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Hadronic total cross sections through soft gluon summation in impact parameter space
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The Bloch-Nordsieck model for the parton distribution of hadrons in impact parameter space, constructed
using soft gluon summation, is investigated in detail. Its dependence upon the infrared structure of the strong
coupling constantyg is discussed, both for finite as well as singular, but integradle, The formalism is
applied to the prediction of total proton-proton and proton-antiproton cross sections, where screening, due to
soft gluon emission from the initial valence quarks, becomes evifi86656-282(99)01719-1

PACS numbe(s): 13.60.Hb

[. INTRODUCTION tons, first recalling the main features of the model, and then
studying, analytically as well as numerically, its behavior
In this paper we address some phenomenological implicaemploying various phenomenological models for ke-0
tions of the infrared behavior of the strong coupling constanbehavior of the strong coupling constary. In all cases, we
as [1]. In particular, we examine some models for the totalshall compare our results with those from a model in which
proton-proton and proton-antiproton cross sections and shotte matter distribution of partons is obtained from the elec-
the dependence of the rise with energy of the cross sectiotiomagnetic form factor of the colliding hadrons. In the last
upon the smalk, behavior ofay, through the mechanism of two sections, Secs. VIl and VIIl, we shall study the predic-
soft gluon summation. In a previous pagd@i, soft gluon tions of the Bloch-Nordsieck model for total cross sections
summation techniques have been applied to develop a modahd shall compare our results for proton-proton and proton-
for the impact parameter distribution of partons in hadronicantiproton collisions with other models and present data. It
collisions. According to this model, the distribution in im- will be shown that the model, with a singular but otherwise
pact parameter spacb (listribution is the Fourier transform integrable behavior of, is flexible enough to accomodate
of the transverse momentum distribution of the colliding par-both the early rise with energy as well as present data from
ton pair, and is obtained by using the Bloch-Norsdieck techthe Tevatron.
nigue for soft gluon summation, developed some time ago to
describe hadronic transverse momentum d|Str|bUt[6H§] II. EIKONAL MINI-JET MODEL FOR TOTAL CROSS
This model for theb distribution of partons is used in the SECTIONS
context of eikonal models for total cross sections, and in
particular in the context of the eikonal mini-jet models, Ever since the first observation of the rise of proton-
where the rise with energy is driven by the jet cross sectiorproton total cross section, the suggestion was advanced that
calculated from QCD. In order to make full use of QCD for such rise was due to the increasifwgth energy number of
this particular problem, it is necessary that not only the enhard collisions taking place among the hadron constituents
ergy dependence be derived from QCD, but alsokitee-  [7]. This ansatz was subsequently quantified by the mini-jet
pendence, at least for what concerns the hard part of th@odel, which proposes to calculate the total inelastic cross
cross section: it may otherwise be possible to obscure thgection from the jet cross section obtained from QB®].
difficulties of QCD inspired models through various param_The unitarized version of the mini-jet model is represented
eters which are still present in it. One of the difficulties is by the eikonalized minijet mod¢lL0-12, in which the total
that the QCD cross section rises too fast with energy to b&ross section is given by
able to accomodate both the early riggound \/s=10-20
GeV) and the high energy behavior gs=200—300 GeV _zf 4261 1— e N(b.S)2
iy ; Otot= [1-e ] (1)
and beyond. In some mini-jet models the too abrupt rise of
the mini-jet cross section is softened by modifying the small
x behavior of the parton densities. Our alternative proposalyvith
discussed in detail in this paper, is to regulate the rise of the
cross section through soft gluon emission. n(b,s)=A(b)[osott Tjetl 2
In Sec. Il we present a brief description of the eikonal
mini-jet model. In Secs. llI-VI we shall analyze the structureand A(b) a function which represents the impact parameter
of the Block-Nordsieck model for the distribution of par-  distribution of partons in the collision. In its most intuitive
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formulation, the overlap is obtained from the Fourier trans- IM2_ 12
form of the electromagnetic form factors, and 7, of the h(b;M,A)= ﬁf""%as(kf)m -t
colliding hadrons, i.e. m Jo ki M —\M2—k?
1 e X[1=Jo(kib)] ®)
Arp(b)= (2m)2 d“qe™ 71(q) F2(q). 3

with ¢;; =4/3 for a quark-antiquark pair. In Eqé#) and (5)

