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International Linear Collider Project
• Next-generation e+e- linear collider

• Start as a Higgs factory at 250 GeV
• Future upgrade up to 1 TeV and beyond

• Proposed candidate site: Kitakami Mountains, Iwate/Miyagi, Japan
• Physics goals:

• Precise measurements of the Higgs boson and electroweak observables, 
searches for dark matter and other new particles, etc.
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International Large Detector

2019-10-23

pILD: a detector concept for the ILC
• Vertex detector
• Tracking detector (TPC)
• High-resolution calorimeter
• etc.

pOptimized for particle flow for 
unprecedented jet energy 
resolution

4

Chapter 1
ILD: Executive Summary

The International Large Detector (ILD) is a concept for a detector at the International Linear Collider,
ILC [198]. In a slightly modified version, it has also been proposed for the CLIC linear collider [199].

The ILD detector concept has been optimised with a clear view on precision. In recent years
the concept of particle flow has been shown to deliver the best possible overall event reconstruction.
Particle flow implies that all particles in an event, charged and neutral, are individually reconstructed.
This requirement has a large impact on the design of the detector, and has played a central role in
the optimisation of the system. Superb tracking capabilities and outstanding detection of secondary
vertices are other important aspects. Care has been taken to design a hermetic detector, both in
terms of solid-angle coverage, but also in terms of avoiding cracks and non-uniformities in response.
The overall detector system has undergone a vigorous optimisation procedure based on extensive
simulation studies both of the performance of the subsystems, and on studies of the physics reach
of the detector. Simulations are accompanied by an extensive testing program of components and
prototypes in laboratory and test-beam experiments.

Figure III-1.1
View of the ILD detec-
tor concept.

The ILD detector concept has been described in a number of documents in the past. Most
recently the letter of intent [198] gave a fairly in depth description of the ILD concept. The ILD
concept is based on the earlier GLD and LDC detector concepts [200, 201, 202]. Since the publication
of the letter of intent, major progress has been made in the maturity of the technologies proposed for
ILD, and their integration into a coherent detector concept.
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Particle Flow Algorithm jet energy measurement 
using only calorimeter

PFA
a method using the optimum detector
depending on types and energy of particles

charged particles → Tracker
photons → ECAL

neutral hadrons → HCAL
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Introduction to Kinematic Fit
• Advantages of kinematic fits:

• Provides a quantitative estimate of how well a given event 
matches a signal model.

• Particularly useful in constraining jet-related kinematics.
• Can deal with energy loss due to initial-state radiation and beam-

beam effects.

• Requirement for using kinematic fits:
• Intimate knowledge of detector response and underlying kinematic 

distributions

• Ingredients of kinematic fits:
a. Fit objects: represent distribution of measurements (e.g. jet 

energy/angle)
b. Constraints: impose kinematic relations (e.g. energy-momentum 

conservation and mass constraints)
c. Fit engines: numerically solve for the parameters under the 

constraints
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Notes on Implementation
• Existing tool in iLCSoft: MarlinKinfit [LC-TOOL-2009-001]

• Kinematic fit package with modular design
• For jet fit objects, Gaussian resolution assumed
• We have difficulty applying constraints on missing 4-momentum

• For now, we use standalone kinematic fit code with the following aims:

• Example benchmark process:
• e+e− à ZH à ννbb at 250 GeV
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1. Constraints on missing 4-momentum
2. Non-Gaussian fit objects
3. Non-Gaussian constraints
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• Non-Gaussian Measurements
• Example: b jet energy

à Asymmetry greater for smaller jet energy
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• Example: Z boson mass (Breit-Wigner)

Fit (Breit-Wigner)
Generator-level

30-50 GeV
50-80 GeV
80-120 GeV



Kinematic Fit
• Define chi-squared value to be extremized as follows:
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�⃗�:measured values, �⃗�:fitted parameters, 𝑉:covariance matrix, 𝜉: unmeasured parameters

𝜒@A 𝜆, 𝜂, 𝜉 = (�⃗� − 𝜂)@𝑉1F �⃗� − 𝜂 + 2I
JKF

L

𝜆J ℎJ 𝜂, 𝜉 +I
NKF

O
𝑔N 𝜂, 𝜉
𝜎RS

A

Fit Objects Hard Constraints Soft Constraints
∇U𝜒@A = 0, �⃗� = 𝜆, 𝜂, 𝜉
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• Fit Object terms define the distributions of measured values
• e.g. jet energy/angle, etc.

