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About 30% of the total pp cross section at LHC is attributed to
diffractive events (rapidity gaps).

Large uncertainties in the modelling of diffractive component.

MBR (Minimum-Bias Rockefeller) Monte Carlo simulation - an event
generator addressing the contribution from diffractive processes:

Predicts energy dependence of the total, elastic and
total-inelastic cross sections.

Fully simulates diffractive components (SD, DD, CD - next slide)
of total-inel. cross section.

Originally written for, and tested at CDF (Tevatron).
Recently implemented in Pythia8.165.

Documented in arXiv:1205.1446.
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Non-diffractive: :Elastic

pp — X pp — pp

(exponentially-suppressed
rapidity gap)

Diffractive:

Single dissociation (SD), Double dissociation (DD), Central dissociation (CD)

pp— Xp , pp— pY pp — XY pp — pXp

or double-Pomeron exchange
(DPE)
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Total pp cross section

b Energy dependence:

UAS
- Uhd & Ukt/2

16.795%1%% 4 60.81s7"92 3 31.68s7%  for /s < 1.8 TeV,

prp

Ttot = CDF T s 2 <CDF 2 o )
e 111; — (In - for /s > 1.8 TeV.

For Vs < 1.8 TeV - global fit to pre-LHC data on
p=p, K*p, T°p cross-sections. Phys.Lett B389, 176 (1996)

For Vs > 1.8 TeV (LHC and beyond) - model based
on a saturated Froissart bound. arxiv:1105.4916

Froissart bound with two parameters: s, = 22 GeV, s, = 3.7+1.5 GeV?,
normalized to the CDF measurement @1.8 TeV: 80.03 +2.24 mb.
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Phys.Lett B389, 176 (1996)

Elastic cross section

O =—T1°*0
to

el t

withr=o_Ilo  from the global fit. > - B0

+ - UM & UM/2

Linear /log(s) dependence at higher energies not expected to
obey black-disk limit —» model valid up to energies of O(50 TeV).

Total-inelastic cross section

O -0
to

inel

-0
t el
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: hep-ph/0407035
Calculated based on renormalized-Regge theory. ar)l?i\llo:hep-phI020314

Differential cross sections vs. rapidity gap width, Ay, and 4-momentum transfer squared, t:

9 Vo Yy i €

d“osp _ P Y 2at)-1]Ay | x3%(0) =

dtdAy Nl b T s
i 2 1(C ; ) / (< €

opp
dioppp

gDD = ]\[12]\[22/(8 © S0
DPE f - 5152 - ]\[2/8

Term in { } brackets: total Pomeron-p cross section at a reduced energy s'=s+e’?.
Term in [ ] brackets: Pomeron flux.
Ngap(s): renormalization factor: min(1,f), with f := integral of Pomeron flux

— allows to interpret the flux as (diffractive) gap-formation probability.
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( Renormalized gap

i ™ Standard gap

Flux renormalization procedure
brings the standard Regge theory
predicitons in agreement with the
CDF data.

=)
B
=
.S
3
3]
%
%2
%}
e
O
c
.2
2
|5}
o
=
L
[=2]
LS
»
=
b
]
2

from arXiv:hep-ph/020314
Small gap widths, diffractive limit

Cross section formulae are used to generate events with large (diffractive) rapidity gaps.
Small gaps are suppressed by convoluting the formulae with the error function
(cumulative Gauss distribution) centered at Ay_= 2 with a width of c_= 0.5:

S DD events: arbitrary choice, because small gaps in DD and ND
events cannot be unambiguously distinguished.

CD events: suppression applied on total gap width, Ay=Ay +Ay..

1 { Ay — Avyg SD events: coherence limit ( E< 0.135)
L+erf (—)}

2

F
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Components of total-inel. xsec: diffractive

Total, elastic, total-inel. ifract
otal, elastic, total-inel. xsecs (SD,DD,CD) and non-diffractive (ND) xsecs

-8 ﬁp?gmr - PPs Oy
= Pp, Ot ™ PP Oy
- PP o, ~PP:Oy

19.97
61.06
50.57 | H1.54
10.91 | 10.98
7.97 | 8.82 8.94
0.718 | 0.746 | 0.766 | 0.776 | 0.800 | 0.804

ICHEP 2012, 6 July 2012



OO .

