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Gluonic radius of the proton and high energy pp scattering
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The present experimental data of elas;T'm scattering suggest that the asymptopia in the Chou-Yang picture
for elastic hadron-hadron diffraction scattering may be nearly realized in the energy region of the CERN Super
Proton Synchrotron and the Fermilab Tevatron Collid&=0.5—1.8 TeV. The analysis gives information on
the root mean square radius of the gluon distribution in the prot_%ri«réluon)é/z), which is estimated to be
0.87=<r 4=0.95 fm.[S0556-282(98)01003-0

PACS numbgs): 13.85.Dz, 12.40.Nn, 14.20.Dh

I. INTRODUCTION Il. EXPONENTIAL DIFFERENTIAL CROSS SECTION

The diffraction interaction which exposes one important Before we make a detailed analysis of the experimental
P b data, it will be useful to examine the problem by assuming

face O.f the strong interaction in the soft and semihard reg!or,gre differential cross section which decreases exponentially
has still much to be explored, even at the phenomenologica

level. Nearly three decades ago Chou and Y@groposed in the momentum transfdt|. We neglect the contribution

an idea for the diffraction mechanism of elastic hadron scattrom the real part Of the scatt_enng ampl_ltude._ The Imaginary
art of the scattering amplitude(s,t) is written in the

tering, that the interaction is caused by the absorption of on S )
. Impact-parameter representation in terms of the real eikonal

extended hadron passing through another extended hadr%hctionﬂ(s b) as
This simple picture has stimulated interest in the geometrical '
aspect of the diffraction interactiof2]. The Chou-Yang "
model has been applied to hadron-hadron elastic scattering lmF(S’t):f db b(1—e‘9<s'b>)J0( \/—_tb). (1)
with some success in explaining certain basic features of the 0
diffraction scattering, but later it met difficulties. The most ] )
serious one is that the model does not cope with the expandere s is the squared total energy in the center of mass
ing feature of the diffraction interaction observed in theSystem,b the impact parameter, anlj the Bessel function
CERN Intersecting Storage Ring$R) energy region and at of order zero. For the exponentially falling differential cross
higher energieg3-5]. This difficulty, however, may be over- Section with the logarithmic forward slop®, ImF(s,t) is
come if we generalize the original picture by taking two given by
components, the quark and the gluon, having different en-
ergy behaviors as the constituents of the hadron.

In the high energy region from the CERN Super Proton

Synchrotron (SppS) to the Fermilab Tevatron Collider,

Js=0.5-1.8 TeV, the experimental data of elagtip scat-
tering suggest that the opacity increases while the interaction

radius remains nearly constddt5]. This shows that the as- Q(s,b)=—1In
ymptopia in the Chou-Yang picture for hadron-hadron dif-

fraction scattering may be virtually realized in this energy _b2oB
region. The purpose of this paper is to give a more detailed =—In(1-4xe ), ©)
account of the previous suggestion and to estimate the ) o o ]

bounds for the gluonic extension of the proton from the dif-Where x is the elasticity. The positivity requirement for

ferential cross section data of elasfip scattering including {(s,b) imposes the restrictior= 1/4. Incidentally the CDF

the experiments by the collaboration group of the CoIIiderexperiments at 1.8 TeV have given-0.246+0.004[6,7],

. which is near the unitarity bound 1/4.
Detector at FermilafCDF) [6,7]. We deno_te the Fourier-Bessel transform of the eikonal

Q(s,b) by Q(s,t). Let us define

g
ImF(s,t)= ﬁem’z, 2

with the total cross sectioa;. This gives the real eikonal

_ 9t _p2om
=788

*Electronic Address: kawasaki@cc.gifu-u.ac.jp _ _ _
TElectronic Address: tmaehar@sed.hiroshima-u.ac.jp G(s,t)=Q(s,1)/Q(s,0). (4)
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TABLE I. Summary of the experimental data.

