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Motivation

I Kinematic fit: a powerful mathematical tool to improve the measurements beyond the detector
capability/resolution
I Vary quantities within their uncertainties to satisfy the kinematic requirements
I Provides better understanding on source of uncertainties
I Evaluation of kinematic fit performance based on fit probability

I Last round of test samples:
I software version: ILCSoft v02-01-02
I e+e− → µµ̄H with H → bb̄ at

√
s = 250 GeV

I ErrorFlow: use full covariance matrix of PFOs to estimate uncertainties on jet parameters
I Photons and Charged PFOs: simply added to the jet CovMat.
I Neutral Hadrons: different decisive options on the pfo mass and cluster energy.
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Latest updates on the jet angle uncertainties
https://agenda.linearcollider.org/event/8620
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approximation: 100× (σθjet , σφjet )
Improved fit probability using full CovMat of Neutral PFOs
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Uncertainty in PFO level (Energy)
Situation of error estimation in PFO level

I Photons: energy error is perfectly modeled.

I Charged PFOs: possible improvement by tracks
refitted with true mass hypothesis (need to be
checked!).
Charged PFOs are investigated through track
parameters:
https://agenda.linearcollider.org/event/8341/

I Neutral Hadrons: energy and energy error are
overestimated.
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The energy error of the Neutral PFOs is directly obtained from cluster energy error. ⇒ Not easy to maneuver!

The PFOs energy error quadratically summed up ⇒ jet energy error: σ2
Ejet

= Σ σ2
EP F O
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Uncertainty in PFO level (Angles)
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The angular uncertainties of the Neutral PFOs are obtained from cluster position error.
Underestimated σθ and σφ for photons (factor ∼1.3) and neutral hadrons (factor ∼1.8)
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Neutral PFO identification by Pandora
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Majority of identified photons are true photons.
No explicit decision for mass of identified neutral hadrons due to their multiplicity.
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Pandora treatment with Neutral Hadrons
What Pandora does:
I Cluster energy is assigned to PFO(massless) energy
EPFO = |~pPFO| = Ecluster

I Neutral Hadrons are identified as neutron
I neutron mass is set for PFO ⇒ incosistent 4-momentum!
I CovMat of Neutral PFO is calculated (using inconsistent 4-momentum):

CovMat(~p,E) = JT CovMat(~xclu, Eclu) J
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CovMat(~p,E) of Neutral PFOs depend on the mass assumption.
Suggestion: Take consistent 4-momentum of massive neutral hadrons for CovMat calculations.
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CovMat of Neutral PFOs
I Current CovMat calculation (MarlinReco/Analysis/AddClusterProperties)

EPFO = |~pPFO| = Eclu , px = Eclu
x
r
, py = Eclu

y
r
, pz = Eclu

z
r

I Alternative CovMat calculation (taking consistent 4-momentum of neutral hadrons)
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using error propagation, PFO angular uncertainties are calculated directly from cluster position error:
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MUST: angular and energy uncertainties remain unchanged!
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Angular Uncertaint (σθ) with new CovMat calc.
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Same PFO normalized residual with new CovMat calculations ⇒ same σθ
σθ underestimated for neutral hadrons (by factor ∼1.8) and photons (by factor ∼1.3)
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Angular Uncertainty (σφ) with new CovMat calc.
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Same PFO normalized residual with new CovMat calculations ⇒ same σφ
σφ underestimated for neutral hadrons (by factor ∼1.8) and photons (by factor ∼1.3)
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Energy Uncertainty (σE) with new CovMat calc.
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Same PFO normalized residual with new CovMat calculations ⇒ same σE
Energy and σE overestimated for neutral hadrons (by factor ∼2.5). Photons: perfect

DESY. | Jet Error Parametrization with Neutral Hadrons | Yasser Radkhorrami | November 18, 2020 | Page 11/19



Uncertaities in jet-level: Energy

Jet-level truth:
I All stable particles in MCParticleSkimmed

collection (generator status = 1)
I Remove ISR photons
I Find and remove isolated muons

look for stable µ/µ̄ in daughter chain of initial
muon pair

I include/exclude νs from semileptonic decay
(optional)

I Run jet clustering algorithm
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As expected, jet energy error is unchanged.
New calculation of CovMat has no impact on normalized jet energy residual.
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Uncertaities in jet-level: θ & φ
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Sigma     0.015± 1.578 

By new CovMat, normalized residuals of jet angles improved by 50%!
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Scaling Angular Uncertaities of Neutral PFOs (new CovMat calculations)
Scale PFO angular error by factor s = 1.8:

σ2
θ = ( ∂θ

∂x
)2σ2

x + ( ∂θ
∂y

)2σ2
y + ( ∂θ

∂z
)2σ2

z + ∂θ
∂x

∂θ
∂y
σxy + ∂θ

∂x
∂θ
∂z
σxz + ∂θ

∂y
∂θ
∂z
σyz

σ2
φ = ( ∂φ

∂x
)2σ2

x + ( ∂φ
∂y

)2σ2
y + ∂φ

∂x
∂φ
∂y
σxy

I scale σx, σy, σz, ...:
σ(x, y.z.E) mP F O−−−−→ σ(px, py, pz, E) σ2

x σxy σxz

σxy σ2
y σyz

σxz σyz σ2
z

 Scale⊕σE−−−−−−→ s2 ×


σ2
x σxy σxz 0

σxy σ2
y σyz 0

σxz σyz σ2
z 0

0 0 0 1
s2 × σ2

E

 Convert−−−−−→ C(~p,E)