¥ e
& The %
“ ~ Vil
- | Rockefeller =
v\ University/s
,\.J'j' I"I \I. ‘:“-b

ICHEP 2012, 6 July 2012

MBR simulation activated with Diffraction:PomFlux =5

SD, DD processes

DD (pp — XY)

MBR code added to the already v
existing simulation of processID — MBR
=103,104 and 105. N 1

Comparison with Pythia8-4C —p
(rescaled _Schul_er&Sjostrand 0:2 4 6 8 10 12 14 16 S 4 6 8 10 12 14 ‘ 18 20
model, Diffraction:PomFlux=1) Ay

CD (DPE) process

CD (pp — pXp)
Implemented in PYTHIA for the first time.
ProcessiD=106,
SoftQCD:centralDiffractive = on .

4-vector of centrally-produced inclusive

== L h
%27 a6 B 10 412 14 16 18 20 %2 a e 81012 14 16 18 20

hadronic system propagated to PYTHIA Ay Ay,
for hadronization

— possible to extend the simulatation to CD processes such as exclusive
di-hadron or exclusive di-jet production (hadronization step).



When option 5 is selected, the following parameters of the MBR model [Ciel2] are used:

parm Diffraction:MBRepsilon (default = 0.104;minimum = 0.02;maximum = 0.15)

parm Diffraction:MBRalpha (default 0.25;minimum = 0.1;maximum = 0.4)
the parameters of the Pomeron trajectory.

parm Diffraction:MBRbeta0 (default 6.566; minimum = 0.0;maximum = 10.0)

parm Diffraction:MBRsigma0 (default = 2.82;minimum = 0.0;maximum = 5.0)
the Pomeron-proton coupling, and the total Pomeron-proton cross section.

parm Diffraction:MBRm2Min (default = 1.5;minimum = 0.0;maximum = 3.0)
the lowest value of the mass squared of the dissociated system.

parm Diffraction:MBRdyminSDflux (default 2.3;minimum 0.0; maximum
parm Diffraction:MBRdyminDDflux (default 2.3;minimum 0.0; maximum

parm Diffraction:MBRdyminCDflux (default = 2.3;minimum = 0.0;maximum =
the minimum width of the rapidity gap used in the calculation of Ngap(s) (flux renormalization).

parm Diffraction:MBRdyminSD (default 2.0;minimum = 0.0;maximum = 5.0)
parm Diffraction:MBRdyminDD (default 2.0;minimum = 0.0;maximum = 5.0)

parm Diffraction:MBRdyminCD (default = 2.0;minimum = 0.0;maximum = 5.0)
the minimum width of the rapidity gap used in the calculation of cross sections, i.e. the parameter dy_S, which suppresses the cross section at low dy (non-diffractive
region). |:

parm Diffraction:MBRdyminSigSD (default 0.5;minimum = 0.001; maximum = 5.0)
parm Diffraction:MBRdyminSigDD (default 0.5;minimum = 0.001;maximum = 5.0)

parm Diffraction:MBRdyminSigCD (default 0.5;minimum = 0.001;maximum = 5.0)
the parameter sigma_S, used for the cross section suppression at low dy (non-diffractive region).
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Central & Double-Gap CDF Results

Differential shapes agree with Regge predictions
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Otot (red), Tinel (blue) and o) (green)
pp (PDG) = ALICE
pp (FDG) « TOTEM
Auger + Glauber

ATLAS
CMS ~---114—152In5+0.1301n%s

—— best COMPETE oy fits

e MBR
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ALICE (M<200 GeV) Ccross section at 7 TeV
ALICE (extrapolated to M?<0.05s)
ISR (M?<0.05s)

UA5 (M?<0.05s)
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MBR (Minimum-Bias Rockefeller) simulation, developed and
successfully tested at CDF, has been implemented in Pythia8.165.

MBR predicts the total, elastic and total-inelastic cross
sections and fully simulates diffractive processes with single-,
double- and central-dissociation.

Central-dissiociation (double-Pomeron exchange) process
iIncluded in PYTHIA for the first time.

Good agreement with CDF and LHC data.

Future development: tune of hadronization step using original
MBR hadronization model, based on pre-LHC and pre-Tevatron
low-energy data.

