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Soft edge in pp

M.M. Block et al, Phys.Rev. D91 (2015) 1, 011501
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From 1 TeV onwards — an
‘energy-invariant' edge

The energy behaviour of cross sections is behind the appeareance of such ‘edge’.



pQCD and the edge

With the energy increases there will be more available energy for gluon emission and a nonzero
probability for hard gluon-gluon scattering leading to final state partons with pt ~1 GeV or even
larger. In this region we can apply pQCD to estimate the threshold energy where the scattering
moves into a high luminosity regime. A typical scale to analyze is

I/x~+/s/(2p;)
Contributions from hard processes to the total cross section become sizable when
1/x=+/s/2p,>1 and p,>1GeV
With the condition pt >1 GeV and asymptotic freedom satisfied, the rise starts at x << 1,
typically x ~0.1-0.2 or
Vs 2 (2/x) GeV
Vs ~ (10 +20) GeV



Total cross section: a 1-channel model

In the impact parameter/eikonal representation, through the optical theorem:

Ototal = 2 / d"bRe[1 — eiX(b’S)] = 2/d2b[1 — cos Rex (b, S)e_%m"(bﬂs)]

Rex (b, s) ~ 0

N n(b,s) = 23my(b, s)

O-tot(s) = 2 / dzbll — e_ﬁ’(b:'s)/z}



Inelastic cross section: semiclassical
Interpretation

Multiple parton-parton interactions independently distributed — Poisson distribution

P(n,n}) =

2

Oinel(s) = ; / d®b P({n,ni}) = / b1 — ¢ 02)]

Average number of collisions at given b and s.

”FL(b, S) — ﬁsoft(b: 3) —+ ﬁhm‘d(b: S)
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How do we model n(b,s)?

ﬁsoft/ha’r‘d(ba s) = ASOft/ha?"d(ba S)USOft/haTd(S)

Hard part — drives the rise with energy of the total cross section, being
dominated by parton-parton scattering with

Pt = Ptmin

Soft part — contribution from processes with

Pt < Ptmin

Is modeled phenomenologically with a form factor and low energy cross section.



Hard processes: minijet cross section
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Threshold for minijets at ~10 GeV — cross section starts rising very fast!



Soft gluon emission and resummation

G. Pancheri-Srivastava and Y.N. Srivastava, Phys. Rev. D15 (1977) 2915.
Y.L. Dokshitzer, D. Diakonov and S.I. Troian, Phys. Lett. B79 (1978) 269.

Momentum tranverse distribution for soft gluon emission form parton-parton pair

2P(K )
dZKJ_

2h
(K,) = / (;W‘;?ezKL-b—h(b)

, Bk , ,
() = [ Ayt — e b = [ == 3 |k () [L - e e

- ¢ W,

i,j=colors \
o : . D current for emission
Distribution of single gluon emission QCD current for emissio

Used in studies of initial state transverse momentum distribution of Drell-Yan and W-production.
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Soft gluon emission and b-distribution

e-—h(p;b,s)
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qmax: an s-dependent scale

Inspired in appliactions to Drell-Yan processes, but for pp scattering not so simple:
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Total cross section: results

D.A. Fagundes et al, Phys.Rev. D91 (2015) 11, 114011
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Very nice description of data at LHC7 and LHCS8 with p = 0.66-0.69



Inelastic cross section - results

D.A. Fagundes et al, Phys.Rev. D91 (2015) 11, 114011
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PDF's at low-x - uncertainties

D.A. Fagundes et al, Phys.Rev. D91 (2015) 11, 114011
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Bands for total and inelastic (uncorrelated) cross section with same p
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Elastic cross section — results

D.A. Fagundes et al, Phys.Rev. D91 (2015) 11, 114011
D.A. Fagundes et al, Phys.Rev. D88 (2013) 9, 094019 C
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Break up of the inelastic cross section

Obviously, the model treats pure elastic scattering inconsistently, as it apparently
encompass inelastic correlated processes in it. Our strategy is then subtract this
contribution from it:

__ one-ch
Oclastic — elastic ODiff

At the same time, to preserve s-channel unitarity

___one-ch
Oinel = Ojpel ODiff

This is just the standard decomposition of inelastic processes into nondiff + diff.



Inelastic diffraction — from ISR to LHC
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Elastic & inelastic cross sections: reanalysis
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Soft inelastic diffraction is important at high energies!!




Predictions for LHC13
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Back to the soft edge
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We do not see such a constant edge, mainly because diffraction affects the peripheral
interaction region changing the shape of the edge.



Summary

Concept of soft edge in pp has been discussed
It is intimately related to the energy behaviour of total cross sections

At the same time, to understand their energy behaviour is far from being a trivial
task, especially diffractive dissocitation.

We give here our perspective on this problem, through an s-channel approach

It can be regarded as good model for the total cross section and for uncorrelated
inelastic processes, typically of nondiffractive nature

Once inelastic diffraction is incoporated it is possible to account for each of the
components making the total cross section, namely elastic and 'full’ inelastic

Predictions of this model have been given for LHC13-14

Improvements are on the way, as we want to incorporate inelastic diffraction in
more natural way via Good-Walker or multichannel schemes like Miettinen-
Thomas/Lipari-Lusginoli



Thank youl!




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22

