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Introduction 2

In the photon energy calibration, photon energy can be reconstructed 
using measured direction of γ and µ- , µ+ or additionally muon mass 
information in the e+e− → γZ process. 

Using similar energy reconstruction methods, jet energies in the e+e− 
→ γZ, Z → 2Jets can be reconstructed. 

If the jet energies can be correctly reconstructed, the e+e− → γZ process 
is useful for the jet energy calibration.

Photon Energy Scale Calibration Jet Energy Scale Calibration
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Shift to the 250 GeV analysis 
5

In order to perform 250 GeV analysis, we decided to use DBD samples 
instead of 500 GeV samples until new sample is validated. 

To make things clear, overlay removal by MCTruth link is implemented.

Process: 2f_z_h  
ECM= 250 GeV 

Polarization: e−: Left e+: Right

125 GeV

Random which electron emits
e+

e- ISR

γ

Z/γ

Jet1

Jet2

125 GeV



6Full simulation 
(ILCSOFT version v01-16-02)

Signature of the events: 1 energetic photon + 2 jets 
 
In order to choose the signal photon, 
1. choose neutral particles with particle ID = 22 (Pandora PFA ID) 
2. energy > 50 GeV 
3. choose the particle closest to 108.4 GeV 
If another photon is inside the cone (with the angle cosθ > 0.998 from the 
signal photon), it is merged with the signal photon.

Event Selection

All PFOs other than the selected photon are clustered into 2 jets 
with Durham algorithm (done by LCFIPlus) 
The higher energy jet (in PFO) is defined as “jet 1” and lower one as “jet 2” 
For comparison with MCtruth, all final state particles from 2 quarks are 
clustered into 2 jets

Jet Clustering



Jet Energy Reconstruction Method7

Method 1: Use 3-momentum conservation and ignore ISR 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,) -> Determine (PJ1,PJ2,Pγ)

Basic ideas: apply momentum conservation 
Inputs: measured jet directions and mass and photon 
directions 

Method 2’: Use transverse momentum conservation and 
ignore ISR /Use measured Pγ as input 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,Pγ) -> Determine (PJ1,PJ2)

Method 2: Use 4-momentum conservation and consider ISR 
/Use measured Pγ as input 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,mJ1,mJ2,Pγ) -> Determine (PJ1,PJ2,PISR)

Method 3: Use 4-momentum conservation and consider ISR 
and solve the full equation 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,mJ1,mJ2) -> Determine (PJ1,PJ2,Pγ,PISR)
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12Method comparison of jet1 E difference 
for correct photon selection events

Relative 
Difference

Method 3  is the 
best. 

① Method 2 and 2’ 
have positive shift. 

② Method 3 
distribution  
has tail and  
is not symmetric. 
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DBD has 
also bias 
in photon 

energy.
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16Method comparison of jet1 E difference 
for correct photon selection events

Relative 
Difference

Using “Smeared 
MCtruth Eγ”, 
“MCtrue θγ, φγ” 
as input in 
Method 2 and 2’ . 

“EγMC+0.17*sqrt(EγMC)*gR
andom->Gaus()
+0.01*EγMC*gRandom-
>Gaus();

Still Method 3  is the 
best.
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for correct photon selection events

Relative 
Difference

Method 3  is the 
best. 

① Method 2 and 2’ 
have positive shift. 

② Method 3 
distribution  
has tail and  
is not symmetric. 

Method 3 is decided to use. 
-> Method 3 study
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Method 3: Consider ISR and solve the full equation 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,mJ1,mJ2) -> Determine (PJ1,PJ2,Pγ,PISR)

19Reconstruction Method
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Matrix A Inverse
The first equation ① becomes a quartic equation of |PISR|. 
-> 8 Possible Solutions!   
(2 direction options of ISR × 4 solutions for each quartic equation)

①

(i)  real and positive value with <ECM/2 
(ii) solved Pγ closest to the measured Pγ

Choose the solution with

ECM

ECM



20Problem: unexpected bump  
in reconstructed jet energy
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Sum of the M3 Reconstructed Energy
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Method 3: Consider ISR and solve the full equation 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,mJ1,mJ2) -> Determine (PJ1,PJ2,Pγ,PISR)
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The first equation ① becomes a quartic equation of |PISR|. 
-> 8 Possible Solutions!   
(2 direction options of ISR × 4 solutions for each quartic equation)

①ECM

ECM

The first equation ① is an irrational equation! 
-> We should be careful when removing radicals               and                . 
(Extraneous roots!!)
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①

(i)  Real and positive value with <ECM/2 
(ii)                  >0 and                 >0   
(iii) PJ1, PJ2, Pγ >0 
(iv)  solved Pγ closest to the measured Pγ

Choose the solution with

ECM
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Modified criteria to choose the best answer



h1
Entries  273021
Mean    94.84
RMS      18.3

0 50 100 150 200 250 3000

1000

2000

3000

4000

5000
h1

Entries  273021
Mean    94.84
RMS      18.3

M3Nj1E {M3sol>0. && abs(photonthetaAnl-photonthetaMC)<0.01}

24Problem: unexpected bump  
in reconstructed jet energy

 Method 3 Jet1 energy distribution

The bump disappeared.
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26Summary

In order to perform 250 GeV analysis, we decided to use DBD 
samples instead of current using samples until new sample is 
validated. 
Photon energy has peaks at ~0 GeV and 109 GeV, and the latter one is 
from radiative return. 
The distributions of reconstructed jet energies using Method 2 and 2’ 
have positive shift mainly because of the photon energy and angle 
biases in PFO. 
Method3 is the best among the 4 methods to reconstruct the jet 
energy. 
Method3 had problem due to extraneous roots. The problem is fixed 
and the peak of jet1 energy difference becomes slightly sharper. 
For the next step, energy and angle dependences of Method3 
reconstructed jet energy will be checked. 
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Based on 4-momentum conservation

Method 1: Ignore ISR 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,mJ1,mJ2) -> Determine (PJ1,PJ2,Pγ)

Beam Crossing Angle ≡2α : α = 7.0 mrad

Matrix A Inverse

●  ISR photon = additional unseen photon 
●  Several reconstruction methods (Method 1, 2’, 2,and 3) are 
considered.
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Method 2: Use measured Pγ as input and Ignore ISR 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,mJ1,mJ2,Pγ) -> Determine (PJ1,PJ2,PISR)

8
>><

>>:

p
P 2
J1 +m2

J1 +
p

P 2
J2 +m2

J2 + |P� |+ |PISR| = 5000

@
sin✓J1cos�J1 sin✓J2cos�J2 sin↵
sin✓J1sin�J1 sin✓J2sin�J2 0

cos✓J1 cos✓J2 ±cos↵

1

A

0

@
PJ1

PJ2

|PISR|

1

A =

0

@
500sin↵� sin✓�cos��P�

�sin✓�sin��P�

�cos✓�P�

1

A

Matrix A Inverse
2 solutions for each sign of PISR 
-> choose the best answer which satisfies ① better

①

Method 2’: Use measured Pγ as input and Ignore ISR 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,mJ1,mJ2,Pγ) -> Determine (PJ1,PJ2)
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Method 3: Consider ISR and solve the full equation 
Using (θJ1,θJ2,θγ,φJ1,φJ2,φγ,mJ1,mJ2) -> Determine (PJ1,PJ2,Pγ,PISR)
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The first equation ① becomes a quartic equation of |PISR|. 
-> 8 Possible Solutions!   
(2 direction options of ISR × 4 solutions for each quartic equation)
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 should be required to be positive when solving the equation.

 Now trying to implement this.