I sclae σθ, σφ:
σ(x, y.z.E)→ σ(θ, φ,E) mP F O−−−−→ σ(px, py, pz, E) σ2

x σxy σxz

σxy σ2
y σyz

σxz σyz σ2
z

 Convert−−−−−→
(
σ2
θ σθ.φ

σθ.φ σ2
φ

)
Scale⊕σE−−−−−−→ s2 ×

 σ2
θ σθ.φ 0

σφ.θ σ2
φ 0

0 0 1
s2 × σ2

E

 Convert−−−−−→ C(~p,E)
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Scaling Angular Uncertaities of Neutral PFOs

newCovMat Calc
Entries  84287
Mean  0.0077099− 
Std Dev     2.5965

 / ndf 2χ  93.86 / 77
Constant  6.4±  1041 
Mean      0.0092±0.0137 − 
Sigma     0.01±  1.82 

10− 5− 0 5 10
θσ) / MCPθ - RECθ (
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newCovMat Calc
Entries  84287
Mean  0.0077099− 
Std Dev     2.5965

 / ndf 2χ  93.86 / 77
Constant  6.4±  1041 
Mean      0.0092±0.0137 − 
Sigma     0.01±  1.82 

(x,y,z)σnewCovMat Calc, sclae 

Entries  84287

Mean  0.0038033− 
Std Dev     2.1871

 / ndf 2χ  47.29 / 37

Constant  11.7±  1885 

Mean      0.005366±0.004384 − 
Sigma     0.005± 1.002 

(x,y,z)σnewCovMat Calc, sclae 

Entries  84287

Mean  0.0038033− 
Std Dev     2.1871

 / ndf 2χ  47.29 / 37

Constant  11.7±  1885 

Mean      0.005366±0.004384 − 
Sigma     0.005± 1.002 

)φ,θ(σnewCovMat Calc, sclae 
Entries  84287

Mean  0.0037842− 
Std Dev     2.1872

 / ndf 2χ  44.41 / 37

Constant  11.7±  1885 

Mean      0.005365±0.004452 − 
Sigma     0.005± 1.002 

)φ,θ(σnewCovMat Calc, sclae 
Entries  84287

Mean  0.0037842− 
Std Dev     2.1872

 / ndf 2χ  44.41 / 37

Constant  11.7±  1885 

Mean      0.005365±0.004452 − 
Sigma     0.005± 1.002 

newCovMat Calc
Entries  84287
Mean  0.0077099− 
Std Dev     2.5965

 / ndf 2χ  93.86 / 77
Constant  6.4±  1041 
Mean      0.0092±0.0137 − 
Sigma     0.01±  1.82 

10− 5− 0 5 10
φσ) / 

MCP
φ - 

REC
φ (

0

500

1000
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O
s

newCovMat Calc
Entries  84287
Mean  0.0077099− 
Std Dev     2.5965

 / ndf 2χ  93.86 / 77
Constant  6.4±  1041 
Mean      0.0092±0.0137 − 
Sigma     0.01±  1.82 

newCovMat Calc
Entries  84287
Mean  0.044469− 
Std Dev     2.6628

 / ndf 2χ    129 / 77

Constant  6.2±  1005 
Mean      0.00952±0.03657 − 
Sigma     0.009± 1.842 

newCovMat Calc
Entries  84287
Mean  0.044469− 
Std Dev     2.6628

 / ndf 2χ    129 / 77

Constant  6.2±  1005 
Mean      0.00952±0.03657 − 
Sigma     0.009± 1.842 

(x,y,z)σnewCovMat Calc, scale 

Entries  84287

Mean  0.034683− 
Std Dev     2.3662

 / ndf 2χ  54.55 / 37

Constant  11.6±  1826 

Mean      0.00548±0.01953 − 
Sigma     0.005± 1.007 

(x,y,z)σnewCovMat Calc, scale 

Entries  84287

Mean  0.034683− 
Std Dev     2.3662

 / ndf 2χ  54.55 / 37

Constant  11.6±  1826 

Mean      0.00548±0.01953 − 
Sigma     0.005± 1.007 

)φ,θ(σnewCovMat Calc, scale 
Entries  84287

Mean  0.034586− 
Std Dev     2.3666

 / ndf 2χ  54.24 / 37

Constant  11.6±  1826 

Mean      0.00548±0.01961 − 
Sigma     0.005± 1.006 

)φ,θ(σnewCovMat Calc, scale 
Entries  84287

Mean  0.034586− 
Std Dev     2.3666

 / ndf 2χ  54.24 / 37

Constant  11.6±  1826 

Mean      0.00548±0.01961 − 
Sigma     0.005± 1.006 

Obviously, both methods give same scaling of angular uncertanties in the PFO-level.
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Improved Jet Angular Uncertaities
by scaling Neutral PFOs angular error

htemp
Entries  23222
Mean   0.011941
Std Dev     2.5621
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htemp
Entries  23222
Mean   0.011941
Std Dev     2.5621