ExperimenfRefs] /s (TeV) o (mb) p X B [(GeVic) ~2]
UA4/2 [9-11] 0.541 62.2+ 1.5 0.135+ 0.015 0.215+ 0.005 15.5+ 0.1
CDF[6,7] 0.546 61.26+ 0.93 0.15° 0.210=* 0.002 15.28+ 0.58
E-710[12,13 1.8 72.8+ 3.1 0.140=* 0.069 0.230*= 0.025 16.99+ 0.47
CDF[6,7] 1.8 80.03*= 2.24 0.1% 0.246 = 0.004 16.98+ 0.25
8Assumed.

This is given in the case of the exponential cross section by0.1 (GeV/c)?. Another point which differs from the expo-
nential behavior is the curvature structure at small momen-
(4x)k Bt tum transfers which changes as the total cross section in-
K2 ﬂ ' (5) creases from positiveconcave to negative(convey in the
geometrical model such as the Chou-Yang picture, although
where Lh is the po'y'ogarithmic function of ordar [8] de- its details W|”, hOWeVer, depend on the Shape of the eikonal.
fined by This curvature structure will affect the determination of the
forward slopeB, which is usually performed by assuming a
structureless forward peak. It is, therefore, necessary to ex-
(6) amine the problem more carefully for the scattering ampli-
tudes which reproduce details of the observed differential
cross sections.

G(s,t)= (4X)§:‘,

A

Lin(2)= z —
=

In the Chou-Yang-type geometrical picture the effective
root-mean-square radius of the proton may be defined by

Ill. EVIDENCE OF THE CHOU-YANG ASYMPTOPIA

_ d__ or
re=(r?),= 35G(s, t)]i=o, 7) IN THE ENERGY REGION FROM THE S ppS
TO THE TEVATRON

which gives, for Eq(5), At high energies the elastic scattering amplitude is domi-
nated by the imaginary part. However, the contribution from
—2:§ Lis(4x) the real part cannot be neglected at small momentum transfer
r B— . (8 X X :
2 " Liy(4x) where the Coulomb interaction becomes appreciable as well

) ] as in the dip-bump region where the imaginary part becomes
The experimental results from the UA4 Collaborati®],  small, if a better description of the experimental data is at-
the UA4/2[10,11], and the CDH6,7] at 5=0.541-0.546 tempted. In the present approach the real part is induced
TeV and the CDH6,7] and the E-71012,13 at 1.8 TeV are  from the imaginary part by the derivative dispersion relation
given in Table I. The effective proton radius calculated by(DDR) [5,15]. We assume the dominance of the crossing-

Eq. (8) from the experimental values of the elastictyand  even amplitude for which the DDR gives
the forward logarithmic slop® is given in Table II. The

radius can be said, within the uncertainty of the experiment,
to be independent of the energy, though tlaéveinteraction
range related ta/B definitely increases fromS to Teva-
tron. The proton matter extension is larger than its electro-
magnetic radii 0.83—0.84 fifil4], suggesting that the domi-
nant absorber isot the quark in this energy region.
Actually the differential cross sections @fp scattering
have the dip-bump structure aroultfi~1.0 (GeV/c)? in this
energy region and they show the exponentially falling cross
section approximately only at small momentum transfgrs Q(s,b)=w(s)g(b/«(s)), (10

7s d
ReF(s,t)~ —d—ImF(st) 9

In practice we introduce the energy dependence of the
imaginary part of the scattering amplitude through the eiko-
nal Q(s,b) by making an approximation as

TABLE II. The effective proton radius calculated by E®) for the 33?5 and Tevatron experimental
data for the elasticitx and the forward logarithmic slop®.

Experiment Js (TeV) x 2 B [(GeVic) ~?] Fims & (fM)

UA4/2 0.541 0.2150.205 15.5 0.864-0.021(0.872+0.021)
CDF 0.546 0.2130.205 15.28 0.862-0.018(0.866+0.0389
E-710 1.8 0.23@0.219 16.99 0.890-0.054(0.901+0.049
CDF 1.8 0.246(0.24) 16.98 0.864-0.022(0.874+0.036

&The figures in the parentheses are the elastigjty{ 16wB) of the exponentially falling differential cross
section and the corresponding radius.
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TABLE lIl. The Chou-Yang-model fit to the experimental differential cross section?p)ﬁcattering at 1.8 TeV by thep$TS eikonal
at 0.541-0.546 TeV20]. The results of the GGS fit are also given.