The model which uses this overlap function, hereafter calledhe hadronic scale M accounts for the maximum energy al-
the form factor(FF) model, although attractive, is of course lowed to each single soft gluon emitted in the collision. This
not parameter free, as it depends on the scale parametetgantity depends upon the energy of the colliding parton pair
characterizing the form factors. and, through this, upon the energy of the initial colliding

The two cross SeCtion’soft and Tjer Are respective|y a hadrons. The main pOil’lt of our model is that soft gluon
non-perturbative term and a function of energy obtained bygmission destroys the collinearity of the colliding partons.
integrating the QCD jet cross section from a minimgyn  Let us distinguish now between valence partons and gluons
value, pymin, to the maximum kinematically allowed. This Or sea quarks. In first approximation, gluons and sea quarks
quantity increases with energy at fixem,,, depending can be considered as having the same non-collinearity as the
upon various QCD controlled quantities like the parton dendnitial valence quarks which emit them during the hadronic
sities, in particular, and very strongly, upon the small x be-collision (a different case will be that of the photons, which
havior of the gluon densities. In fact, the kinematic lowerwe shall discuss in a different papeffo leading order we
limit in the x integration for the jet cross section is given by can now assume that the impact parameter distribution of all
Xmin=4p2,-/S, and it can be as low as 10 at Fermilab type of parton pairs is the same as that of the valence quarks.
Tevatron energies. With such small x values, the jet crosd NS approximation is in the same spirit as the one for which
section grows much too rapidly asincreases and so does the impact parameter distribution in the form factor m_odel is
the eikonalized cross section. In order to apply the mini-je@ven by the Fourier transform of the electromagnetic form
model to data, a screening effect is obtained either using th&ctors, i.e. matter distribution follows charge distribution.
much less dangerous limifx, or softening the small-x In th_e.c.alculatlon of totgl cross sections with the eikonal-
singularity with a cutoff parameter. In this way, the above!2€d mini-jet model, the distributiot) appears convoluted
model can reproduce the energy rise, but with some furthef/ith parton densities and jet cross sections. In Ref, we
modifications, notably iA(b). In particular, in order to ob- proposed to write the average number of collisions at impact
tain reasonable agreement with the data it is also necessaryRgrameteb as
modify the simple form factor model, by allowing for differ-
ent values of the scale parameters for the low and high en- dxy [ dx,
ergy region. n(b,s)=nses(b,s)+ 2 j X_j X_fi(xl)fj(xz)

Our approach is different. We believe that the function H ' 2
A(b) is not a constant in energy and for the hard part of the 5 do
collisions we have proposed a model in which soft gluon XJ dZJ dptABN(baqmax)m (6)
emission is responsible for the b distribution of the colliding !
partons. Since the overall soft gluon emission summation is o o
energy dependent, we expect such model can modify anwher‘?fi are thg quark densities in the colliding hadrons_,,
complement the mini-jet model description of total cross secfmax IS the maximum transverse momentum allowed by ki-

tions. nematics to a single gluon emitted by the initegd pair, z
=Sje/(S¥4X2), anddo/dp?dz is the differential cross sec-
I1l. BLOCH-NORDSIECK FORMALISM IN IMPACT tion for process
PARAMETER SPACE
The Bloch-Nordsieck distribution depends upon the ener- qq—jet jet+X (7)

gies of the colliding quarks and gluons and is thus, although

mildly, energy dependent. In this section we shall recapitus : ; ; -
’ : . or a givenp, of the produced jets with c.m. energ{g- .
late the main features of this model, whose general structu g Pt P J et

) . g ; he jet pair in proces§?) is the one produced through any
was derived in Refl2]. As described, our proposed Impact subprocess initiated by the valence quark-antipark pair, thus

pgrameter space distribution for a pair of partons i and | 'St could be gluon jets, or quark jets. In Fig. 1 we show some
given by typical subprocesses which contribute to Eg). For high
—h(b:M.A) energy and lowp,, most of the jets are produced through
€ 4) scattering of gluons emitted by a valence quark pair which
Ch(b:M.A) continues undetected after emission. In principle, an exact
2m | bdbe calculation of this model fon(b,s) would require to know

A(b,gmay for each subenerg§ of the quark-antiquark pair
where because for proces3)

Agn=
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FIG. 1. Two typical subprocesses contributing to the rise of the
total proton-proton cross section.

