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Overview

@ Introduction: Tuning of MC Event Generators
© Pythia Matching & Merging Tune
© Scale variations in Pythia Merging

@ AutoTunes

© Summary
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Introduction: Tuning of MC Event Generators

MC Event Generators

Predict fully exclusive final state
@ Perturbative methods well known

e Hard interaction: Matrix elements
(LO/NLO) e
o Radiative Corrections: Parton shower in O

initial and final state
@ Non-perturbative models

e Multiple interactions
e Hadronization
e Hadron decays

Models include many parameters

Borrowed from S. Prestel
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Introduction: Tuning of MC Event Generators

Tuning: General Idea
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arXiv:1404.5630, P. Skands et al., 2014
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Introduction: Tuning of MC Event Generators

How to Tune

o Generate MC pseudodata f,(p), compare to experimental data bin R}
@ Iterative MC event generation slow — Use bin-wise parametrization of MC generator

response

data bin

bin interpolation

=3 Y

best p

e Minimize x3(p) =Y, Wb%ﬁ, with data uncertainty Ap, bin weights wj
b
@ PROFESSOR: Python package for MC tuning, highly automated, includes validation tools

arXiv:0907.2973, A. Buckley et al., 2009
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Pythia I\/Iatching & Merging TU NE€ work with Stefan Prestel and Malin Sjsdahl

Matching and Merging: use additional pQCD input

Multi-jet Merging Higher multiplicity matrix elements — improved radiation pattern
NLO Matching NLO matrix elements — higher fixed order accuracy

Problem: Monash tune based on LO matrix elements with ME corrections
Good for many observables in matched & merged calculations

More precise perturbative calculation — less freedom to tune

Retuning might allow for improvements, more universal tune
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Pythia Matching & Merging Tune

Differential 3-jet rate with Durham algorithm (91.2 GeV) Charged multiplicity
3 =
3 10 = r
i Zz 10 e
B & F
ae] L
102
10" E
. r —e— Data
—e— Data 10 ? — Pyth%a ‘
—— Pythia F —— Pythia no ME in PS
o —— Pythia no ME in PS e —— NLOnoMEin PS
o —  NLOnoMEinPS NLO w. ME in PS
——— NLO w. ME in PS
10 1073
] \\\\H‘ 1 \\\\H‘ Lol 1 \\\H'\
HE ‘éj;ﬁt |
13 E 1.3
£ 12 8 12
£ 1.1 E S 1.1
S = SO
g 09 = g o9
= 08 E S 08
0.7 E- 07
0.6 B | | 0.6
0,5 L.l Ll Lol Lol Lol 045
10 4 1073 102 107" 30 40 50
y%rham NCh
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arXiv:hep-ex/0001055 arXiv:hep-ex/0406049
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Scale Variations in UMEPS Merging

In unitarized multi-jet merging, observables O are calculated by

CKKWL, no shower variations

(0) :/d¢0 {Oo [Bo—/sBl_le—/SBQ_,Om] J |
+ [ der0n [Blwl— /5 Bzﬁlwz]
+ [ dor | dqszoszwQ}

with weights

5SRE-EROE S

2

SBERE-ERSE

1 1 1 1 1 1

4 35 3 25 =2

bt bt bt ’ E 1501 05
w1 = Mno(to,tl,b) and Wy = LS( 1)7015( 2)”0(t0,t1,b)|_|1(1.'1,t2,b log10(22)
as(pR) as(pr) as(ir)
Vary b — b/2,2b in weights and in trial shower generating Sudakovs I1;

Leif Gellersen Tuning of Merged Pythia January 23rd, 2019 8/13



Scale Variations in UNLOPS

UNLOPS: Combine NLO matching and UMEPS merging:

(0) :/dcf)o {Oo [Bo - /5 Biso — /5 Bi0(w1 — wi|o(ay)) —/552—>0W2]

+/d¢101 [El + Bi(w1 — m1|o(a,)) — /5 B2H1W2:|

+ [ dor | d«zszoszwQ}

with weights wy, wy as before, but B; come with variations as well
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AUtOTU NES work with Johannes Bellm

@ Framework to reduce human interaction
@ Polynomial interpolation only possible & make tune reproducible
for < 10 parameters @ Tune many parameters at once:
@ Interpolation only good if ranges small automatically divide into sub-tunes
enough @ Set weights for observables
o x? depends on weights — need to know automatically
data and generator @ Allow for iterations with revised
’ parameter ranges |
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AutoTunes: The ldea

e Normalize each bin b; and each parameter p* to [0, 1] 1

e Find slopes S!*

@ S; vector in parameter space

° S points along parameters of high influence on bin b”’
o Normalize: N/ = ZS,-;;,-”
e Find J'=(1,0,0,1,0,...,1) that maximizes w = 3_;(N; - J)2

— “"Most correlated” subset of parameters: tune in one step 0

@ Use weights w; = I\7,- . J_: emphasizes relevant data bins
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Try to reproduce - - - values, ~ 6000 DOF & 18 parameters

Tuned Parameters

AutoTunes

Iterative Pythia Tune to Pythia Pseudodata
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Summary

@ Matching and Merging requires tune validation and retuning of soft physics models
@ Scale variations can identify well constrained hard regions of phase space

@ Working on AutoTunes: Framework for more automated tuning with many parameters
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