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PYTHIA 8

Welcome to PYTHIA - The Lund Monte Carlo!

SM Categories

PYTHIA 8 Index PYTHIA 8 is the successor to PYTHIA 6, rewritten from scratch in C++. With the release of PYTHIA 8.1 it now becomes the official "current” PYTHIA
version, although PYTHIA 6.4 will be supported in parallel with it for some time to come. Specifically, the new version has not yet been enough tested
R Brief Introduction (pdf) and tuned for it to have reached the same level of reliability as the older one. This testing will only happen if people begin to work with the program.

however, which is why we encourage a gradual transition to the new version, starting now. There are some new physics features in PYTHIA 8.1, that
would make use of it more attractive, but also some topics still missing., where 6.4 would have to be used. Further, many obsolete features will not be

Fourth Generation TR Saiad over. 0 for Some BACkWaraS CompaTITY Shi(6s S08in 6.4 WUIG ba the SholGS.

Frontpage .
Program Flow Documentation
-— l C o Particle Data Scheme On these webpages you will find the up-to-date manual for PYTHIA 8.1. Use the left-hand index to gate this docu
-]
Program Files gram settings. All p: are ith default values, <o you need only change those of
Sample Main Programs e your particular study, such as choles of beams, processes and phase space cuts. The pages aleo contain a fairly extenaive overview of all

methods available to the user, e.g. to study the produced events. What is lacking on these webpages is an overview, on the one hand, and an in-depth

— E ; U E ; Y K.l Setup Run Tasks | | physics description, on the other.

The overview can be found in the attached PDF file
Save Settings A Brief Introduction to PYTHIA 8.1
Main-Program Settings T. Sjéstrand, S. Mrenna and P. Skands, arXiv:0710.3820, to appear in Computer Physics Communications.

R A o L Beam Parameters You are strongly to read this when you start out to learn how to use PYTHIA 8.1
v \Jc o o Random-Number Seed

For the physics description we refer to the complete
PYTHIA 6.4 Physics and Manual
T. Sjéstrand. S. Mrenna and P. Skands, JHEPOS (2006) 026,

= f‘t - R I g h t S y mm etry which in detail describes the physics (largely) implemented also in PYTHIA 8, and also p a more than found here.
l Electroweak

- Onia When you use PYTHIA 8.1, you should therefore cite both, e.g. like
Top T. Sj6strand, S. Mrenna and P. Skands, JHEP05 (2006) 026, arXiv:0710.3820. L
. Fourth Generation .
— e F) O CI U a[ Program Authors and Licence
New Gauge Bosons Main author: Torbjérn Sjéstrand
. Left-Right Symmetry Department of Theoretical Physics, Lund University, SE-223 62 Lund, Sweden
-— ombposi te ness Leptoquark Phone: + 46 - 46 - 222 48 16, o-mail: torbjom@thep lu.se
P N N Compositeness
- Extra Dimensio Author: Stephen Mrenna
Computing Division, Simulations Group, Fermi National Accelerator Laboratory,
P - - o - - MS 234, Batavia, IL 60510, USA
- xtra Dimensions oupings and 5o Prome a5 540 - 2956, exmai: mrenna@mal.gov
tandard-Model Parameters (] =

~z thep.| —

. | N RN

"
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Couplings and K factor

The size of QCD cross sections is mainly determined by

SigmaProcess:alphaSvalue |0.1265 (d

The alpha_strong value at scale M_Z"2.

ault = 0.1265;minimum = 0.06;maximum =

N
ul

1{ BI‘ The actual value is then regulated by the running to the Q"2 renormalization scale, at which alpha strong is evaluated

ault = 1;minimum = O;maximum = 2)

L. BERGSTR( SigmaProcess:alphaSorder (de
Order at which alpha_strong runs,
L B( ¢ 0 : zeroth order, i.e. alpha_strong is kept fixed.