XZ/NDP
Model oy (mb) B [(GeVic) 2] X p w Wy K Ky E-710 CDF total
Chou-Yang 78.54 17.05 0.245 0.120 1.397 0.293 7 0@ 34.2/51  48.2/26  82.4/77
GGS 78.48 17.13 0.245 0.140 1.388 0.239 1.002 0.012 34.1/51 48.1/26  82.2/77
@Assumed.
wherew(s) and «(s) are functions depending only om The best-fit solution at 1.8 TeV is given in Table Il and
This is essentially the generalized geometrical scal®d@S  the differential cross section of this solution is shown in Fig.
model[4,5]. 1. In the CDF measurements there are four data points occu-
With the expressiori10) for the eikonal, the real part is pying more than half of the? value, |t| = 0.035, 0.055,
given by Eq.(9) as 0.245, and 0.255GeV/c)?, contributing 26.9 to they?
value. If these data are omitted, we hay®Npp= 21.3/22
ReF(s,t) for the CDF experiment, showing a good fit. The total and
. elastic cross sections, ando, of this solution are 78.54 mb
= 2 —w(s)9(B) _ and 19.24 mb(the elasticityx=0.245), respectively. The
Wa «(s) fo dbBa(pe JO(K(S)E\/_O forward logarithmic slopd is 17.05(GeV/c) 2. These val-
ues are in better agreement with those of the CDF experi-
+r i E[tImF(s 0] (12) ment than the E-710 one as seen in Table I. The normaliza-
d 01 .
k(s) dt tion factors are 1.16 for the E-710 and 1.01 for the CDF data,
indicating a discrepancy of 15% between them.
where In order to examine the stability of the interpretation by
the Chou-Yang model with one component, we try an eiko-
7s d s d : . S ,
Wy= — —W(S), Kq=—= ——K(S). (120  nalwithg(b/«) by varying« freely in fitting the experimen-
2 ds 2 ds tal data as in the GGS modg#,5]. We have the best-fit

solution havingy?/Npp=82.2/77 which is given in Table Il
The results differ very little from the Chou-Yang model with
x=1.002 and only small changes in other free parameters
and predictions. The CDF cross sections imply a weaker en-
)érgy dependence for than the E-710 data and we estimate

Here the second term on the right-hand side of Hd)
corresponds to the Martin formu[4.6].

Now let us define the asymptopia in the Chou-Yang pic-
ture as the energy region where the gluon becomes full
dominant[17]. Phenomenologically this can be seen if the

relation that the change ok is at most 1% from the |$pS to the
Tevatron. In the analyses by Bloak al. [17], which were
dinQ(s,b)
—gs =10 (13 1P T
. O —
holds, f(s) being a function depending on only the energy , L pp
variables. In the approximatior(10) this is satisfied ifx is o~ 100 3
independent of energy. This is the Chou-Yang model in the 0) i Tevatron
factorized eikonal versiofil8,19. % 10! F s =18TeV
The eikonal-shape functiog(3) of elasticpp scattering <

at+/s= 0.541-0.546 TeV can be evaluated from the scatter- 3
ing amplitude determined previoudlg0] for the UA4[9,21] E 10° £ 3
and UA4/2[11] experiments. This eikondieferred to as the
Sp pS eikonal hereaftgris used to fit the differential cross = 101 F i
section data at 1.8 TeV of the E-710 experimg2] [the 3 E
number of data pointSlpp=51, |t| = 0.034-0.65GeV/)?] o o E710
and of the CDF experimeri6,7] [Npp=26, |t| = 0.035- 1002 F 3
0.285 (GeV/c)?] at Tevatron. In the fit we taka=1 and ° CDF
xq=0 corresponding to the Chou-Yang model and make the
luminosities of the E-710 and the CDF experiment free. In e —
total there are four free parameters in the fit: the values of 0 01 02 03 04 05 06 07

