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Introduction : Overview

Overview

» sophisticated tau decays available in PYTHIA since 8.150
e spin correlations
o fully modeled hadronic currents
o extensibility
+ based on the work of TAUOLA [6] and HERWIG++ [7]
« all known decays with B > 0.04% available in upcoming PYTHIA

8.170

« helicity correlation e« tau decay

o algorithm e two body

* example * three body PyTHIA dev. 8.165
o tau production * four body HERWIG+—+ 2.6.2

» electroweak  five body TAUOLA 2.9 with

. Higgs e six body :

« additional » implementation PYTHIA 6

e interface
e matrix elements
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Helicity Correlation : Algorithm

Algorithm

« based on algorithm by Collins [2] and Knowles [9] and expanded
by Richardson [12]

o D = decay matrix for each particle, Dipjtial = I

o M = matrix element, p = density matrix

® Calculate M for the initial ® Repeat @ - @ until all decay
interaction. products are stable.
® Find p for an outgoing ® Calculate D for the particle.

particle using the interaction
M and D’s of the remaining
outgoing particles.

® Go up a decay and perform
® - @ on the undecayed

® Decay the particle using its particles.
M., p, and the D’s of its @ Repeat @ - @ until all
decay products. particles are decayed.
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Helicity Correlation : Example

Example
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Higgs
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Tau Production :

Additional

« B/D— X+71v
My with incoming B/D and
outgoing X
o unknown W
assume P, ~ —1
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Tau Decay : General Form

General Form
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Three Body

three models

leptonic current

o T —Ure e

o TT U U Y,

Kiihn and Santamaria [10]
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Tau Decay : Three Body
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Four Body

o four models
« CLEO model [13]

o 77 = w0701~

e 7T syt

 Finkemeier and Mirkes [4]

o T v, K—n~ K™t
— v, K7~ KO
U.,-Kgﬂ'_Kg
VTKgﬂ'_Kg
VTKgﬂ’K(L)
v, K—79K©°
vmOmO K~

v, K—n—7nt
V.,-Tr_f(oﬂ'o

!

SRR NS R R
lllllll

: Four Body

» Decker, Mirkes, et al. [3]
7 S
vy~
v, K—n~ KT
VTKO7T7RO
v, K—m°K°
v, 070K =
v, K n—rnt
VTF_ROWO
e T 1/777771'077

« Jadach, Was, et al. [8]

o T — VT'y7r07r_

lllllllll

@ nten (UCD)

Tau Decays in PyTHIA 8 September 18, 2012 11 /19



Four Body
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Five Body
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Six Body

e one model
« Kiihn and Was [11]
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ementation : Interf

Interface

o interface available under Particle Decays of the PYTHIA 8 manual

ParticleDecays:sophisticatedTau (default = 1;minimum = ©;maximum = 3)
Choice of tau decay model.

0 : old decay model, with isotropic decays. When reading LHEF files, the SPINUP digit will be ignored.

1 : sophisticated decays where tau polarization is calculated from the tau production mechanism. When reading LHEF files, the SPINUP digit will
be used.

2 : sophisticated decays as above, but additionally tau polarization is setto ParticleDecaus: tauPolarization
ParticleDecays:tauMother. When reading LHEF files, this overrides the SPINUP digit.

3 : sophisticated decays where tau polarization is setto ParticleDecaus:tauPolarization for all tau decays.
this overrides the SPINUP digit.

Note: options 2 and 3, to force a specific tau polarization, only affect the decay of the tau. The angular distribution of the
production, is not modified by these options. If you want, e.g., a righthanded W, or a SUSY decay chain, the kinematics should
corresponding cross section class(es), supplemented by the resonance decay one(s). The options here could then still be used
polarization at the tau decay stage.

ParticleDecays:tauPolarization |0 (default = @;minimum = 1.;maximum = 1.
Polarization of the tau when mode 2 or 3 of ParticleDecays:sophisticatedTau is selected.

ParticleDecays:tauMother |0 (default = 0;minimum = 0)

Mother of the tau for forced polarization when mode 2 of ParticleDecays:sophisticatedTau is selected. You should give the positive identity
code; to the extent an antiparticle exists it will automatically obtain the inverse polarization.
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http://home.thep.lu.se/~torbjorn/php8165/ParticleDecays.php?filepath=files/

Implementation : Matrix Elements

Matrix Elements

helicity classes and representation (Weyl basis) implemented in
HelicityBasics.cc

« helicity matrix elements (production and decay) implemented in
HelicityMatricElements.cc

o only hadronic current needs to be implemented for new models

« tau decay mechanism implemented in TauDecays.cc

M = u7,(1 =5 ug g
J

M = Z p1.waveBar(\;)+GammaMatrix(u)
Fox(1— ) * po.wave(Ag)
xGammaMatrix(4)(u,u) * Waved(q2)(u)
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Conclusion : Summary

Production Summary

» provide polarization for all taus
» provide polarization from taus from a specific mother
o read polarization from LHEF files

o use included polarization mechanisms

production ‘ M
ff—=~v—=ff TwoFermions2Gamma2TwoFermions
ff—2Z—ff TwoFermions2Z2TwoFermions

ff—=~*/2 — ff | TwoFermions2GammaZ2TwoFermions
ffl— W — ff’ TwoFermions2W2TwoFermions

Z— ff Z2TwoFermions

W — ff TwoFermions2W2TwoFermions

B/D — P+ X TwoFermions2W2TwoFermions
HCP—even _, ¢f HiggsEven2TwoFermions

HCP—odd _, ¢f Higgs0dd2TwoFermions

HE — ff’ HiggsCharged2TwoFermions
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Decay Summary

Conclusion :

Summary

switch between models with 15:meMode = X

decay ‘ M decay M
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Conclusion : Remarks

Remarks

polarization of taus available in PyYTHIA
fully modeled taus in PyTHIA
o 99.7% of all known tau decays modeled
o all known decays with B > 0.04% modeled
easy-to-use (hopefully) and extensible interface
hope to see new models implemented soon!
thanks to Lund University and MCNet for funding this project

thanks to the PYTHIA team for their dedicated help
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Performance

Performance

Herwig++ = HERWIG++  Pythia 8p = PyrHia  Pythia 6 = TAvOLA

Timed Runs
0.07 i e iHerwig++
i = iPythiai8p
0.06 i + iPythiai6

seconds/event
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