new CovMat
Entries  23226

Mean   0.050249

Std Dev     7.5813

 / ndf 2χ  115.6 / 57

Constant  0.00021± 0.02094 

Mean      0.01345± 0.01131 

Sigma     0.014± 1.556 

new CovMat
Entries  23226

Mean   0.050249

Std Dev     7.5813

 / ndf 2χ  115.6 / 57

Constant  0.00021± 0.02094 

Mean      0.01345± 0.01131 

Sigma     0.014± 1.556 

(x,y,z)σ ×new CovMat s 
Entries  23218

Mean   0.047593

Std Dev     7.4409

 / ndf 2χ  125.8 / 57

Constant  0.00022± 0.02125 

Mean      0.013212± 0.008283 

Sigma     0.014± 1.542 

(x,y,z)σ ×new CovMat s 
Entries  23218

Mean   0.047593

Std Dev     7.4409

 / ndf 2χ  125.8 / 57

Constant  0.00022± 0.02125 

Mean      0.013212± 0.008283 

Sigma     0.014± 1.542 

)φ,θ(σ ×new CovMat, s 
Entries  23162

Mean   0.053709

Std Dev     8.7907

 / ndf 2χ  145.8 / 97

Constant  0.00014± 0.01502 

Mean      0.01814± 0.01336 

Sigma     0.017± 2.307 

)φ,θ(σ ×new CovMat, s 
Entries  23162

Mean   0.053709

Std Dev     8.7907

 / ndf 2χ  145.8 / 97

Constant  0.00014± 0.01502 

Mean      0.01814± 0.01336 

Sigma     0.017± 2.307 

htemp
Entries  23222
Mean   0.011941
Std Dev     2.5621

10− 5− 0 5 10

jet
φσ) / MC
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φ - REC
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φ(
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htemp
Entries  23222
Mean   0.011941
Std Dev     2.5621

new CovMat
Entries  23226

Mean   0.25729

Std Dev     7.4339

 / ndf 2χ  98.86 / 57

Constant  0.00021± 0.02066 

Mean      0.01378± 0.08971 

Sigma     0.015± 1.578 

new CovMat
Entries  23226

Mean   0.25729

Std Dev     7.4339

 / ndf 2χ  98.86 / 57

Constant  0.00021± 0.02066 

Mean      0.01378± 0.08971 

Sigma     0.015± 1.578 

(x,y,z)σ ×new CovMat, s 
Entries  23218

Mean   0.26046

Std Dev     7.5238

 / ndf 2χ  106.6 / 57

Constant  0.00021± 0.02094 

Mean      0.01359± 0.08566 

Sigma     0.015± 1.568 

(x,y,z)σ ×new CovMat, s 
Entries  23218

Mean   0.26046

Std Dev     7.5238

 / ndf 2χ  106.6 / 57

Constant  0.00021± 0.02094 

Mean      0.01359± 0.08566 

Sigma     0.015± 1.568 

)φ,θ(σ ×new CovMat, s 
Entries  23162

Mean    0.2698

Std Dev     8.4871

 / ndf 2χ  158.8 / 97

Constant  0.0001± 0.0153 

Mean      0.018± 0.145 
Sigma     0.017± 2.269 

)φ,θ(σ ×new CovMat, s 
Entries  23162

Mean    0.2698

Std Dev     8.4871

 / ndf 2χ  158.8 / 97

Constant  0.0001± 0.0153 

Mean      0.018± 0.145 
Sigma     0.017± 2.269 

Scaling CovMat(x,y,z): no drastic impact on the jet normalized residual
Scaling CovMat(θ, φ) degrades normalized residual:
px = Eclu sin θ cosφ ⇒ σ2

px
= ( ∂px

∂Eclu
)2σ2

Eclu
+ ( ∂px

∂θ
)2σ2

θ + ( ∂px
∂φ

)2σ2
φ + 2 ∂px

∂θ
∂px
∂φ
σθφ
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ConfusionTerm in ErrorFlow

htemp
Entries  23204
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Std Dev      2.505
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Mean  0.00047907− 
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new CovMat
Entries  23204

Mean   0.16467

Std Dev     4.3678

 / ndf 2χ  182.4 / 77

Constant  0.00019± 0.01955 

Mean      0.01390± 0.03651 

Sigma     0.014± 1.805 

new CovMat
Entries  23204

Mean   0.16467

Std Dev     4.3678

 / ndf 2χ  182.4 / 77

Constant  0.00019± 0.01955 

Mean      0.01390± 0.03651 

Sigma     0.014± 1.805 

new CovMat + Confusion

Entries  23226

Mean   0.09024

Std Dev      2.784

 / ndf 2χ  145.1 / 47

Constant  0.0003± 0.0291 

Mean      0.00959± 0.01761 

Sigma     0.010± 1.201 

new CovMat + Confusion

Entries  23226

Mean   0.09024

Std Dev      2.784

 / ndf 2χ  145.1 / 47

Constant  0.0003± 0.0291 

Mean      0.00959± 0.01761 

Sigma     0.010± 1.201 

Improved normalized residual of jet energy with confusion term in ErrorFlow.
ref: Particle flow calorimetry and the PandoraPFA algorithm, M. A. ThomsonDESY. | Jet Error Parametrization with Neutral Hadrons | Yasser Radkhorrami | November 18, 2020 | Page 17/19



Angular Uncertaities in Jet-Level
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PFO-level CovMat with consistent 4-momentum of neutral hadrons improves fit probability.
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Summary

I Due to particle multiplicity, neutral hadrons are challanging to be taken massless or massive
I By assuming neutral hadrons as massive PFOs, cluster energy is assigned to momentum of PFO.
I 4-mometum of neutral hadrons is inconsistent, But CovNat is calculated using consistent 4-momentum:
I eliminate the ad-hoc scaling by 100 of the jet-level angular uncertainties by a more correct treatment of the

PFO-level covariance matrices!
I Scaling (preliminary) of angular uncertainty in PFO-level, improves kinematic fit probablity ⇒ improved fit

hypothesis

I Switch to new production samples
I Further improvement on error estimation:

I Full (E, ~p) covariance matrix for JetFitObject (include σpxE ,σpyE ,σpzE)
I Estimate parton shower & hadronisation effects
I Use proper masses, momenta and CovMatrices of PFOs from tracks refitted with correct mass hypothesis
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Angular Uncertaities of All PFOs

htemp
Entries  749243
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Entries  750114
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Constant  0.00004± 0.02577 

Mean      0.001850± 0.001407 

Sigma     0.002± 1.359 

Photons
Entries  750114

Mean  2.0356− 

Std Dev     16.224

 / ndf 2χ  966.4 / 57

Constant  0.00004± 0.02577 

Mean      0.001850± 0.001407 

Sigma     0.002± 1.359 

Charged PFOs
Entries  814291

Mean  0.21134− 

Std Dev     4.8615
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Constant  0.00006± 0.03809 

Mean      0.001157±0.001093 − 

Sigma     0.001± 1.008 

Charged PFOs
Entries  814291

Mean  0.21134− 

Std Dev     4.8615

 / ndf 2χ   3510 / 57

Constant  0.00006± 0.03809 

Mean      0.001157±0.001093 − 

Sigma     0.001± 1.008 

Neutral Hadrons
Entries  84287

Mean  14.065− 

Std Dev     42.094

 / ndf 2χ  91.08 / 77

Constant  0.00008± 0.01236 

Mean      0.00924±0.01271 − 
Sigma     0.009± 1.819 
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Entries  84287

Mean  14.065− 

Std Dev     42.094

 / ndf 2χ  91.08 / 77

Constant  0.00008± 0.01236 

Mean      0.00924±0.01271 − 
Sigma     0.009± 1.819 
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 / ndf 2χ  901.2 / 57

Constant  0.00004± 0.02547 

Mean      0.00186± 0.04423 

Sigma     0.002± 1.358 

Photons
Entries  750114

Mean  1.9325− 

Std Dev     15.575

 / ndf 2χ  901.2 / 57

Constant  0.00004± 0.02547 

Mean      0.00186± 0.04423 

Sigma     0.002± 1.358 

Charged PFOs
Entries  814291

Mean  1.6961− 

Std Dev      14.05

 / ndf 2χ   6660 / 57

Constant  0.00004± 0.02371 

Mean      0.001705±0.004266 − 

Sigma     0.00±  1.24 

Charged PFOs
Entries  814291

Mean  1.6961− 

Std Dev      14.05

 / ndf 2χ   6660 / 57

Constant  0.00004± 0.02371 

Mean      0.001705±0.004266 − 

Sigma     0.00±  1.24 

Neutral Hadrons
Entries  84287

Mean  14.552− 

Std Dev     40.835

 / ndf 2χ    137 / 77

Constant  0.00007± 0.01192 

Mean      0.00953±0.03632 − 
Sigma     0.009± 1.842 

Neutral Hadrons
Entries  84287

Mean  14.552− 

Std Dev     40.835

 / ndf 2χ    137 / 77

Constant  0.00007± 0.01192 

Mean      0.00953±0.03632 − 
Sigma     0.009± 1.842 
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Energy dependency of normalized residuals
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 / ndf 2χ  93.86 / 77
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Mean      0.0092±0.0137 − 
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Neutral Hadrons
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Mean  0.18697− 
Std Dev     62.804
Underflow  0.06401
Overflow   0.064129

 / ndf 2χ  93.86 / 77
Constant  0.00008± 0.01235 
Mean      0.0092±0.0137 − 
Sigma     0.01±  1.82 

 1 GeV≤E 
Entries  52948
Mean    0.6263
Std Dev     70.397
Underflow  0.079099
Overflow   0.085256

 / ndf 2χ  85.44 / 77
Constant  0.00009± 0.01114 
Mean      0.01222±0.01647 − 
Sigma     0.01±  1.81 

 1 GeV≤E 
Entries  52948
Mean    0.6263
Std Dev     70.397
Underflow  0.079099
Overflow   0.085256

 / ndf 2χ  85.44 / 77
Constant  0.00009± 0.01114 
Mean      0.01222±0.01647 − 
Sigma     0.01±  1.81 

 3 GeV≤1 GeV < E 
Entries  21568
Mean  1.6408− 
Std Dev      51.76
Underflow  0.041311
Overflow   0.031296

 / ndf 2χ  85.34 / 77
Constant  0.0002± 0.0138 
Mean      0.01719±0.01126 − 
Sigma     0.016± 1.808 

 3 GeV≤1 GeV < E 
Entries  21568
Mean  1.6408− 
Std Dev      51.76
Underflow  0.041311
Overflow   0.031296

 / ndf 2χ  85.34 / 77
Constant  0.0002± 0.0138 
Mean      0.01719±0.01126 − 
Sigma     0.016± 1.808 

3 GeV < E
Entries  9771
Mean  0.9343− 
Std Dev     42.806
Underflow  0.032341
Overflow   0.022106

 / ndf 2χ  98.52 / 77
Constant  0.00025± 0.01557 
Mean      0.024561±0.003191 − 
Sigma     0.024± 1.847 

3 GeV < E
Entries  9771
Mean  0.9343− 
Std Dev     42.806
Underflow  0.032341
Overflow   0.022106
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Overflow   0.039094

