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What is Pythia 8?

Download and online manual from http://home.thep.lu.se/~torbjorn/Pythia.html

– General purpose Monte-
Carlo generator

– Simulates collision events: 
hard process, showering, 
hadronisation, multiple 
interactions, underlying 
event ...

– Version 8.1 released in Oct 
2007.  Current version 8.175

http://home.thep.lu.se/~torbjorn/Pythia.html
http://home.thep.lu.se/~torbjorn/Pythia.html
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...
Development of Pythia 6 now stops. We will still provide support
and urgent fixes to the code, if necessary, until 1 March 2013.
At this point, the Pythia 6 code will be frozen, and a final legacy
version will be released later in 2013. We will then
continue to answer questions regarding the behavior of Pythia 6
until 1 July 2013, after which only Pythia 8 will be actively
developed and supported.
...

Support for Pythia 6 has stopped!

Full effort to make Pythia 8 better than Pythia 6 
in all respects.  

Needs more users and feedback.



Nishita Desai 18 April 2013, MC4BSM 2013

✦ Important to model backgrounds correctly to 
observe BSM signatures.

✦ Current state-of-the-art SM calculations use ME 
generators + PS with matching followed by 
hadronisation.

➡ Pythia 8 provides various interfaces to external 
ME generators

➡ LO/NLO matching for processes available
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ME + PS matching at NLO!
UNLOPS results.
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Lonnblad and Prestel; arXiv:1211.7278

Also available LO matching via new Unitarised  
ME+PS merging (UMEPS), MLM and CKKW-L.

UNLOPS
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Interfaces

✦ Interface to LHAPDF or other external PDF libraries.

✦ Les Houches Accord (LHA) files for reading events 
or runtime LHA interface.

✦ Semi-internal processes for programs like Madgraph 
5.

✦ HepMC output for programs like RIVET, Delphes etc.

✦ Can be compiled as a plugin to ROOT.

✦ Generalised SLHA input for any BSM model.
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Other major improvements: 

✦ Improvements to parton showers; possibility to 
use external PS programs (e.g. Vincia)

✦ Improvements to MPI
✦ Showering to take into account colour-epsilon 

topologies, sextets.
✦ Hadronisation in presence of coloured exotic 

particles (R-hadrons [M. Fairbairn et al.,Phys. Rep. 438 (2007)], 
long-lived triplets or octets, ...)

✦ Tau polarisation in both production and decay   [P. 

Ilten, arXiv:1211.6730 [hep-ph]]

User-friendly, more intuitive; settings can be 
changed without requiring recompilation.
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! 1) Settings that are used in the main program.
Main:numberOfEvents = 1000         ! number of events to generate
Main:timesAllowErrors = 10         ! abort run after this many flawed events

! 2) Settings related to output in init(), next() and stat().
Init:showChangedSettings = on      ! list changed settings
Init:showChangedParticleData = on  ! list changed particle data
#Init:showChangedResonanceData = on ! also print changed resonance data
Init:showOneParticleData = 25      ! print data for this particular particle
Next:numberCount = 100             ! print message every n events
Next:numberShowInfo = 1            ! print event information n times
Next:numberShowProcess = 1         ! print process record n times
Next:numberShowEvent = 0           ! print event record n times
Stat:showPartonLevel = on          ! more statistics on MPI  

! 3) Beam settings.
Beams:idA = 2212                   ! first beam, p = 2212, pbar = -2212
Beams:idB = 2212                   ! second beam, p = 2212, pbar = -2212
Beams:eCM = 14000.                 ! CM energy of collision, LHC

! 4) Settings for hard-process generation internal to Pythia8.
HiggsSM:gg2H = on                  ! Higgs production by gluon-gluon fusion
25:m0 = 125.4                      ! Higgs mass

! 5) Switch off some key components of the simulation, for comparisons.
#PartonLevel:all = off              ! stop after hard process 
#PartonLevel:MPI = off              ! no multiparton interactions
#PartonLevel:ISR = off              ! no initial-state radiation 
#PartonLevel:FSR = off              ! no final-state radiation
#HadronLevel:all = off              ! stop after parton level 
#HadronLevel:Hadronize = off        ! no hadronization

Example card file
Sample programs
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✦ Pythia 8 has a basic library of BSM processes that can 
be used for quick studies. 
- BSM Higgses (2HDM)
- Fourth generation quarks
- New Gauge Bosons
- Left-Right symmetric models
- Leptoquarks
- Compositeness
- Hidden Valley
- Extra Dimensions
- SUSY

✦ More exotic processes may be implemented via external 
programs.
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BSM Higgses (2HDM):

Start with two complex Higgs doublets (eight d.o.f.), three are “eaten”, left 
with five: two CP-even, neutral; one CP-odd neutral and pair of charged 

Higgses.

Many 2HDM possibilities depending on which doublet couples to which 
fermions.

- Type I: all fermions couple only to second doublet
- Type II: up-type quarks couple to first, down-type and charged 

leptons to second (like in SUSY)
- Type III: up-type quarks and charged leptons to first, down-type to 

second
- Type IV: all quarks couple to first, all charged leptons to second.
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mode  HiggsH1:parity   (default = 1; minimum = 0; maximum = 3)
possibility to modify angular decay correlations in the decay of a h^0(H_1) decay Z^0 Z^0 or W^+ W^- to four fermions. 
Currently it does not affect the partial width of the channels, which is only based on the above parameters. 
option 0 : isotropic decays. 
option 1 : assuming the h^0(H_1) is a pure scalar (CP-even), as in the MSSM. 
option 2 : assuming the h^0(H_1) is a pure pseudoscalar (CP-odd). 
option 3 : assuming the h^0(H_1) is a mixture of the two, including the CP-violating interference term.

HiggsBSM:all = on  
Common switch for the group of Higgs production beyond the Standard Model

HiggsBSM:ffbar2H1  = on 
Scattering f fbar -> h^0(H_1^0), where f sums over available flavours except top.
HiggsBSM:gg2H1 = on  
Scattering g g -> h^0(H_1^0) via loop contributions primarily from top.