w(s) andwg(s) at \'s=1.8 TeV for the scattering amplitude
and two free normalization parameters for the experimental
data. The paramet@ry(s) enters in the evaluation of the real L
part by the derivative dispersion relation, Ef1). Here we FIG. 1. The differential cross section @fp scattering at 1.8
assume the ratio of the real part to the imaginary part of therev calculated by the pS eikonal determined from the UA4 and
forward scattering amplitude=0.14[12]. UA4/2 experiments at 0.541-0.546 T¢X0).

1¢t1 [(GeV/ieY]
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TABLE IV. The predictions by the Chou-Yang model with thp |85 eikonal at 0.541—0.546 Tej20].

Here the input data for the calculation argeandp.

Js (Tev) ¢ (mb) p X B[(GeVvk) %] B/B,,® Opaquenes’
SpFSC 0.541-0.546 62.2 0.118 0.210 16.1 1.18 0.419
CDF 0.546 61.26 0.15 0.209 16.0 1.18 0.416
E-710 1.8 72.8 0.140 0.234 16.7 1.16 0.449
CDF 1.8 80.03 0.15 0.249 17.2 1.15 0.464
100.0 0.135 0.281 18.5 1.12 0.488
105.0 0.133 0.287 18.8 1.12 0.491
LHC 14 110.0 0.133 0.294 19.2 1.11 0.494

aThe MacDowell-Martin bound = (1+ p?) o4/187x.
®The central opaqueness defined by the impact-parameter amplitbeeCatits unitarity bound is 0.5.

‘The results of the fit to the differential cross sections in Ra].

performed before the UA4/2 and CDF experiments, the intion at the LHC. The second feature is the appearance of
teraction radius expands over 2% in this energy intervalrather clear dip-bump structure at the LHC. In the region
while our present results indicate a variation by less than 194).5—-1.8 TeV the dip of the contribution from the imaginary
signaling an even earlier onset of the asymptopia than thatart of the scattering amplitude is nearly filled up by its real
suggested by their results. Incidentally the growth of the inpart, but at the LHC there will appear a rather clear dip
teraction radius is about 7% between the CERN ISR and thstructure aft| =0.4 (GeV/c)?, although the value o does
SppS, Vs= 0.06—0.55 Te\[4,5]. not change much from those in the §S-Tevatron energy
[26].
IV. PREDICTIONS AT THE LHC ENERGY REGION
V. TWO-COMPONENT CHOU-YANG MODEL
AND THE BOUNDS FOR THE GLUONIC RADIUS
OF THE PROTON

The results in the previous section suggest the Chou-Yang

asymptotic picture is nearly realized above thEpS region.
It is, therefore, interesting to predict the differential cross
section at higher energies on the basis of theS eikonal The Chou-Yang model in its orginal simple picture, how-
obtained at 0.541-0.546 Te\20]. ever, does not explain the observed behavioppfand pp

The necessary input data for the calculation in the energ¥cattering if allied to the energy region below the &
region of the CERN Large Hadron CollidétHC) are the  energy. We need to generalize it by taking two components
values of gy (or gg or B) and p. The present theoretical
predictions for the total cross section in the LHC region still
have a considerable uncertaifn8s]. We tentatively take 110
mb as the total cross section at 14 TeV. As for the ratio of
the real part to the imaginary part of the forward scattering
amplitudep, we take 0.133 in view of the prediction by the
dispersion relation[10]. We also calculate the cases of
0¢=100 and 105 mb witlp=0.135 and 0.133, respectively,
in order to examine the energy variation of the basic physical

guantities between thep®S and the LHC. The results for
the elasticity and the forward slope are given in Table IV.
The forward slope is approaching the MacDowell-Martin
unitarity boundByy=(1+ p?) o/18mx [24] crossing down
over the black disk valu&/B,,;,,=9/8 around the LHC en-
ergy, but the Chou-Yang model will turn to the black disk
limit asymptotically[25].