 / ndf 2χ    129 / 77

Constant  0.00007± 0.01192 

Mean      0.00952±0.03657 − 
Sigma     0.009± 1.842 

Neutral Hadrons
Entries  84287

Mean  0.30034− 
Std Dev     60.213

Underflow  0.041538

Overflow   0.039094

 / ndf 2χ    129 / 77

Constant  0.00007± 0.01192 

Mean      0.00952±0.03657 − 
Sigma     0.009± 1.842 

 1 GeV≤E 
Entries  52948

Mean  0.4431− 
Std Dev     66.298

Underflow  0.052789

Overflow   0.048936

 / ndf 2χ  92.36 / 77

Constant  0.00009± 0.01079 

Mean      0.01260±0.02092 − 
Sigma     0.012± 1.837 

 1 GeV≤E 
Entries  52948

Mean  0.4431− 
Std Dev     66.298

Underflow  0.052789

Overflow   0.048936

 / ndf 2χ  92.36 / 77

Constant  0.00009± 0.01079 

Mean      0.01260±0.02092 − 
Sigma     0.012± 1.837 

 3 GeV≤1 GeV < E 
Entries  21568

Mean  0.23295− 
Std Dev     51.936

Underflow  0.02513

Overflow   0.024481

 / ndf 2χ  94.31 / 77

Constant  0.00016± 0.01329 

Mean      0.01762±0.04102 − 
Sigma     0.016± 1.819 

 3 GeV≤1 GeV < E 
Entries  21568

Mean  0.23295− 
Std Dev     51.936

Underflow  0.02513

Overflow   0.024481

 / ndf 2χ  94.31 / 77

Constant  0.00016± 0.01329 

Mean      0.01762±0.04102 − 
Sigma     0.016± 1.819 

3 GeV < E
Entries  9771

Mean   0.27311

Std Dev     41.952

Underflow  0.016784

Overflow   0.018012
 / ndf 2χ  74.27 / 77

Constant  0.00024± 0.01493 

Mean      0.02541±0.08763 − 
Sigma     0.025± 1.871 

3 GeV < E
Entries  9771

Mean   0.27311

Std Dev     41.952

Underflow  0.016784

Overflow   0.018012
 / ndf 2χ  74.27 / 77

Constant  0.00024± 0.01493 

Mean      0.02541±0.08763 − 
Sigma     0.025± 1.871 
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Energy dependency of normalized residuals

htemp
Entries  71686

Mean  0.0077411− 

Std Dev     2.5966

10− 5− 0 5 10
θσ) / MC

PFOθ - REC
PFOθ(

0

0.005

0.01

0.015

0.02

htemp
Entries  71686

Mean  0.0077411− 

Std Dev     2.5966

Neutral Hadrons
Entries  84287

Mean  0.18697− 
Std Dev     62.804

Underflow  0.06401

Overflow   0.064129

 / ndf 2χ  93.86 / 77

Constant  0.00008± 0.01235 

Mean      0.0092±0.0137 − 
Sigma     0.01±  1.82 
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Mean  0.18697− 
Std Dev     62.804

Underflow  0.06401

Overflow   0.064129

 / ndf 2χ  93.86 / 77

Constant  0.00008± 0.01235 

Mean      0.0092±0.0137 − 
Sigma     0.01±  1.82 

 0.7≤) θcos(
Entries  40673

Mean  2.6696− 

Std Dev     49.991

Underflow  0.052001

Overflow   0.033733

 / ndf 2χ  67.61 / 77

Constant  0.00012± 0.01481 

Mean      0.012112±0.009226 − 

Sigma     0.011± 1.813 

 0.7≤) θcos(
Entries  40673

Mean  2.6696− 

Std Dev     49.991

Underflow  0.052001

Overflow   0.033733

 / ndf 2χ  67.61 / 77

Constant  0.00012± 0.01481 

Mean      0.012112±0.009226 − 

Sigma     0.011± 1.813 

) > 0.7θcos(
Entries  43614

Mean    2.3561

Std Dev     73.567

Underflow  0.075205

Overflow   0.092468

 / ndf 2χ  99.42 / 77
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Neutral Hadrons
Entries  84287

Mean  0.30034− 
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CovMat of Neutral PFOs

I Current CovMat calculation (MarlinReco/Analysis/AddClusterProperties)

EPFO = |~pPFO| = Eclu , px = Eclu
x
r
, py = Eclu

y
r
, pz = Eclu

z
r

I Alternative CovMat calculation (taking consistent 4-momentum of neutral hadrons)

EPFO =
√
|~pPFO|2 +m2

PFO =
√
E2
clu +m2

n

J =


Eclu

r2−x2

r3 −Eclu xyr3 −Eclu xzr3 0
−Eclu xyr3 Eclu

r2−y2

r3 −Eclu yzr3 0
−Eclu xzr3 −Eclu yzr3 Eclu

r2−z2

r3 0
x
r

y
r

z
r

1

→ J =


Eclu

r2−x2

r3 −Eclu xyr3 −Eclu xzr3 0
−Eclu xyr3 Eclu

r2−y2

r3 −Eclu yzr3 0
−Eclu xzr3 −Eclu yzr3 Eclu

r2−z2

r3 0
x
r

y
r

z
r

Eclu
E


By (mathematically) correct Jacobian, the energy error doesn’t remain unchanged (right-hand plot in next slide)

DESY. | Jet Error Parametrization with Neutral Hadrons | Yasser Radkhorrami | November 18, 2020 | Page 5/13



Energy Uncertaity of All PFOs
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Constant  0.00006± 0.03878 

Mean      0.001214±0.005985 − 

Sigma     0.001± 1.009 
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Constant  0.00006± 0.03878 
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Entries  814291
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Entries  84287
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Neutral Hadrons
Entries  84287

Mean  0.71987− 

Std Dev     6.7543

 / ndf 2χ   1460 / 17

Constant  0.00039± 0.07071 

Mean      0.0019± 0.2326 

Sigma     0.0020± 0.4434 

Opt. 4, Correct (math) Jacobian

Entries  84287

Mean  0.0035927− 
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Opt. 4, Correct (math) Jacobian
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Mean  0.0035927− 