& 1 :first order, which is the normal value.
" 2 :second order. Since other parts of the code do not go to second order there is no strong reason to use this option, but there is also nothing wrong
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8
:zgnggmple (only one available right now!):
USY:qqgbar2chiOchi0 = on/off

Parameters:

Pythia 8 will not include any SUSY spectrum
calculator to renormalize and interpret SUSY
Lagrangian parameters at the GUT scale

INTERNATIONAL SCTERTIFIC | processes will be based directly on the

* - el s and couplings, provided in SUSY
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JUNE 30 —JUI.Y 4, zklognd H*’ pair production
her order processes for high-pt

¢ K-INSTITUT FUR P
arZHWr\%\ﬁc MUNICH, G Ies

= offtoffwwwth.mppmu.mpg.de/tools0d
tools0B@mppmumsg.HaPI€:
HiggsBSM:ffbar2H1 = on/off

HiggsBSM:ffbar2H+-H1 = on/off
HiggsBSM:qg2H1q = on/off

Parameters:
. nggs Jnasses

| al couplings to the SM particles
ouplings will be given by SLHA
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5r§% From a}new SU (EPRGHENEN WS‘Q%W'H"““ °'""New SU(2)_R gauge group and
T“g’qa 7 | N extended Higgs sector
Y, product T W|th Z and/or ( & )Contains:
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2 LeftRightSymmetry:ffbar2ZR = on/off
- W= .
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Ly
=5}

(Conserved, but varlab N (and anomalous couplings)
Examg le: Example:
Lepto O uark qI2LQ = f k xcitedFermion:dg2dStar = on/off
/ d d\
¥ ters 'lL U
e e
Example:

’/ : ExtraDimensionsG*:gg2G* = on/off

'arameters: pe
asses

. Coupllng 7 g )
 Compositeness scale

Have ¢ ? \ ‘ ExtraDimensionsG*:gg2G*g = on/off
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G% Sigma2ffbar2uz :

o U

55 :
EE //+++ Constructor.

D © Sigma2ffbar2Uz ( ’ ’

QJ:E //+++ Destructor.

Sy ~Sigma2ffbar2UZ(){};

=0

//+++ Initialize process.
initProc();

//+++ Info on the subprocess.

string name()
code ()

string inFlux()
id3Mass()
id4Mass ()
resonanceA()
gmZmode ()

//+++ Pythia generator.

w; ‘vl.

™. G RAFFELT

Sigma2Process {

{return "f fbar -> U 2";}
{return 10001;}

{return "ffbarSame";}
{return 39;} // G-code
{return 23;}

{return 23;}

{return 2;}

The Z+G/U process was implemented
as a semi-internal process to Pythia 8.1

It inherits from a 2-to-2 scattering base
class

The user code is conveniently separated
from the main Pythia library

The class structure of the parton level
process is the same as the internal
processes

Therefore it is used just as an internal
Pythia process

And the internal processes serves as
nice templates/examples !

Pythia pythia;
SigmaProcess* sigma2ffbar2UZ = new Sigma2ffbar2UZ(spin, GRAVITON, dU, LambdaU, lambda, ratio);

pythia.setSigmaPtr(sigma2ffbar2uz);

M, MIANGAND N P, SKANIS N
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Al | . Georgi, PRL 98 (2007) 221601;
~~ Unpa ' oUNK.Cheung, W.Y Keung & T.C.Yuan
c : ung, W.Y.Keu .C.Yuan,
-~ dy=scaled 55‘58 PRD 76 (2007) 055003.
~+ Ay = unparticle ren
A =coupling to the pctor sector)
Low ene : \ ,
Spin-Qabis 6g2 rded"’(b’égéﬂ"‘&ﬁ *Eéﬂ\?é?ﬁtfé’ﬁgﬁﬁféﬁom”)
Spin- fl the Mqugﬁ Xg:zgjtaleast for an unpolarized beam)
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2 d, S. Mrenna an Skands, A Brief Introduction to PYTHIA 8.1,
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SSeSs
ProcessGroup ProcessName
SoftQCD minBias,elastic, singleDiffractive,
doubleDiffractive
HardQCD gg2gg, gg2qgbar, qg2qg, 99299, qgqbar2gg,

qgbar2qqbarNew, gg2ccbar, qgbar2ccbar,
gg2bbbar, ggbarZbbbar

PromptPhoton qg2qgamma, qgbar2ggamma, gg2ggamma,
ffbar2gammagamma, gg2gammagamma
WeakBosonExchange ff2ff(t:gmz), f£f2fFf(t:W)

