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Motivations
Incorporate LHC Data at 7 TeV

• Min-Bias incl Baryons (yields + transport) and Strangeness (while 
still keeping an eye on LEP yields)

• UE (+ energy scaling; slightly underpredicted by Tevatron tunes)

• Provide several systematic “Tune variations” 

More consistent matching with AlpGen, … 

• Use same αs and ΛQCD values for all ISR+FSR  
(partially motivated by CMS event shapes)



αs
αs(mZ) (equivalently ΛQCD) fitted to LEP event shapes
• ΛQCD = 0.26 GeV (1-loop, 5 flavours, “PYTHIA MC scheme”)

Thrust

+ 2 tune variations

See updated arXiv:1004.3457

radHi: Λ = 0.52

radLo: Λ = 0.13
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Jet Shape pT(Z)
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 + easier and more consistent ME matching



Fragmentation
Slightly softer particle spectrum than 2010 
(motivated by min-bias pT>100 MeV measurements)
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pT > 100 MeV, Nch ≥ 2
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LEP Control: 
Charged Multiplicity

(Distribution with pT > 0.5 GeV is better described)



Λ/K (and Ξ, Ω) ratios already low at LEP

• Removed additional strange-Baryon suppression 
coming from “popcorn” mechanism 

‣ PARJ(6) from 0.5 → 1.0    &    PARJ(7) from 0.5 → 1.0

• (NB: may affect baryon-baryon correlations!)

• Also considered K/π, K*/K, ρ/π, φ/π, p/π, Λ/p, Ξ, Ξ*, Ω
• … and the LHC baryon transport measurements, like Λ/Λ vs rapidity

Strangeness

Apologies: no plots to show today (but changes are in there)
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Strangeness
Total yields (4π, all pT) and N/Nch percentages

Perugia 0 (S320)

< Nch  > =  72.64

< Nrho0> =   5.01   6.90%

< NK0S > =   3.31   4.56%

< NK0* > =   2.44   3.37%

< Nphi0> =   0.28   0.39%

< Np+  > =   6.40   8.81%

< NDel+> =   0.80   1.11%

< NLam0> =   1.21   1.67%

< NCas+> =   0.10   0.13%

< NCas*> =  0.016  0.022%

< NOmg-> = 0.0025 0.0034%
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Compared to Z1: Perugia 2011 has fewer 
strange mesons, more strange baryons

Compared to Perugia 0 and 2010 tunes: 
Perugia 2011 has larger absolute yields, 

and larger strange baryon fractions



Heavy-particle pT spectra
The pT spectra of heavier particles remains a problem!

Λ at LEP

Theory/ALEPH

<pT> vs mass
at RHIC

Theory/STAR

Too hard at LEP

Too soft at RHIC

Would be interesting to 
get constraints from pp 
in processes harder than 
Min-Bias, e.g., inside jets 

Note also: the 
mismodeling of the pT 

spectra can make 
comparisons of yields 

with pT cuts misleading



Underlying Event
Level, fluctuations, and distribution reasonably well 
understood at this point (next step: particle composition?)

Level : Σ(pT) RMS : Σ(pT) φ distribution

Theory/ATLAS Theory/ATLAS Theory/ATLAS



Energy Scaling
Depends on pT0 cutoff and PDF set:

H. Schulz & PS, EPJC 71 (2011) 1644
(arXiv:1103.3649 [hep-ph])
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Figure 1: Energy scaling of charged-particle multiplicities in pp in three different phase space regions

(top: inclusive, middle: central, bottom: central hard). Left: Dependence on the scaling of the p⊥0

parameter for two different PYTHIA models, represented by Tune A and Perugia 0, respectively. The

solid vertical line represents the reference energy, 1800 GeV, at which PARP(82) is defined for both

models. Right: Dependence on the PDF set, for the Perugia 0 model. For reference, Tune A without

MPI is also shown (dotted lines).

unit; since the only dimensionful quantity is the total cross section, which is fixed by a Donnachie-

Landshoff formula [14], the b shape does not affect the total cross section at all in this type of model,

and only the dimensionless ratio b/ �b� appears in the explicit calculations
2
.

The power, d, appears as the parameter PARP(83) in PYTHIA
3
. It is not assumed to change with

energy, i.e.,

d(
√
s) = PARP(83) . (4)

By making separate tunes at each energy individually, we will obtain a data-driven test of the validity

of this assumption.