Std Dev     1.4785
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Constant  20.7±  3920 

Mean      0.0031± 0.4157 

Sigma     0.0032± 0.7156 

Opt. 4, Wrong (math) Jacobian

Entries  84287

Mean   0.021606

Std Dev      1.007

 / ndf 2χ  857.6 / 14

Constant  34.7±  6193 

Mean      0.002± 0.231 

Sigma     0.0021± 0.4171 

Opt. 4, Wrong (math) Jacobian

Entries  84287

Mean   0.021606

Std Dev      1.007

 / ndf 2χ  857.6 / 14
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Mean      0.002± 0.231 

Sigma     0.0021± 0.4171 
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CovMat of Neutral PFOs

Different options for updating CovMat of neutral PFOs
I Opt. 1 StandardReco
I Opt. 2 Neutral PFOs are massless, Ecluster = Ekin = |~pPFO|
I Opt. 3 Neutral PFOs are massive, Ecluster = Ekin( 6= |~pPFO|), not updated 4-momentum of PFO
I Opt. 4 Neutral PFOs are massive, Ecluster = |~pPFO|( 6= Ekin), not updated 4-momentum of PFO
I Opt. 5 Neutral PFOs are massive, Ecluster = Ekin( 6= |~pPFO|), updated 4-momentum of PFO
I Opt. 6 Neutral PFOs are massive, Ecluster = |~pPFO|( 6= Ekin), updated 4-momentum of PFO

momentum of PFO in options 3 and 4 (only CovMat calculation), 5 and 6:
I Ecluster = Ekin

|~pPFO| =
√
E2
cluster + 2mnEcluster , EPFO = Ecluster +mn

I Ecluster = |~pPFO|
|~pPFO| = Ecluster , EPFO =

√
E2
cluster +m2

n

px = |~p| x√
x2+y2+z2

, ... , (x,y,z) from cluster position
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Angular Uncertaities of Neutral Hadrons

Direct Calc.
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Mean   0.0068396

Std Dev    0.0055806

Opt. 3
Entries  84287

Mean   0.0068396
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Opt. 4
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Mean   0.0040772
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Opt. 5
Entries  84287

Mean   0.0040756
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Opt. 5
Entries  84287

Mean   0.0040756

Std Dev    0.0034663

Opt. 6
Entries  84287

Mean   0.0040772

Std Dev    0.0034662
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Entries  84287

Mean   0.0040772
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Opt. 1
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Opt. 2
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Mean   0.009286
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Opt. 2
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Mean   0.009286

Std Dev    0.015235

Opt. 3
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Mean   0.01624

Std Dev    0.025931

Opt. 3
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Mean   0.01624

Std Dev    0.025931

Opt. 4
Entries  84287

Mean   0.0092872

Std Dev    0.015236

Opt. 4
Entries  84287

Mean   0.0092872

Std Dev    0.015236

Opt. 5
Entries  84287

Mean   0.0092857

Std Dev    0.015235

Opt. 5
Entries  84287

Mean   0.0092857

Std Dev    0.015235

Opt. 6
Entries  84287

Mean   0.0092872

Std Dev    0.015236

Opt. 6
Entries  84287

Mean   0.0092872

Std Dev    0.015236

Direct Calc.
Entries  84287

Mean   0.0092857

Std Dev    0.015235

Direct Calc.
Entries  84287

Mean   0.0092857

Std Dev    0.015235
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Angular Uncertainties in PFO-level
Opt. 1

Entries  84287

Mean  0.0091529− 

Std Dev      2.598

 / ndf 2χ  91.08 / 77

Constant  6.4±  1042 

Mean      0.00924±0.01271 − 

Sigma     0.009± 1.819 

10− 5− 0 5 10
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Entries  84287

Mean  0.0091529− 

Std Dev      2.598

 / ndf 2χ  91.08 / 77

Constant  6.4±  1042 

Mean      0.00924±0.01271 − 

Sigma     0.009± 1.819 

Opt. 2
Entries  84287

Mean  0.0095862− 

Std Dev     2.5985

 / ndf 2χ  93.77 / 77

Constant  6.4±  1042 

Mean      0.00924±0.01308 − 

Sigma     0.009± 1.819 

Opt. 2
Entries  84287
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Opt. 3
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Opt. 3
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Opt. 4
Entries  84287

Mean  0.0077099− 

Std Dev     2.5965

 / ndf 2χ  93.86 / 77

Constant  6.4±  1041 
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Sigma     0.01±  1.82 

Opt. 5
Entries  84287

Mean  0.0094205− 

Std Dev     2.5982
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Sigma     0.009± 1.819 

Opt. 5
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Sigma     0.009± 1.819 

Opt. 6
Entries  84287

Mean  0.0077098− 
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Constant  6.4±  1041 
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Sigma     0.01±  1.82 

Opt. 6
Entries  84287

Mean  0.0077098− 

Std Dev     2.5965
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Constant  6.4±  1041 

Mean      0.0092±0.0137 − 
Sigma     0.01±  1.82 

Opt. 1
Entries  84287
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Opt. 2
Entries  84287

