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Current Developments

• Tuning 

• Professor, Perugia, MC09, ... 

• Theory uncertainties + Color Reconnections

• Bug Fixes

• Companion Quarks

• External Interfaces (ALPGEN, LHEF, SLHA, BSM-LHEF)

• No future physics developments
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Tuning

• New development: tools for (semi-)
automated tuning

• New tunes to LEP data by Professor

• Also used as starting point for Perugia tunes

• Powerful and (a priori) unbiased

• And/but still long way from encoding full human 
experience / judgement?

See talk on Wednesday pm
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CDF Jet Shapes

• Current (pathological?) Example:

• CDF Jet Shapes not used in LEP tunes 

• Only tails of LEP jet rates sensitive = low 
‘power’ in automated fit

• pT-ordered tunes based on the Professor 
LEP parameters exhibit O(10%) worse jet 
shapes than Tune A

• Important for jet calibrations & top mass!
See talk later today
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CDF Jet Shapes
• Could only get 

JetClu to run, 
but qualitative differences 
should be the same

• Pro-PTO far 
from Tune A

• Perugia 0 
closer, but still 
significant (?) 
difference

• Owing in part 
to smaller 
Lambda_QCD r/R

Ps
i(r
/R
)

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

Monday, March 29, 2010



CDF Jet Shapes
• Few tens of MeV 

changes to Lambda 
and fragment. pT 

• 10-20% changes in 
other N.P. pars

• Absorbed up to ~ 
5% for (1-T), x 
spectrum 
(improved at high 
z), ... 

• Nch, NID, and Min-
bias also fine

• Perugia 2010 
will be in 6.4.23 r/R
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129: Pro-Q2O
320: Perugia 0
321: Perugia HARD
322: Perugia SOFT
323: Perugia 3
324: Perugia NOCR
325: Perugia LO*
326: Perugia 6
329: Pro-PTO
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Figure 4: Comparisons to the CDF Run II measurement of the average track p⊥ as a function of track
multiplicity in min-bias pp̄ collisions. Left: The older generation of tunes. Right: the Perugia variations
compared to two older tunes. See [43] for a high-resolution version of this plot and for other tunes and
collider energies.

of tunes were initially tuned to Tune A, in the absence of published data, this slight discrepancy carried
over to that set of tunes. Fortunately, CDF Run-2 data has now been made publicly available [55],
corrected to the particle level, and hence it was possible to take the actual data into consideration for the
Perugia tunes, resulting in somewhat softer particle spectra in high-multiplicity events, cf. the right-hand
pane in fig. 4.

What is more interesting is how this correlation is achieved by the models. Also shown in the
right-hand pane of fig. 4 are comparisons to an older ATLAS tune which did not use the enhanced
final-state color connections that Tunes A and DW employ. A special Perugia variation without color
reconnections, Perugia NOCR, is also shown, and one sees that both of these predict too little correlation
between �p⊥� and Nch.

This distribution therefore appears to be sensitive to the color structure of the events, at least within
the framework of the PYTHIA modeling [33–35,93]. The Perugia tunes all (with the exception of NOCR)
rely on an infrared toy model of string interactions [33] to drive the increase of �p⊥� withNch. The mo-
tivation for a model of this type comes from arguing that, in the leading-color limit used by Monte Carlo
event generators, and in the limit of many perturbative parton-parton interactions, the central rapidity re-
gion in hadron-hadron collisions would be criss-crossed by a very large number of QCD strings; naı̈vely
one string per perturbative t-channel quark exchange, and two per gluon exchange. However, since the
actual number of colors is only three, and since the strings would have to be rather closely packed in
spacetime, it is not unreasonable to suppose either that the color field collapses in a more economical
configuration already from the start, or that the strings undergo interactions among themselves, before
the fragmentation process is complete, that tend to minimize their total potential energy, as given by

12
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Tuning

• Focus in PYTHIA 6 has really changed from one of 
developing the model to 

• Exploring what happens if you let this or that 
distribution dominate, tails or bulks of 
distributions, manual tuning vs automated, ... 

• More to be done with ‘finished product’:

• Tuning in the presence of matching: surface still 
barely scratched: Important for precision 
studies!
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Tuning Plots

• Enter early LHC data + more RHIC/Tevatron/... data + 
more models (other MC’s) + more tunes

• Increasingly important to have a good overview & reference

• Comprehensive web site to be established in 
collaboration with W. Pokorski (GENSER) in context of 
LHC Physics Center UE/MB working group

• Modeled on: 

http://home.fnal.gov/~skands/leshouches-plots/

• Combined resource for Physics, Tuning, Validation
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Bug Fixes
Companion Quarks

• Recent study by Gaunt and Stirling on double-
parton distributions derived from perturbative 
evolution framework

•  Includes, e.g., s1-sbar2 correlation (called 
‘companion quarks’ in pT-ordered Pythia model)

• Comparison by D. Bandurin (DØ) revealed no 
enhancement in Pythia 6.4!

• Correlations tracked by shower evolution, but not in 
selection of hard scatterings! Bug fixed in 6.4.23.

Gaunt, Stirling, JHEP 1003:005,2010.

T. Sjöstrand, PS, 
JHEP 0403:053,2004.
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Bug Fixes
Companion Quarks

• Recent study by Gaunt and Stirling on double-
parton distributions derived from perturbative 
evolution framework

•  Includes, e.g., s1-sbar2 correlation (called 
‘companion quarks’ in pT-ordered Pythia model)

• Comparison by D. Bandurin (DØ) revealed no 
enhancement in Pythia 6.4!

• Correlations tracked by shower evolution, but not in 
selection of hard scatterings! Bug fixed in 6.4.23.

Gaunt, Stirling, JHEP 1003:005,2010.

T. Sjöstrand, PS, 
JHEP 0403:053,2004.

Subtle effect, checked no major impact on tunes
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Bug Fixes
Interface to External Processes (LHEF)
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Bug Fixes
Interface to External Processes (LHEF)

• Important bug fixes up through 6.4.21 for

• ALPGEN and LHEF interfaces

• BSM-LHEF and SLHA interfaces

• Please see update notes for details

• 6.4.22: mostly fixes of compiler-dependent issues 
and an issue with particle mothers 

• 6.4.23 (imminent): more tunes, companion quarks
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Summary

• No news is (mostly) good news

• Tendency to believe tuning = precision?

• Order 10% changes ARE beyond the theoretical precision

• Beyond this level, treat MC as a physics-driven fit function

• Vital to check sidebands etc against data

• Dedicated MC tunes as physics-driven fit functions?

• Fast best-fit return with new data = incremental lessons?

• More systematic understanding of theoretical uncertainties?

• To me, this is where the real power of automated tuning lies
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CDF Jet Shapes
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