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• I’m working on photon energy calibration. 

•  Today I will discuss 
(1) Comparison of the Resolved Energy of Photon 
for each Reconstruction Method  
(2) Distribution of Photon Energy and Photon Angle 
in PFO 
(3) Estimation of Energy Resolution

Status report on   
e+e- -> gamma Z analysis
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Determine the energy of photon and 
muons based on measured direction angle
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• 4-momentum conservation is considered. 
• The mass of muon is neglected.

Direction Angle
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θ: azimuthal angle 
φ: polar angle

Case 1:  
Using (θμ-,θμ+,θγ,φμ-,φμ+,φγ) 
-> Determine (Eμ-,Eμ+,Eγ)
Case 2: Consider Beamstrahlung 
Using (θμ-,θμ+,θγ,φμ-,φμ+,φγ) 
-> Determine (Eμ-,Eμ+,Eγ,EISR)
Case 3: Consider Beamstrahlung  
and Crossing Angle 
Using (θμ-,θμ+,θγ,φμ-,φμ+,φγ) 
-> Determine (Eμ-,Eμ+,Eγ,EISR)

E > 50 GeV

Case 4: Case 3 using muons’ energies 
Using (θμ-,θμ+,θγ,φμ-,φμ+,φγ,Eμ-,Eμ+) 
-> Determine (Eγ,EISR)



MCTruth Energy of Photon 
in my Signal Channel 
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•Case 1

•Case2: Consider Beamstrahlung

8
>><

>>:

Eµ + Eµ+ + E� = 500
Eµsin✓µcos�µ + Eµ+sin✓µ+cos�µ+ + E�sin✓�cos�� = 0
Eµsin✓µsin�µ + Eµ+sin✓µ+sin�µ+ + E�sin✓�sin�� = 0
Eµcos✓µ + Eµ+cos✓µ+ + E�cos✓� = 0

8
>><

>>:

Eµ + Eµ+ + E� + |PISR| = 500
Eµsin✓µcos�µ + Eµ+sin✓µ+cos�µ+ + E�sin✓�cos�� = 0
Eµsin✓µsin�µ + Eµ+sin✓µ+sin�µ+ + E�sin✓�sin�� = 0
Eµcos✓µ + Eµ+cos✓µ+ + E�cos✓� + PISR = 0
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•Case 3: Consider Beamstrahlung 
                     + Crossing Angle

!7

e-

α

Crossing Angle ( ≡2α)

e+

8
>><

>>:

Eµ + Eµ+ + E� + |PISR| = 500
Eµsin✓µcos�µ + Eµ+sin✓µ+cos�µ+ + E�sin✓�cos�� + |PISR|sin↵ = 500sin↵
Eµsin✓µsin�µ + Eµ+sin✓µ+sin�µ+ + E�sin✓�sin�� = 0
Eµcos✓µ + Eµ+cos✓µ+ + E�cos✓� ± |PISR|cos↵ = 0

α = 7.0 mrad
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8
>><

>>:

Eµ + Eµ+ + E� + |PISR| = 500
Eµsin✓µcos�µ + Eµ+sin✓µ+cos�µ+ + E�sin✓�cos�� + |PISR|sin↵ = 500sin↵
Eµsin✓µsin�µ + Eµ+sin✓µ+sin�µ+ + E�sin✓�sin�� = 0
Eµcos✓µ + Eµ+cos✓µ+ + E�cos✓� ± |PISR|cos↵ = 0

•Case 4’: Using measured muon energies

8
>><

>>:

Eµ + Eµ+ + E� + |PISR| = 500
Eµsin✓µcos�µ + Eµ+sin✓µ+cos�µ+ + E�sin✓�cos�� + |PISR|sin↵ = 500sin↵
Eµsin✓µsin�µ + Eµ+sin✓µ+sin�µ+ + E�sin✓�sin�� = 0
Eµcos✓µ + Eµ+cos✓µ+ + E�cos✓� ± |PISR|cos↵ = 0

•Case 4: Using measured muon energies

This is of no use when sinθγ or sinφγ=0 ??



• I’m working on photon energy calibration. 

•  Today I will discuss 
(1) Comparison of the Resolved Energy of Photon 
for each Reconstruction Method  
(2) Distribution of Photon Energy and Photon Angle 
in PFO 
(3) Estimation of Energy Resolution

Status report on   
e+e- -> gamma Z analysis
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Resolved Energy of Photon 
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PFO 
Case1 
Case2 
Case3 
Case4 
Case4’

E�E(MCtruth)

E(MCtruth)
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• The peak of PFO is shifted to the positive region. 
I will discuss this later.
• The peak of PFO is shifted to the positive region. 
I will discuss this later.

PFO 
Case1 
Case2 
Case3 
Case4 
Case4’

Resolved Energy of Photon 

• I will compare Case 4 and Case 4'• I will compare Case 4 and Case 4’
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Case 4’ is better when  
|cosθ(γ)| is > 0.4. 

The peak of Case 4 is 
asymmetric.
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Finally all 4 equations 
need to be considered.
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EPFO-EMC [GeV]
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|M(µ+µ-)-91.2| < 10 GeV 
Large ILD model
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•It is said that same effect is seen by other 
analyzers who deal with high-energy photons. 
•Most likely it seems to come from a 
miscalibration of the electromagnetic scale for 
the HCal in PandoraPFA.



Distribution of PFO Photon 
Theta
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|M(µ+µ-)-91.2| < 10 GeV 
Large ILD model

|cosθ(γ)| < 0.2 0.4 < |cosθ(γ)| < 0.6

cosθ(γ) > 0 cosθ(γ) < 0

When |cosθ| is larger (except very forward region), bias 
gets more prominent. In the PFO, the center of shower 
seems to be shifted to B-field direction due to the B field.