Mean  0.044872− 

Std Dev     2.6615

 / ndf 2χ  142.1 / 77

Constant  6.2±  1005 

Mean      0.00952±0.03651 − 

Sigma     0.009± 1.841 

Opt. 2
Entries  84287

Mean  0.044872− 

Std Dev     2.6615

 / ndf 2χ  142.1 / 77

Constant  6.2±  1005 

Mean      0.00952±0.03651 − 

Sigma     0.009± 1.841 

Opt. 3
Entries  84287

Mean  0.057349− 

Std Dev     2.5378

 / ndf 2χ  305.8 / 47

Constant  9.9±  1530 

Mean      0.00627±0.01993 − 

Sigma     0.006± 1.182 

Opt. 3
Entries  84287

Mean  0.057349− 

Std Dev     2.5378

 / ndf 2χ  305.8 / 47

Constant  9.9±  1530 

Mean      0.00627±0.01993 − 

Sigma     0.006± 1.182 

Opt. 4
Entries  84287

Mean  0.044469− 

Std Dev     2.6628

 / ndf 2χ    129 / 77

Constant  6.2±  1005 

Mean      0.00952±0.03657 − 

Sigma     0.009± 1.842 

Opt. 4
Entries  84287

Mean  0.044469− 

Std Dev     2.6628

 / ndf 2χ    129 / 77

Constant  6.2±  1005 

Mean      0.00952±0.03657 − 

Sigma     0.009± 1.842 

Opt. 5
Entries  84287

Mean  0.045001− 

Std Dev      2.662

 / ndf 2χ  139.3 / 77

Constant  6.2±  1005 

Mean      0.00952±0.03653 − 

Sigma     0.009± 1.841 

Opt. 5
Entries  84287

Mean  0.045001− 

Std Dev      2.662

 / ndf 2χ  139.3 / 77

Constant  6.2±  1005 

Mean      0.00952±0.03653 − 

Sigma     0.009± 1.841 

Opt. 6
Entries  84287

Mean  0.044469− 

Std Dev     2.6628

 / ndf 2χ    129 / 77

Constant  6.2±  1005 

Mean      0.00952±0.03657 − 

Sigma     0.009± 1.842 

Opt. 6
Entries  84287

Mean  0.044469− 

Std Dev     2.6628

 / ndf 2χ    129 / 77

Constant  6.2±  1005 

Mean      0.00952±0.03657 − 

Sigma     0.009± 1.842 

PFO angular uncertainty: obtained directly from cluster position (and errors): underestimated by factor 1.8!
σθ and σφ should be independent of options! ⇒ Opt. 3 removed from list
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Jet Energy and Cluster Energy

I Opt. 5 (Ecluster = Ekin):

EPFO = Ecluster +mPFO

I Opt. 6 (Ecluster = |~pPFO|):

EPFO =
√
E2
cluster +m2
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htemp

Entries  23128

Mean   0.021062

Std Dev     2.9387

10− 5− 0 5 10

jetEσ) / MC
jet - EREC

jet
(E

0

0.005

0.01

0.015

0.02

0.025

N
or

m
al

iz
ed

 E
nt

rie
s 

/ 0
.1

htemp
Entries  23128

Mean   0.021062

Std Dev     2.9387

Opt. 1
Entries  23134

Mean   0.16347

Std Dev     4.3692
 / ndf 2χ  178.8 / 77

Constant  0.00019± 0.01957 

Mean      0.01391± 0.03836 
Sigma     0.014± 1.804 

Opt. 1
Entries  23134

Mean   0.16347

Std Dev     4.3692
 / ndf 2χ  178.8 / 77

Constant  0.00019± 0.01957 

Mean      0.01391± 0.03836 
Sigma     0.014± 1.804 

Opt. 2
Entries  23146

Mean   0.16352

Std Dev     4.3686
 / ndf 2χ  179.3 / 77

Constant  0.00019± 0.01957 

Mean      0.01390± 0.03801 
Sigma     0.014± 1.804 

Opt. 2
Entries  23146

Mean   0.16352

Std Dev     4.3686
 / ndf 2χ  179.3 / 77

Constant  0.00019± 0.01957 

Mean      0.01390± 0.03801 
Sigma     0.014± 1.804 

Opt. 3
Entries  23162
Mean   0.16642
Std Dev     4.3701

 / ndf 2χ  180.4 / 77
Constant  0.00019± 0.01956 
Mean      0.01391± 0.03871 
Sigma     0.014± 1.804 

Opt. 3
Entries  23162
Mean   0.16642
Std Dev     4.3701

 / ndf 2χ  180.4 / 77
Constant  0.00019± 0.01956 
Mean      0.01391± 0.03871 
Sigma     0.014± 1.804 

Opt. 4
Entries  23204

Mean   0.16467

Std Dev     4.3678
 / ndf 2χ  182.2 / 77

Constant  0.00019± 0.01955 
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Opt. 5
Entries  23138

Mean    1.9978
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Opt. 6
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Mean    1.0799

Std Dev      4.513
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Mean      0.0163± 0.8348 
Sigma     0.017± 2.003 

Updating 4-momentum of neutral hadrons input bias in the jet energy. ⇒ Opt. 5 and Opt. 6 removed from list
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Angular uncertaities in jet-level
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Mean   0.040936
Std Dev      8.645

 / ndf 2χ  225.1 / 117
Constant  0.0001± 0.0124 
Mean      0.02272± 0.01158 
Sigma     0.020± 2.876 

Opt. 6
Entries  23192
Mean   0.047016
Std Dev     7.3722

 / ndf 2χ  102.7 / 57
Constant  0.0002± 0.0206 
Mean      0.01383± 0.01304 
Sigma     0.015± 1.583 

Opt. 6
Entries  23192
Mean   0.047016
Std Dev     7.3722

 / ndf 2χ  102.7 / 57
Constant  0.0002± 0.0206 
Mean      0.01383± 0.01304 
Sigma     0.015± 1.583 
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htemp
Entries  23128