Can be turned on using

CPX scenario possible

parm  HiggsH1:coup2d   (default = 1.)
The h^0(H_1) coupling to down-type quarks.

parm  HiggsH1:coup2u   (default = 1.)
The h^0(H_1) coupling to up-type quarks.

parm  HiggsH1:coup2l   (default = 1.)
The h^0(H_1) coupling to (charged) leptons.

parm  HiggsH1:coup2Z   (default = 1.)
The h^0(H_1) coupling to Z^0.

parm  HiggsH1:coup2W   (default = 1.)
The h^0(H_1) coupling to W^+-.

parm  HiggsH1:coup2Hchg   (default = 0.)

...

Set couplings
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Extra Gauge Bosons
NewGaugeBoson:ffbar2gmZZprime  = on
Scattering f fbar ->Z'^0. [..]

mode  Zprime:gmZmode   (default = 0; minimum = 0; maximum = 6)
Choice of full gamma^*/Z^0/Z'^0 structure or not in the above process. [...]
option 0 : full gamma^*/Z^0/Z'^0 structure, with interference included. 
option 1 : only pure gamma^* contribution. 
option 2 : only pure Z^0 contribution. 
option 3 : only pure Z'^0 contribution. 
option 4 : only the gamma^*/Z^0 contribution, including interference. 
option 5 : only the gamma^*/Z'^0 contribution, including interference. 
option 6 : only the Z^0/Z'^0 contribution, including interference. 

Can be turned on with full interference with 
gamma/Z

flag  Zprime:universality   (default = on)
If on then you need only set the first-generation couplings below, and these are automatically also used for the second and 
third generation. If off, then couplings can be chosen separately for each generation.

parm  Zprime:vd   (default = -0.693)
vector coupling of d quarks.

parm  Zprime:ad   (default = -1.)
axial coupling of d quarks.

parm  Zprime:vu   (default = 0.387)
vector coupling of u quarks.

parm  Zprime:au   (default = 1.)
axial coupling of u quarks.

Versatile assignment of couplings
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Extra Gauge Bosons

NewGaugeBoson:ffbar2Wprime = on

[T]here is no equally compelling case for W^+-/W'^+- interference 
effects being of importance for discovery, and such interference has 
therefore not been implemented for now.

The couplings of the W'^+- are here assumed universal, i.e. the same for all generations. One may set vector and axial 
couplings freely, separately for the q qbar' and the l nu_l decay channels. [...]  [F]or simplicity, the same Cabibbo--
Kobayashi--Maskawa quark mixing matrix is assumed as for the standard W^+-. [...]

parm  Wprime:vq   (default = 1.)
vector coupling of quarks.

parm  Wprime:aq   (default = -1.)
axial coupling of quarks.

parm  Wprime:vl   (default = 1.)
vector coupling of leptons.

parm  Wprime:al   (default = -1.)
axial coupling of leptons.
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Hidden Valleys

SM 
SU(3) x SU(2) x U(1)

L. Carloni and T. Sjöstrand, JHEP 1009 (2010) 105

L. Carloni, J. Rathsman and T. Sjöstrand, JHEP 1104 (2011) 091

Hidden valley
U(1) x confined SU(N)

Mediator
SM x SU(N)

✦ Hidden valley photon: mixes with SM 
photon, Z

✦ New (hidden) mesons; flavour 
singlets can decay to SM
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FSR of new sector:

✦ Mediator particles charged under both groups
✦ Normal QCD, QED radiation
✦ Radiation into hidden valley photons (which then 

decay to SM via mixing with SM gauge bosons
✦ Radiation into hidden valley gluons which forms 

hidden sector mesons

Stefan Ask,  MC4BSM, March 2012 16/20 

Hidden Valley Models 

Large variety of phenom. alternatives 
 
Decays back to SM particles possible through  
kinetic mixing (γ/γ’) or a heavy Z’. 
 
Decay can be slow, i.e. displaced vertex, and  
for kinetic mixing (γ BR) leads to lepton pairs. 
 
HV parton shower (interleaved with SM 
shower) and HV hadronisation allows for 
different sources of visible / hidden mix of the 
final state. 
 
Abelian case,  
 

•  HV photon radiation can decay to SM. 

•   qv remains hidden. 
 

Example, Ev charged under, 
  

SU(2)SM x U(1)SM x SU(3)v 

Non-abelian case,  (after hadron.)  
 

•  Only flavour diagonal HV mesons 
decay in to SM particles. 

 

•  Allows for up to 8 qv flavours, 
implying 64 different HV mesons. 
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See online manual for:

✦ Left-Right models
✦ Leptoquarks
✦ Compositeness
✦ Extra dimensions:

- Randall-Sundrum

- Universal ED 

- Large ED

- Unparticles
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Supersymmetry
ND and P. Skands, Eur. Phys. J. C72 (2012) 2238

Idea: Space-time + new fermionic co-ordinates
 = Superspace!

➡Writing field theory in this space requires superfields
➡Each superfield has both bosonic and fermionic 

components
➡If we write SM using superfields, we get a new 

“superpartner” for each field
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SUSY in Pythia 8

✦ Can read in files SUSY Les Houches v2 (SLHA2) 
format  (more later...)

✦ 6x6 squark matrices allow processes with
- CP violation
- Flavour violation
- R-parity violation

✦ Cross sections
-Pair production of all strongly charged superparticles 
-Pair production of Neutralinos and Charginos

