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Ambition

Cleaner code

More user-friendly

Easy interfacing

Physics Improvements

Current Status

Ready and tuned for 
Min-Bias (+ diffraction 
improved over Pythia 6)

Improved shower 
model, but bug/problem 
with underlying event?

PYTHIA 8
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MSTW, CTEQ, H1: PDFs

DELPHI, LHCb: D/B BRs

+ several bug reports & fixes
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Physics (1/3)

Perturbative Resonance Decays 

Angular correlations often included (on a 
process-by-process basis - no generic formalism)

User implementations (semi-internal resonance)
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Physics (1/3)

Hard Physics

SM 
almost all 2→1 

almost all 2→ 2

A few 2→3

BSM: a bit of  everything (see 
documentation)

Perturbative Resonance Decays 

Angular correlations often included (on a 
process-by-process basis - no generic formalism)

User implementations (semi-internal resonance)
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Physics (1/3)

Hard Physics

SM 
almost all 2→1 

almost all 2→ 2

A few 2→3

BSM: a bit of  everything (see 
documentation)

External Input

Les Houches Accord and 
LHEF (e.g., from MadGraph, 
CompHEP, AlpGen,…)

User implementations (semi-
internal process)

Inheriting from PYTHIA’s 
2→2 base class, then modify 
to suit you

Perturbative Resonance Decays 

Angular correlations often included (on a 
process-by-process basis - no generic formalism)

User implementations (semi-internal resonance)

3
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Physics (2/3)

4

 [T. Kasemets, arXiv:1002.4376]

Wednesday, June 2, 2010



Physics (2/3)

Parton Distributions

Internal (faster than LHAPDF)
The standard CTEQ and MSTW 
LO sets, plus a few NLO ones

New generation: MSTW LO*, 
LO**, CTEQ CT09MC

Interface to LHAPDF

Can use separate PDFs for hard 
scattering and UE (to ‘stay tuned’)
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Parton Distributions

Internal (faster than LHAPDF)
The standard CTEQ and MSTW 
LO sets, plus a few NLO ones

New generation: MSTW LO*, 
LO**, CTEQ CT09MC

Interface to LHAPDF

Can use separate PDFs for hard 
scattering and UE (to ‘stay tuned’)

Showers

Transverse-momentum ordered 
ISR & FSR (new: fully interleaved)

Includes QCD and QED

Dipole-style recoils (partly new)

Improved high-p⊥ behavior [R. Corke]
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Physics (2/3)

Parton Distributions

Internal (faster than LHAPDF)
The standard CTEQ and MSTW 
LO sets, plus a few NLO ones

New generation: MSTW LO*, 
LO**, CTEQ CT09MC

Interface to LHAPDF

Can use separate PDFs for hard 
scattering and UE (to ‘stay tuned’)

Showers

Transverse-momentum ordered 
ISR & FSR (new: fully interleaved)

Includes QCD and QED

Dipole-style recoils (partly new)

Improved high-p⊥ behavior [R. Corke]

Matrix-Element Matching

Automatic first-order matching for 
most gluon-emission processes in 
resonance decays, e.g.,:

Z→qq→qqg, 

t→ bW→bWg, 

H→bb→bbg, 

…

Automatic first-order matching for 
internal 2→1 color-singlet 
processes, e.g.:

pp→Z/W/Z’/W’+jet

pp→H+jet

More to come …

Interface to AlpGen, MadGraph, 
… via Les Houches Accords

4

 [T. Kasemets, arXiv:1002.4376]
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Physics (3/3)
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Underlying-Event and Min-Bias

Multiple parton–parton 
interactions

Multi-parton PDFs constructed 
from (flavor and momentum) sum rules

Combined (interleaved) evolution 
MI + ISR + FSR downwards in p⊥ 
(partly new)

Optional rescattering [R. Corke]

Beam remnants colour-connected 
to interacting systems

String junctions → variable 
amount of  baryon transport

Defaults tuned to Tevatron MB

Improved model of  diffraction
Diffractive jet production [S. Navin]

Physics (3/3)
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Underlying-Event and Min-Bias

Multiple parton–parton 
interactions

Multi-parton PDFs constructed 
from (flavor and momentum) sum rules

Combined (interleaved) evolution 
MI + ISR + FSR downwards in p⊥ 
(partly new)

Optional rescattering [R. Corke]

Beam remnants colour-connected 
to interacting systems

String junctions → variable 
amount of  baryon transport

Defaults tuned to Tevatron MB

Improved model of  diffraction
Diffractive jet production [S. Navin]