~ . 0 Lol Lok Lo el
) _\[s Siet 102 10° 10*
Umad($)=—~ 1—? (8 Vs (GeV)

FIG. 2. The maximum value kinematically allowed for the
and then one would need to calculaiéb,s) for each s transverse momentum of the single gluon, averaged over densities
value, through convolution for all parton densities and all(GRV-LO parametrizationand for differentp;m;, values, as a func-
subprocesses. This procedure is at present unpractical for tHign of the c.m. energy of the colliding protons.
problem, since thés-parameter dependence applies to the, . . L . .
initial valence pair. What is available, through various pa—Ioglcal calculations. The approximation describediis
rametrizations, is parton densities af@f evolution, for all n(b,S) =Nsofrt AsnTjet( S, Pimin) (9)
type of partons, whereas the above formulation would re-
quire to apply corrections and evolution in expressionswvhere Agy is the functionAgy(b,(qmay) €valuated at the
which depend upon the impact varialblen any case, before valueM ={q,,.,, Obtained by averaging over all parton den-
recommending to embarque in such a time-consuming intesities and jet subprocesses. In the next section we shall
gration, one can study the properties of the proposed modevaluate(q,,., for different energies of the colliding had-
adopting some approximations, which allow for phenomeno+ons and for differenp; i, values.

IV. THE SCALE DEPENDENCE: qpay

Using the expression

dx

dx
1fi/a(xl)f X_szj/b(XZ)\/Xl)(Zf dz(1-z)

S i X1
dxq dx,
fx_lfi/a(xl)fx_zfj/b(xz)f (d2)

M=(0maxs))= 2 (10

1)

With Zpin=4pZ,./(S%X,), one can plot the quantityl as a  to zero and the stronger will be the suppression produced by
function of \/s for different values opyyi,. This is shownin ~ soft gluon emission. We shall now quantify this statement
Fig. 2, where we have used @k+Reya-Vogt{GRV) leading ~ With numerical calculations.
order(LO) [13] parton densities for proton proton collisions.
One sees that, fofs~50— 10" GeV, the range of values
for M is between 0.5 and 4 GeV f@;,i,=1—2 GeV. For
these typical values, one can now calcula{®;M,A) and We start by showing how the b-dependencé@; M, A)
subsequenthA(b,M). Our point of interest in this paper is varies according to the behavior of; in the very lowk;
also to relate the rate of rise of the total cross section with theegion. Because of the many uncertainties we shall work
behavior ofag in the infrared region. The stronger the sin- with the one-loop expression fars and shall use two differ-
gularity ask;—0, the largeth(b;M,A), the fasterAgy goes  ent models, each of them characterized by a set of param-

V. as DEPENDENCE IN THE FUNCTION h(b;M,A)
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eters, i.e. the frozemg model used if14,15 where 50 ——
45 £ o with p=5/6 (dashes)
ay(kf)= il : 11 w0 E oM with p=3/4 (full)
ST 3372N; In[ (K2 + a2A2)/AZ] a5 b p=
. ) ] 30 _ oc's’°z (dots)
which depends upon the parameter &&ta} and in which Pa:
ag goes to a constant value lksgoes to zero. An altogether =25 E
different model is the singulatrs model, described 2] o0 £
with F
15 &
o Lem P 1 10 e
CYS( t)_(33_2Nf) I (kg)p} ( ) 5 ;_ LT
nil+p|-— et N T I PN T T P
A? 00™2 4768 1012 14 16 18 20

