
P e t e r  S k a n d s  ( C E R N )

The  Monash  2013  Tune  o f  
PYTHIA  8

Wo r k s h o p  o n  F o r w a r d  P h y s i c s  a n d  D i f f r a c t i o n  
C E R N ,  F e b r u a r y  2 0 1 4

Current Default = 4C (from 2010) LEP tuning undocumented (from 2009) 
LHC tuning only used very early data

+ S. Rojo & S. Carrazza recently added a new PDF set: NNPDF 2.3 LO (αs(MZ)=0.13) 

Revise (and document) constraints from e+e- measurements 
In particular in light of possible interplays with LHC measurements 

!
Test drive the new NNPDF LO PDF set for pp / ppbar 

Update min-bias and UE tuning + energy scaling → 2013 
Follow “Perugia” tunes for PYTHIA 6: use same αs for ISR and FSR 
Use the PDF value of αs  for both hard processes and MPI

Aims for the Monash 2013 Tune

In Pythia 8.185 
+writeup available soon



P.  S k a n d s

LEP : Nch & xp
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Slightly lower large-Nch tail Slightly softer ultra-hard tail

=2|p| /M Z

Note: these fragmentation parameters go directly into the modelling of diffraction

Changes only to highly 
suppressed tails. 

Expect minimal impact 
on overall modelling
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10% More 
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10% More Strangeness

Consistency: Rates of Ds and Bs also improve. Kaon fraction at LHC also improves
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Strangeness: scaling
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Consistency: improvements repeated across all ee energies
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extracted and applied as a function of the T2 track multi-
plicity and affects only the 1h category. The systematic
uncertainty is estimated to be 0.45% which corresponds
to the maximal variation of the background that gives a
compatible fraction of 1h events (trigger and pileup cor-
rected) in the two samples.

Trigger efficiency: This correction is estimated from the
zero-bias triggered events. It is extracted and applied as a
function of the T2 track multiplicity, being significant
for events with only one track and rapidly decreasing to
zero for five or more tracks. The systematic uncertainty is
evaluated comparing the trigger performances with and
without the requirement of having a track pointing to the
vertex and comparing the overall rate correction in the two
samples.

Pileup: This correction factor is determined from the
zero-bias triggered events: the probability to have a bunch
crossing with tracks in T2 is 0.05–0.06 from which the
probability of having n ! 2 inelastic collisions with tracks
in T2 in the same bunch crossing is derived. The systematic
uncertainty is assessed from the variation, within the same
data set, of the probability to have a bunch crossing with
tracks in T2 and from the uncertainty due to the T2 event
reconstruction efficiency.

Reconstruction efficiency: This correction is estimated
using Monte Carlo generators (PYTHIA8 [13], QGSJET-
II-03 [14]) tuned with data to reproduce the measured
fraction of 1h events which is equal to 0:216" 0:007.
The systematic uncertainty is assumed to be half of the
correction: as it mainly depends on the fraction of events
with only neutral particles in T2, it accounts for variations
between the different Monte Carlo generators.

T1 only: This correction takes into account the amount
of events with no final state particles in T2 but one or
more tracks in T1. The uncertainty is the precision with
which this correction can be calculated from the zero-bias
sample plus the uncertainty of the T1 reconstruction
efficiency.

Internal gap covering T2: This correction takes into
account the events which could have a rapidity gap fully
covering the T2 ! range and no tracks in T1. It is estimated
from data, measuring the probability of having a gap in T1

and transferring it to the T2 region. The uncertainty takes
into account the different conditions (average charged
multiplicity, pT threshold, gap size, and surrounding
material) between the two detectors.
Central diffraction: This correction takes into account

events with all final state particles outside the T1 and T2
pseudorapidity acceptance and it is determined from simu-
lations based on the PHOJET and MBR event generators
[15,16]. Since the cross section is unknown and the uncer-
tainties are large, no correction is applied to the inelastic
rate but an upper limit of 0.25 mb is taken as an additional
source of systematic uncertainty.
Low mass diffraction: The T2 acceptance edge at j!j ¼

6:5 corresponds approximately to diffractive masses of
3.6 GeV (at 50% efficiency). The contribution of events
with all final state particles at j!j> 6:5 is estimated with
QGSJET-II-03 after tuning the Monte Carlo prediction with

TABLE IV. Summary of the measured cross sections with detailed uncertainty composition.
The " uncertainty follows from the COMPETE preferred-model " extrapolation error of
"0:007. The right-most column gives the full systematic uncertainty, combined in quadrature
and considering the correlations between the contributions.