Hadronization

String fragmentation
Lund symmetric fragmentation 
function for (u,d,s) + Bowler 
modification for heavy quarks (c,b)

Hadron and Particle decays
Usually isotropic, or:

User decays (DecayHandler)

Link to external packages
EVTGEN for B decays

TAUOLA for  τ decays

Bose-Einstein effects
Two-particle model (off  by default)

Physics (3/3)

5

Wednesday, June 2, 2010



Underlying-Event and Min-Bias

Multiple parton–parton 
interactions

Multi-parton PDFs constructed 
from (flavor and momentum) sum rules

Combined (interleaved) evolution 
MI + ISR + FSR downwards in p⊥ 
(partly new)

Optional rescattering [R. Corke]

Beam remnants colour-connected 
to interacting systems

String junctions → variable 
amount of  baryon transport

Defaults tuned to Tevatron MB

Improved model of  diffraction
Diffractive jet production [S. Navin]

Hadronization

String fragmentation
Lund symmetric fragmentation 
function for (u,d,s) + Bowler 
modification for heavy quarks (c,b)

Hadron and Particle decays
Usually isotropic, or:

User decays (DecayHandler)

Link to external packages
EVTGEN for B decays

TAUOLA for  τ decays

Bose-Einstein effects
Two-particle model (off  by default)

Output

Interface to HEPMC included

Physics (3/3)
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Key differences between 
PYTHIA 8 and PYTHIA 6

6

Wednesday, June 2, 2010



Key differences between 
PYTHIA 8 and PYTHIA 6

New features, not found in 6.4

Up-to-date decay data and PDFs

Underlying Event
Interleaved MI + ISR + FSR

Richer mix of  underlying-event 
processes (γ, J/ψ, DY, . . . ) 

Possibility for two selected hard 
interactions in same event

Alow parton rescattering

Possibility to use one PDF set for 
hard process and another for rest 

Hard scattering in diffractive 
systems 

New SM and BSM processes
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SUSY with NMFV and/or CPV (not fully validated)
Large Extra Dimensions, Unparticles
Hidden Valley scenario with hidden radiation
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PYTHIA 8 Status
Diffraction

! Comparisons to PYTHIA 6 and PHOJET have been made
e.g. p⊥ distribution of single diffractive events
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Figure 13:Richard Corke (Lund University) January 2010 16 / 18

Diffraction in PYTHIA 6

Status: Supported, but not actively developed

Very soft spectra without POMPYT

SD

and σel = σ2
tot/16πBel. The elastic slope parameter is parameterized by

Bel = BAB
el (s) = 2bA + 2bB + 4s� − 4.2 , (115)

with s given in units of GeV and Bel in GeV
−2

. The constants bA,B are bp = 2.3, bπ,ρ,ω,φ =

1.4, bJ/ψ = 0.23. The increase of the slope parameter with c.m. energy is faster than

the logarithmically one conventionally assumed; that way the ratio σel/σtot remains well-

behaved at large energies.

The diffractive cross sections are given by

dσsd(XB)(s)

dt dM2
=

g3IP

16π
βAIP β2

BIP

1

M2
exp(Bsd(XB)t) Fsd ,

dσsd(AX)(s)

dt dM2
=

g3IP

16π
β2

AIP βBIP
1

M2
exp(Bsd(AX)t) Fsd ,

dσdd(s)

dt dM2
1 dM2

2

=
g2
3IP

16π
βAIP βBIP

1

M2
1

1

M2
2

exp(Bddt) Fdd . (116)

The couplings βAIP are related to the pomeron term XABs�
of the total cross section

parameterization, eq. (112). Picking a reference scale
√

sref = 20 GeV, the couplings are

given by βAIPβBIP = XAB s�
ref . The triple-pomeron coupling is determined from single-

diffractive data to be g3IP ≈ 0.318 mb
1/2

; within the context of the formulae in this

section.

The spectrum of diffractive masses M is taken to begin 0.28 GeV ≈ 2mπ above the

mass of the respective incoming particle and extend to the kinematical limit. The simple

dM2/M2
form is modified by the mass-dependence in the diffractive slopes and in the Fsd

and Fdd factors (see below).

The slope parameters are assumed to be

Bsd(XB)(s) = 2bB + 2α�
ln

�
s

M2

�
,

Bsd(AX)(s) = 2bA + 2α�
ln

�
s

M2

�
,

Bdd(s) = 2α�
ln

�

e4
+

ss0

M2
1 M2

2

�

. (117)

Here α�
= 0.25 GeV

−2
and conventionally s0 is picked as s0 = 1/α�

. The term e4
in Bdd is

added by hand to avoid a breakdown of the standard expression for large values of M2
1 M2

2 .