, o , , b(Gev™)
which coincides with the usual one-loop expression for large

values ofk, , while going to a singular limit for smak, . In FIG. 3. Comparison between numerically integrated expressions

this model,as depends upon the parameter §atp}. The  for h(b,M,A) for singular and frozenvrs. M=1 (lower) and 4

singular expression of Eq12) is inspired by the Richardson GeV (uppey.

potential[16] used in quarkonium spectroscopy. The Rich-

ardson potential can be connected to a singule behavior  the infrared behavior of plays an important role in the rise

of ag in the infrared limit, a singularity which is not danger- of the cross section. In the next sections we shall study the

ous in bound state problems, where the Sdhrger equation  difference inA(b) and then in the number of collisions,

selects only those solutions for which the momentum is fixedyiven the same jet cross section.

by the stability condition. For this problem, and as discussed

in [2], the expression we have chosen should be considered

as a toy model, in which the singular behavioraqf (if any) VI. THE OVERLAP FUNCTION A(b)

can be modulated through the singularity paramgieDne In this section, we shall calculate numericadly"(®:M:A)

should also notice that the singular limit of the above equa- . .

o : and the normalized(b), for the two cases, frozen and sin-

tion is not an observable. Phenomenologically, one nevef g : .
. S o gular ag. We show in Figs. 4,5 the normalized function

measuresy in thek, — 0 limit, since this limit corresponds A(b) for the frozen and singula, possibilities, using, for

to emission of a very soft gluon, in which case summation g s P ' 9,

. - . the latter case, three different values of the parampter
and hence integration ovkr , is mandatory. In other words, . . . ,
. ; - . - —' _which regulates the singularity. In both figures we also show
what really matters is the integrability of the function, since

observable quantititesoft gluons are observed only as over- the comparison with the functioA(b) in the form factor

all energy momentum imbalance carried away by soft parmc’del’ according to which matter density in the proton is

ticles, but not measured individualllways involve an in- given by the electromagnetic form factor. With the usual

tegration over the infrared region. In what follows we Sha"parametrlzatlon
always use the sea=2,A=0.2 GeV for the frozenag

model, whereas for the singular case, while we shall vary the p2 \2 )
singularity parametep, we shall adopt the valud =0.1 Foroton(d) = P v’=0.71 GeV (13
GeV [17].

Let us now examine the functiam(b;M,A). This func-
tion does not allow for a closed form expression, and needs M=1 and 4 GeV
to be numerically evaluated. Useful analytical approxima- 10 froz
tions can be found in the Appendix. )\ — 9 (A=0.2GeV)
The dependence of the functidrfb;M,A) upon the in- AN PR model
frared behavior ofag is shown in Fig. 3, where we have 31
plotted in the same graph the exactly integrated expression =04
for the functionh(b,M,A) for the frozen case, E¢11), and =z
for the singular case, Eq12), for two values of the param- 0 F
eter p. For each case, we have evaludi€l) for the two 4
valuesM =1 and 4 GeV, which correspond to the interesting
range s=50—10 GeV, for p;min=1-2 GeV(see Fig. 2 0F
Although at very smalb (b<0.2 GeV ') the values are not T R S P P U UV FUUN ST T P
h . . . . 0 2 4 6 8 10 12 14 16 18 20
very different, at largeb values there is an increasing dis- b(GeV)
crepancy between the two formulations. The labgeegion
below ~10 GeV ! is the one which matters most for the  FIG. 4. The overlap functiodgy(b) for frozen as and com-
total cross-section analysis, where the figures then show thatrison with the form factor model.

o
T
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] M=1 and 4 GeV , : Vs=100,1000,10000 GeV
b of"9(A=0.1 GeV) 101 Pymin=2 GV
P e p=5/6 ——singular o
—P f?;g A S — frozen a,
R S\ NN p= 0F e FF model

_._”FF model (dots)

0T 0 e e e e 20
b(GeV™)
FIG. 6. The average number of collisions for the frozen and

FIG. 5. As in Fig. 4 for singular, for various values of the  gjnojara, case in comparison with the FF model at various c.m.

parametep. energy values.
the overlap functiomA(b) in the form factor model has the and
expression
2 nhard(bvs):ABN(b;MrA)Ujet(Svptmin)- (17)