2 Supersymmetry in Pythia 8

Supersymmetry (see [10] for a pedagogical introduction) is considered one of the best moti-
vated extensions of the SM due to its ability to address many outstanding theoretical and
experimental issues. In particular, the Minimal Supersymmetric extension of the Standard
Model (MSSM) is currently a popular candidate for a BSM theory. The MSSM extends the
SM by the addition of one pair of SUSY generators which implies the presence of one super-
partner to each SM state. The MSSM particle spectrum therefore has squarks (q̃i), sleptons
(⌦̃i) and gauginos (B̃, W̃ i and g̃) as the supersymmetric counterparts of quarks, leptons and
gauge bosons respectively. The requirement of self-consistency of the theory via anomaly
cancellation also demands two Higgs doublet fields Hu and Hd. After electroweak symmetry
breaking (EWSB), we are left with five Higgs degrees of freedom viz. the CP-even h0 and
H0, the CP-odd A0 and two charged Higgs bosons H±. The superpartners of the Higgses —
the fermionic “Higgsinos” — mix with the gauginos to form neutralinos and charginos. In
particular, the neutral Higgsinos (H̃1 and H̃2) mix with the neutral U(1) and SU(2) gauginos
(B̃ and W̃ 3) to form the mass eigenstates called the neutralinos (�̃0

i ; i = 1 � 4.) Similarly,
the charged Higgsinos mix with the charged SU(2) gauginos to form charginos (�̃±

i ; i = 1, 2.)
The next-to-minimal supersymmetric extension of the SM (nMSSM) extends this scenario
by adding one extra singlet Higgs field. This adds another member to the neutralinos. The
current implementation of Pythia 8 includes the nMSSM extension and allows processes
with CP, flavour or R-parity violation.

Pythia 8 uses the standard PDG codes for numbering the superpartners [11] and the
particle spectrum is read in via an SLHA file [12, 13]. We use the super-CKM basis (in the
conventions of the SLHA2 [13]) for describing the squark sector which allows non-minimal
flavour violation. The mass-eigenstates of the squarks are then related to the left- and right-
handed squarks via a 6 ⇥ 6 complex mixing matrix. Our implementation can therefore be
used to study both CP violation and flavour violation in the squark sector.

�

⇧⇧⇧⇧⇧⇧⇤

ũ1
ũ2
ũ3
ũ4
ũ5
ũ6

⇥

⌃⌃⌃⌃⌃⌃⌅
= Ru

�

⇧⇧⇧⇧⇧⇧⇤

ũL
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ũR
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t̃R

⇥

⌃⌃⌃⌃⌃⌃⌅
;
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d̃2
d̃3
d̃4
d̃5
d̃6

⇥
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= Rd
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⇥

⌃⌃⌃⌃⌃⌃⌃⌅

(1)

The neutralino mixing matrix N is a 4 ⇥ 4 (5 ⇥ 5 in the case of nMSSM) mixing ma-
trix describing the transformation of the gauge eigenstate fermions (�iB̃,�iW̃3, H1, H2) into
the mass eigenstates (�̃0

1, �̃
0
2, �̃

0
3, �̃

0
4). The two chargino mixing matrices U and V describe

the diagonalization of the chargino mass matrix from the gauge eigenstates (�iW+, H+) to
(�̃+

1 , �̃
+
2 ). Supplementary conventions for vertices and most of the cross-section formulae are

taken from [14], as detailed below.

2.1 Couplings

Pythia 8 reads particle masses and mixing matrices via the SUSY Les Houches Accord
(SLHA2) framework [13]. (Read-in of SLHA1 spectra [12] is also supported, but mixing the
two standards is strongly discouraged, as the internal translation from SLHA1 to SLHA2
has only been designed with the original SLHA1 in mind.) The raw data read in by the

2
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Production processes

Chargino and neutralino production qqbar2chi0chi0,
qqbar2chi+-chi0,
qqbar2chi+chi-.

Gaugino squark production qg2chi0squark,
qg2chi+-squark.

Gluino production gg2gluinogluino,
qqbar2gluinogluino.

Squark-gluino production qg2squarkgluino

Squark-pair production gg2squarkantisquark,
qqbar2squarkantisquark

qq2squarksquark

RPV resonant squark production qq2antisquark

Table 1: List of SUSY production processes. In all cases, charge conjugate processes are
turned on by default.

SUSY processes can be turned on using SUSY:all = on. Individual subprocesses can then be
selected based on the final state by setting SUSY:idA = PDGcode and SUSY:idB = PDGcode.
If only idA is provided, all processes with that particle in the final state are turned on.
Alternatively, one or more specific classes of subprocess can be turned on, using the string
SUSY:processname = on, again with SUSY:idA and SUSY:idB providing a further level of
subprocess selection. The available subprocess classes are listed in Table 1.

The squark-antisquark and squark-squark production processes include contributions from
EW diagrams and their interferences. To estimate the size of these contributions, and/or for
purposes of comparison to other codes that do not include them, the cross sections can be
restricted to include only the strong-interaction contributions, using the following flags:

• qqbar2squarkantisquark:onlyQCD = true.

• qq2squarksquark:onlyQCD = true.

The baryon number violating coupling λ′′
ijk if present, can induce resonant squark produc-

tion via the process djdk → ũ∗i which produces a resonant up-type antisquark or via uidj → d̃∗k
or uidk → d̃∗j which produce a down-type antisquark. The expression for an up-type squark
production process is

σũ∗

i
=

2π

3m2
i

∑

jk

∑

i′

|λ′′

i′jk(R
u)ii′ |2 (3)

The expression for down-type squarks is similar, taking into account the symmetry prop-
erty λ′′

ijk = −λ′′
ikj . We implement this production process as qq2antisquark and the charge

conjugate processes (q̄iq̄j → q̃k) are included by default.
The supersymmetric Higgs sector is identical in many ways to the Two-Higgs Doublet

Model. The Higgs production processes have already been implemented in Pythia 8 in
the SigmaHiggs class. The production of the Higgs bosons can be accessed by including
the switch HiggsBSM:all=on. For specific Higgs processes, please refer to the HTML user
reference included with the code [1].

4

Slepton-pair, neutralino/chargino - gluino currently being validated
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Sparticle Decays

2.4 Sparticle Decays

SUSY Particle decays are handled by the class SUSYResonanceWidths. The user can choose
to read in decay tables via SLHA or use the decay widths calculated by Pythia. As a default,
Pythia does not calculate the decay width if a table is externally supplied. Note, however,
that while Pythia’s internal treatment can include sophistications such as matrix-element-
based phase-space weighting and running widths, channels read in from an SLHA decay table
will be decayed purely according to phase space, with no matrix-element weighting. The
internal treatment should therefore be preferable, in most cases, and an option for overriding
the automatic read-in of decay tables is provided, by setting the flag SLHA:useDecayTable =

false, see sec. 3.1.
The decay of a particular particle may be turned o�manually using the standard Pythia 8

structure PDGcode:mayDecay = false or by setting its width to zero in the SLHA decay
table. In the former case, the particle will still be distributed according to a Breit-Wigner
distribution with non-zero width, whereas it will always be assigned its pole mass in the latter.