• Hard Constraint terms define fixed relations between parameters (via Lagrange multipliers)
• e.g. Higgs mass = 125 GeV

• Soft Constraint terms define the distributions of functions of parameters
• e.g. Z mass ~ BW distribution with mean 91.2 GeV and width 2.5 GeV

Solve for extremum:

using e.g. Newton’s method

e.g. MarlinKinfit implementation:



Kinematic Fit with non-Gaussian distributions
• In order to incorporate non-Gaussian distributions, chi-squared value was 

implemented using log-likelihood functions (can be used for any probability 
density function):

2019-10-23 9

𝐿 𝜂, 𝜉 = 𝑓 �⃗�; 𝜂 [
JKF

L

𝛿(ℎJ 𝜂, 𝜉 ) [
NKF

O

𝑠N 𝜂, 𝜉

Fit Object Hard Constraint Soft Constraint

𝜒@A 𝜆, 𝜂, 𝜉 = −2 ln 𝑓 �⃗�; 𝜂 + 2I
JKF

L

𝜆J ℎJ 𝜂, 𝜉 − 2I
NKF

O

ln 𝑠N 𝜂, 𝜉
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(𝑓, 𝑠N: probability density functions)

• This likelihood function 𝐿 is used to compute 𝜒@A value as −2ln 𝐿 .
• In the case of Gaussian distributions, the formula in previous page is reproduced.

Implemented in code
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• Jet energy resolution is adjusted on a jet-by-jet basis
• σE = σE(E,cosθ), σθ = const., σφ = const.

• Resolution table is created using 2-jet samples in bins of ECM and |cosθ|
• ECM : 45, 90, 200, 350, 500 [GeV] 
• |cosθ| : 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.925, 0.95, 0.975, 1.0

• Given a reconstructed jet, use table to look up the JER (interpolated in energy)

Sample: 2-jet events, l5 detector
Fit function: Gaus(x,μ1,σ1)+0.3*Gaus(x,μ2−μ1,σ2) where x=(EREC−EMC)/EMC



Signal and Backgrounds
• Signal
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Software Setup

2019-10-23 S. Kajiwara (U. Tokyo) 12

• Simulation Setup
• Detector Model: DBD (2012)
• Event Generator: WHIZARD 1.95
• CM Energy: 𝑠 = 250GeV
• Beam Polarization: 𝑃 k, 𝑃`l = −0.8, +0.3
• Integrated Luminosity: ∫ℒ𝑑𝑡 = 900 fb-1

• Event Reconstruction
1. Particle Reconstruction (PandoraPFA)
2. Jet Reconstruction (Durham)

• forced 2 jets
3. b-tagging (LCFIPlus)



Event Selection
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• 80<Mmis<140 [GeV]
• 20<PT,vis<70 [GeV]
• PL,vis<60 [GeV]
• Ncharged>10
• Pmax<30 [GeV]
• Y23<0.02
• 0.2<Y12<0.8
• 105<Mjj<135 [GeV]
• bprob1,bprob2>0.5
• coplanarity<3.08 [rad]
• cosj12<-0.46

Require jets

Require missing 4-momentum
Reduce t-channel processes

Eliminate 2f bkg.

Require 2 jets+missing topology (signal-like)

Reduce ννqq bkg.

Require b-jets

“pre-selection”

* cut table in backup slide



Results 

2019-10-23

NS NB Signif.
∆(𝜎 u 𝐵𝑅)
𝜎 u 𝐵𝑅

w/o fit 10816 1527 97.4 1.03%
w/ fit TODO

Integrated Luminosity = 900fb-1, Polarization: (e-,e+) = (-0.8,+0.3)
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Significance= xy
xy2xz

𝑁| : # signal events, 𝑁} : # bkg events

stat. error only
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Signal with Kinematic Fit (1/2)
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Fit Object : Single Gauss & Soft Constraint : BW

SIGNAL (ννbb)

Hard constraint 
doesn’t work well 
yet.



Signal with Kinematic Fit (2/2)
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SIGNAL (ννbb)

Fit Object : Double Gauss & Soft Constraint : BW
à Still struggling with numerical issues in chi2 derivative computation, under investigation



Test with 4f background (pre-selection)
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à Overall effect on the significance will be checked after re-optimization

effect of preselection and 
event migration after 
kinematic fit needs to be 
checked



Some Comments about the Implementation

• We rely on numerical differentiation for the capability to deal with non-
Gaussian distributions

• However, for derivatives which are trivially zero by analytic computation (e.g. 
cross terms), the numerical method can still give non-zero values

• Dedicated treatment distinguishing these cases is being implemented

• If the Newtonian step diverges, we back up and retry the iteration with 
slightly different values.