14
A =—— 3K . 14
Fe(D)= gg (VD) K (D) 19 To study the b behavior, we shall introduce the soft term, by
) ) ) using the form factor model fok(b) described in the previ-
In each figure, the various curves correspond to varying thgys section, which is consistent with a low energy model of
scaleM as described in the previous section, so that theype proton in which only valence quarks play a role in the
include a range of energigs=50—10" GeV for arange of scattering. In this model all the energy dependence comes
Ptmin Detween 1 and 2 GeV. We see that the frozgrcase  from the cross-section term: we will parametrizg,;, S0 as
is more similar to the form factor model, especially at low tg reproduce, through the eikonal, the low energy behavior of
medium energies, (50—100 GgWhen the proton is not yet  the total proton-proton and proton anti-proton cross sections.

EXthItlng the full QCD behavior. This is different from the We found, as best fit to the low energy data with an eikonal
singular case, where the functiéb) is always falling with  formulation withnj,,,q=0

energy more than in the form factor model. The more singu-

lar as ask,—0 (largerp values, the more concentrated at op _ 46

small impact parameter is the overlap function and hence the Tsott= 47+ EL39 (18)

less important the large b values. This will have as physical

consequence that as the c.m. energy increases, the noghd

collinearity of the initial state due to soft gluon emissions

will accordingly increase. Clearly this will signify a much op 129 357

more noticeable effect of soft gluon straggling on the total Osor— 41+ @Tﬁ' E27 (19

cross section. We shall now see this effect on the average

number of collisions(b,s). whereE is the proton energy in the laboratory system in GeV
and the cross sections arerirb. For oje; we use GRVLO)

VIl. AVERAGE NUMBER OF COLLISIONS densities to evaluate the proton-proton jet cross section and

two different values op;,i,=1.2 and 2 GeV, the latter be-

¢ ir|1n tt};e e|Eo?aI|zded mr:g"ft mc;dtil, tth? qluarmtlty Whl[(i:hnc?n'tri]ng the one for which the total cross section in the FF model
amns the energy dependence of e total Cross section, 1 p%sses through the CERN data points/at546 GeV. In a
average number of collisions(b,s). At low c.m. energy of

the colliding particles, this number is dominated by contri-SUbsequent section, when we shall try to fit the total cross-

bution from soft, non-perturbative type events, while thesectlon datg, we shall use Ot.hptrmi” values. We can now
QCD component. mini-jet like, slowly rises, reaching a Com_plot the entiren(b,s) as a functlo_n of b, for various value_s of
parable size in the 200—300 GeV region. As mentioned ithe center of mass energ}s, which corresponds to various

the first section, one can approximate the average number lues (.)f the sgale M, as described n the first se_ctlo.n. We
collisions in the entire region as show this behavior for the frozen and singuarcase in Fig.

6, for pimin=2 GeV.

N(b,s)=nges(b,S) + Nparg(b,s) (15) For the frozeneg model, shown in Fig. 6, the results are
compared to a straightforward application of the form factor
with model, i.e. with
Nsot(D,S) =Arr(b) o501d(S) (16) Ner(D,S) =Arr(b)[osostt Tjed]- (20)
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10 %

v/s=100,1000,10000 GeV

Vs=14000 GeV

4 Pynin=1.2 GeV
10% tmin™ - = D=5/6 104 Pynin=1.6 GeV
___ p=3/4 i
10 & [
@ S A N p=1/2 R
g @
€4l L
3 c 1k
w0l j . froz “..FF
E 10 3
'2'...|..|‘..l...|...|.>.“‘~|.‘.|. L
e I 1012 14 0L e LN L T
b(GeV™) 0 8 10, 12 14
b(Gev™)
FIG. 7. The average number of collisions for the singular FIG. 9. The average number of collisions in the form factor
case for different values of the singularity parameter model and the Bloch-Nordsieck model, at LHC energy.