Individual decay modes may be switched on/o� using the standard Pythia 8 methods,
documented in the section on “The Particle Data Scheme” in the program’s HTML doc-
umentation [1]. Ways to switch modes on/o� using SLHA decays tables are discussed in
sec. 3.1.

The internal treatment of 2-body decays is so far restricted to on-shell particles. A mecha-
nism for e�ectively generating 3-body decays via sequences of 1 ⇥ 2 decays involving o�-shell
particles is foreseen as an update in the near future (and will be announced in the Pythia 8
update notes). An equivalent mechanism is already implemented in Pythia 8, e.g., for
h ⇥ ZZ decays for light Higgs bosons, but it has not yet been carried over to the SUSY case.

Currently the following R-parity conserving two-body decays are implemented:

• g̃ ⇥ q̃iqj

• ⇥̃0
i ⇥ q̃iqj , l̃ilj ⇥̃0

jZ, ⇥̃+
j W

�

• ⇥̃+
i ⇥ q̃iqj , l̃ilj ⇥̃+

j Z, ⇥̃0
jW

+

• q̃i ⇥ qj⇥̃0
k, qj⇥̃

+
k , q̃jZ, q̃jW+

Besides these, we also include two-body R-parity violating decays of squarks via �⇤ (q̃ ⇥
lq⇤) and �⇤⇤-type couplings (q̃ ⇥ q⇤q⇤⇤). We also include the three-body decays of neutralinos
through �⇤⇤-type couplings via an intermediate squark [16]. For certain final states in three
body decays, partial decay via sequential two-body decays may also be kinematically allowed.
In this case, we demand that only the o�-shell components of the matrix element-squared are
allowed to contribute to the three-body decay width. Any interferences between the o�-shell
and on-shell components are also turned o�. The two-body sequential decays then proceed
as normal.

The Higgs boson running widths are calculated in the associated classes ResonanceH for
CP even (h0, H0) and the CP odd (A0) Higgses, and ResonanceHchg for charged Higgses(H±).
By default, the Higgs decay tables are not overwritten even if they are read via SLHA because
Pythia8 performs a more accurate phase space calculation than the flat weighting that is
performed for decay widths read in via SLHA. The decays of Higgses into SUSY particles will
be included in a future update.

5

, �̃0
jHk, �̃

+
j H

�

, �̃+
j Hk, �̃

0
jH

+

, q̃jHk, q̃
0
jH

+

✦ Calculate all decay widths for 2-body decays of 
squarks, sleptons, gluino, neutralinos and charginos.

Three body widths should be supplied via SLHA
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R-parity violating processes

503

2

1

5

4

3

501

502

qiqj ! q̃⇤k

Chargino and neutralino production qqbar2chi0chi0,
qqbar2chi+-chi0,
qqbar2chi+chi-.

Gaugino squark production qg2chi0squark,
qg2chi+-squark.

Gluino production gg2gluinogluino,
qqbar2gluinogluino.

Squark-gluino production qg2squarkgluino

Squark-pair production gg2squarkantisquark,
qqbar2squarkantisquark

qq2squarksquark

RPV resonant squark production qq2antisquark

Table 1: List of SUSY production processes. In all cases, charge conjugate processes are
turned on by default.

SUSY processes can be turned on using SUSY:all = on. Individual subprocesses can then be
selected based on the final state by setting SUSY:idA = PDGcode and SUSY:idB = PDGcode.
If only idA is provided, all processes with that particle in the final state are turned on.
Alternatively, one or more specific classes of subprocess can be turned on, using the string
SUSY:processname = on, again with SUSY:idA and SUSY:idB providing a further level of
subprocess selection. The available subprocess classes are listed in Table 1.

The squark-antisquark and squark-squark production processes include contributions from
EW diagrams and their interferences. To estimate the size of these contributions, and/or for
purposes of comparison to other codes that do not include them, the cross sections can be
restricted to include only the strong-interaction contributions, using the following flags:

• qqbar2squarkantisquark:onlyQCD = true.

• qq2squarksquark:onlyQCD = true.

The baryon number violating coupling �⇥⇥
ijk if present, can induce resonant squark produc-

tion via the process djdk ⇤ ũ�i which produces a resonant up-type antisquark or via uidj ⇤ d̃�k
or uidk ⇤ d̃�j which produce a down-type antisquark. The expression for an up-type squark
production process is

⇤ũ⇤
i

=
2⇥

3m2
i

�

jk

�

i0

|�00
i0jk(R

u)ii0 |2 (3)

The expression for down-type squarks is similar, taking into account the symmetry prop-
erty �⇥⇥

ijk = ��⇥⇥
ikj . We implement this production process as qq2antisquark and the charge

conjugate processes (q̄iq̄j ⇤ q̃k) are included by default.
The supersymmetric Higgs sector is identical in many ways to the Two-Higgs Doublet

Model. The Higgs production processes have already been implemented in Pythia 8 in
the SigmaHiggs class. The production of the Higgs bosons can be accessed by including
the switch HiggsBSM:all=on. For specific Higgs processes, please refer to the HTML user
reference included with the code [1].

4

Three types of RPV couplings: LLE, LQD, UDD
(�ijk,�

0
ijk and �00

ijk)

via �00
ijk

Types of LSP decays

• µ-type coupling: Through higgsino-lepton mixing

• λ-type coupling: dilepton/trileptons

• λ′-type coupling: one lepton/neutrino +two jets

• λ′′-type coupling: three jets

Decays through λ′′
ijk:

χ̃1
0

ũi

ui

dj

dj

χ̃1
0

d̃j

dj

ui

dj

Nishita Desai RPV sparticle production at the LHC

k

k

�̃0
i ! uidjdk

Matrix elements

We look at the ratio of exact matrix elements for
t̃R(p1) → d(p2)s(p3)(+g) via λ′′

312.

s̄

d̄

t̃1

p1

p2

p3

MBorn = 4|λ′′
312|2Nc!ŝ (8)
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Figure 3: Gluon emission from RPV vertices with ⇥-tensor.