Since all expressions are cast in terms of the dimensionless ratio of the impact parameter relative

to its average, the assumed shape also does not greatly affect the average event activity. The main

2
For completeness, we note that, while there is thus formally a dependence on the overall proton-proton impact param-

eter b in the model, there is no actual space-time representation of the collision, and hence no dependence on the direction

of b nor on the individual parton-parton impact parameters.
3
Strictly speaking, this form of the matter profile is only selected for MSTP(82)=5. See the PYTHIA documentation on

MSTP(82) for how to select other matter profiles, such as the double-Gaussian one [4].
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Perugia 2011 
(CTEQ5L)

PARP(90) = 0.26
→ ε = 0.13

Perugia 2011 C 
(CTEQ6L1)

PARP(90) = 0.22
→ ε = 0.11

+ 2 variaton tunes 
provided (using 
CTEQ5L) with 

different scalings 
away from 7 TeV
T16 : ε = 0.08
T32 : ε = 0.16



2011
In total, ten tune variations are included in the “Perugia 2011” set. The starting point was in
all cases Perugia 2010, with modifications as documented in the tables below.

Perugia 2011 Tune Set
(350) Perugia 2011 Central Perugia 2011 tune (CTEQ5L)
(351) Perugia 2011 radHi Variation using αs(

1
2p⊥) for ISR and FSR

(352) Perugia 2011 radLo Variation using αs(2p⊥) for ISR and FSR
(353) Perugia 2011 mpiHi Variation using ΛQCD = 0.26GeV also for MPI
(354) Perugia 2011 noCR Variation without color reconnections
(355) Perugia 2011 M Variation using MRST LO** PDFs
(356) Perugia 2011 C Variation using CTEQ 6L1 PDFs
(357) Perugia 2011 T16 Variation using PARP(90)=0.16 scaling away from 7 TeV
(358) Perugia 2011 T32 Variation using PARP(90)=0.32 scaling away from 7 TeV
(359) Perugia 2011 Tevatron Variation optimized for Tevatron

Note that these variations do not explicitly include variations of the non-perturbative hadroniza-
tion parameters, cf. table 5, hence those parameters would still have to be varied independently
(i.e., manually) to estimate uncertainties associated specifically with the hadronization process.

Parameters of the Perugia 2011 Tunes

Parameter Type Perugia 0 Perugia 2010 Perugia 2011 (All)
MSTP(5) Tune 310 327 350 — 359
MSTJ(11) HAD 5 5 5
PARJ(1) HAD 0.073 0.08 0.087
PARJ(2) HAD 0.2 0.21 0.19
PARJ(3) HAD 0.94 0.94 0.95
PARJ(4) HAD 0.032 0.04 0.043
PARJ(6) HAD 0.5 0.5 1.0
PARJ(7) HAD 0.5 0.5 1.0
PARJ(11) HAD 0.31 0.35 0.35
PARJ(12) HAD 0.4 0.35 0.40
PARJ(13) HAD 0.54 0.54 0.54
PARJ(21) HAD 0.313 0.36 0.33
PARJ(25) HAD 0.63 0.63 0.63
PARJ(26) HAD 0.12 0.12 0.12
PARJ(41) HAD 0.49 0.35 0.35
PARJ(42) HAD 1.2 0.9 0.80
PARJ(45) HAD 0.5 0.5 0.55
PARJ(46) HAD 1.0 1.0 1.0
PARJ(47) HAD 1.0 1.0 1.0

Table 5: Hadronisation Parameters of the Perugia 2011 tunes compared to Perugia 0 and Perugia 2010.
Parameters that were not explicitly part of the Perugia 0 and Perugia 2010 tuning but were included in
Perugia 2011 are highlighted in blue. For more information on each parameter, see [14].
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Central Tune + 9 variations

Can be obtained in standalone Pythia from 6.4.25
MSTP(5) = 350 MSTP(5) = 351 MSTP(5) = 352 MSTP(5) = …

Perugia 2011 Perugia 2011 radHi Perugia 2011 radLo ...

UE more “jetty”

UE more “jetty”

Harder radiation

Softer radiation

Softer hadrons

~ low at LHC



Additional Plots
Strangeness & Comparisons to Other Generators



FSR and ISR
Known feature: Herwig++ has too much hard FSR

Theory/ALEPH Theory/D0Theory/ATLAS



Fragmentation
Herwig++ & Sherpa: slightly soft fragmentation

Theory/OPAL Theory/ATLAS

Theory/ALEPH



Strangeness
Baryon spectra difficult in all models

Theory/ALEPH

Theory/STAR

Theory/ALEPH



UE
Awaiting new Herwig++ tunes

Theory/ATLAS Theory/ATLAS Theory/ATLAS