The predicted differential cross sections at 14 TeV are
given in Fig. 2. We note two features of the differential cross
section. The first is the change of the curvature structure of 10-?
the foward peak which was taken by Bloekal.[17] as one 0
of criteria for the onset of the asymptopia. In order to see this
we plot in Fig. 3 the calculated cross section divided by the
exponential on@lo/dt={do/dt}|;_expBt) whereB is the
logarithmic slope att=0. The results clearly show the FIG. 2. The differential cross sections pfp scattering at 14
change of the curvature structure aroung=100 mb from  TeV calculated by the SpS eikonal determined from the UA4 and
concave to convex, where the elasticitys about 0.28. We  UA4/2 experiments at 0.541—0.546 T€20]. The differential cross
will observe the convex feature of the differential cross secsections at 1.8 TeV are also shown.

10 T T T

o
=
~

LHC
s =14 TeV
G, =110 mb

—
]
—

[mb/(GeV/c)

o
=]
=3
T

doc/dt
=

[ Tevatron

1002 ¢

L (e E710  [$3777777- ]
2 { o CDF E
r ——-SppS eikonal

0.2 0.4 0.6 0.8 1

lt1 [(GeVic)]
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1.04 s e e 10° — T
L \
— \
] G, =78.5mb 3
B L02 (Tevatron) \
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@ E N\ N 1
-l < O
= - \“
5 5 -
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3 100 2
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) — Ref. [20]
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| — —-"exponential" 1
\ , , , ! A . ; A 10°3 . , . . i . . . .
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2
Pt [(GeV/e)] Ll [(GeV/ie]

FIG. 3. The change of the curvature structure of the forward FIG. 4. The functior(T(s,t) ofﬁ) scattering calculated by the
peak ofﬁ) scattering with the total cross section calculated by SpFS eikonal determined from the UA4 and UA4/2 experiments at
the S pS eikonal determined from the UA4 and UA4/2 experi- 0.541-0.546 Te\[20]. For comparison we show those of the ex-
ments at 0.541-0.546 Tel20]. We show the ratio of the differen- ponential cross section and the dipole form factor having the same
tial cross section talo/dt={do/dt}|;—oexpBt) where B is the  dG(s,t)/dt|;,.
logarithmic slope at=0.

T,=0.88:0.01 fm 16
for the hadron constituents, the gluay) (and the quarkd). g (18

The eikonakl(s,b) of the Chou-Yang picture is now written from the $pS eikonal. This value is close to the rough
as estimate by assuming the exponential differential cross sec-

— A\ aq 9 a9 tion given in Table II.
£(3,b) =WH(5) GT(b) +2WH(5) GT(b) The observed constancy of the effective radius of the pro-

+W99(s)G%9(b), (14  tonin the $pS and Tevatron energy range implies that the
-~ -~ quark componenis not positively requiredrom the present
whereW(s)" and G(b)" are the functions depending only experimental data in this energy range. It will be, however,
on s andb, respectively. In this case the factorizing repre-reasonable to consider that the Chou-Yang asymptopia may
sentation(10) is only approximate unless one single term pealmost realizedbutnot fully at this energy. If the value of

dominates the right-hand side of E44). , p is as large as 0.135 at the BS, this favors nonvanishing
_ The picture of the diffraction interactiol4) is essen- . 150] suggesting the contribution from two kinds of con-
tially the quantum-chromodynam|cs-|nsp|red mode| of BIO?kstituents with different spatial distributions. The size of the
et al.[17] where the analysis was focused on the evaluation,, .y qround is crucial to set the bound for the gluonic radius.
of the energy dependence Wf’ from the information of the Here we estimate the bounds for the gluonic radius when
inelastic process. We tred¥") andG'" phenomenologically gome background exists within the uncertainties of the
in the present anslysis. , _ present experimental data. We assume the background by
The results in the preceding sections show that only ong,ark-quark scattering with the quark density distribution
component dominates in th@$S-Tevatron region. It is rea-
sonable to identify this component as the gluon. The function
G(s,t) obtained from the scattering amplitude at 0.541—
0.546 TeV and shown in Fig. 4 is the product of the two

gluonic proton form factor&(t)%2=[F¥]2. The root-mean- corresponding to the dipole form factor with masg.
PP As for the gluon component we take the density

