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3-Types of Experimental Errors (Recap)
• Uncorrelated


• Source: stochastic processes


• Point-by-point 1-sigma error bars reported by all experiments


• Poisson/Gaussian distributions assumed


• Fully Correlated


• Source: luminosity/normalization corrections


• Reported as 1-sigma error-box by most HEP/HI experiments


• Gaussian distributions assumed for small deviations


• Partially Correlated/Anti-correlated


• Source: detector response, efficiencies, various analysis cuts/corrections


• Reporting varies, co-variance table preferred


• Gaussian distributions assumed for small deviations
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Experimental Systematic Error Table Example
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Systematic uncertainties [%]

Spectra RCP RAA Strongest

Source Pb+Pb pp variation

Luminosity 3 3

〈TAA〉 1.5–13 centrality

〈TAA〉/〈T 60−80%
AA 〉 3.8–12 centrality

Jet trigger efficiency 1 3 1 3 pT

Track selection 10 4 10 10 pT

Fake and secondary tracks 5 0.5 5 5 pT, centrality

Matching gen — rec 20 15 15 13 pT

Unfolding 8 2 4 2 pT

pT resolution 20 7 14 12 pT

Efficiency correction 5 1 4 4 pT, η

Detector material 2–6 2–6 η

Table 4. Maximum values of systematic uncertainties in percent for the charged-particle spectra
and the nuclear modification factors RCP and RAA. “Fake and secondary tracks” reflect only the
uncertainty at low pT; the high-pT part is included in “Matching gen — rec”.

The systematic uncertainty associated with possible mismodelling of the detector ma-

terial is 2% for |η| < 1 and reaches 6% in the highest |η| region [28].

In general, the uncertainties associated with individual sources do not exceed 10%.

The exceptions are the track momentum resolution, on the fake tracks at high pT and on

the calculation of TAA.

8 Results

The corrected charged-particle spectra measured in Pb+Pb collisions at
√
sNN = 2.76TeV

are shown in figure 10 for the pseudorapidity range |η| < 2 and for five centrality intervals:

0–5%, 10–20%, 30–40%, 50–60% and 60–80% in the pT range 0.5–150GeV. In figure 11,

charged-particle Pb+Pb spectra in the 0–5% centrality interval are shown for eight regions

of |η|. Both figures show the spectra divided by the 〈TAA〉 of the corresponding central-

ity interval compared with the charged-particle production cross sections measured in pp

collisions at
√
s = 2.76TeV.

The charged-hadron yields in peripheral Pb+Pb collisions, depicted by diamond mark-

ers in figure 10, show a pT dependence similar to that of pp collisions. Going from peripheral

to central collisions, the TAA-scaled Pb+Pb yields increasingly deviate from the pp spectra.

This deviation is largest for pT less than 1GeV and in the pT range 3–30GeV.

Figure 12 shows the nuclear modification factor RCP for four centrality classes (0–5%,

10–20%, 30–40%, 50–60%) with respect to the 60–80% class. The RCP as a function of pT
reaches a minimum of 0.22 ± 0.03(syst.) at pT ≈ 7GeV in the 0–5% centrality class. The
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Figure 4. Charged-particle RAA measured in the 0–10% (left) and 30–50% (right) centrality
ranges at

√
sNN = 5.02TeV compared to predictions of models from refs. [38–43]. The yellow band

represents the systematic uncertainty of the 5.02TeV CMS points.

As the collision energy increases, high pT charged-particle spectra flatten and extend

to larger values. If the average energy loss of a particle at a given pT is fixed, this flattening

would cause RAA to exhibit less suppression. The similar RAA values measured at 2.76 and

5.02TeV indicate that the effect of flattening spectra could be balanced by a larger average

energy loss in the higher-energy collisions at a fixed pT [2]. A similar argument could explain

the relatively close proximity of the 200GeV PHENIX and 5.02TeV CMS measurements

for particle pT >10GeV, despite the latter having 25 times the collision energy.

In order to better understand the relationship between the strong suppression seen in

RAA and potential cold nuclear matter effects, a previous R∗
pA measurement, using 35 nb−1

of pPb data at
√
sNN =5.02TeV and an interpolated pp reference [13], is recalculated

using the pp reference spectrum measured in this paper at
√
s =5.02TeV. In order to do

this, the corrections for the finite size of the pT bins applied to the published pPb data

are removed, as such a correction is not applied to the pp spectrum measured here. An

additional correction for the particle species composition in pPb collisions is calculated

and applied in a fashion similar the measured pp spectrum. The previously published

data [13] took this effect into account with a systematic uncertainty, but the correction

is applied here in order to benefit from potential cancellations arising from the use of

similar analysis procedures on both spectra. The systematic uncertainty due to the particle

composition effect was then updated in order to reflect the presence of this additional

correction. Figure 6 shows the comparison between the nuclear modification factors in

inclusive pPb and PbPb collisions at
√
sNN = 5.02TeV. At pT < 2GeV a rising trend is

seen in both systems, which in PbPb collisions is followed by a pronounced suppression

in the 2 < pT < 10GeV region, and a rising trend from around 10GeV to the highest

pT. In the pPb system, there is no suppression in the intermediate pT region, suggesting

that in PbPb collisions the suppression is a hot medium effect. Above pT > 10GeV in the

pPb system, a weak momentum dependence is seen leading to a moderate excess above

unity at high pT. This excess is less pronounced than the one seen in R∗
pA when using an
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}
• Correlated (systematic) errors are often combined without considering 