These are explained in more detail in [22], where also more illustrations (including both
standard and baryon-number violating ones) can be found.

4.1 Colour-Epsilon Topologies

For colour topologies involving the epsilon tensor in colour space (i.e., colour topologies with
non-zero baryon number) we first consider the example of t̃ ⇥ q̄q̄ in the RPV-SUSY model.

The lagrangian for the UDD-type interaction terms is

L = �⇤��
ijk⇥

lmn
�
ũlRi(d̄

c)mj PRd
n
k + d̃mRj(ū

c)liPRd
n
k + d̃nRk(ū

c)liPRd
n
k + h.c.

⇥
(4)

To extract the behaviour of the radiation function, we look at the ratio of exact matrix
element for t̃R(p1) ⇥ d(p2)s(p3)+g(q) via ⇤��

312 to the matrix element for t̃R(p1) ⇥ d(p2)s(p3)
and retaining only the singular parts. The Born-level matrix element squared is given by:

M0 = 4|⇤��
312|2 Nc! ŝ (5)

Three diagrams (shown in Fig 3) contribute to the process where one gluon is emitted
from this configuration. If the matrix element corresponding to this process i.e. t̃R(p1) ⇥
d(p2)s(p3)g(q) is denoted by M1, then the ratio of the two squared matrix elements is then
given by:

|M1|2

|M0|2
= 4⌅�sCF

⇧
1

(Nc � 1)

⇤
2s23
s2qs3q

+
2s12
s1qs2q

+
2s13
s1qs3q

⌅
+

s2q
ss3q

+
s3q
ss2q

⌃
+ finite terms , (6)

The antenna pattern represented by this formula can be characterized as follows: the
three terms in the inner parenthesis represent three soft-eikonal factors (one for each of the
three possible two-particle combinations), and agree with the expression in [16]. The factor
1/(Nc � 1) in front of the inner parenthesis implies that the normalization of each of these
eikonals is half as large as that of the eikonal term in an ordinary qq̄ antenna, see, e.g., [27–29].
(Note that, in the Herwig implementation based on [16], this pattern is generated using
ordinary full-strength radiation functions, by selecting randomly between each two-particle
combination, thereby reproducing the full pattern when summing over events.) The two last
terms inside the square brackets correspond to additional purely collinear singularities for each
of the quarks. The factor 1/(Nc � 1) is here absent; the collinear singularities have the same
strength as those of an ordinary qq̄ antenna. The terms labeled “finite” are process-dependent
and non-singular in all soft and collinear limits.
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of an ordinary qq̄ antenna. The X and Y terms contain subleading-color and a quasi-collinear
term for the decaying t̃, respectively.

The eikonal terms (including the leading part of the Y term, ∝ m2/(p1 · q)2) agree with
the expression in [16,31], which is used to generate radiation for this type of colour topology
in Herwig [32]. (Note that, in the Herwig implementation, the pattern is generated using
ordinary full-strength radiation functions, by selecting randomly between each two-particle
combination, thereby reproducing the full pattern when summing over events [16,31].)

For the implementation in Pythia, we have chosen a different strategy, as follows. First,
using momentum conservation, we may rewrite the antenna pattern above to only contain
the final-state particle momenta,

p1 · p2
(p1 · q)(p2 · q)

+
p1 · p3

(p1 · q)(p3 · q)
=

p2 · p3
(p2 · q)(p3 · q)

+
2

p1 · q
(9)

This reduces the eikonal part of expression to a single antenna between the two final-state
quarks, plus subleading leftover terms. The eikonal and the collinear terms then correspond
exactly to the standard radiation pattern from a qq̄ dipole with an extra term of O( 1

Nc
).

For the present work, we therefore take the radiation pattern of a standard-strength dipole
spanned between the two final-state quarks as our starting point. Using sij = 2pi · pj , this
radiation function is given by [28]

|MZ→qq̄+g|2

|MZ→qq̄|2
= 8παsCF

(

2s23
s2qs3q

+
s2q
ŝs3q

+
s3q
ŝs2q

)

. (10)

The Pythia showers are not based directly on equation (10), but rather on Altarelli-Parisi
(AP) splitting kernels, which partition the radiation pattern onto two terms, each of which is
governed by the q → qg splitting function,

Pq→qg(z) = CF
1 + z2

1− z
, (11)

with z the energy fraction retained by the quark after emitting the gluon. The energy fractions
of the final-state quarks, 2 and 3, are defined as in [33],

z2 =
x2

x2 + xq
=

m2
1 − s3q

m2
1 + s2q

; z3 =
x3

x3 + xq
=

m2
1 − s2q

m2
1 + s3q

. (12)

The expression actually used in the Pythia showering is the sum of the AP contributions,

|M1|2
|M0|2

Pythia∼ 8παs

(

P (z2)

s2q
+

P (z3)

s3q

)

. (13)

The full matrix-element ratio, |M1|2/|M0|2, as well as the various approximate forms
discussed here, are illustrated in Fig. 3, with the mass of the decaying t̃ arbitrarily set to
m1 = 300 GeV. On the left-hand pane, we show the size of the radiation function (without
the overall factor 8παsCF ) as a function of the opening angle between the final-state gluon
and one of the quarks, for a fixed (∼soft) gluon energy Eg = 10 GeV. On the right-hand
pane, we show the dependence on energy, for a fixed (∼collinear) opening angle θqg = 20◦.
The bottom row shows the ratio of each approximation to the matrix-element result.

The thick solid (blue) line represents the full t̃∗ → qq + g matrix element, equation (7).
For comparison, the thin solid (red) line shows the pattern obtained for a standard dipole,
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Figure 3: Illustration of radiation functions for gluon emission in q̃∗ → q1q2 decays for soft
(left) and collinear (right) gluons.

equation (10). The dashed (brown) curve shows the Pythia approximation to the dipole
pattern, given by the sum of the AP splitting kernels in equation (13). Finally, the light
dot-dashed (green) curve shows the eikonal approximation to the matrix element, used by
Herwig.