Mean   0.021062

Std Dev     2.9387

Opt. 1
Entries  23134

Mean   0.27216

Std Dev     8.6459
 / ndf 2χ  166.4 / 97

Constant  0.00014± 0.01498 

Mean      0.0182± 0.1516 
Sigma     0.02±  2.31 

Opt. 1
Entries  23134

Mean   0.27216

Std Dev     8.6459
 / ndf 2χ  166.4 / 97

Constant  0.00014± 0.01498 

Mean      0.0182± 0.1516 
Sigma     0.02±  2.31 

Opt. 2
Entries  23146

Mean   0.27192

Std Dev     8.6616
 / ndf 2χ  167.7 / 97

Constant  0.00014± 0.01495 

Mean      0.0183± 0.1505 
Sigma     0.018± 2.314 

Opt. 2
Entries  23146

Mean   0.27192

Std Dev     8.6616
 / ndf 2χ  167.7 / 97

Constant  0.00014± 0.01495 

Mean      0.0183± 0.1505 
Sigma     0.018± 2.314 

Opt. 3
Entries  23162

Mean   0.24915

Std Dev     8.1897
 / ndf 2χ  107.2 / 77

Constant  0.00016± 0.01682 

Mean      0.0169± 0.1279 
Sigma     0.02±  2.02 

Opt. 3
Entries  23162

Mean   0.24915

Std Dev     8.1897
 / ndf 2χ  107.2 / 77

Constant  0.00016± 0.01682 

Mean      0.0169± 0.1279 
Sigma     0.02±  2.02 

Opt. 4
Entries  23204

Mean   0.23964

Std Dev      7.677
 / ndf 2χ  98.58 / 57

Constant  0.00021± 0.02066 

Mean      0.01378± 0.08864 
Sigma     0.015± 1.578 

Opt. 4
Entries  23204

Mean   0.23964

Std Dev      7.677
 / ndf 2χ  98.58 / 57

Constant  0.00021± 0.02066 

Mean      0.01378± 0.08864 
Sigma     0.015± 1.578 

Opt. 5
Entries  23138

Mean   0.35463

Std Dev     8.5208
 / ndf 2χ  150.4 / 117

Constant  0.00012± 0.01272 

Mean      0.0219± 0.1759 
Sigma     0.02±  2.81 

Opt. 5
Entries  23138

Mean   0.35463

Std Dev     8.5208
 / ndf 2χ  150.4 / 117

Constant  0.00012± 0.01272 

Mean      0.0219± 0.1759 
Sigma     0.02±  2.81 

Opt. 6
Entries  23192
Mean   0.23139
Std Dev     7.6913

 / ndf 2χ    114 / 57
Constant  0.00021± 0.02043 
Mean      0.0140± 0.1085 
Sigma     0.015± 1.585 

Opt. 6
Entries  23192
Mean   0.23139
Std Dev     7.6913

 / ndf 2χ    114 / 57
Constant  0.00021± 0.02043 
Mean      0.0140± 0.1085 
Sigma     0.015± 1.585 

Opt. 4 gives best modeling of the neutral PFO CovMat in the jet-level.
Test further improvement: scale PFO-level angular uncertainty.
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Fit Probability wrt Neutral Hadron 4-momentum
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Opt. 4 gives best fit probability ⇒ better fit hypothesis.
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Scaling Angular Uncertaities of Photons

Photons, unScaled
Entries  750114

Mean   0.00069202

Std Dev     1.7646

 / ndf 2χ   1004 / 57

Constant  3.162e+01± 1.983e+04 

Mean      0.001784± 0.001342 

Sigma     0.002± 1.325 
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Entries  750114

Mean   0.00069202

Std Dev     1.7646

 / ndf 2χ   1004 / 57

Constant  3.162e+01± 1.983e+04 

Mean      0.001784± 0.001342 

Sigma     0.002± 1.325 

Photons, Scaled
Entries  750114

Mean  0.00039129− 

Std Dev     1.3741

 / ndf 2χ   1274 / 37

Constant  5.521e+01± 3.541e+04 

Mean      0.000947± 0.000548 

Sigma     0.0008± 0.7446 

Photons, Scaled
Entries  750114

Mean  0.00039129− 

Std Dev     1.3741

 / ndf 2χ   1274 / 37

Constant  5.521e+01± 3.541e+04 

Mean      0.000947± 0.000548 

Sigma     0.0008± 0.7446 

Photons, unScaled
Entries  750114

Mean   0.042455

Std Dev     1.8566

 / ndf 2χ  930.9 / 57

Constant  3.15e+01± 1.96e+04 

Mean      0.0018± 0.0429 

Sigma     0.002± 1.325 
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Entries  750114

Mean   0.042455

Std Dev     1.8566

 / ndf 2χ  930.9 / 57

Constant  3.15e+01± 1.96e+04 

Mean      0.0018± 0.0429 

Sigma     0.002± 1.325 

Photons, Scaled
Entries  750114

Mean   0.025918

Std Dev      1.514

 / ndf 2χ   1324 / 37

Constant  5.507e+01± 3.502e+04 

Mean      0.00095± 0.02321 

Sigma     0.0008± 0.7443 

Photons, Scaled
Entries  750114

Mean   0.025918

Std Dev      1.514

 / ndf 2χ   1324 / 37

Constant  5.507e+01± 3.502e+04 

Mean      0.00095± 0.02321 

Sigma     0.0008± 0.7443 

Scaling degrades normalized residuals of photons
Photons need scaling factor of ∼1.3 instead of ∼1.8
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