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I. What are theory errors/uncertainties?

Type 1: Statistical uncertainty 
e.g. finite # of SMASH events 

Type 2: Numerical accuracy 
e.g. finite mesh sizes 

Type 3: Missing physics / Theoretical systematic errors 
If all parameters are set to their 

a) true values (e.g. viscosity) 
or 
b) to the values that best capture desired physics (e.g. TRENTO best reproduces initial state) 

By what amount do you expect to miss a perfectly measured observable?

CAN BE DIFFICULT TO ESTIMATE !!! 
Examples: 
• finite DeBroglie wavelengths for cascade 
• unequal flow of quarks and gluons 
• chemical equilibrium at hydro/cascade interface 



II. Correlated errors

1. Intra-plot 
  Example: Pion Spectra 
 

2. Inter-plot 
  Example: v2 vs pt 

Errors in accounting for resonances 
or symmetrization affect low pt points 
but not high pt points
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Treating points independently understates errors!



III. Strategies for expressing 
correlated uncertainties

1. Error matrices 
    Yuck!  

2. “Nuisance” parameters 
<latexit sha1_base64="lDT/mGmvqer440i/59vrc1Dd/L4="></latexit>

dN

dyd2pt
=

dN (model)

dyd2pt

⇣
A + Be�pt/C

⌘
,

A ⇡ 1, B ⇡ 0, C ⇡ 200 MeV/c

A,B,C treated as model parameters 
(assign priors…)

3. Data distillation 
    Few centralities 
    Few points/graph 
    (can use PCA)

8

the scope of the model. The second number would be the
mean pt within that range. The choice to use mean pt
was motivated by a principal component analysis (PCA,
described in next subsection) on the data points within
a spectra divided by the yield. This showed that 99% of
the variability of the spectra could be captured by two
numbers.

To illustrate the degree to which the yield and mean pt
encapsulate the information carried by the spectra, cal-
culations were selected from the initial 729 calculations
that had the same mean transverse momentum within
the acceptance window. In Fig. 1 the number of pi-
ons per unit transverse momentum are shown after be-
ing scaled by the net number of pions in the acceptance
window, (1/N)dN/dpt. With this scaling one can com-
pare the shapes independent of the yields. In the up-
per panel, spectral shapes are shown for 30 randomly
chosen calculations, while in the lower panel only those
calculations with 573 < pt < 575 MeV/c were used.
These 74 runs should yield identical spectral shapes if
pt carries the entire information carried by the spectral
shapes. Also shown are 30 proton spectral shapes from
random calculations in the upper panel, and 44 calcula-
tions where the mean transverse momentum of the pro-
tons was 1150 < pt < 1152 MeV/c. These calculations
show that little, if any, additional information remains in
the spectral shapes once one knows the mean pt.

For the elliptic flow, the experimental information con-
sists of plots of v2 as a function of pt. A PCA analysis
showed that the pt-weighted value for v2 e↵ectively cap-
tured all the information within the set of model runs.
The observable is defined by,

hhv2ii =

P
i v2,ihptiiP

ihptii
(16)

where the subscript i refers to the transverse momentum
bins in the STAR data, and hptii is the average pt of
particles within that bin. This choice of binning reduces
the degree to which two curves with the same v2 vs. pt
curves would di↵er if they had di↵erent spectra.

Femtoscopic information came from the STAR Collab-
oration, which analyzed the Gaussian radii (Rout, Rside

and Rlong) as a function of transverse momentum. Sim-
ply averaging each radius over the several pt bins was
found to e↵ectively encapsulate nearly all the variation
of the femtoscopic radii throughout the model runs.

In this manner the various experimental results were
reduced to those listed in Table II. Each observable was
also assigned an uncertainty. This uncertainty repre-
sented the accuracy within which a comparison of the
theoretically determined value from a model run could
be meaningfully compared to the corresponding experi-
mental measurement. Of all the observables in Table II
only v2 has significant statistical error. The v2 observable
is also known to be significantly a↵ected by known short-
comings in the model, such as the lack of event-by-event
fluctuations. By averaging over many events with the
same impact parameter, one can generate smooth initial
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FIG. 1. (color online) The probability density for creating ei-
ther pions (squares) or proton (circles) of transverse momen-
tum pt divided by the respective yields, i.e., spectral shapes,
carries all the information in spectra outside what is described
by yields. Spectral shapes for pions from 30 randomly cho-
sen full model runs of the 729 performed runs used to sample
the prior distribution are displayed in the upper panel. This
demonstrates the variability of the spectral shapes throughout
the parameter space. In the lower panel, 74 runs were cho-
sen that had mean pion transverse momenta 573 < pt < 575
MeV/c. The fact that these calculations produce nearly indis-
tinguishable spectral shapes shows that the mean transverse
momenta encapsulates nearly all the variability in the spec-
tral shapes over the prior parameter space. The same was
done for proton spectra, with proton spectra from 30 ran-
domly chosen model runs shown in the upper panel, and re-
sults from 44 runs whose mean proton transverse momentum
was 1150 < pt < 1152 MeV/c shown in the lower panel.

conditions, which avoid the lumpy energy-density profiles
caused by the finite number of colliding nucleons. The
smooth conditions allow one to run only a single hydro-
dynamic evolution for the smoothed profile rather than
running for many lumpy profiles. Finally, there are nu-
merous schemes by which experimentalists determine v2,
which di↵er at the level of 5-10%. In order to reduce non-

Model Spectral Shapes

30 model runs 
randomly chosen

74 runs 
573 < pt < 575  44 runs 

1150 < pt < 1152

Only one “observable” -> no correlated errors



IV. Challenges

1. Complicated structures

2. Who assigns systematic error? 
Experimental collaborations have forums for 
extensive discussions and debate, 
but what about theoretical systematic uncertainties?