1oug
PR =g, (17)

square(rms) radiusr_g of the gluon distribution inside the

proton is given by 1 Ma
g _ n Na—=Mpl =
rg:<rgluon>|0:f rng(r)dr:'?’aep_%(t) 0- (15) (18
t=

o L whereu, is a parameter. The rms radius for the distribution
where we can takeG(t)%=G(s,t) in the present case. (18)is

Hence the effective proton radius can be identified with the 1
gluonic radius and we have Fms= V(N+3)(N+4)u, ™. (19
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The form factor corresponding to the dengity) is given by

; 1 —
the sum of the multipoles 00 '
[(n+1)12) kon—2k+1 A
F9(1)= 1 3 c (—1)2" 098 \ (E-710 i
=012 & ke ke _ \
1-— E A ]
Hn 20 — 096 (CDF) .
where[ ] is the Gaussian symbol aryC,'s are the bino- > .
mial coefficients. For the numerical calculation it is simpler 0.94 - )
to use the following expression:
1 0921 (Z) .
Fg(t)=m(com)””sin(nJrZ)acota, (22) | (€)
with e=arctang/—t/w,). 0.9060 T 70 I 80 - 90
We examine two case$C) a central type witm=0 and
(P) a peripheral type witm=1. The second choicéP) is o, (mb)

made by considering the possibility that the gluon distribu-

tion in the proton may be peripheral as the bag model sug- FIG. 5. The shaded area is the allowed region for the gluonic
gests[27]. Though these densities are not enough to reproradius r ;. Here the value ofW99 is fixed to reproduce thep
duce the very details of the experimental differential crossscattering total cross section at 62.3 GeV with no other contribution
sections, they can be used to examine the gluonic radius. and the value ofW% is determined to give the effective proton

With these choices of the gluon distribution we will limit radiusr =0.89 fm.
the upper bound for the gluonic radius of the proton from the
forward slope ofG(s,t) which seems fairly well fixed in the cross section between the E-710 and the CDF experimental
region 0.541-1.8 TeV. The lower bound of the gluonic ra-data with no overlapping within their standard deviations.
dius is obviously given by the lower end 0.87 fm of the We therefore set the allowed region for the total cross section
radius(16). For the quark radius of the proton we take 0.8350; by the central values of the two experiments as 18
fm or 14,=0.819 GeV in view of the electromagnetic form <80.03 mb. This gives the value 0.95 fm as the upper bound
factors of the proton: Borkowslet al. gave the electric ra- for the gluonic radius of the proton as seen in Fig. 5. Hence
dius (r3)»*=0.84x0.02 fm and the magnetic radius We have the bounds
(raw/?=0.83+0.09 fm[14]. For simplicity we neglect the
quark-gluon term in Eq(14), which will lower the upper 0_8757950'95 fm. (23
bound for the gluonic radius.