Thank you for your attention!
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3.1 Single-diffractive events
Events are generated by first choosing the rapidity-gap width, Ay, according to Eq. (3)
mtegrated over t:
dCFSD Ay i Lo
~ ey . s 9
dAy . b1 + 20’ Ay - by + 20’ Ay ()

The range of the generation is defined by Aymim = 0 and Aypmer = —In M3 /s, where
MG =MBRm2Min. The term:

2

g 1 [1 +erf (ﬂy - IL'IERd}‘I[IlﬂSD):l | (10)

MBRdyminSigSD

1s added to suppress events at low values of Ay, as explained in Sec.
A wvalue of ¢ 1s then chosen according to:

dosp

—— ~ R(t) - e, (11)

where F2(t) is given by Eq. and the integration is performed up to tmer = —mﬁ- %, with
£ = e72Y, The diffractive mass is calculated as M = /s€. The four-momenta of the outgoing
proton and the dissociated mass system are caleulated using Mandelstam variables for a
two-body scattering process, as implemented m PYTHIAS for other Diffraction:PomFlux

options,

ICHEP 2012, 6 July 2012
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3.2 Double-diffractive events

Events are generated by first choosing the rapidity-gap width according to Eq. ([{) integrated
over t. Eq. is divergent as Ay —+ 0. In order to remove the divergence, the integration
over ¢ is performed within the limits from #,,,;, = —e®¥ to tpe = —e Y. Then, Ay is chosen
from the distribution:

550 F
dJDDN g.i‘.y hl ﬂ‘y

—Z2a'AyeAY —Qﬂ’-ﬂ‘y?a'y) . g i
Ay "€ 2a’&y (E X J =

and the range of the generation is defined by Aymin = 0 and Aymaer = — In M /(ss0), where
M =MBRm2Min and sy = 1 GeV2. To further suppress events at low values of Ay the term:

o 1 [1+e:-f (&y— MBRdyminDD)] ! (13)

2 MBRdyminSigDD

is used as explained in Sec. [2.7]
The wvariable ¢ is chosen according to:
dopp — e?a’.ﬁy:,
dt :
in the range from tp, = —€®Y t0 tpe, = —e 2.
Then, the center of the rapidity gap, yo, 18 selected uniformly within the hmits:

_;(ln;;s ﬂy){yg{%( — ):
and the diffractive masses are calculated as:
M2 =Vs-edvw, (16)
M3 =V's - e-Bvtm, (17)

The four-momenta of the outgoing dissociated mass systems are calculated using Man-
delstam wvariables for a two-body scattering process, as implemented in PYTHIAS for other
options of Diffraction:PomFlux .
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3.3 Central-diffractive (DPE) events
Events are generated by first choosing the total rapidity gap width, Ay, according to Eq. J
integrated over {1 and to:
s r Ay /2—wg
docp i - A
e Eu‘y_/ dyg f- - f4 - 515, (18)
dAy —Ay 2+yo
=\— (19)
f+ (__bl + o’ Ay £ 20’y hu + o S
and the integration is performed from Ay, = 0to Ay, = — In M3 /s, where M§ =MBRm2Min.
For events at low values of Ay we suppress individual gaps with the fm‘t: T
5 1 . [ Ay — MBRdyminCD/2"
. MBRdyminSigCD/+/:
Then, the direction of the centrally-produced hadronic system, y., is selected uniformly
within the region:
¥ — AYmin) < Ye < 3 (Ay — AYmin) , (21)
and rapidity gaps corresponding to each of the two Pomerons are caleulated as:
Ay = Ay/2
Ayy = Ay/2 — yo.
The four-momentum transfers squared at each proton vertex, t; and to, are generated ac-
cording to:
docp Do,y ol Ayt e
i ettt P F % E."U y‘lcl‘ 2_1
21 . Pt _ (24
up to tmar; = m;, - ﬁ, where §; = e 2% and i = 1,2. Then, the pr and p. of outgoing
protons are calculated as pf.; = (1—&)|t;| —m7&} and |p. ;| = p(1—&;), where p = v
is the incoming proton momentum.
Finally, the four-momentum of the hadronic system is calculated from the sum of the
ICHEP 2012, 6 July 2012 ﬁ::ur—l'{1::-n1311t.a. of the Pn::me‘mns, each calculated as a difference between the incoming and 18
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