The bA,B terms protect Bsd from breaking down; however a minimum value of 2 GeV
−2

is still explicitly required for Bsd, which comes into play e.g. for a J/ψ state (as part of a

VMD photon beam).

The kinematical range in t depends on all the masses of the problem. In terms of

the scaled variables µ1 = m2
A/s, µ2 = m2

B/s, µ3 = M2
(1)/s (= m2

A/s when A scatters

elastically), µ4 = M2
(2)/s (= m2

B/s when B scatters elastically), and the combinations

C1 = 1− (µ1 + µ2 + µ3 + µ4) + (µ1 − µ2)(µ3 − µ4) ,

C2 =

�
(1− µ1 − µ2)

2 − 4µ1µ2

�
(1− µ3 − µ4)

2 − 4µ3µ4 ,

C3 = (µ3 − µ1)(µ4 − µ2) + (µ1 + µ4 − µ2 − µ3)(µ1µ4 − µ2µ3) , (118)

one has tmin < t < tmax with

tmin = −s

2
(C1 + C2) ,

tmax = −s

2
(C1 − C2) = −s

2

4C3

C1 + C2
=

s2C3

tmin
. (119)

113

Diffractive Cross Section Formulæ:

2 mpi< MD < 1 GeV: 2-body decay
MD > 1 GeV : string fragmentation

Spectra:

Only in POMPYT addon (P. Bruni, A. Edin, 
G. Ingelman)     high-pT “jetty” diffraction absent

Partonic Substructure in Pomeron:
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PYTHIA 8 Status
Diffraction

! New framework for high-mass diffractive events (with Sparsh Navin)
! Follows the approach of Pompyt (P. Bruni, A. Edin and G. Ingelman)
! Total diffractive cross sections parameterised as before

! Introduce pomeron flux fIP/p(xIP, t)

xIP =
EIP
Ep

, t = (pi − p′

i )
2
, M2

X = xIPs

! Factorise proton-pomeron hard scattering

fp1/p(x1,Q2) fp2/IP(x2,Q2)
dσ̂
dt̂

pi

pj

p
′

i

xg

x
LRG

X

! Existing PYTHIA machinery used to simulate interaction
! Initialise MPI framework for a set of different diffractive
mass values; interpolate in between

Richard Corke (Lund University) January 2010 14 / 18

PYTHIA 8 Status
Diffraction

! Comparisons to PYTHIA 6 and PHOJET have been made
e.g. p⊥ distribution of single diffractive events
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Diffraction in PYTHIA 8

Status: Supported and actively developed

PYTHIA 8 Status
Diffraction

! MX ≤ 10GeV: original longitudinal string description used
! MX > 10GeV: new perturbative description used
! Four parameterisations of the pomeron flux available
! Five choices for pomeron PDFs

! Q2-independent parameterisations, xIP f (xIP) = N xaIP (1− xIP)b
! Pion PDF (one built in, others through LHAPDF)
! H1 NLO fits: 2006 Fit A, 2006 Fit B and 2007 Jets

! Single and double diffraction included
! Central diffraction a future possibility
! Still to be tuned

Richard Corke (Lund University) January 2010 15 / 18

SD

Partonic Substructure in Pomeron:

Follows the 
approach of 

Pompyt

and σel = σ2
tot/16πBel. The elastic slope parameter is parameterized by

Bel = BAB
el (s) = 2bA + 2bB + 4s� − 4.2 , (115)

with s given in units of GeV and Bel in GeV
−2

. The constants bA,B are bp = 2.3, bπ,ρ,ω,φ =

1.4, bJ/ψ = 0.23. The increase of the slope parameter with c.m. energy is faster than

the logarithmically one conventionally assumed; that way the ratio σel/σtot remains well-

behaved at large energies.

The diffractive cross sections are given by

dσsd(XB)(s)

dt dM2
=

g3IP

16π
βAIP β2

BIP

1

M2
exp(Bsd(XB)t) Fsd ,

dσsd(AX)(s)

dt dM2
=

g3IP

16π
β2

AIP βBIP
1

M2
exp(Bsd(AX)t) Fsd ,

dσdd(s)

dt dM2
1 dM2

2

=
g2
3IP

16π
βAIP βBIP

1

M2
1

1

M2
2

exp(Bddt) Fdd . (116)

The couplings βAIP are related to the pomeron term XABs�
of the total cross section

parameterization, eq. (112). Picking a reference scale
√

sref = 20 GeV, the couplings are

given by βAIPβBIP = XAB s�
ref . The triple-pomeron coupling is determined from single-

diffractive data to be g3IP ≈ 0.318 mb
1/2

; within the context of the formulae in this

section.