At the highest energy of the CERN ISR the difference
between thepp and pp total cross section is very small,
indicating that nondiffractive Regge-pole-type contributions
may _be _practically neglected. Hence the allowed ”T'aXima tandard dipole mass of 0.843 GeV, this would tend to in-
contrlbgtlon from trEquark backgrour]d can be gbta|ned b3f:rease the upper bound of the gluonic radius. Such a contri-
saturating thepp or pp total cross section at the highest ISR pytion alone, however, cannot reproduce the effective proton
energy. We assume that the background contribution is nqfdius at the ISR energy. We need a significant contribution
increasing from the value df\/qp—';J given by the total cross from the gluon even at the ISR energy, which subsequently
section ofpp scattering, 44.120.39 mb atys=62.3 Gev  lowers the upper bound. Effectively this is equivalent to tak-
[28]. If the magnitude of the contribution of the background iNd the quark contribution reproducing the total cross section

decreases, then the upper bound of the gluonic radius is lows Well as the forward slope at the highest ISR energy.
ered. On the other hand, if the quark radius of the proton is as

The effective radius of the proton is given by large as 0.862 fm given by Simaet al. [29] from the re-
analysis of their experimental data of the proton charge ra-

It will be necessary to note how the spatial extension of
the background quark distribution affects the upper bound. If
he radius of the background is taken to be 0.811 fm of the

T2WA9 4 2\ dius, we cannot apply the present two-component picture to
r2=_1 - 2 o (22)  the energy region below thep®S. A quark radius as large
Wqﬁﬁwgﬁ, as 0.862 fm seems to be difficult to reconcile with the simple

L senario of the diffraction scattering based on the Chou-Yang
In Fig. 5 we showr, as the function of the total cross model at lower energies including the CERN ISR region. If

sectiono; for r =0.89 fm, which is the upper end of the we confine the energy region to the S and higher, we
effective proton radiugl6) and hence sets the upper boundcan no longer reject the radius 0.862 fm for the quark. This,
for the gluonic radius. There are only little differences be-however, decreases the upper bound to lower than that of Eq.
tween the results from the two choices of the gluonic form(23), if the quark contribution is not increasing in this energy
factor in this case. There is a clear discrepancy in the totalegion.
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[ K o[ K
pq(r)=Nqi jo R +j1 UL (24
=
<) Here R is the bag radius andll, the normalization factor
& given by
¥
s 2(k—1
"S N;1:4wR3—i - (25)
3 k(2k*—2k+1)
[Shs)
= with
<
S k
S -
— SppS eikonal \\ ]
oob . . . . EI'71K0 oM The lowest quark mode is given liy=2.043 which leads to
0.0 0.1 0.2 03 (Fauands °=0.73R for the massless quark, while we have the

gluon distribution in the zero coupling approximati82] as
£l [(GeV/c)]

[ K

po(r)=Ngi} ﬁr). 27
FIG. 6. The differential cross section at 1.8 TeV calculated by

the gluon densitie$C) and(P) with r ; =0.95 fm. The quark con- Here the normalization factd‘ﬂg is

tribution is of the dipole type with =0.819 GeV ﬂ =0.835fm

and a fixedW??9 determined to saturate tiﬁ total cross section at N 3 k’2—1 28
62.3 GeV. N, =47R°————F—, 28
e g z(kr4_k72+l)
In order to see how the upper bound in Eg&3) for the  with
gluonic extension affects the differential cross section, we
have fitted the differential cross sections in the regieh , '
tark' =——. (29)

<0.3(GeV/c)? for the value of the quark contribution frozen 1—k'2

at ISR. Here we restrict the range for the momentum transfer,

as the scattering amplitude coming from the simple formThe lowest gluon mode is supplied ky=2.744 which im-
(18) can be used only for small momentum transfers. Thq)|ies<rsluon>‘1)’2=o_7gq_

results at 1.8 TeV are shown in Fig. 6. Here the shape of the |n Fig. 7 we show the quark densitg4) and the gluon
gluon density affects the fit. The value gf of the fit is density(27) as well as the interaction profiles given 8yb)
194.4 and 57.3 with the data poirts,,= 37, for the periph- for these densities. There is a distinct difference in the two
eral and the central gluon, respectively. For comparison weensity distributions: The quark distribution is central and
also show the fit of thene-componen€Chou-Yang model the gluon one is peripheral in this model, as the quark ground
based on the [SpS eikonal which givesy®=26.7 for the State has a strong central component from the spherical
same data set. These results show that it is very difficult td€Ssel functionjo(kr/R), while the gluon one is given by

reproduce the experimental data of the differential cross sed4(K'r/R). This is also reflected in the fact that the gluonic
tion at 1.8 TeV by the gluonic amplitude with radiu_% radius is larger than the quark one. Apparently the interac-