• Appears to help with convergence for some events
• The retry criteria still need to be optimized

• Current speed of our kinematic fit code is about ~30 events/s (signal) 
and ~10 events/s (background) at KEKCC
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Summary and Outlook
• We are developing kinematic fits based on the log-likelihood method, with the 

following aims:
1. Apply constraints on missing 4-momentum
2. Implement non-Gaussian fit objects
3. Implement non-Gaussian constraints

• Schedule and plans:
• Started implementation in 1st week of September.
• Plan to release the standalone fit code by end of the year.
• Will consult software experts for advice on incorporating our code into 

MarlinKinfit.
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additional
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Cut Flow

2019-10-23

Cut ννH
(H→bb)

vvH
(H ↛bb)

qqνν
(4f_sznu/zz_sl)

qqlν
(4f_ww_sl)

ff
(2f_z_l/h)

2f,4f
other

eγ→qqν
(ae/ea_vxy)

eγ,γγ
other

Expected 40333 29447 1.02e+6 9.89e+6 8.19e+7 4.87e+7 1.11e+6 1.82e+8

80<Mmiss<140 [GeV] 35087 18773 500845 1.15e+6 7.73e+6 2.03e+6 431090 1.82e+8

20<PT,vis<70 [GeV] 31620 16668 318747 804038 658021 1.27e+6 310855 125534

PL,vis<60 [GeV] 31181 16238 173041 563153 460775 987929 192999 27683

Ncharged>10 31181 15447 173007 563138 99090 189194 192978 5895

Pmax<30 [GeV] 29077 13635 152515 368915 45531 44629 173796 1574

Y23<0.02 21837 4640 111609 91723 32126 15869 133085 692

0.2<Y12<0.8 20164 4397 88250 76468 25126 12799 98468 552

105<Mjj<135[GeV] 17925 3795 11657 27196 11720 6116 2963 240

bprob1,2>0.5 11327 44 1373 21 1976 82 5 7

coplanarity <3.08 [rad] 10902 42 1326 21 315 78 5 0

cosj12<-0.46 10816 40 1072 21 315 74 5 0

Integrated Luminosity = 900fb-1, Polarization: (e-,e+) = (-0.8,+0.3)
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cut1: based on existing work
cut2: new cuts for this study



BG(e+e- à Z à qq) Reconstruction
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BG(e+e- à Z à ℓ ℓ) Reconstruction

2019-10-23 S. Kajiwara (U. Tokyo) 23

 [GeV]visM
0 50 100 150 200

Ev
en

ts

0

10000

20000

30000

40000

Higgs mass REC

w/o fit
w/ fit

 Work in ProgressILD

Higgs mass REC

 [GeV]misM
0 50 100 150 200

Ev
en

ts

0

500

1000

1500

Z mass REC

w/o fit
w/ fit

 Work in ProgressILD

Z mass REC

Fit Object : double Gauss
Soft Constraint : BW

WORK IN PROGRESS



BG(e+e- à ZZ à ννqq) Reconstruction

2019-10-23 S. Kajiwara (U. Tokyo) 24

 [GeV]visM
0 50 100 150 200

Ev
en

ts

0
2000
4000
6000
8000

10000
12000
14000

Higgs mass REC

w/o fit
w/ fit

 Work in ProgressILD

Higgs mass REC

 [GeV]misM
0 50 100 150 200

Ev
en

ts

0

200

400

600

Z mass REC

w/o fit
w/ fit

 Work in ProgressILD

Z mass REC

Fit Object : double Gauss
Soft Constraint : BW

WORK IN PROGRESS



soft constraint comparison 

2019-10-23 S. Kajiwara (U. Tokyo) 25

MC
H

)/MMC
H-M

vis
(M

1- 0.5- 0 0.5 1

N
or

m
al

iz
ed

0

0.1

0.2

0.3

0.4

0.5

H mass REC

soft cons: Gauss

soft cons: BW

 Work in ProgressILD

H mass REC

MC
Z

)/MMC
Z-M

mis
(M

2- 1- 0 1 2

N
or

m
al

iz
ed

0

0.01

0.02

0.03

0.04

0.05

Z mass REC

soft cons: Gauss

soft cons: BW

 Work in ProgressILD

Z mass REC

Event       : signal (ννH)
Fit Object : double Gauss

WORK IN PROGRESS



Example for ee→ZH→ννbb
𝜒@A 𝜆, 𝜂, 𝜉 = −2 ln 𝑓 �⃗�; 𝜂 + 2I

JKF

L

𝜆J ℎJ 𝜂, 𝜉 − 2I
NKF

O

ln 𝑠N 𝜂, 𝜉

−2 ln 𝑓 �⃗�; 𝜂 =I
�K�

F

−2 ln
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2019-10-23 26

Hard Constraint for momentum conservation and Higgs mass

Soft Breit-Wigner constraint

Gumbel distribution

𝐺 𝑥; 𝜇, 𝜂 =
1
𝜂 𝑒

�1 
� 1 `

¡k¢
�

Fit Object
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Outlinepurposes
1. to apply Kinematic Fit for measurement values non Gaussian 