The spectrum of diffractive masses M is taken to begin 0.28 GeV ≈ 2mπ above the

mass of the respective incoming particle and extend to the kinematical limit. The simple

dM2/M2
form is modified by the mass-dependence in the diffractive slopes and in the Fsd

and Fdd factors (see below).

The slope parameters are assumed to be

Bsd(XB)(s) = 2bB + 2α�
ln

�
s

M2

�
,

Bsd(AX)(s) = 2bA + 2α�
ln

�
s

M2

�
,

Bdd(s) = 2α�
ln

�

e4
+

ss0

M2
1 M2

2

�

. (117)

Here α�
= 0.25 GeV

−2
and conventionally s0 is picked as s0 = 1/α�

. The term e4
in Bdd is

added by hand to avoid a breakdown of the standard expression for large values of M2
1 M2

2 .

The bA,B terms protect Bsd from breaking down; however a minimum value of 2 GeV
−2

is still explicitly required for Bsd, which comes into play e.g. for a J/ψ state (as part of a

VMD photon beam).

The kinematical range in t depends on all the masses of the problem. In terms of

the scaled variables µ1 = m2
A/s, µ2 = m2

B/s, µ3 = M2
(1)/s (= m2

A/s when A scatters

elastically), µ4 = M2
(2)/s (= m2

B/s when B scatters elastically), and the combinations

C1 = 1− (µ1 + µ2 + µ3 + µ4) + (µ1 − µ2)(µ3 − µ4) ,

C2 =

�
(1− µ1 − µ2)

2 − 4µ1µ2

�
(1− µ3 − µ4)

2 − 4µ3µ4 ,

C3 = (µ3 − µ1)(µ4 − µ2) + (µ1 + µ4 − µ2 − µ3)(µ1µ4 − µ2µ3) , (118)

one has tmin < t < tmax with

tmin = −s

2
(C1 + C2) ,

tmax = −s

2
(C1 − C2) = −s

2

4C3

C1 + C2
=

s2C3

tmin
. (119)

113

Diffractive Cross Section Formulæ:

S. Navin (MCnet) + T. Sjöstrand
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Tuning

9

Tuning to e+e- closely related to p⊥-ordered PYTHIA 6.4

First tuning by Professor → FSR ok?

T
he

or
y/

D
at

a

1-T Tmaj-Tmin C D

(using the Runtime Display 
from the VINCIA plugin)
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Tuning

10

Tuning to e+e- closely related to p⊥-ordered PYTHIA 6.4

First tuning by Professor → FSR ok?

T
he

or
y/

D
at

a

MH ML BW Btot
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Tuning

11

Tuning to e+e- closely related to p⊥-ordered PYTHIA 6.4

First tuning by Professor → FSR ok?

T
he

or
y/

D
at

a

-Ln(y23) -Ln(y34) -Ln(y45) -Ln(y56)
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Tuning

12

Tuning to e+e- closely related to p⊥-ordered PYTHIA 6.4

First tuning by Professor → Hadronization OK?

T
he

or
y/

D
at

a

-Ln(x) P(Nch) Meson Fractions Baryon fractions
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Tuning

13

Tuning

Tuning to e+e− closely related to p⊥-ordered PYTHIA 6.4;
Rivet+Professor (H. Hoeth)⇒ FSR & hadronization OK (?)

First tuning to MB data by P. Skands:

⇒ MPI & colour reconnection OK (?)

(PS)
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Tuning

14

Also works for hard-physics distributions:

⇒ ISR OK (?)

Wednesday, June 2, 2010



Tuning

15

But Rivet+Professor (H. Hoeth) shows it fails miserably for UE
(Rick Field’s transverse flow as function of jet p⊥):

Where did we go wrong? Studies still ongoing

Wednesday, June 2, 2010



Compilation and 
Linking

Disk and Memory 
requirements

Speed and 
Optimization

Documentation

Technical Aspects

16
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Compilation and Linking

Default standalone 

You just need a C++ compiler
PYTHIA 8 only depends on 
stdlib, no external libraries

Can be compiled either as a 
static (.a) or shared (.so) library

No static variables
Can have multiple instances

Standard build procedure
./configure

make

Then move to examples/ 
subdirectory and open 
README file

Examples

~ 40 example programs 
included in examples/ 
subdirectory

Including how to use each of  
the interfaces, and more

Optional Dependencies 
(examples included)

FastJet

LHAPDF

HepMC

ROOT

17
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Disk and Memory Requirements

18
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Disk and Memory Requirements

Disk Space

Source Code
1.8M  src/
544K  include/
 12K  hepmcinterface/
7.0M  xmldoc/
2.1M  htmldoc/
2.4M  phpdoc/
6.0M  examples/
========================
 20M  pythia8135

Libraries (incl tmp)

3.6M  lib/
4.0M  tmp/archive/
========================
 28M  pythia8135

Executables

2.3M  examples/main01.exe

Typical size of  standalone 
executable. 