WeakSingleBoson ffbar2gmZ, ffbar2W, ffbar2ffbar(s:gm)
WeakDoubleBoson ffbar2gmZgmZ, ffbar2ZW, ffbar2WW
WeakBosonAndParton | qgbar2gmZg, qg2gmZq, ffbar2gmZgm, fgm2gmZf
qgbar2Wg, qg2Wq, ffbar2Wgm, fgm2Wf

Charmonium gg2QQbar [351(1)]g, qg2QQbar[3PJ(8)]q,
Bottomonium gg2QQbar [3S1(1)]g, gg2QQbar[3P2(1)]g,
Top gg2ttbar, qgbar2ttbar, qq2tq(t:W),
ffbar2ttbar(s:gmZ), ffbar2tgbar(s:W)
/////'/T FourthBottom gg2bPrimebPrimebar, qg2bPrimeq(t:W) , ...
FourthTop qgbar2tPrimetPrimebar, fbar2tPrimegbar(s:W),

FourthPair ffbar2tPrimebPrimebar(s:W), fbar2tauPrimenuPrimebar (s:W)

jﬁ HiggsSM ffbar2H, gg2H, ffbar2HZ, ff2Hff (t:WW),
// HiggsBSM h, H and A as above, charged Higgs, pairs
& SUSY qgbar2chiOchi0 (SUSY barely begun)
NewGaugeBoson ffbar2gmZZprime, ffbar2Wprime, ffbar2RO
LeftRightSymmmetry | ffbar2ZR, ffbar2WR, ffbar2HLHL,
LeptoQuark ql2LQ, qg2LQl, gg2LQLQbar, qgbar2LQLQbar
ey | CxcitedFermion dg2dStar, qgq2uStarq, qgbar2muStarmu,

iy ExtraDimensionsG*

“SEBOS

gg2G*, qgbar2G*,

- PR, g

\\ Se DITTMAILR W G, RAFFELT
: A, NIKILENKO /- M, SFLEA
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zﬁg - Example:

gg “iﬂ;:bafe 2+ Gt
T

£5 z

If S > M, the effective theo

is not valid JUNE

Important to check effeé¢t X 'LAN
from truncatlng this region

(factor 82/M45 used here) heto i
This also truncétes mass
spectrum at large values »

Mass spectrum increasingly
peaked atlarge values |
(| e. truncatlon effect mgr_..-"

N NIKITLENKQ g5~ M, SFLEA N3
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- Photon Limi - Uyl
b ftU/G washiained/eysthe phoiaerbons of the Z process

(i.e.'all uses the 332%)8)
m,—>0; (g%:+ / s(6y) 2 e,

different partgloftae propBisiby, resprdducing related processes:
> G' : CU%fWW%{%&mfﬁthe photon limit and G scenario)

“‘ -\ G.F.*&%.‘@?&’%f’ﬂ!pg“gjfﬁ%z‘i%ﬂ?lfevens, NPB 544 (1999) 3;

\A. Mirabelli, 1 Perelotain 2 W.E. Peskin, RPL 82 (1999) 2236.

omplementary check of full Z ME
(cancelation heeded for U spin-2 ME to become G ME)

K.Cheung & W.Y.'Keung, PRD 60 (1999) 112003;
udice, T. Plehh.& A. Strumjgl NPB 706 (2005) 455.

/
/ e
R "" 1N ERNATTONAL SULEN TTITG CONEVLL
H, BAER 6‘ J. ORLOFF #
° €€ 20Ty ernentary KOPFPENSPIN-1 ME and U phase space factors

\3(, Wi R R T, HAHN E BOOS Ny M, PESKIN. 7
& NOSE ARSI, PRD 76 (2007) 055003.
J.FUJIMOTO X\ T. SJOSTRAND
M. MANGANO & P, SKANRS %4,

A\~ S BETHEE ¥ [y W, HOLLIK
AU EBOUDIEMA O\ S MORETTI

\ Sy DITTMAIER W G, RAFFELT

N NIKITLENKQ g5~ M, SFLEA N3
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