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Outlook

● (Reminder:) Update of PYTHIA8 wrt. PYTHIA6

same diffractive cross sections,

extended framework for hadronization of diffractive states

● Implementation of MBR (Minimum-Bias Rockefeller) model

● diffractive cross sections “from CDF”      

  Central Diffraction (Double-Pomeron Exchange) simulated in PYTHIA for the first time in

                                                                 PYTHIA8.165

● test of PYTHIA8 framework for diffractive hadronization                         
  - comparison to a data-driven MBR hadronization model                                           
                   

● Implementation of Central Diffraction for all diffractive models in

                                                                 PYTHIA8.170 
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:Elastic 

pp →  pp

Non-diffractive:

 pp →  X  

(exponentially-
suppressed rapidity gap)

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

       pp →  Xp   ,  pp →  pY                            pp →  XY                                pp →  pXp 

                                                                                                                                           or double-Pomeron exchange 
                                                                                                                                         (DPE)(a) and (c)-(f) contribute to the total-inelastic cross section 

Diffractive:

Main processes contributing to 
the total pp cross section
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MBR model

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-inel. cross sections.

● Fully simulates diffractive components (SD, DD, CD)  of the total-inelastic xsec,   
   based on renormalized Regge-theory model (Pomeron flux interpreted as            
   probability of diffractive gap formation, which saturates at unity).

● Originally written for, and tested at CDF (down to lowest masses, Mx).

● Implemented in PYTHIA8.165.

                                                     Documented in arXiv:1205.1446      

● MBR hadronization from phenomenological model based on pre-LHC and            
  pre-Tevatron low-energy data   →                                                                           
                                                              can be used to test PYTHIA8 framework     
                                                               for hadronization of diffractive masses. 
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● Total pp cross section 

      Energy dependence:

● For s < 1.8 TeV – global fit to pre-LHC data on p±p, K±p, 
π±p cross-sections. Phys.Lett B389, 176 (1996)

● For s > 1.8 TeV (LHC and beyond) – model based on a 
saturated Froissart bound.  arXiv:1105.4916

Froissart bound with two parameters: s
F
 = 22 GeV, s

0
 =  3.7±1.5 GeV-2,     

normalized to the CDF measurement @1.8 TeV: 80.03 ±2.24 mb.

MBR - total, elastic and total-
inelastic cross sections
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MBR - total, elastic and total-
inelastic cross sections

● Elastic cross section 

          σ
el  

=  r • σ
 tot 

   with r = σ
el 

/σ
 tot 

 from the global fit.

   Linear log(s) dependence at higher energies  →  model expected        
   to be valid up to energies of O(50 TeV)  (black-disk limit).

  

● Total-inelastic cross section

           σ
inel  

=  σ
tot  

- σ
 el 

Phys.Lett B389, 176 (1996)
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MBR - diffractive cross sections

● Calculated based on renormalized-Regge theory. 

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

● Term in { } brackets: total Pomeron-p cross section at a reduced energy s'=s•e-dy. 
● Term in [ ] brackets: Pomeron flux. 
● N

gap
(s): renormalization factor: min(1,f), with f := integral of Pomeron flux                          

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

hep-ph/0407035 
arXiv:hep-ph/020314

DD: y
0
 – center of rapidity gap, DPE: y

c
 – rapidity of dissociated system
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MBR - diffractive cross sections

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

● 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 Δy

s
 = 2 with a width of σ

S
= 0.5:

from  arXiv:hep-ph/020314

SD events: coherence limit ( ξ≤ 0.135)                                               
DD events: arbitrary choice, because small gaps in DD and ND events 
                   cannot be unambiguously distinguished.                              
CD events: suppression applied on total gap width,  Δy=Δy

1
+Δy

2
.
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MBR vs. CDF data 

● MBR simulation
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MBR vs. LHC data
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MBR - implementation in 
PYTHIA8.165

PYTHIA8-MBR simulation activated with Diffraction:PomFlux = 5.

  SD, DD processes                                                                                                
 MBR code added to the already existing simulation of processID =103/104, 105. Comparison with    
 default Pythia8-4C simulation (rescaled Schuler&Sjostrand model, Diffraction:PomFlux=1) above.

●  CD (DPE) process                                                                                              
   Implemented in PYTHIA for the first time. ProcessID=106, SoftQCD:centralDiffractive = on.        
    Possible to extend for other CD processes such as exclusive di-jet or di-hadron production.  

   ● Hadronization of diffractive system based on PYTHIA8-4C tune (default). 
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MBR at CDF - phenomenological 
model for hadronization

Track multiplicities:
 Parameterisation of particle multiplicities follows a Modified Gamma Distribution                         
 described in PLB 193, 151 (1987).  This parameterization was tested using 
 existing pre-LHC and pre-Tevatron pp data in a wide range of s :

● In the original hadronization model in MBR at CDF the diffractive system of mass Mx hadronized 
as the (non-diffractive) pp collision at  s = Mx. Only one hadronic system in the game! 

● Toy model: mainly +,  - and 0 →  in the final state.
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MBR at CDF - phenomenological 
model for hadronization
pT spectra: From MBR user guide at CDF 

→ Test PYTHIA8-4C framework for Mx hadronization using MBR model.

→ Tune critical parameters of Diffraction (sigmaPomP, pickQuarkNorm/Power) and    
    StringPT classes to bring multiplicity and pT spectra of Mx system close to MBR    
    hadronization model.