• We need to know the separate sources and ranges/correlations of these errors



2021-MAR-30 BAND-JETSCAPE Discussion       

Error Covariances examples from high and low energy

3

R. J. CASPERSON et al. PHYSICAL REVIEW C 97, 034618 (2018)

FIG. 17. The 238U(n,f )/235U(n,f ) correlation matrix measured
in this work. At low neutron energy, the contaminant correction be-
comes the largest source of uncertainty, resulting in a large correlated
region in the correlation matrix. The contaminant correction is a fixed
value at all energies and, as the ratio becomes small at low energy, a
large relative uncertainty results. The z axis represents the value of
the correlation matrix elements.

matrix for the cross section ratio is shown in Fig. 17, where the
z axis represents the value of the correlation matrix elements.
The ratio is normalized to the ENDF/B-VIII.β5 evaluation at
14.5 MeV. The covariance matrix is related to the correlation
matrix by the uncertainties shown in Fig. 16.

V. DISCUSSION

The various uncertainty contributions to the measured cross
section ratio can be isolated by enabling individual contribu-
tions in the error propagation procedure (Fig. 18). The largest
contribution to the total uncertainty at high energies is the
statistical uncertainty, while at low energies the contaminant
uncertainty dominates, because the cross section ratio drops
dramatically below the fission threshold. The efficiency fit
contributes the next largest uncertainty at high energy, although
the contribution is significantly smaller than the statistical
uncertainty. The residual uncertainty refers to the sensitivity
of the cross section ratio to variations in the energy-based PID
cut, which is similar to the efficiency uncertainty at higher
energy. The wraparound correction is a minor contribution to
the total uncertainty.

The cross section ratio has been normalized to the ENDF/B-
VIII.β5 evaluation at 14.5 MeV, as the uncertainty at this
energy is relatively small [28]. The beam flux " and actinide
density N factor out of Eq. (1) when normalizing, which re-
moves the uncertainty associated with those terms. The neutron
beam flux was calculated with the measured proton distribution
in the fissionTPC, resulting from neutrons scattering off of
hydrogen in the drift gas, and it was found that a small tilt in
the detector or gain variations across the pad plane could result

FIG. 18. Uncertainty contributions to the 238U(n,f )/235U(n,f )
cross section ratio. At low neutron energy, the contaminant correction
becomes the largest source of uncertainty, and statistical uncertainty
is largest at high energy. The contaminant correction is a fixed value
at all energies and, as the ratio becomes small at low energy, a large
relative uncertainty is found.

in a difference between the measured proton distribution and
neutron flux at the target.

With thick-backed actinide targets which overlap in the x-y
dimensions, the fission and α-particle spatial distribution can
be used as a second method for calculating the neutron flux,
and this would not be sensitive to the tilt of the detector or gain
variations. The target used for this measurement has two half-
disk actinide deposits on a thin carbon-backed target which did
not have any actinide overlap in x and y, and such a correction
could not be made. Future measurements will include thick-
backed targets with actinide deposits on both sides.

Typical neutron-induced fission cross section measure-
ments have stacks of targets that have roughly the same spatial
distribution of actinide deposits and neutron flux. The ability
of the fissionTPC to identify energy, length, track angle, and
start position allows for the thin-backed half-disk target used
in this work. It was previously assumed that the neutron beam
flux varied spatially, but that the neutron energy spectrum did
not. To test this, a ratio of fission counts was taken between
different regions of the target, and a 7% variation in neutron
flux as a function of energy was observed. This ratio can be
seen in Fig. 19, with a gradual increase occurring between 0.5
and 10 MeV.

MCNP simulations [45] show that this is due to an in-
tervening neutron collimator exposing off-axis areas of the
fission foil to different sections of the tungsten spallation target.
As the proton beam slows down in the tungsten, the neutron
spectrum softens leading to a spatially varying neutron energy
spectrum. Such a flux variation should only be observed in
the direction of the beam, which is parallel to the ground. The
half-disk targets used in this measurement are bisected by a
plane consistent with the beam direction, and therefore flux
variations should not be observed between the two targets.
This was confirmed experimentally in a separate measurement
of different actinides, which had deposits rotated 90◦ relative
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Error Covariances for neutron induced fission ratio measured by NIFFTE Collaboration

https://doi.org/10.1103/PhysRevC.97.034618 

ATLAS Total Covariance

(shown by Yi last meeting)

https://doi.org/10.1103/PhysRevC.97.034618
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A Tale of Two Systematic Errors
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A Tale of Two Systematic Errors
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