In the soft limit (left-hand pane of Fig. 3), all the expressions agree in the two extremal
points, in which the gluon is both soft and collinear. For wide-angle soft emissions, e.g. at
90◦ opening angle, the standard dipole pattern (as well as its DGLAP variant) overestimate
the full matrix element by up to a factor ∼ 1.5. That is, the Pythia shower will generate
slightly too many soft wide-angle gluons. By contrast, as would be expected in the soft limit,
the eikonal approximation works well for all opening angles.

In the collinear limit (right-hand pane of Fig. 3), the x axis is now the gluon energy, with
the opening angle held fixed. All the expressions again agree for small gluon energies, in the
double soft- and collinear limit. For intermediate gluon energies, the standard dipole pattern
(as well as its DGLAP variant) again slightly overestimate the full matrix element, while they
again agree with the matrix element in the hard collinear limit, on the right-hand edge of the
plot. The eikonal, however, does not include the collinear-singular terms on the last line of
equation (7) and hence does not reproduce the rise of the other curves in the hard-collinear
limit.

In summary, our shower model will slightly overestimate the total amount of radiation, in
particular at large angles, while the Herwig model underestimates hard-collinear radiation.
We therefore regard the two as complementary. We note that the neglected terms could
still subsequently be incorporated into Pythia 8 as a matrix-element correction [34, 35],
presumably mostly relevant if B-violating processes should indeed be observed in nature.

For the case χ̃0
1 → qqq, the corresponding expression is similar to equation (7) with three

half-strength eikonals between the quark from the neutralino-quark-squark vertex and the
two quarks from the RPV vertex [16]. Besides these, each quark has the corresponding full
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On going SUSY work:
➡ Three body decays
➡ Validation of remaining decays.
➡ Higgs decays to SUSY particles
➡ Production of sleptons
➡ Production at leptons colliders (for CLIC/ILC studies)

What about the Higgs sector of SUSY?
➡ The 2HDM model is automatically initialised using 

data read in via SLHA
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Improvements to SLHA interface

Problem with designing a generic interface for all BSM 
models is how to implement arbitrary blocks

BLOCK MODSEL  # Model selection
     1     1   sugra                                             
#
BLOCK SMINPUTS  # Standard Model inputs
     1     1.27934000E+02   # alpha_em^-1(M_Z)^MSbar
     2     1.16637000E-05   # G_F [GeV^-2]
     3     1.18000000E-01   # alpha_S(M_Z)^MSbar
     4     9.11876000E+01   # M_Z pole mass
     5     4.25000000E+00   # mb(mb)^MSbar
     6     1.75000000E+02   # mt pole mass
     7     1.77700000E+00   # mtau pole mass
#
BLOCK MINPAR  # Input parameters - minimal models
     1     1.00000000E+02   # m0                  
     2     2.50000000E+02   # m12                 
     3     1.00000000E+01   # tanb                
     4     1.00000000E+00   # sign(mu)            
     5    -1.00000000E+02   # A0                  

Was designed for SUSY
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3.1.1 QNUMBERS

The SLHA file should contain a QNUMBERS block [9] for each state not already associated with
an ID code (a.k.a. PDG code, see [1,11] for a list) in Pythia 8. For a hypothetical electrically
neutral colour-octet self-conjugate fermion (a.k.a. a gluino) that we wish to assign the code
7654321 and the name “balleron”, the structure of this block should be

BLOCK QNUMBERS 7654321 # balleron
1 0 # 3 times electric charge
2 2 # number of spin states (2S+1)
3 8 # colour rep (1: singlet, 3: triplet, 6: sextet, 8: octet)
4 0 # Particle/Antiparticle distinction (0=own anti)

For a non-selfconjugate particle, separate names can be given for the particle and its
antiparticle. For a heavy up-type quark,

BLOCK QNUMBERS 8765432 # yup yupbar
1 2 # 3 times electric charge
2 2 # number of spin states (2S+1)
3 3 # colour rep (1: singlet, 3: triplet, 6: sextet, 8: octet)
4 1 # Particle/Antiparticle distinction (0=own anti)

Note that the name(s) given after the # mark in the block definition are optional and
entirely up to the user. If present, they will be used, e.g., when printing out event records
with Pythia’s event.list() method.

The SM quantum numbers given in the QNUMBERS blocks are required by Pythia 8 for
QED and QCD showering, and for colour-flow tracing. (Currently, Pythia does not make
use of the spin information.) As a rule, we advise to avoid clashes with existing ID codes,
to the extent possible in the implementation. A useful rule of thumb is to only assign codes
higher than 3 million to new states, though one should be careful not to choose numbers
larger than a 32-bit computer integer can contain, which puts a cap at ∼ 2 billion.

3.1.2 MASS

The file should also contain the SLHA block MASS, which must, as a minimum, contain one
entry for each new state, in the form

BLOCK MASS
# ID code pole mass in GeV

7654321 800.0 # m(balleron)
8765432 600.0 # m(yup)

In principle, the block can also contain entries for SM particles. Here, some caution and
common sense must be applied, however. Allowing SLHA spectra to change hadron and/or
light-quark masses in Pythia 8 is strongly discouraged, as these parameters are used by the
parton-shower and hadronization models. Changing the b-quark mass, for instance, should
ideally be accompanied by a retuning of the b fragmentation parameters. Since this is not the
sort of question a BSM phenomenology study would normally address, by default, therefore,
Pythia 8 tries to protect against unintentional overwriting of the SM sector via the flag
SLHA:keepSM, which is on by default. To be more specific, this flag causes particle data
(including decay tables, see below) for ID codes in the ranges 1 – 24 and 81 – 999,999 to be
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ignored. Notably this includes Z0 (ID 23), W± (ID 24), and t (ID 6). The SM Higgs (ID 25),
however, may still be modified by the SLHA input, as may other particles with ID codes in
the range 25 – 80 and beyond 1,000,000. If you switch off this flag then also SM particles are
modified by SLHA input.