• I’m working on photon energy calibration. 
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Case 4’: dependence 
onθγ
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Case 4’: dependence 
onθγ
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Case 4’: dependence 
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Case 4’: dependence 
onφγ
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Mean  0.0009199− 

Std Dev    0.01899

 / ndf 2χ  25.79 / 17

Constant  1.63± 13.63 

Mean      0.0003760± 0.0008001 

Sigma     0.000345± 0.003886 

Energy Resolution of Photon
0.2− 0.1− 0 0.1 0.2

0

5

10

15

20
Entries  215

Mean  0.0009199− 

Std Dev    0.01899

 / ndf 2χ  25.79 / 17

Constant  1.63± 13.63 

Mean      0.0003760± 0.0008001 

Sigma     0.000345± 0.003886 

Energy Resolution of Photon

Entries  468

Mean  0.001283− 

Std Dev    0.02682

 / ndf 2χ  17.19 / 17

Constant  2.50± 33.53 

Mean      0.0002430± 0.0003233 

Sigma     0.000252± 0.004268 

Energy Resolution of Photon
0.2− 0.1− 0 0.1 0.2

0

10

20

30

40 Entries  468

Mean  0.001283− 

Std Dev    0.02682

 / ndf 2χ  17.19 / 17

Constant  2.50± 33.53 

Mean      0.0002430± 0.0003233 

Sigma     0.000252± 0.004268 

Energy Resolution of Photon

Entries  537

Mean  0.0029− 

Std Dev    0.02691

 / ndf 2χ  22.19 / 17

Constant  3.23± 50.08 

Mean      0.0001706± 0.0003206 

Sigma     0.000156± 0.003478 

Energy Resolution of Photon
0.2− 0.1− 0 0.1 0.2

0

20

40

60
Entries  537

Mean  0.0029− 

Std Dev    0.02691

 / ndf 2χ  22.19 / 17

Constant  3.23± 50.08 

Mean      0.0001706± 0.0003206 

Sigma     0.000156± 0.003478 

Energy Resolution of Photon

Entries  589

Mean  0.002503− 

Std Dev    0.02467

 / ndf 2χ  19.28 / 17

Constant  3.53± 61.37 

Mean      0.0001473± 0.0004457 

Sigma     0.000114± 0.003156 

Energy Resolution of Photon
0.2− 0.1− 0 0.1 0.2

0

20

40

60
Entries  589

Mean  0.002503− 

Std Dev    0.02467

 / ndf 2χ  19.28 / 17

Constant  3.53± 61.37 

Mean      0.0001473± 0.0004457 

Sigma     0.000114± 0.003156 

Energy Resolution of Photon

Entries  1385

Mean  0.001628− 

Std Dev    0.02198

 / ndf 2χ  38.76 / 17

Constant  5.4± 132.7 

Mean      0.0001043± 0.0002919 

Sigma     0.000103± 0.003471 

Energy Resolution of Photon
0.2− 0.1− 0 0.1 0.2

0

50

100

150 Entries  1385

Mean  0.001628− 

Std Dev    0.02198

 / ndf 2χ  38.76 / 17

Constant  5.4± 132.7 

Mean      0.0001043± 0.0002919 

Sigma     0.000103± 0.003471 

Energy Resolution of Photon
0.4 < |sinφ(γ)| < 0.6 0.6 < |sinφ(γ)| < 0.8 0.8 < |cosθ(γ)|

E�E(MCtruth)

E(MCtruth)
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|sinφ(γ)| 

Sigma of 
the Fitting  
Gaussian

Samples: 
|M(µ+µ-)-91.2| < 10 GeV 
|cosθ(γ)| < 0.75 
Large ILD model

Case 4’: dependence 
onφγ



!24

0.2 0.4 0.6 0.8 1

0.004

0.006

0.008

0.01

0.012
Graph

Sigma of 
the Fitting 
Gaussian

Samples: 
|M(µ+µ-)-91.2| < 10 GeV 
No φ(γ) Cut 
Large ILD model

Case 4: dependence 
onθγ

0.2 0.4 0.6 0.8 1
0

0.001

0.002

0.003

0.004

0.005

Graph Case 4 Case 4’

Entries  1470

Mean   0.01945

Std Dev    0.0573

 / ndf 2χ  121.7 / 16

Constant  9.8± 125.9 

Mean     05− 7.50e±05 − 4.09e

Sigma     0.000068± 0.001168 

Energy Resolution of Photon
0.2− 0.1− 0 0.1 0.2

0

20

40

60

80

100

120
Entries  1470

Mean   0.01945

Std Dev    0.0573

 / ndf 2χ  121.7 / 16

Constant  9.8± 125.9 

Mean     05− 7.50e±05 − 4.09e

Sigma     0.000068± 0.001168 

Energy Resolution of Photon

The value when 
this thin peak is 

fitted. 

|cosθ(γ)| 

E�E(MCtruth)

E(MCtruth)
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|sinφ(γ)| 

Sigma of 
the Fitting 
Gaussian

Case 4: dependence 
onφγ Samples: 

|M(µ+µ-)-91.2| < 10 GeV 
|cosθ(γ)| < 0.8 
Large ILD model



Next Step
!26

• In photon energy reconstruction, I will 
consider all 4 equations. 

• I’m planning to estimate       
,which depends on θ(γ), φ(γ), E(γ) …

�p
n