Bigger if  linked to external 
packages

18
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Disk and Memory Requirements

Disk Space

Source Code
1.8M  src/
544K  include/
 12K  hepmcinterface/
7.0M  xmldoc/
2.1M  htmldoc/
2.4M  phpdoc/
6.0M  examples/
========================
 20M  pythia8135

Libraries (incl tmp)

3.6M  lib/
4.0M  tmp/archive/
========================
 28M  pythia8135

Executables

2.3M  examples/main01.exe

Typical size of  standalone 
executable. 

Bigger if  linked to external 
packages

Memory Usage

~ 10M standalone

Minimal usage. More if  
linked to external 
packages, filling 
histograms, etc 

18
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Speed and Optimization
(on 3GHz processor)

19

Wednesday, June 2, 2010



Speed and Optimization
(on 3GHz processor)

Compiling PYTHIA 8 (from scratch)

real 1m41.053s
user 1m23.870s
sys 0m6.944s

19

Wednesday, June 2, 2010



Speed and Optimization
(on 3GHz processor)

Compiling PYTHIA 8 (from scratch)

real 1m41.053s
user 1m23.870s
sys 0m6.944s

Running PYTHIA 8 (with default flags etc)

σtot = EL+INEL        7 TeV   4 ms/event           
Min-Bias             7 TeV   6 ms/event 
Drell-Yan (m≥70GeV)  7 TeV  13 ms/event 
Dijets (p⊥≥100GeV)   7 TeV  20 ms/event

Multiple Interactions ≥ 50% of total 
Hadronization ~ 10% - 20% of total

19
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Speed and Optimization
(on 3GHz processor)

Compiling PYTHIA 8 (from scratch)

real 1m41.053s
user 1m23.870s
sys 0m6.944s

Running PYTHIA 8 (with default flags etc)

σtot = EL+INEL        7 TeV   4 ms/event           
Min-Bias             7 TeV   6 ms/event 
Drell-Yan (m≥70GeV)  7 TeV  13 ms/event 
Dijets (p⊥≥100GeV)   7 TeV  20 ms/event

Multiple Interactions ≥ 50% of total 
Hadronization ~ 10% - 20% of total

Optimization

Currently no dedicated optimization for multi-core usage

19

Wednesday, June 2, 2010



Steering and Settings

1. Defaults

No hardcoded defaults (in .cc and .h files)

Instead, all default settings read from XML file set
Write-protected: do not change! (these are the defaults)

XML → HTML ⇒ User Manual (htmldoc/Welcome.html)
Minimal risk of  inconsistency

Also exists as php with added functionality, but must then be installed on a web server

2. Setting and Changing parameters 

In your code: pythia.readString(“parameter = value”);

OR: collect any number of  such strings in a cardFile.cmnd and 
use: pythia.readFile(“cardfile.cmnd”); 

20
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Documentation
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Included in distribution 
htmldoc/Welcome.html

(also available on the web)
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Documentation
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Also available as php
(must be installed on web server)

Can then set and change 
parameters “online” in the 

manual - then click the special 
“save” button to store the 

modifications as a new card file, 
ready to use in PYTHIA
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Contents of  examples/ directory 
also documented here

(and more on how to use each of  
the interfaces)
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Summary & Outlook

PYTHIA 6

Supported (bug fixes etc) 

But not actively developed (no new physics)

PYTHIA 8

Started by Torbjorn, other authors now migrating
Actively developed and supported

Core program ready and tuned
Extensive documentation and example programs

Problem with UE description under investigation

Flexible structure with many user I/O possibilities
Steerable by cards

Built-in interfaces (e.g., LHEF, HepMC, FastJet, LHAPDF) 

User hooks to veto events or modify cross sections (e.g., for matching with AlpGen, MadGraph, etc)

User derived classes (e.g., user processes, user resonance decays, user particle decays, 
even user parton showers) inheriting from the base Pythia classes
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