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Nadine Fischer (Monash), llkka Helenius (TUbingen),

Philip liten (Birmingham), Leif Lénnblad (Lund),
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PYTHIA8 on one slide

v

pp, ee”, (ep), 1P, 17, PA, AA
A few simple MEs, the rest from Les Houches

k, -ordered initial-/final-state dipole-based shower
+ VINCIA & DIRE as plugins

(N)LO multi-leg matching with
UNLOPS/UMEPS/CKKW/MLM

Multiple interactions interleaved with shower
Lund String Fragmentation

v

v

v

v

v

v

Particle decays
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PYTHIA 8 online manual - Mozilla Firefox

Eile

Edit View History Bookmarks Tools Help

@ PYTHIAB online manual +

lu.se’ [ ch 9 3+ A8 0C &%

Update History

These update notes describe major updates relative to the PYTHIA 8,186 version, which was the last 8.1 release. The step ffom 8.1 to 8.2 gave an occasion to break backwards
‘compatibilty, but this should only affect a smal part of the user code.

Main news by version

« 5.235: 27 March 2018
© Up until now, PYTHIA has been licenced under GNU GPL v2 o later. This Is extended so that alternatively any later version can be used, spectically version 3. The MCnet
‘GUIDELINES are updated accordingly, as are many fle headers. Thanks to Chiistophe Delaere.
© The machinery for total, efastic and diffactive cross sections has been rewitten and expanded
= The ABMST model [4pp15] has been introduced, and extended flom total, elastic and single difraction to also include double and central difraction
= The RPP 2016 parametrization (P(LE] for total and elastic cross sections has been Introduced
Hauches Accard  The setit:yoursell machinery has been extended and syslemauzm
SUSY Les Houch: = The desclptions on the TotalCrossSections and the DIff /ebpages have been regrouped. The former now describes both integrated and diferential cross sections of
Hee i i Sconants, wheross the e descibes paAmetar rated 10 th hadranzation of diacie systams, and addlnallythe machiary o hard dfaction

Link to Other Programs

= In the process of this regrouping, several D Fraction:xxx parameters have been renamed S1gnaDii f fractive: xxx. The most prominent example is PomFLux, but
the largest group is the MBR paramaters et

= The phass space gensration machinery has been rewitten to allow for the extended sst of models, to be more general (at the expense of speec). Alsa the cross section
Code iself has been restructured
‘o A scenario for hard diffraction with gamma beams has besn Introduced, applicable for both gamma + gamma and gamma + p processes. Only a resolved photon, currently
aways associated with a vitual 1ho state, s assumed to contain a Pomeron flux. See further n the Difiraction description. The framework can be applied also for
photoproduction with lepton beams.

t interface

‘o A new machinery has been introduced to handle soft diffaction in gamma-p and gamma-gamma collisions, based on VMD (Vector Meson Dominance) states assumed present
in & photan beams. In detall, diffactive cross sections for gamma + p and gamma + gamma have been Introduced, and thus the parameter Photon:s1gnaNDf rac has been
femoved. VMD states have been introduced as possible beam partcles insid a phaton beam. The standard beam machinery has been extended to pick VMD states wher
fequired. New methods In Info. h give access to the current character of such states. Pssibility to rescale the pion PDF has been implemented, ¢.g. when used to represent
2 VMD state.

o Itis now possible to abtain space-time production points for hadrans s predicted within the string fragmentation model, see further the "Hadron Production Vertices" section of

s ihe Hatfon Scaterng descrpon. Physics andcode devalape by Siia Ferres Slé, aricl n propart
‘& The Angantyr mods! for Heauy lon

ollsons s b Uptaed Wkt e s opHons d Tew SRS T e o 85U ar 88 13 SaL ATganty T SASDmode = 1

