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Mini-jet Cross-section

The rise of the total cross section is due to production of jets
from high-energy partonic collisions. These are typical

perturbative processes and we can describe them through
QCD:
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Prmin: MiNIMum transverse momentum of the jet
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mein

* Prmin IS @ parameter of the mini-jet model. It parameterizes
the transition from perturbative to non-perturbative QCD.

* From p+.,;, depends the asymptotic rise of o

* In mini-jet models typically p,,,~1-2 GeV/c (lower than the
usual experimental values observable for jet produced in
colliders)
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Asymptotic Rise of o,

* As the parton flux increases with energy, integrated jet cross-
sections increase rapidly with energy
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« If \(s) >>p;.. the integral receives its dominant contribution
from x, ,<<1.

* The relevant parton densities can then be approximated by a
simple power law, f ~ xJ (J>1).
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Asymptotic Rise of o,

 Experimentally J~1.3

* For p-p scattering f,=fz and:
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* Power law growth
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Asymptotic Rise of o,

Violation of Froissart Bound
Consequence of infinite range of QCD

One needs to introduce a finite-distance
Interaction

Eikonal does it through the hadron finite
size
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Multiplicity Factor in o;,

 Since partonic scattering always produces a pair of mini-
jets:

O-j et — I get Oinelastic

* Ni; is the number of mini-jet pairs produced per inelastic
partonic collision.

* on average each inelastic event contains more than one
hard partonic scatter.

* The simplest possible assumption about these multiple
partonic interactions is that they occur completely
independently of each other.
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Eikonal derivation

*If the number of jet pairs obeys a Poisson distribution, the
probability of having K jet pairs is:
<?’1jet>ke_<nj'5’f>

k!

P(l{f? < N jet >) —
*Then the inelastic cross-section is:

Oinclastic = | 20y P(k,<n(b,s) >) = [ d*b[l — e7<(0)7]
h=1

*Which is the usual eikonal expression with:

< n(b,s) >= 2Imy(b, s)
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Eikonal mini-jet Model

It implies multiple scattering and requires impact parameter
distributions

High energies: Rex(b,s)~0 Otot = 2] d%[l — e_n(b’g)/Q]

I ( b?’ *S) — Tls oft ( b?‘ ‘S) Nhard ( b? *S)

n(b, s) A(D, 8)0jet(5)

hard 3’

Spatial distribution of matter inside
of the colliding hadrons
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Electromagnetic Form Factor Model
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Soft Gluon resummation effects

« Soft processes for which p<p;,, are not
iIncluded into the mini-jet cross-section

« Soft gluon emission changes the parton co-
linearity giving the impact parameter distribution

.4@2{‘@@\

* The number of soft emissions and so also the
degree of acolinearity increases with the energy

and introduces an energy dependence in A(b)
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Soft Gluon resummation effects

- 9 K, b d?P(K)
ABE\T(Z)? b) jd Iﬂ Bl 2K,

Using a Bloch-Nordsieck inspired formalism we obtain
the distribution of colliding partons as function of the
transverse momentum of the soft gluons emitted

PPK) 1 (200K - —h(b.s)
oo (Qﬁ)gjd b'e

Average number of soft
gluon emitted

h(b q) '[Z’% (Q(k)[l —fkl.b]
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Soft Gluon resummation effects

e—h(b,;s)
[d2b€—h(b s )

A(D, s) =

fo max _Tf )10g ( 2max ) ll B JO(/fT)]

Phenomenological form modelling the infrared behaviour
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Alpha strong parameterization

*Singular but integrable expression
*Requirements:
Asymptotic freedom QCD expression for k; >> Aqp

Confining potential in the infrared limit

; L 127
le,g(k-T)  (33—2N;) log(1+p(k2 /\Q( p)?)

h<p<l
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qmax

Linked to the maximum transverse momentum of a single
gluon emitted in a hard collision allowed by kinematics:

dmax = /31 = %) = V/3V@T(1 = 2)

Averaged over same PDF used for o,

cdey pdoy
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Other phenomenological models

Donnachie e Landshoff [Phys. Lett. B296 (1992) 227-232]

Otot = X(E;O)E | Y(%)” e~ 0.08 n=~05

Donnachie e Landshoff [Phys. Lett. B595 (2004) 393—-399]

S S L
Utot:XO(S—O)ED ‘|‘X( 5’0)6 | Y(S_o) ?

o= 0.452 = =0.0667 n=0.476
Block e Halzen [Phys. Rev. D72 (2005) 036006]

| -1 i a—1
O_i = Co + C In (1) + Co 1112 (K) -+ fﬁpf (1) + 0 (i)

m m m m
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Results of the model

= G.G.P.S. model, PRD 72, 076001 (2005)

140 |- using GRV and MRST P.D.F.

— G.G.P.S. model, using GRV P.D.F. DLhp
6,=48.0 mb p=0.75 p,,,,,=1.15

DLhp  Donnachie-Landshoff, PLB 595 393 (2004)
a Cudell et. al. hep-ph/0612046
Luna-Menon, hep-ph/0105076

b
C Block-Halzen PRD 73 054022 (2006)
d Donnachie-Landshoff, PRL B296 227 (1992)
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Results of the model
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Restoration of Froissart Bound

There is an interesting relation linking the high
energy behaviour of the total cross section with

the asymptotic rise of o, and with the degree of
iInfrared divergence of a:

0 (QF) = (gz)! as Q* — 0

O-JHL( S, PT mm) — (71((;3/2 )E as s — 00
e~0.3
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Restoration of Froissart Bound

Gror 7 20 [dD2[1 — = harav:)/2]
n‘hard(b; S) ~ O-jé?t(‘s)Ahard(br S)

Ah{l’?“d(b? S) X e_h(bjS)

h(b, s)= jd3ﬁg(k)[l — ¢~ ik1b]
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Restoration of Froissart Bound

If we take: &y — 0

dPn(k) o< ag(k?)

2p

Aha;rd(b) X 6_(&&)
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Restoration of Froissart Bound

Nhard = 2C(S)€_(6A)
S <
C(s) = Ao (Gev2>

O_tOt ~ 27_‘_/ db [1 L 6_ ,z(S)E? ]
0

2p

Ot () — e 111(5/80)]1/p
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Restoration of Froissart Bound

(QQ) (%)p as )? — 0

O-J€t( mem) — Ul(GS/Q )E as s — 0O

O-tot(S) — [5 IH(S/S())] L/p
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Conclusion

Mini-jet cross-section has an asymptotic power law rise
that violates Froissart Bound

Soft gluon emissions from colliding partons, restore the
finite range of the hadronic interaction

Inserting QCD mini-jet cross-section into an eikonal
formalism which implements multi-particle interaction and
resumming soft gluon emission effects it is possible

reproduce the right asymptotic rise of Oy,

The infrared behaviour of a, has a fundamental effect on

the asymptotic rise of Oy,
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