We see that at/s=100 GeV, there is still no difference three models, i.e. in general more peaked at small b for the
betwen the two models. On the other hand, as the energJ§Ioch-Nordsie_c:k model, and in particular f:_;llling faster the
increases, the Bloch-Nordsie6BN) model shows a stronger Stronger the singularity ok . At lower energies, where the
suppression of the largecontribution. For the singular case, Mini-jét contribution is less important, these discrepancies
in order to show variations with the singularity parameter Would be much reduced. So, in this picture, while keeping a
we plot in Fig. 7 the result for different values. Notice that Similar b distribution at low energy, we quantitatively en-
the p dependence is related to the valuekaprobed, i.e. by ~hance small b collisions at high energy, though QCD soft
the M values,which are smaller the smalg, ;. is. Thus, for gluon emission. The change in tpajlstr|but|on mtroduc_ed
pimin=2 GeV for instance, there is very little difference in the hard component by the different models Afb) is

among the various curves, at any given energy. This reflect€SPonsible for the changed shapengb,s) between the
the fact that the upper integration limit in E¢F) is a rela- form factor and the other two models. The direct comparison

tively largeM (3—4 GeV) value, so that the overall function among the three models is shown in Fig. 9 where the average

is not very sensitive to the infrared region. It should be notedumber of collisions at/s=14 TeV is plotted for a choice
that for smallem, ., values, like the ones actually used for of the various parameters as indicated. Apart from the

fitting the total cross sections in the next section, the deperfnange in shape, it can be noticed that the froagrcase
dence uporp is much more noticeable. We show one suchcorresponds to a behavior intermediate between the form fac-

case in Fig. 7. tor model, and the singulats case. We also see from this

The next figure, Fig. 8, shows a break down of the averfigure that the range of values of theparameter most im-
age number of collisions into the soft and the hard compoPortant to the total cross-section calculation changes in the
nent. In the present analysis we are not changing the softifferent models.
component, which appears as the dash-dotted curve, and the
figure shows, at a given higiCERN Large Hadron Collider VIII. TOTAL CROSS SECTIONS

(LHC)] energy, how the hard part would be different in the ) )
Before attempting the last relevant phenomenological ex-

ercise for the calculation of the total proton-proton and

103;\ proton-antiproton cross section, we shall first show how the
Fo Vs=14000 GeV integrand in Eq(1) changes with energy and which values of
103 Pimin=1-6 GeV b are most relevant for the calculation of the total cross sec-

tion in the various models foA(b) we have just described.
We must stress that this is not an optimization of the many
_ parameters from which this model depends, rather an exer-
. n"‘;z'"‘----» FF cise to show how the Bloch-Nordsieck model for the impact
~ hard ., hard parameter distribution affects the total cross-section behavior
in the eikonalized minijet model and how the behaviougf
in the infrared region is related to the rise of the total cross
section. This is done in Fig. 10. The figure shows how much
5 . e the integrand of Eq(1) is peaked at differerit-values as the
6 2 4 8 8 10,12 W energy increases, but also as the modelA¢b) changes.
And it indicates that the rise with energy of the area under
FIG. 8. Soft and hard component oft9 in the three models the curve, i.e. the cross section, at the same energy shrinks
described in the text. for the more singularg behavior.

L=
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FIG. 10. The integrand of the eikonal formulation i@y, for
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rather than to do a best parameter fit, and we have opted for
a comparison of our results with the full experimental pic-
ture.

We have studied three different formulations of the eiko-
nal mini-jet model, one for the form factor model and two
for the soft gluon summation model. To choose the param-
eters of the mini-jet description, we have selected thmsg,
values which would ensure that the curve can reach the high
energy points: for the form factor model this can be accom-
plished withp;nin=2 GeV but, as often stressed, with such
value it is not possible to fit the early rise of the data. A
lower value ofpmin Would on the other hand give curves
which rise too much at higher energy and miss the points.
Going to the soft gluon summation model, it must be noticed
that since this model has an energy dependence in the b
behavior in addition to the one in the jet cross sectioom-
mon to all the models one can expect that a smallgfyi,
could be used, thus allowing for the earlier rise. In fact, the

Pimin=2 GeV in the three different models described in the text, forhigh energy data, for the frozem, model, can be met with

a range of c.m. energy values 100,1000,10000 GeV.