Alternatively, the parameter SLHA:minMassSM, with default value 100.0 GeV, can be spec-
ified to allow any particle with ID code below 1,000,000 to be modified, if its default mass in
Pythialies below some threshold value, given by this parameter. The default value of 100.0
allows SLHA input to modify the top quark, but not, e.g., the Z0 and W± bosons.

3.1.3 DECAY

The file may also include one or more SLHA decay tables [12]. New BSM particles without
decay tables will be treated as stable by Pythia 8. For coloured states, this may result in
errors at the hadronization stage, and/or in the possibly unintentional production of so-called
R-hadrons [25], with a reasonably generic model for the latter available in Pythia 8 [26]. On
the other hand, a redefinition of Pythia’s treatment of the decays of SM particles, like Z0 and
W± may be undesirable, since Pythia’s internal treatment is normally more sophisticated
(discussed briefly in sec. 2.4). Thus, again, caution and common sense is advised when
processing (B)SM particles through Pythia, with the protection parameters SLHA:keepSM

and SLHA:minMassSM described above also active for decay tables. An option for overriding the
automatic read-in of decay tables is also provided, by setting the flag SLHA:useDecayTable

= false.
The format for decay tables is [12]

# ID WIDTH in GeV
DECAY 7654321 2.034369169E+00 # balleron decays
# BR NDA ID1 ID2 ID3

9.900000000E-01 3 6 5 3 # BR( -> t b s )
1.000000000E-02 3 4 5 3 # BR( -> c b s )

Note that the branching ratios (BRs) must sum up to unity, hence zeroing individual
BRs is not a good way of switching modes off. Instead, Pythia 8 is equipped to interpret a
negative BR as a mode which is desired switched off for the present run, but which should be
treated as having the corresponding positive BR for purposes of normalization.

Finally, a note of warning on double counting. This may occur if a particle can decay via
an intermediate on-shell resonance. An example is H0 → q1q̄2q3q̄4 which may proceed via
H0 → WW followed by W → qq̄′. If branching ratios for bothH0 → WW andH0 → q1q̄2q3q̄4
are included, each with their full partial width, a double counting of the on-shell H0 → WW
contribution would result. (This would also show up as branching ratios summing to a value
greater than unity.) Such cases should be dealt with consistently, e.g., by subtracting off the
on-shell contributions from the H0 → q1q̄2q3q̄4 partial width.

3.2 Accessing the Information from a Semi-Internal Process

Already the original SLHA1 [12] allowed for the possibility to create user-defined blocks, be-
yond those defined by the accord itself. The only requirement is obviously that the block
names already defined in the accord(s) should not be usurped. The SLHA interface in
Pythia 8 will store the contents of all blocks, both standard and user-defined ones, as internal
vectors of strings.

8
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What if you need extra parameters (blocks)?

Use either a semi-internal process (your own derived 
subclass of a Pythia process) to provide production cross 
section expressions or read in LHE file generated 
externally.

By default, Pythia’s internal BSM implementation only extracts numerical content from
those blocks it recognizes (i.e., the standard SLHA 1&2 blocks and QNUMBERS), and uses those
to initialize its couplings and particle data arrays. However, generic methods are also provided,
that can be used access to the contents of any block, whether standard or user-defined, from
inside any class inheriting from Pythia’s SigmaProcess class (i.e., in particular, from any
semi-internal process written by a user), through its SLHA pointer, slhaPtr, by using the
following methods:

bool slhaPtr->getEntry(string blockName, double& val);
bool slhaPtr->getEntry(string blockName, int indx, double& val);
bool slhaPtr->getEntry(string blockName, int indx, int jndx, double& val);
bool slhaPtr->getEntry(string blockName, int indx, int jndx, int kndx, double& val);

This particular example assumes that the user wants to read the entries (without in-
dex, indexed, matrix-indexed, or 3-tensor-indexed, respectively) in the user-defined block
blockName, and that the entry value, val, should be interpreted as a double. In fact, the
last argument is templated, and hence if anything other than a double is desired to be read,
the user has only to give the last argument a different type. Since the user presumably knows
what type of content his/her own user-defined blocks contain, this solution allows the content
to be accessed in the correct format, without Pythia needing to know what that format is
beforehand. If anything goes wrong (i.e., the block does not exist, or it does not have an
entry with that index, or that entry cannot be read as a double), the method returns false;
true otherwise. This effectively allows input of completely arbitrary parameters using the
SLHA machinery, with the user having full control over names and conventions. Of course, it
is then also the user’s responsibility to ensure complete consistency between the names and
conventions used in the SLHA input, and those assumed in any user-written semi-internal
process code.

Note also that the special SLHA block SMINPUTS (containing SM parameters [12]) will al-
ways be accessible through the methods above, regardless of whether a corresponding SLHA
block has been read in or not. The SMINPUTS block is initialized starting from PYTHIA’s own
internal default values, with subsequent modifications as dictated by updates to PYTHIA’s
particle and parameter databases before initialization and/or by SLHA read-in. This func-
tionality is intended to give a generic BSM implementation access to the SM parameters
contained in SMINPUTS in a universal way.

To give a specific example, the interface to Madgraph 5 was structured in the following
way. Among the possible output formats available for matrix elements in Madgraph 5, one
is a mode called pythia8. When invoked, this mode writes out the corresponding matrix
element(s) in exactly the format required by Pythia 8’s semi-internal process machinery.
The resulting code can therefore be imported directly into Pythia 8, and Madgraph even
provides explicit instructions and a Makefile for doing precisely that. In general, however, such
matrix elements may contain parameters that refer, e.g., to couplings in a model unknown
to Pythia. A central question was therefore how to provide information on such parameters
at runtime, in a sufficiently generic manner. The solution is that Madgraph writes out the
relevant parameters as custom-made SLHA-like blocks in a BSM/SLHA file included together
with the matrix-element code. It then also inserts appropriate calls to slhaPtr->getEntry()
in the cross-section expressions, so that each parameter can be retrieved when needed, without
any user intervention required.

