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1. Introduction

Measurements at theiC have shown that there are sizable disagreements among Monte Carlo
(mc) implementations of “soft” processes based on cross sections propgsetious physics
models, and that it is not possible to reliably predict all such processegen all aspects of a given
process, using a single model [2]. In theF studies of diffraction at the Tevatron, all processes
are well modeled by theiBR (Minimum Bias Rockefellermc simulation, which is a stand-alone
simulation based on a unitarized Regge-theory madeNoRM [3], employing inclusive nucleon
parton distribution functionsPpFs) andQcb color factors. The(RENORM model was updated in
a presentation a&Ds-2009 [4] to include a unique unitarization prescription for predicting the
total pp cross section at high energies, and that update has been includedias aption for
simulating diffractive processes rYTHIA8 since versiorPYTHIA8.165 [5], to be referred here-
forth asPYTHIA8-MBR. In this paper, we briefly review the cross sections [6] implemented in this
option of PYTHIA8 and compare them wiltHC measurements.

ThePYTHIA8-MBR option includes a full simulation of the hadronization of the implemented
diffraction dissociation processes: single, double, and central diffra In the originalMBRr
simulation used ircDF, the hadronization of the final state(s) was based on a data-driven phe
nomenological model of multiplicities ang distributions calibrated using®S and Fermilab
fixed-target results. Later, the model was successfully tested agawettrdnmB and diffraction
data. However, onlyr™ and 7 particles were produced in the final state, with multiplicities obey-
ing a statistical model of a modified Gamma distribution that provided good fits teriexgntal
data [7]. This model could not be used to predict specific-particle fiatds.

In the PYTHIA8-MBR implementation, hadronization is performed by PYTHIAS8 tuned to re-
produce final-state distributions in agreement wiRr’s, with hadronization done in the PYTHIAS8
framework. Thus, all final-state particles are now automatically produgreatly enhancing the
horizon of applicability of this simulation.

2. Crosssections
The following diffraction dissociation processes are considered imHIA8-MBR:

SD pp— Xp Single Diffraction(or Single Dissociatio) (2.1)
or pp— pY (the other proton survives
DD pp— XY Double Diffraction(or Double Dissociation (2.2)
cD (or DPE) pp — pXp Central Diffraction(or Double Pomeron Exchange  (2.3)

The RENORM predictions are expressed as unitarized Regge-theory formulas, ih wic
unitarization is achieved by a renormalization scheme where the Ponii@réinX is interpreted as
the probability for forming a diffractive (non-exponentially suppre3segidity gap and thereby
its integral over all phase space saturates when it reaches unity. ebifedrcross sections are
expressed in terms of thE-trajectory,a(t) = 1+ € + a’t = 1.104+0.25 (GeV?) -t, the IP-p
coupling,(t), and the ratio of the tripldR to thelP-p couplings,k = g(t)/B(0). For large rapidity
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gapsAy > 3, for whichIP-exchange dominates, the cross sections may be written as,

o _ 1 [ B pa-a 2 (S
Gty ~ No®) | 267 © My] '{KB ©) <30> } (2.4)
oo _ 1 [KBO) pat-1a 2 (S
dtdAydyO o Ngap(s) I 161 e2 t y:| {KB (0) <SO> }7 (25)
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dt;dtodAydye — Ngap(s) _I"I, [ 16m et 1Ay” 'K{KBZ(O) <So> }’ (2.:6)

wheret is the 4-momentum-transfer squared at the proton veftgshe rapidity-gap width, ang,
the center of the rapidity gap. In EqQ. (2.6), the subsdriptl, 2 enumerates Pomerons in thee
event,Ay = Ay; + Ays is the total rapidity gap (sum of two gaps) in the event, gnid the center
in n of the centrally-produced hadronic system.

The total cross sectioroyy) is expressed as:

ol P — 1679104 | 60,815 03231685 0% for \/5< 1.8 TeV, (2.7)

2 2
oh’= o eg|(ng) - (ng)] wrvezieTev. @

wheresy ands- are energy and (Pomeron flux) saturation scales, respectively §8],/6< 1.8
TeV, where there are Reggeon contributions, we use the global fessipn [8], while for/s> 1.8
TeV, where Reggeon contributions are negligible, we employ the Froiskatin formula [9, 10,
11]. The two expressions are smoothly matcheg'at- 1.8 TeV.

The elastic cross section is obtained from the global fit [8}\fer< 1.8 TeV, while for 18 <
v/S< 50 TeV we use an extrapolation of the global-fit ratioaaf/ gior, Which is slowly varying
with /s, multiplied by gi,t. The total non-diffractive cross section is then calculatedias =
(Gtot — Te) — (20sp + Obp + Ocp)-

3. Resaults

In this section, we present as examples of the predictive power sfER®@RM model some
results reported by theoTEM, cMs, andALICE collaborations fompp collisions at 7 TeV, which
can be directly compared witRENORM formulas without using th@yYTHIA8-MBR simulation.
Figure 1 (left) shows a comparison of tleTEM total, elastic, and total-inelastic cross sections,
along with results from other experiments, fitted by dteavPETECOIllaboration [12]; th&RENORM
predictions, displayed as filled (green) squares, are in excellergragre with therOTEM results.
Similarly, in Fig. 1 (right), good agreement is observed betweemthee [13] and cms [14]
total-inelastic cross sections g = 7 TeV and theRENORM prediction.

Another example of the predictive power RENORM is shown in Fig. 2, which displays the
total sp (left) and DD (right) cross sections fof < 0.05, after extrapolation into the low mass
region from the measurezivs cross sections at higher mass regions(see [15]) tsENPRM.
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Figure 1.  (left) TOTEM measurements of the total, total-inelastic, and elappiccross sections at
\/s= 7 TeV shown with bestoMPETEfits [12], with RENORM predictions added as filled squares; (right)
ALICE [13] andcms [14] measurements of the total inelastic cross sectigyisat7 TeV show good agree-
ment with theRENORM prediction PYTHIA8-MBR).
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KG*: this “data” point was obtained after extrapolation into the unmeasusgdrass region(s)
from the measured CMS cross sections [15] using the MBR model.

Figure 2. MeasuredsD (left) andDD (right) cross sections fof < 0.05 compared with theoretical predic-
tions; the model embedded mYTHIA8-MBR provides a good description of all data.

4. Summary

We review our pra-Hc predictions for the total, elastic, total-inelastic, and diffractive components
of the proton-proton cross section at high energies based on a spari@hi-model approach to
diffraction employing inclusive proton parton distribution functions &b color factors. We
discuss single diffraction, double diffraction and central diffractionl@auble-Pomeron exchange,
and compared predictions witltHC measurements, finding good agreement with all data.
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