distribution on the analysis for the ILC
2. to develop Kinematic Fit to introduce non Gaussian 

distribution as Soft Constraint on the analysis for the ILC
reasons
1. example of measurement values with non Gaussian 

resolution: b jet energy
2. example of Soft Constraint

• mass of Z boson (Breit-Wigner distribution)
• decline in Ecm because of ISR or beam-beam effect

• Conventional Kinematic Fit assumes Gaussian 
distribution.

to develop Kinematic Fit using general distribution
Benchmark process:

ee→ZH→ννbb

250 GeV
ee→ZH→ννbb
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• a library for Kinematic Fit
• uses Newton's method for chi-square minimization 𝜒@A

𝑓 𝑥 = 0 ⇒ 𝑓¤ 𝑥¥ 𝑥¥ − 𝑥¥2F = 𝑓 𝑥¥

• Both Hard Constraint・Soft Constraint are available. 
• following problems

• Fit Object : can use only when measured values follow Gaussian distribution 
• Soft Constraint: assuming Gaussian distribution, not general distribution 
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�⃗�:measured value, �⃗�:parameter for measured, 𝑉:covariance matrix, 𝜉: parameter for unmeasured

𝜒@A 𝜆, 𝜂, 𝜉 = (�⃗� − 𝜂)@𝑉1F �⃗� − 𝜂 + 2I
JKF

L

𝜆J ℎJ 𝜂, 𝜉 +I
NKF

O
𝑔N 𝜂, 𝜉
𝜎RS

A

Fit Object Hard Constraint Soft Constraint

Newton’s method



Recovering neutrinos in jets: Ejj
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• Di-jet energy: Ejj
• confirm recovering energy of neutrinos 

in jets using Monte Carlo information

• final state: ννbb

non recovery

half energy of neutrinos recovered

full energy of neutrinos recovered

𝑒1

𝑒2 𝑍

𝑍∗ 𝐻

𝑏

7𝑏
𝜈

�̅�

• It is difficult to recover all energy of neutrinos 
in jets.

• Asymmetrical jet energy resolution cannot be 
applied to conventional Kinematic.

→new Kinematic Fit

S. Kajiwara (U. Tokyo)



Constraint
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• final state: ννbb

• ΓH<0.013[GeV]

MH → Hard Constraint

• ΓZ~ 2.5 [GeV]

MZ → Soft Breit-Wigner Constraint

𝑒1

𝑒2 𝑍

𝑍∗ 𝐻

𝑏

7𝑏
𝜈

�̅�

S. Kajiwara (U. Tokyo)



MZ →Soft Constraint
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• final state : ννbb

• fit with Breit Wigner

ΓZ~ 2.5 [GeV](PDG2019)
→Soft Breit-Wigner Constraint

𝑒1

𝑒2 𝑍

𝑍∗ 𝐻

𝑏

7𝑏
𝜈

�̅�

𝜈

𝑊2
𝐻

�̅�

𝑒1

𝑒2

𝑏

7𝑏
𝑊1

ZH                     WW-fusion

• the flavor of 
neutrinos :νμ、ντ

→eliminate WW-fusion

• the flavor of 
neutrinos :νe 、νμ、ντ

→be off BW due to 
WW-fusion

S. Kajiwara (U. Tokyo)



Current Status
• Fit objects implemented:

• Jet fit object: energy, theta, phi
• Energy distributions: Gaussian, double Gaussian (work in progress)

• Missing 4-momentum fit object: E, px, py, pz
• Hard constraints implemented:

• Total E, px, py, pz conservation constraint
• Mass constraint (fixed)

• Soft constraints implemented:
• Mass constraint: Gaussian, Breit-Wigner

• Convergence condition:
• Change in chi-squared is smaller than a threshold value
• OR maximum number of iterations (currently 200)

2019-10-23 S. Kajiwara (U. Tokyo) 32
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