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extracting physics information from 

experimental data
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tuning model parameters

Basic idea:

traditionally, use experimental data corrected for all 
instrumental effects to extract physics, e.g., fit model 
parameters to experimental distributions

for SIDIS, full unfolding of experimental data “expensive” 
as nominally differential in at least 5 kinematic variables

alternatively, tune parameters using fully simulated events 
(i.e., physics model ⊗ detector simulation ⊗ reconstruction) 
and compare to real reconstructed experimental data
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Tuning the Gaussians in gmc_trans
gmc_trans: a TMD MC based 
on Gaussian Ansatz

constant Gaussian widths, i.e., 
no dependence on x or z 
(inspired by Jetset):

tune to data integrated over 
whole kinematic range
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- generated events “=” physics model
- reconstructed = model ⊗ experiment simulation
- 02c0 = real HERMES data
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Tuning the Gaussians in gmc_transPh⊥
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Tuning the Gaussians in gmc_trans
so far:
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Tuning the Gaussians in gmc_trans
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z-dependent!

“Hashi set”
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Tuning the Gaussians in gmc_trans

now:
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tuned to HERMES 
data in acceptance

“Hashi set”
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Tuning the Gaussians in gmc_trans
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tuned to HERMES 
data in acceptance

“Hashi set”
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Tuning the Gaussians in gmc_trans
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tuning Jetset
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Parameter ¢q(x) paper 2004c “Lund-scan” Parameter Description
PARJ1 0.02 0.029 0.02 Diquark suppression
PARJ2 0.20 0.283 0.25 Strange quark suppression
PARJ11 0.5* 0.5* 0.51 Vector meson suppression (light mesons)
PARJ12 0.6* 0.6* 0.57 Vector meson suppression (strange mesons)
PARJ21 0.37 0.38 0.42 Width of Gaussian ph? distribution [GeV]
PARJ33 0.8 0.8 0.47 String breaking mass cutoÆ
PARJ41 1.74 1.94 0.68 Lund-String “a” parameter
PARJ42 0.23 0.544 0.35 Lund-String “b” parameter
PARJ45 0.5* 1.05 0.74 “a” adjustment for diquark

PARL3 0.44 0.44 (0.44) Gaussian width of intrinsic kT [GeV]
PARJ23 0.03 0.01 (0.01) Fraction of ph? distribution

to have additional non-Gaussian tails
PARJ24 2.50 2.0 (2.0) Strength of non-Gaussian ph? tails

Table 5.1: Various recent JETSET tunes. “Lund-scan” is the new tune described in this work.
The values in parenthesis were left untuned by the “Lund-scan” method and taken from the 2004c
tune. The ¢q(x) paper tune is sometimes colloquially referred to as the Felix tune [44] with the
exception of the value above for PARL3 [45] (*JETSET default)

a value of 12.2 (per 224 degrees of freedom). A final ¬2
tune(P“Lund-Scan”)/224Do F gave a value of

12.8, whose consistency with the polynomial minimum further supports for the goodness-of-fit of

the quadratic polynomial to the ¬2
tune surface.

If our model could reproduce nature perfectly, one would expect ¬2 º DoF (the number of

degrees of freedom). To some degree the value our best tune gives depends on what we choose to

include in the ¬2 comparison of Equation 5.10. Ultimately, however, JETSET is only a model and

will never exactly reproduce the multiplicities we observe. We will make an attempt to take this

into account when estimating our model-dependence in Section 5.3.3.

Purities

Ideally, we would both generate purity matrices and assess the tune-related systematic uncertainty

on the purities using the “Lund-Scan” tune. At the time of writing, however, the “Lund-Scan”

tune lacked a cross-check and a completely satisfactory result for the final three parameters of

Table 5.1. Because of this, it was decided to produce the purities for the ¢q(x) extraction using

the 2004c tune while estimating the model-dependent uncertainty using the “Lund-Scan” method.

The results for the one-dimensional x-dependent purities for the proton and deuteron are

given in Figure 5.6.

Three-Dimensional Purities

The primary motivating factor of attempting this reanalysis in three kinematic dimensions –

dividing the semi-inclusive asymmetries into x, z, and ph? bins – was to better isolate diÆerent
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Figure 5.5: Contour plots of two-dimensional cross sections of the quadratic fit function in nine
JETSET parameters to the ¬

2

tune

surface produced by comparing Monte Carlo to data multiplicities
(¬2

fit

/195DoF = 0.82). Most panels contain contours with elliptical axes which are to some degree
diagonal. This indicates correlation between the JETSET parameters. The blue band represents 2D
slices of the hyper-ellipsoid that has a 68% likelihood of containing the true best tune. This band
was expanded to compensate for the fact that the ¬

2 minimum was still considerably greater than
the number of degrees of freedom (¬2

tune

/224DoF = 12.2). The colored lines represent the nine
uncorrelated parameter axes produced by diagonalizing the Hessian matrix and terminate where
they intersect the 68% hyper-ellipsoid.
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