=0.95 fm, even though the collaboration of the backgroun lon iS. also more peripheral for the gluon than the quark_, but
term allows the effective proton radius to stay within the he difference between two cases is much smoothed in the

experimental uncertainty. The gluonic radius taken by Blockgre%(;?t?sgrgrrg tcr)]feadiir:f;%;(t)iégf:;nga:hﬂufssigeamgjseP;tnh de
et al. in their analysed17] is 0.936 fm and lies near the 9

. will be kept qualitatively for the real proton as far as the
upper bound of Eq(23). It is to be noted that they used the ) ; o .
guark amplitude with the dipole form factor of the mass ofMIT type bag picture h_as validity, even if effects such as _the
0.89 GeV, much larger than the standard dipole mass 0?jmooth boundary, excited states, mass center, etc., are intro-
uc

ed.
0.843 GeV. Here we note some features of the gluon distribution

which vanishes at the center as the hadk’'r/R) model: (i)

the transformed eikon#&b(t) has at least one double zero in
t and (ii) the eikonalG(b) of the gluon contribution is of a
For the spatial distribution of the gluon only little experi- peripheral nature.

mental information seems to have been obtained so far. The bag-model gluon distributio27), with its sharp
Theoretically the bag mod¢R27] provides interesting results boundary, is not realistic and not suitable for examining pos-
which are quoted here. In the MIT bag modé0] the sible effects of these features to the actual differential cross
massless-quark density in the ground state of the sphericakction. Therefore, we take simple, but more realistic densi-
cavity approximation i$31] ties (C) (this is the dipole cageand (P), and calculate the

VI. PERIPHERALITY OF THE GLUON DISTRIBUTION
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I FIG. 8. Comparison of the forward hadronic differential cross
sections for two types of the gluon distributi¢€) and (P). The
ol v o T mass parameters, andW99 are chosen to reprodueg=62.2 mb
0.0 0.5 1.0 1.5 2.0 andB=15.5(GeV/c) ~? and the background term is neglected. The
b) b/R ratios to the differential cross section falling exponentially in the

momentum transferwith the slopeB=15.5(GeVk) ~2 are shown.

FIG. 7. (a) The quark density24) and the gluon densit{27) of
the bag model andb) the eikonal profile functions5(b) corre-  Such a peripherality of the gluon distribution might be re-
sponding to these densities. lated to a rather simple behavior of the forward peak of the
UA4/2 data falling nearly exponentially ijt| at small mo-

differential cross section. The form factor corresponding tomentum transferit|<0.1 (GeVic) ? [11].

(C) gives no zero at finite, while the transformed eikonal Finally we note that the geometrical scaling behavior of
G(t) for (P) has a double zero &t|=3u2. The scattering PP scattering in the ISR regio[8,36] and the generalized
amplitude for(P), however, has no clear trace of the doublegeometrical scaling behavior gfp and pp scattering in the
zero, and both show similar diffraction patterns for the val-ISR to the Tevatron regiopt,5] may be approximately real-
ues of parameters which reproduce the total and elastic crogzed by the collaboration of two components, the decreasing
section data in the energy region under considerd®@h shorter-rangequark contribution and the increasitgnger-

As for the second feature, the change of the forward currangegluon one with the energy, though the ordinary Regge-
vature structure of the differential cross section from positivepole contributions are necessary to reproduce the details of
to negative will appear earlier for the form factor of periph- the ISR data. The CERN Large Hadron Collider will give us
eral type(P) than that of central typ€C), which occurs com- valuable information for establishing the picture of the dif-
monly asW(s) increases. In Fig. 8 we show the differential fraction dynamics including confirmation of the features ob-

cross sections for the distributiot€) and (P) at small|t|.  tained in the present analysis.
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