matter éﬁrrent‘
.exists'inside a polarized hadron. Oﬁcé'we ha&e accepted
tﬁe{cohcept of an extended had:on with’a matter density in
it, it seemé to us.iﬁevitable‘that wé must‘als6 acéept the
existencé of a matter current in a pdiarized hadron..'Thesé
-twd:coﬂcepﬁé ﬁecesséfily complement each ofher,'and théy
together form a four;vector;‘ The.existence of mattér
"current may actually produée observaﬁle‘effects; 'Ekpefiméntal
test of'ﬁhis idea 1is nbw possible if one utilizes the rising
.totél cross se‘ctionl4 with inéréasing incoming energies. It

12 that the presence of hadronic current will

" has .been shown
result in a non-vanishing Wolfehstein»parameter R‘in elastic 
‘scattériﬁg. We also.beiieve, for very high energies, the
spin dependence in elastic hadfon—hadron scéttéring is-solely

due to this non-vanishing R parameter. Therefore, this spin

effect can provide a:way to experimentally test the concept



of matter current in elastic collisioﬁs. ' The possibility Qf'
’teSting the concept Qith inelastic‘collisidns has been suggeéted
-in'ﬁhe previous proéosals.i The main.idea is that, if the finai
ustate.of‘the taréet is unstable égainst weak decays, its spin
diréction can'be‘determined froﬁ the distribﬁtion df‘the décayx
_ products} The R parameter for 1nelastlc colllslons can be
readily estlmated that it has the same values as for elastic -
'COlllSlonS, 1f one makes use of the 51mple assumptlon that |
the GE and G form factors are proportional. In Reprlnt #4
a detalled analy81s30 of fﬁe spin rotationkeffecﬁ in inélastic:‘
;CQlllSlonS is presentéd. Numerical computaﬁionsAipdicate' |
.that, while th;body inelastic collisioﬁs.with polarized
hadron target can provide an alternative‘way £o detect the
-.matter‘current, accuracy of the meaéurement may be limited
-byAthe fapidly decreasing two—body inelastic cross sections
at -high energies. |
(V) Diffraction dissociation processes

In recent years there has been expérimentai data3l
accumﬁlated concerning the angulér distribution ofAhadron_
ﬁucieus and hadron-hadron diffraction dissgociation. One_of
the cénspicuous features oflall‘thesé‘experiments is the
éxistence of dip or kink structurés'similar to thét observed
in pp elastic scattéring. The dip in diffraction dissoéiation
oécurs generally at a émaller.ltl.value than the dip in |
elastic scattéring; These aspect§ of ﬁhe diffraction dis—
sociation process can‘bé naturally accouhtéd for in the

geometrical picture. (See Preprint #1.) .



ConsiderAthelpassage of:anlincoming hadron through an
extended target;. Atlan,impact parameter b the dissociation
can take place at'any'point along itshpath duringlits traversal.
-The probability for_the proceSS to occur is'approximately.
proportional‘to'the thickness of the material traversed,.or
- Q(b). There is also absorption of the incoming wave before
‘dissociation, and'of the'outgoing wave after dissociation.

Assuming equal means free path for incoming  and outhing

waves, the total absorption factor can be written as exp[ Q(b)].'

'Thus'the source function for the outhing hadron in diffraction
dissociation may - be approximated'by Qexp(-2). This approxi-.
mation was first used in'charge‘exchange scattering32,and was

given.theiname "coherent droplet model." It was later utilized

in meson photoproduction33 and diffractive‘excitation processe53

With @ determined from electron scattering experiments
together with hadron hadron total cross sections, numerical
computations for differential cross section in diffraction
dissociation processes have been made. It should be emphasized
that using the geometrical picture, without adjustable para-
meters, the computed dip positions in pp, ©Cu and 7Pb elastic
and diffraction diSsociation collisions are in remarkable
agreement with experiments.

To compare dip positions for elastic and diffraction -
dissoc1ation scatterings, the two extreme'cases of an opaque
target and a transparent target may be conSidered We can
prove that in each instance the first dip for diffraction
‘dissociation appears at a smaller ltlvalne than that: for.

elastic scattering.



To eummarize, the essential point of Prepriht #1 is
that the dip and kink struetures in both elastic and'
diffraction dlSSOClatlon collisions are due to the shleldlng'
of the back part of the target by the front part, and
therefore are geometrlc in origin.

(VIj Report on the current status of the geometrical model
| A review of the results obtalned from the geometrlcal
model for hlgh energy hadron hadron collls1ons is given 1n
‘Prepr;nt #2, an 1nv1ted talk presented at the Canton
Conference.on Theoretlcal Particle Physlcs, January 1980.
Theidiscussiohs there were,focused on elastiebscattering,
.diffraqtion disseeiation precess and the concept ef matter

current distribution inside a polarized hadron or nucleus. -
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