Systematic uncertainty

Quantity Value el. t-dep el. norm inel " ) full

#tot (mb) 101.7 "1:8 "1:4 "1:9 "0:2 ) "2:9
#inel (mb) 74.7 "1:2 "0:6 "0:9 "0:1 ) "1:7
#el (mb) 27.1 "0:5 "0:7 "1:0 "0:1 ) "1:4
#el=#inel (%) 36.2 "0:2 "0:7 "0:9 ) "1:1
#el=#tot (%) 26.6 "0:1 "0:4 "0:5 ) "0:6

FIG. 1 (color). Compilation [8,20–24] of the total (#tot), in-
elastic (#inel) and elastic (#el) cross-section measurements: the
TOTEM measurements described in this Letter are highlighted.
The continuous black lines (lower for pp, upper for !pp) repre-
sent the best fits of the total cross-section data by the COMPETE
collaboration [19]. The dashed line results from a fit of the
elastic scattering data. The dash-dotted lines refer to the inelastic
cross section and are obtained as the difference between the
continuous and dashed fits.
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PP CROSS SECTIONS 
TOTEM, PRL 111 (2013) 1, 012001

�inel(13 TeV) ⇠ 80± 3.5 mb

�
tot

(13 TeV) ⇠ 110± 6 mb

�
tot

(8 TeV) = 101± 2.9 mb
(2.9%)

�el(8 TeV) = 27.1± 1.4 mb
(5.1%)

�inel(8 TeV) = 74.7± 1.7 mb
(2.3%)

Pileup rate ∝ �
tot

(s) = �
el

(s) + �
inel

(s) / s0.08 or ln

2

(s) ?
Donnachie-Landshoff (0.096?) Froissart-Martin Bound

total

inelastic

elastic

PYTHIA: 100 mb

PYTHIA: 78 mb

(PYTHIA versions: 6.4.28 & 8.1.80)

PYTHIA: 73 mb

PYTHIA: 20 mb

PYTHIA: 93 mb

PYTHIA elastic 
is too low
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Charged-Particle Multiplicities
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Shown with/without diffractive tag in T. Martin’s talk yesterdayCharged Particle: NCh ND/SD/DD
• The enhancement of double dissociation in AFP tagged events
with PYTHIA 8 is nicely contained at low overall charged particle
multiplicity (|⌘| < 2.5).

• Also seen in AFLA, but to a lesser extent as more single di↵raction
is accessable.

ChN
10 210

C
h

N
/d

Ev
N

 d
Ev

N
1/

-410

-310

-210

-110

[AFP] PYTHIA 8 A2: ND
[AFP] PYTHIA 8 A2: SD
[AFP] PYTHIA 8 A2: DD
PYTHIA 8 A2 ND
PYTHIA 8 A2 SD
PYTHIA 8 A2 DD

 = 14 TeVs
 > 100 MeV

T
p

 2≥ ChN

ChN
10 210

C
h

N
/d

Ev
N

 d
Ev

N
1/

-410

-310

-210

-110

[ALFA] PYTHIA 8 A2: ND
[ALFA] PYTHIA 8 A2: SD
[ALFA] PYTHIA 8 A2: DD
PYTHIA 8 A2 ND
PYTHIA 8 A2 SD
PYTHIA 8 A2 DD

 = 14 TeVs
 > 100 MeV

T
p

 2≥ ChN

20 of 28

Charged Particle: ⌘ PY8/H++/EPOS
• Good degree of model separation observed when comparing the
generators.

• Like with the energy flow, EPOS shows no sign of any asymmetry in
flow.
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(Note: here standard ones, without fwd tag)

Project out tagged components 
→ Separation
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Going Forward
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Shown with/without diffractive tag in T. Martin’s talk yesterdayEnergy Flow PY8/H++/EPSO
• Forward tag greatly enhances spread of model predictions.
• EPOS plus proton tag does not predict a notable asymmetry
between the tag (+ve) and away (-ve) sides. The others do,
notably PYTHIA 8.

• PYTHIA 8 exhibits a much greater sensitivity to the di↵erences in
acceptance between AFP and ALFA.
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Increased <Nch> in TOTEM acceptance. Slightly steeper CMS FWD E flow.
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Summary

Apologies: did not do dedicated study of 
diffraction  
 E.g., gap-size distributions not included, though interesting 

Revised ee fragmentation parameters and pp 
tune using new NNPDF2.3 LO PDF set  

Increased strangeness and more forward activity 

Low-multiplicity region and strangeness spectra still 
challenging 

!

Work underway: 
 Improved colour-reconnection model (PS + J.R. Christiansen) 

 Inclusion of diffractive Z (T. Sjostrand + C. Rasmussen)
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Tune:ee=7;  Tune:pp  =  14;
Py th ia  8 .185  Monash  2013
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pT distributions and Fragmentation
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