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JETSCAPE Data & Errors
• JETSCAPE Data Philosophy


• Compare to published data


• Automatically fetch and cache data and errors from HEPdata site


• Use experimentally determined statistical and systematic errors as 
specified by experiments


• CAVEATS:


• Experimental treatment of systematic errors is not (yet) standard


• May detailed understanding of experimental analyses (i.e. active 
participation from each experiment is essential)
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HEPdata Extraction Mechanics (1)

• Currently handled within hic-param-2017 repo


• src/_init.py
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HEPdata Extraction Mechanics (2)

!4



Ron Soltz, WSU/LLNL	 	 	 JETSCAPE Winter School 2019-JAN-10

HEPdata Extraction Plots
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ALICE https://www.hepdata.net/record/ins879583 Table 3 ATLAS https://www.hepdata.net/record/ins1360290 Table 33 

CMS https://www.hepdata.net/record/ins1496050 Table 8 

https://www.hepdata.net/record/ins879583
https://www.hepdata.net/record/ins1360290
https://www.hepdata.net/record/ins1496050
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Systematic Errors

• Two common methods to specify


1. Parametric, usually assumed fully-correlated


2. Covariance matrix


• Parametric can be mapped to matrix if unconstrained
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Systematic Error Primer: per-bin fully correlated errors

From “Quantitative constraints on transport properties . . . ”, Adams et
al, (PHENIX), Phys. Rev. C 77, 064907 (2008), correlated systematic
errors accounted for by minimizing,
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where �B,i represents the per-bin correlated systematic error,
generalizing to multiple correlated errors (independent from each
other),
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Matthias Heinz (OSU,LLNL) and Ron Soltz (LLNL,WSU) JETSCAPE Data Format

generalize from 
PRC77.064907 (2008)

Systematic Errors: expressed as covariance matrix

Minimizing Eq. (2) w.r.t. ✏j without constraints is equivalent to solving
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Derivations for this (intuitive) relation can be found in,

L. Demortier, Equivalence of the best-fit and covariance-matrix
methods for comparing binned data with a model in the presence
of correlated systematic uncertainties, CDF-MEMO-8661 (1999).

J. Gao, et al., CT10 next-to-next-to-leading order global analysis
of QCD, Phys. Rev. D 89, 03309 (2014).

Matthias Heinz (OSU,LLNL) and Ron Soltz (LLNL,WSU) JETSCAPE Data Format

CDF-MEMO-8661 (1999), 
PRD.89.03309 (2014)
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ATLAS Covariance Error Matrix for Inclusive Jets
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note: HEPdata does not provide standard, but can store error matrix in 2D table
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FIG. 8. The magnitude (left) and correlation between pT-bins (right) of the total systematic uncertainty on the inclusive jet
cross section measurement for anti-kt jets with R = 0.6 in three representative |y|-bins. The magnitudes of the uncertainties from
the jet energy scale (JES), the jet energy resolution (JER), and other sources are shown separately. The correlation matrix
is calculated after symmetrising the uncertainties. The statistical uncertainty and the 3.4% uncertainty of the integrated
luminosity are not shown here.

using PYTHIA and the AUET2B tune. Scale uncertainties are
not shown for the POWHEG curves, but they have been found
to be similar to those obtained with NLOJET++.

Good agreement at the level of a few percent is observed
between NLO fixed-order calculations based on NLOJET++

and POWHEG, as described in Sec. VA1. However, signifi-
cant differences reaching Oð30%Þ are observed if POWHEG

is interfaced to different showering and soft physics models,
particularly at low pT and forward rapidity, but also at high
pT. These differences exceed the uncertainties on the non-
perturbative corrections, which are not larger than 10% for
the inclusive jet measurements with R ¼ 0:4, thus indicat-
ing a significant impact of the parton shower. The Perugia
2011 tune tends to produce a consistently larger cross
section than the standard AUET2B tune over the full rapid-
ity range. The technique of correcting fixed-order calcula-
tions for nonperturbative effects remains the convention to
define the baseline theory prediction until NLO parton
shower generators become sufficiently mature to describe
data well. The corrected NLO result predicts a consistently
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FIG. 9 (color online). Inclusive jet double-differential cross
section as a function of jet pT in different regions of jyj for jets
identified using the anti-kt algorithm with R ¼ 0:4. For conve-
nience, the cross sections aremultiplied by the factors indicated in
the legend. The data are compared to NLO pQCD calculations
using NLOJET++ to which nonperturbative corrections have been
applied. The error bars, which are usually smaller than the sym-
bols, indicate the statistical uncertainty on the measurement. The
dark-shaded band indicates the quadratic sum of the experimental
systematic uncertainties, dominated by the jet energy scale un-
certainty. There is an additional overall uncertainty of 3.4% due to
the luminosity measurement that is not shown. The theory uncer-
tainty, shown as the light, hatched band, is the quadratic sum of
uncertainties from the choice of the renormalization and factori-
zation scales, parton distribution functions, !sðMZÞ, and the
modeling of nonperturbative effects, as described in the text.

 [GeV]
T

p
20 30 210 210×2 310

 [p
b/

G
eV

]
y

 d Tp
/dσ2 d

-910

-610

-310

1

310

610

910

1210

1510

1810

2110

2410

uncertainties
Systematic

Non-pert. corr.

×)max
T

p=µ(CT10,
NLOJET++

)12 10×| < 0.3 (y|
)9 10×| < 0.8 (y |≤0.3
)6 10×| < 1.2 (y |≤0.8
)3 10×| < 2.1 (y |≤1.2
)0 10×| < 2.8 (y |≤2.1
)-3 10×| < 3.6 (y |≤2.8
)-6 10×| < 4.4 (y |≤3.6

ATLAS

=7 TeVs,-1 dt=37 pbL∫
=0.6R  jets,tanti-k

FIG. 10 (color online). Inclusive jet double-differential cross
section as a function of jet pT in different regions of jyj for jets
identified using the anti-kt algorithm with R ¼ 0:6. For conve-
nience, the cross sections are multiplied by the factors indicated
in the legend. The data are compared to NLO pQCD calculations
using NLOJET++ to which nonperturbative corrections have been
applied. The theoretical and experimental uncertainties indicated
are calculated as described in Fig. 9.
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FIG. 11 (color online). Ratio of inclusive jet cross section to
the theoretical prediction obtained using NLOJET++ with the
CT10 PDF set. The ratio is shown as a function of jet pT in
the rapidity region jyj< 0:3, for jets identified using the anti-kt
algorithm with R ¼ 0:6. The current result is compared to that
published in Ref. [21].

G. AAD et al. PHYSICAL REVIEW D 86, 014022 (2012)

014022-14

Measurement of the jet radius and transverse momentum dependence of 
inclusive jet suppression in lead–lead collisions at sqrt(sNN)= 2.76 TeV 
with the ATLAS detector - PRD.86.014022 Fig 6
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JETSCAPE Data & Error Plans

• Tasks for JETSCAPE Collaborators


• Incorporate Data/Stats package in JETSCAPE 2.0 release


• Include configurations for all published results for jet/hadron 
RAA, jet/hadron v2, di-jet asymmetry, fragmentation functions


• Tasks for JETSCAPE Associates (Experimentalist Collaborators)


• Confirm/improve treatment of systematic errors


• Extend data-comparisons to jet sub-structure measurements
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For Discussion

• Two approaches for Model-to-Data Comparisons


1. Remove Experimental Effects from Measurements


2. Incorporate Experimental Effects in Model Outputs


• My answer: it depends (acceptance vs. resolution)
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revisit within context of RIVET and Background Subtraction discussions


