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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 New production samples:
I new 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
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Kinematic fit
I Kinematic fit: adjustment of measured quantities under certain kinematic constraints:

I Energy and momentum conservation
I Invariant masses of particles

I Minimize χ2:

χ2(a, ξ, f) = (η − a)TV −1(η − a)− 2λTf(a, ξ)

η: vector of measured kinematic variables (x)
a: vector of fitted quantities
ξ: vector of unmeasured kinematic variables
V : covariance matrix
λ: Lagrange multipliers
f(a, ξ): vector of constraints

I Measures of performance:
F (χ2; ndf): cumulative χ2 distribution for a certain ndf
P (χ2): fit probability

pull(x) = xfitted−xmeasured√
σ2

fitted
−σ2

measured

P (χ2) = 1− F (χ2; ndf)

Exploit well-known initial state in e+e− colliders
Significantly improved estimation of the underlying kinematics of event

DESY. | Jet Error Parametrization and Application in Kinematic Fit | Yasser Radkhorrami | August 26, 2020 | Page 3/16



Error flow and application in kinematic fit
by Aliakbar Ebrahimi (DESY-THESIS-2017-045)

Jet specific energy resolution for e+e− → ZH → qq̄bb̄ process at
√
s = 350 GeV

I Full 4× 4 CovMatrix on 4-momentum of jets σ(~p,E):
I σDet: computed using subdetector momentum/energy

resolution
I σConf : computed using jet energy and particle content

(charged, neutral and photon)
I σν = 0.73.El
I σHad, σClus are not accounted for error flow procedure yet.

I Fixed (and wide) angular resolution: σθ = σφ = 100 mrad

Kinematic fit: vary jet quantities (E,θ,φ) within uncertainties
(σE ,σθ,σφ)
Improved fit probability by applying Error Flow on jet energy

⇒ Further improvements by jet error parametrization
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Error parametrisations for jets

I Jets parametrized by (Ejet, θjet, φjet, σEjet , σθjet , σφjet , mjet):

( px , py , pz , E , CovMat( ~p , E ) ) → ( E , θ , φ , σE , σθ , σφ , m )

tan θ =
√
p2

x+p2
y

pz
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px
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√
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σθ and σφ are not fixed ⇒ Angular resolutions are calculated for each individual jet (fixed bugs)
Planned TO DO: input full CovMatrix to fit objects
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New approximation on jet angle uncertainties

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
fit probability

5−10

4−10

3−10

2−10

1−10

1
N

or
m

al
iz

ed
 E

nt
rie

s

Error Flow

 correctionνError Flow + 

 correctionνError Flow (new approximation) + 

 uncertainty
jet

φ
Entries  107706

Mean   0.0001354

Std Dev    0.0001686

0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014

 [radian]
jet

φσ 
0

5000

10000

15000

20000

25000

je
ts

 n

 uncertainty
jet

φ
Entries  107706

Mean   0.0001354

Std Dev    0.0001686

 with error flowbbµµ→ZH

Improved fit probability using individual jet angle resolution
new approximation: 100× (σθjet , σφjet )
Error Flow under-estimates the uncertainties on jet angles.
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jet uncertainties (CovMat) in ErrorFlow

I charged PFOs (identified by charge of PFO 6= 0):
PFO CovMat elements are added to the corresponding jet CovMat elemets

I neutral PFOs (identified by charge of PFO = 0):
only σ2

EP F O
is added to σ2

Ejet

σ2
EP F O

is calculated using EPFO and numerical parameters:
σ2
EP F O

= a2.EPFO + c2.E2
PFO

I photons: aECAL = 0.16 and cECAL = 0.01 (doi:10.1016/j.nima.2009.07.026)
I hadrons: aHCAL = 0.50 and cHCAL = 0.01 (2012 JINST 7 P09017)

ErrorFlow issues:
I full CovMat of neutral PFOs are not included
I neutral PFOs decaying to TWO charged particles can be treated as charged PFOs:
γ → e+e− and K0

S → π+π−
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Physics questions in PandoraPFOs collection

Neutral PFOs are assumed massless but identified as massive particle: E = |~p| and M 6= 0

needs recalibration of Pandora ⇒ run standard JER and check the impact of PID (mass) assigned to each
neutral hadron, not feasible at this stage!
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Bug in CovMat of neutral PFOs:
I wrong CovMat calculation in AddClusterProperties for neutral PFOs

Jacobian as ∂(~p,E)
∂(~r,E) (for cluster errors):
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I CovMat for neutral PFOs (without track):
Cp = JTCCRCJC

Cp: CovMatrix of (~p,E), CRC : cluster errors (cluster energy error and cluster position (x, y and z) errors),
JC : Jacobian matrix (cluster parameters)

CRC =


σ2
x σxy σxz σxE

σxy σ2
y σyz σyE

σxz σyz σ2
z σzE

σxE σyE σzE σ2
E

 =


σ2
x σxy σxz 0

σxy σ2
y σyz 0

σxz σyz σ2
z 0

0 0 0 σ2
E


σ2
x, σxy, ... from cluster position errors
σ2
E from cluster energy error (σE)

implemented in AddFourMomentumCovMatAllPFOs
(https://github.com/yradkhorrami/AddFourMomentumCovMatAllPFOs)
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CovMat elements with new calculations:
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CovMat elements with new calculations:
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uncertainty on jet energy is unchanged (as expected) with new ErrorFlow calculation
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uncertainties on jet angles are improved (worth factor of ∼100) with new ErrorFlow calculation

new ErrorFlow
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improved fit probability with new ErrorFlow calculation
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Summary

I uncertainties on jet angles are parametrized for individual jets (new in MarlinKinFit)
I neutral PFOs with TWO tracks: CovMat is included in Error Flow
I neutral PFOs without track: fixed bug in AddClusterProperties

I improved fit probability with updated resolution on jet angles

open issues:

I Jacobian for neutral PFOs: with E or p? (preliminary with p)
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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