Pimin= 1.6 GeV. Although with this value, the cross section
starts rising sooner than in the form factor model, still it is

Finally in Fig. 11 we show the comparison of this model impossible to fit both the early rise as well as the high energy
with proton-proton and proton-antiproton data. For proton-points. This model depends not only upppyi, value, but
proton, we only show data up to ISR energies, since thejso on the scala which regulates the infrared behavior of
existing data points in the TeV range are extrapolations from,_: the smallera, the more singular the behavior and the
cosmic ray datgd 18] from p-air collisions and are partly easier to fit the early rise. Finally, we show the results for the

model dependenf19]. For the proton-antiproton data, we singulare, case, with a particular choice of the parameter
have plotted all the data points published so far from theyhich regulates the singularity @fs. We can choose now a
CERN Super Proton Synchrotron8S) [20] and Fermilab  rather small value op;,, to reproduce the early rise, since
[21] experiments. This introduces a larger band of uncerat higher energy the increased soft gluon emission reduces
tainty that it is usually shown, but the purpose of this paper isdrastically the large-b contribution to the cross section and
to indicate the potentiality of the Bloch-Nordsieck model does not let it rise as much as in the other models. Our

FIG. 11. Totalp-p andap cross sections and
comparison with various models.

100 T 7 7
% proton-proton I,' ,/'( by
e proton-antiproton ; [
L I/ /
90 - Singular o, model , p=3/4, ptmin=1.15 GeV / /
TR Frozen o, model p,, =1.6 GeV ' 7
- Form-factor model p,,; =2 GeV
a) - BGHP QCD inspired parametrization
80
E
3
© BGHP
70
60
L Singular o
50 s
ﬁ'— frozen o
40
30 s
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— - approx. 30 7T @pprox.
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FIG. 13. Comparison between the approximate and the actual

umerically computed expression fofb, M, A) for the singular
FIG. 12. Comparison between the approximate and the actuzﬂmdeI y P P fot ) gulaies

numerical integration foh(b,M,A) for various values for M, in

the frozena model. i.e. values in the few GeV range. Since as the total c.m.

energy increases, M increases from 0.5 to 4 GeV, the region
of b>1/M (b<1/M) corresponds to values db larger
(smalle) than 2.5 GeV?, at low /s, down to 0.2 GeV?!

‘results are compared with a multiparameter fit from a QCD
inspired model[12], which has recently been used to suc-

cessfully predict photon photon total cross sectipBg].

These results are not very different from the ones obtainefP" the highest/s values. In other words, in the integration,
using the Regge-Pomeron exchange picti28], but the small and large b values are an energy dependent concept: at

model in[22] is closer in spirit to the one discussed here,Very small s, small b, i.e.n<1/M means values ob less
with the energy rise due to the rise of the QCD jet crosshan 2.5 GeV~, whereas at very high energy large b values
section. meanb>0.2 GeV. We shall now start studyirtg(b;MA)
The results of this figure shows that it is possible to havdn the frozenas case, and distinguish three cases :
a rise in agreement both with the intermediate energy data a3) bM<1
well as with the Fermilab Tevatron data : this result is ob-(z) bM>1 baA<1
tained using a single eikonal function, usual QCD parton(3) bM>1’ baA>1.
densities and minijet cross sections wjif,i, in the 1-2 ’
GeV range. To follow the beginning of the rise, one needs a |, orqer (o obtain a closed form expression to better study

rather lowpyyy . In general such low values imply too fast a yhe fynction, we shall adopt the following approximations :
growth of the total cross section, in our case this fast growth

is tampered by the increasing number of soft gluon emission - 127
phenomena at smat . “s(k<aA)=“s:27|n(a2)
127
IX. CONCLUSIONS ag(k>ah)= =
We have presented a detailed numerical analysis of a 27In-—
Bloch-Nordsieck approach to the impact parameter distribu- A

tion of partons in the context of the eikonal mini-jet model oM

for total hadronic cross sections. We have shown that th%([M+ \/m]/[M— \/W]) ~2In— k~0
proposed soft gluon summation expression plays an impor- k

tant role in softening the rise of the cross section due to
mini-jets and have studied the role which the infrared behavand
ior of ag plays in it.