Mx-dependent pT spectra (UA1).
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PYTHIA8 vs. MBR hadroniation 
Charge-particle multiplicities in bins of Mx (SD process):  14 bins of logMx (width=0.25)

Similar average multiplicities in PYTHIA8-4C and MBR hadr. model.  
Significant difference in width of distributions. 
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PYTHIA8 vs. MBR hadroniation 
Transverse-momentum distributions in bins of Mx (SD process):  14 bins of logMx (width=0.25)

Similar high-pT tails in PYTHIA8-4C and MBR had. models. Low-pT spectra shifted 
towards higher values in PYTHIA8  (global set of parameters – the same for non- and            
                                                                   diffractive events,  tuned to NSD MinBias data)
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Hadronization tune

Fraction of low-mass events in 
the perturbative regime is given 
by (1-ProbMaxPert), with
ProbMaxPert=0.7 (default=1)

                      All events 

         low-mass                 perturb.

quark strings        gluon strings 

● Multiplicity spectra – an interplay between low-mass/perturbative hadronization regimes (slide 5)
● Higher multiplicities (perturbative regime): check energy dependence of the sigmaPomP 
parameter (constant by default); introduce low-mass regime for fraction of events.

● Lower miltiplicities (low-mass regime) : tune the ratio of a quark to gluon induced strings, 
driven by pickQuarkNorm/Power parameters. Quarks give lower multiplicities than gluons.       
(NB. these are q/g of a Lund-string model, not to be confused or interpreted as the q/g ratio in the proton)

● pT spectra – tune the parameters of the StringPT class.

nave=
σQCD
σ IPp
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Hadroniation tune 

P q =
probPickQuark
probPickQuark1

P g =
1

probPickQuark1

From comparison to MBR multiplicities:    
 -  Low-Mx bins need lower probPickQuark
 - High-Mx bins need higher probPickQuark

PYTHIA8 
default

 IP p(s) expected from Regge phenomenology 
for s

0
=1 GeV2 and DL t-dependence.

Diffraction:SigmaPomP parameter                           Diffraction:pickQuarkNorm/Power parameter

Red line - parameterization giving the best 
Pythia8 fit to MBR multiplicity distributions 
(in bins of Mx, fits to higher tails only, 
default pT spectra) 

Red line - parameterization giving good 
description of low-multiplicity tails. 

nave=
σQCD
σ IPp
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PYTHIA8 vs. MBR hadroniation -
results of the tune

Charge-particle multiplicities in bins of Mx (SD process):  14 bins of logMx (width=0.25)
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PYTHIA8 vs. MBR hadroniation -
results of the tune

Transverse-momentum distributions in bins of Mx (SD process):  14 bins of logMx (width=0.25)

A set of: StringPT:sigma=0.09, StringPT:enhancedWidth=5, StrangPT:enhancedFraction=0.2 
gives good description of diffractive, but is not expected to describe non-diffractive events.
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PYTHIA8-4C/MBR vs. ATLAS 
rapidity-gap data @7 TeV 

● Both predictions overestimate the data by a similar amount:                                                                
      -  PYTHIA8-4C tuned to non-single-diffractive (central) MinBias data at LHC enegies                     
      -  MBR extrapolated from CDF energies (no additional tuning, CDF systematic errors ignored).

● Expect larger differences between PYTHIA8-4C and MBR at higher rapidity-gap values (lower Mx).

PYTHIA8-4C                                          PYTHIA8-MBR (with “diffractive” tune)
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Central Dissociation

● Included for the first time in PYTHIA8.165 (within MBR, PomFlux=5).

● Extended to all the diffractive models in PYTHIA8.170.

● Cross section behaves roughly like ~ln1.5s (PomFlux=1-4),                                                 
   and amounts to σ=1.192 mb @7 TeV (compared to                                                           
   σ=0.802 mb from MBR).                                                                                                     
   Can be rescaled by changing SigmaTotal:sigmaAXB2TeV                                                                                  
    (default = 1.5 mb, the CD cross section @2 TeV).

● Simulated as a part of SoftQCD:MinBias sample, or explicitly with SoftQCD:centralDiffractive = on,  
   However, for most of the tunes (e.g. the default 4C, performed before this update) the generation     
   of CD process is automatically switched off with SigmaTotal:zeroAXB = true flag.

● So, in order to generate CD events one needs to switch the flag SigmaTotal:zeroABX = false           
   after defining Tune:pp.

dσ/dlogMx
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Summary

Recent developments on diffraction in PYTHIA8 have been reviewed:

● Recalled PYTHIA8 vs. PYTHIA6 differences.

● MBR (Minimum-Bias Rockefeller) simulation, developed and           
successfully tested at CDF, implemented since Pythia8.165 

● Test of PYTHIA8 framework for hadronization of diffractive              
events using data-driven MBR hadronization model.

● Central-dissociation (double-Pomeron exchange) process                
included for all diffractive models since PYTHIA8.170.

Thank you for your attention! 
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Backup
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MBR - cross section predictions

Total, elastic, total-inel. xsecs Components of total-inel. xsec: diffractive      
 (SD,DD,CD) and non-diffractive (ND) xsecs 

Cross section values [mb] vs. energy 
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MBR - event generation, SD
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MBR - event generation, DD
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MBR - event generation, CD (DPE)
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MBR - implementation in 
PYTHIA8.165
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