Fatin Ot Angantyr inpactHode = 0, and HIFD supp
Random humbers © Iis now possile to spaciy a gien Impct parameter when generating minimum biss events using a new functions i the UserH
mplement New Showers  Th flauour prt of the rope hadronization mplementtion has been updted. The option to ahays go to the hghest possibls SU(S) multle, elevant when junction CR is usedt
RIVET:ysads in additon to ropes, has been added. The possibiity of a simpler impact parameter model & la Buftons needle [5i215c] has also been ad

S e o An option s infroduced to have a logarithmic parametrization fr the energy dependence of pT0, used for the cross section regularization in the MPI ramework. This is used as

a default for gamma-gamma collisions, with new default paramaters listed in the Photoproduction description

Reference Materiel © A new parameter ContactInteractions:etaRL is introduced into the diferential cross section f distinguish a rightleft contact interaction betweer
ks nd /plans. Praiusly. he ssme parameterwas used forIRgh and ght et cotact nerachons. Result o i alo o T1s ade-cin b8 it o i

etalR and etaRL are set equal.
‘o A new Dark Matter production process f fbar — 7

Update it

H has been added, with 2" decaying to a DM pair. Some other DM processes have been modified
© Itis now possible to specify the & and <> values of the Lund fragentation function, as an altemative to the conventional 2 and b selection, see further in the Fragmenta!
dascription

Saparaia dcdlinens o The showar variations have been extended so that the calculation can be made for an induidual member of a PDF famil, instead of calculating the sffect when averaged over all
members.

Introduction  Possibility to enhance rate of gluon branchings to charm and bottom independenty from light flavours. New spiitting names 1S :6200: cc and s :62Q: bb are Introduced
Worksheet for Initial-state showers, and fsr :62QQ: cc and fr:62QQ: bb for final-state anes. See further the User Hooks documentation
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What’s new?

» ~p and ~~. Resolved photons
and diffraction (hard and soft)

» Automated Parton Shower Variations with PDF variations
» ISR recoils for dipole shower

» Nuclear PDFs

» Production vertices in MPI/ISR/FSR and Hadronisation

» Rope Hadronization

» MixMax random numbers

» GNU GPL v2 or later
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The Angantyr model for heavy-ion collisions

v

Glauber modelling with fluctuations
Identifying NN sub-collisions

» Which nucleons interact with which?
» How do they interact?
» Primary and secondary sub-collisions.

Generating NN sub-events using PYTHIA8 MPI machinery.
» Incerting signal processes if needed.

Mergeing parton-level sub-events together.
Hadronise.

v

v

v

v
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The Angantyr model for heavy-ion collisions

v

Glauber modelling with fluctuations
Identifying NN sub-collisions

» Which nucleons interact with which?
» How do they interact?
» Primary and secondary sub-collisions.

Generating NN sub-events using PYTHIA8 MPI machinery.
» Incerting signal processes if needed.

Mergeing parton-level sub-events together.
» Hadronise.

v

v

v

Complete, fully exclusive hadronic heavy-ion final states.
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Wounded nucleons

A simple model by Biatas and Czyz, implemented in Fritiof

Each wounded nucleon contributes with hadrons according to a
function F(n). Fitted to data, and approximately looks like

dN/dn

dN .
= F(n) (single wounded nucleon)

[Nucl.Phys.B111(1976)461, J.Phys.G35(2008)044053, Nucl.Phys.B281(1987)289.]
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Wounded nucleons

A simple model by Biatas and Czyz, implemented in Fritiof

Each wounded nucleon contrib

utes with hadrons according to a

function F(n). Fitted to data, and approximately looks like

dN/dn

A

i

@ Fn)+ F(-n)

n

(Pp)

[Nucl.Phys.B111(1976)461, J.Phys.G35(2008)044053, Nucl.Phys.B281(1987)289.]
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Wounded nucleons

A simple model by Biatas and Czyz, implemented in Fritiof

Each wounded nucleon contributes with hadrons according to a
function F(n). Fitted to data, and approximately looks like

dN/dn

aN

an = wiF(n) +  F(-n) (pA)