M
INCM +V(M2=k2)J/[M—(M2=k?)]) = 2 In "

This work was supported in part by EEC-TMR Contract for k values not in the infrared region.
No. CT9800169 and by CICYT Contract No. AEN 96-1672.
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1-Jo(x)= = x<1
APPENDIX: APPROXIMATE EXPRESSIONS 4

FOR h(b,M,A)

In this section, we show some analytic approximations to
the functionh(b,M,A). Here we shall restrict our attention Then, one can break the integral from-M into various
to values of M relevant to the total cross-section calculationsintervals in which one can approximate the integrand and

114020-8
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perform the integration. According to the three cases indicated above, one then obtains the following approximate expression

bM<1 (A1)
2¢r 2 e
h(b,M,A):7 aSZf kdkln—+b—J’ kdk—k
InX
 2ce _b2A2a21 ol 2M Eb2M2 a’A? L 2A2| M i M2 (a2
B S TN e E BV A W L e AU

ForbM>1, one distinguishes between two cadesarger or smaller than &/, so that the integral can now be divided as
follows:

fi L b ! A2
or M< <J ( )

1 K

2M

1+2Ina—A

b?A2a?

+b b2A2|2|n

_bZAZ[ , 1
a —
8

1

1
(bZAZ) _Ii(az)

|v|

2¢cg| — b? 2M w o N wdk Mk
h(b,M,A)=— aS?L kdkin——+b—- f kdk—— k+b K
A A

M
bl I | i In(Mb
+ nKnI 1—n( )
"bA
or as
for <t op A3
or M<J< (A3)
M
oM 25 _bzfl/bkdk| M, JaAdk' M EJMolk "k
(bOM.A)==" assy | kdkingmd2ag | qringedb ] o
A
M
2GR Yo gy 2Mb)]+2ag! IN(Mb)In(aAb 1I2Ab bl In— | n
= §[+ n( )]+ 2ag In(Mb)In(a )—En(a )+ NNz gy

The last decomposition is the one to use to study the large b limit, whereas the first one corresponds to the small b limit.
For the singulairg case we adopt similar approximations, except that now

A\2P
as(k<NpA)=b| -
b
as(k>NpA)=T
|n<xz)
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wheresz(llp)l’2p is @ number of order unity. For-pl/2, indeedN,=2 and the two regions, small and large k, coincide
with those in the frozemg case with &2. The expressions fdi(b;M,A) in this case become

1
_ w
h(b:M A)= o EbZA zpfAN” dk | ,2M Ebsz kdkn?
EMAZZ P g e T )
i A
_2cF'F(N§)1‘F’b2A2 o2 1 Hszz N2A2 . A22| ap M?2 N2
T o 81-p) "AN, 1-p/ '8 Mz T2 Ing| I Rz) ~iND)
and for thebM>1 case one will have the two possibilities,
for —<bet_ A5
o MTPENA (A5

In

M
(b, A) = —F BbzAprN"A K 2 Bbzflbkdk K HfMdkmk
S ety Pl s

A A

2ce | —D2AZ (NP P/ 2M bl ., Mo, (1
=—| b 1-p 2 anA+1_p + g I NoPPAZ =1+ 2 In+b2A2 | o | —H(NG)
M
In—
+b InXInI—l—In(Mb)
oA
and the other case
b LI A6
“NAM (A6)
_ | "
hb.M A _2¢¢ BbzAzp 1 dk | 2M ZHAZF)JNpA dk M _J‘M dk "k
R I e T Y
n_
i A
_%er b (b2A?)P 2|n(2|\/||o)+L +E(b2Az)p 2In(Mb)—E+ Lzln M +1
7 | 8(1-p) 1-p| 2p Pl 2pNPL “ AN, p
| M
+bl | —nK 1+—Ian
Al "N, M
A

This approximation is reasonably accurate, as one can see from Figs. 12 and 13, where we have plotted both the approximate
and the exact expressions from the above equations for the two different models. for
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