Note that this entirely circumvents a particularly troublesome issue that before was
thought to make any truly universal “BSM Accord” impractical, the problem of agreeing
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➡Pythia provides functionality to retrieve data from 
arbitrarily named blocks
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➡ Pythia 8 provides cutting edge support for 
matching

➡ Tau polarisation and decays now built-in
➡ Many BSM models supported
➡ Showering/hadronisation with exotic colour 

states available
➡ All SUSY production processes relevant for LHC 

have been implemented.
➡ Arbitrary BSM models can be implemented by 

the user.

In Summary:
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Backup
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! main86.cmnd.
! This file contains commands to be read in for a Pythia8 run. 
! Lines not beginning with a letter or digit are comments.

// Number of events generated
Main:numberOfEvents        = 1000

// Specify shower options
HadronLevel:all            = on
PartonLevel:MPI            = on

// Core process for merging
Merging:Process            = pp>LEPTONS,NEUTRINOS

// Maximal number of additional LO jets.
Merging:nJetMax            = 2

// Merging scale value.
Merging:TMS                = 15

// Switch off enforced rapidity ordering
SpaceShower:rapidityOrder  = off

// Since UMEPS is a tree-level merging method, both leading-order and 
// next-to-neading order PDFs are allowed. However, from parton shower 
// considerations, leading-order PDFs are preferred, since multiparton 
// interactions probe the incoming hadron at small momentum scales.  
// Example PDF files generated with CTEQ6M PDFs.
PDF:useLHAPDF              = on
PDF:LHAPDFset              = cteq6m.LHpdf
SpaceShower:alphaSvalue    = 0.118
TimeShower:alphaSvalue     = 0.118

Param card for merging



Nishita Desai 18 April 2013, MC4BSM 2013

Beams:idA = 2212                   ! first beam, p = 2212, pbar = -2212
Beams:idB = 2212                   ! second beam, p = 2212, pbar = -2212
Beams:eCM = 10000.                 ! CM energy of collision

! 4) Read SLHA spectrum
SLHA:file = cmssm.spc              ! Sample SLHA1 spectrum for CMSSM-10.1.1
#SLHA:file = sps1aWithDecays.spc     ! Older example including DECAY tables

! 5a) Process selection 
#SUSY:all = on                      ! Switches on ALL (~400) SUSY processes
#SUSY:gg2gluinogluino  = on      
#SUSY:qqbar2gluinogluino  = on
#SUSY:qg2squarkgluino = on
#SUSY:gg2squarkantisquark = on
#SUSY:qqbar2squarkantisquark = on
#SUSY:qq2squarksquark = on
#SUSY:qqbar2chi0chi0  = on
#SUSY:qqbar2chi+-chi0 = on
#SUSY:qqbar2chi+chi-  = on
#SUSY:qg2chi0squark = on
#SUSY:qg2chi+-squark  = on
#SUSY:qqbar2chi0gluino = on
#SUSY:qqbar2chi+-gluino = on
SUSY:qqbar2sleptonantislepton = on

! Optionally select only specific sparticle codes in the final state
SUSY:idA        = 1000015           ! 0: all
SUSY:idB        = 1000015           ! 0: all

Param card for SUSY
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Fourth generation quarks: t’, b’
flag  FourthBottom:all   (default = off)
Common switch for the group of b' production.

flag  FourthBottom:gg2bPrimebPrimebar   (default = off)
Scatterings g g -> b' b'bar. Code 801.

flag  FourthBottom:qqbar2bPrimebPrimebar   (default = off)
Scatterings q qbar -> b' b'bar by gluon exchange.

flag  FourthBottom:qq2bPrimeq(t:W)   (default = off)
Scatterings q q' -> b' q'' by t-channel exchange of a W^+- boson.

flag  FourthBottom:ffbar2bPrimebPrimebar(s:gmZ)   (default = off)
Scatterings f fbar -> b' b'bar by s-channel exchange of a gamma^*/Z^0 boson.

flag  FourthBottom:ffbar2bPrimeqbar(s:W)   (default = off)
Scatterings f fbar' -> b' qbar'' by s-channel exchange of a W^+- boson. Here q'' is either u or c.

flag  FourthBottom:ffbar2bPrimetbar(s:W)   (default = off)
Scatterings f fbar' -> b' tbar by s-channel exchange of a W^+- boson.

flag  FourthPair:ffbar2tPrimebPrimebar(s:W)   (default = off)
Scatterings f fbar' -> t' b'bar by s-channel exchange of a W^+- boson.

flag  FourthPair:ffbar2tauPrimenuPrimebar(s:W)   (default = off)
Scatterings f fbar' -> tau' nu'_taubar by s-channel exchange of a W^+- boson.

parm  FourthGeneration:VubPrime   (default = 0.001; minimum = 0.0; maximum = 1.0)
The V_ub' matrix element in the 4 * 4 CKM matrix.

parm  FourthGeneration:VcbPrime   (default = 0.01; minimum = 0.0; maximum = 1.0)
The V_cb' matrix element in the 4 * 4 CKM matrix.

parm  FourthGeneration:VtbPrime   (default = 0.1; minimum = 0.0; maximum = 1.0)
The V_tb' matrix element in the 4 * 4 CKM matrix.

Production, similar for t’

CKM parameters
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Why is SUSY so popular?

✦ We would expect large loop corrections to Higgs mass 
which depend on the scale upto which SM is valid.  If 
this is (say) the Planck scale, why is Higgs mass so 
small?
➡Loop contribution from bosons and fermions differ in 

sign.  Superpartners would mean a natural 
cancellation.

✦ We need new source of CP to explain baryon 
asymmetry.  SUSY has a large sector unexplored with 
plenty of possibilities.
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Why is SUSY so popular?

✦ If there is a Grand Unified Theory, SUSY provides 
unification of couplings at the GUT scale

✦ Problem with proton decay due to scalars that carry 
lepton or baryon number.  

➡Solved by introduction of R-parity gives a bonus: 
provides a natural DM candidate with the right relic 
density

✦ Possibility of getting neutrino masses.

Looks like a cure for all ills, 
BUT ...