[Nucl.Phys.B111(1976)461, J.Phys.G35(2008)044053, Nucl.Phys.B281(1987)289.]
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Wounded nucleons

A simple model by Biatas and Czyz, implemented in Fritiof

Each wounded nucleon contributes with hadrons according to a
function F(n). Fitted to data, and approximately looks like

dN/dn

A

aN
an = wtF(n) + wpF(-n)

(AA)

[Nucl.Phys.B111(1976)461, J.Phys.G35(2008)044053, Nucl.Phys.B281(1987)289.]
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Wounded nucleons

A simple model by Biatas and Czyz, implemented in Fritiof

Each wounded nucleon contributes with hadrons according to a
function F(n). Fitted to data, and approximately looks like

dN/dn

aN " . ,
= F(n) Fritiof: single string dM2 /M3

[Nucl.Phys.B111(1976)461, J.Phys.G35(2008)044053, Nucl.Phys.B281(1987)289.]
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Wounded nucleons

A simple model by Biatas and Czyz, implemented in Fritiof

Each wounded nucleon contrib

utes with hadrons according to a

function F(n). Fitted to data, and approximately looks like

dN/dn

A

i

@ Fn)+ F(-n)

n

Fritiof: pp

[Nucl.Phys.B111(1976)461, J.Phys.G35(2008)044053, Nucl.Phys.B281(1987)289.]
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projectile collisions target
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Comparison to data

Several parameters in addition to the pp PYTHIA8 ones.

» Nucleon distributions can in principle be measured
independently.
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Comparison to data

Several parameters in addition to the pp PYTHIA8 ones.

» Nucleon distributions can in principle be measured
independently.

» NN cross section fluctuations are fitted to (semi-) inclusive
pp cross sections (total, non-diffractive, single and double
diffractive, elastic, and elastic slope) for given /syy.
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» NN cross section fluctuations are fitted to (semi-) inclusive
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Comparison to data

Several parameters in addition to the pp PYTHIA8 ones.

» Nucleon distributions can in principle be measured
independently.

» NN cross section fluctuations are fitted to (semi-) inclusive
pp cross sections (total, non-diffractive, single and double
diffractive, elastic, and elastic slope) for given /syy.

» Diffractive parameters for secondary absorptive collisions,
“tuned” to non-diffractive PYTHIA pp.

» My distribution: dM)z(/M)z((”e), could be tuned (to pA), but
we choose ¢ = 0.
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Comparison to data

Several parameters in addition to the pp PYTHIA8 ones.

» Nucleon distributions can in principle be measured
independently.

» NN cross section fluctuations are fitted to (semi-) inclusive
pp cross sections (total, non-diffractive, single and double
diffractive, elastic, and elastic slope) for given /syy.

» Diffractive parameters for secondary absorptive collisions,
“tuned” to non-diffractive PYTHIA pp.

> My distribution: dM2/M2(""), could be tuned (to pA), but
we choose ¢ = 0.

» Few other choices related energy momentum conservation
which do not have large impact.
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p—Pb centrality

Sum ET? distribution, pPb, v/Syy = 5 TeV.
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p—Pb n-distribution

(a) Centrality-dependent # distribution, pPb, \/Syy = 5 TeV.
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Pb-Pb central multiplicity

Central Multiplicity
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Pb—Pb p -spectra
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Pb—Pb flow
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Future developments

» Rope hadronisation
» String shoving
> eA
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Thanks!

\” |
N
— —MCnet

Vetenskapsradet Masie Curie Actions

uuuuuuuuuuuuuuu Bnd mobility Established by the European Con

European Research Council
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p—Pb n-distribution

(b) Centrality-dependent 7 distribution, pPb, \/Syy = 5 TeV.
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p—Pb number of participants

Number of wounded nucleons
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Pb-Pb number of participants

Number of wounded nucleons
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