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Introduction

Reaction filter: γp → γγγγp
Events with two photon pairs with invariant masses, mγγ , with

mπ0 − 3σ ≤ m
a/b
γγ ≤ mπ0 + 3σ (2π0 events)

mπ0 − 3σ ≤ ma
γγ ≤ mπ0 + 3σ and mη − 3σ ≤ mb

γγ ≤ mη + 3σ (π0η events)

mη − 3σ ≤ m
a/b
γγ ≤ mη + 3σ (2η events)

are discarded
Events with

mπ0 − 3σ ≤ ma
γγ ≤ mπ0 + 3σ

mb
γγ ≤ mπ0 − 5σ or mb

γγ ≥ mπ0 + 5σ (2π0 veto)

are selected. Best surviving combination is selected by a χ2 test (solely based on final state
photons)
Addition (loose) selection criteria

Extra energy

Extra tracks

Kinematic fit χ2

Coplanarity

Missing mass squared

Elasticity
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2017 “Winter” data set

All photons are in FCAL
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η simulation samples

EtaRegge + post processing via evtgen

50M w/o 2γπ0 and e+e−π0 decays (background training sample)
1M 2γπ0 decay (signal training sample)
50M with all decays (testing sample), figure below, left-GlueX and right-JEF, invariant
mass from measured P4
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η simulation samples

EtaRegge + post processing via evtgen

50M w/o 2γπ0 and e+e−π0 decays (background training sample)
1M 2γπ0 decay (signal training sample)
50M with all decays (testing sample), figure below, left-GlueX and right-JEF, invariant
mass from fitted P4
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TMVA

List of variables increased

m gammabeam energy
m chi2
m weight
m extraE
m elasticity meas
m elasticity cons
m signal
m background
m invariantmass2g
m invariantmass4g
m invariantmass2gpi0
m rawinvariantmass4g
m rawinvariantmass2gpi0
m missingmasssquare
m coplanarity
m helicity
m insertnumber
m fcalnumber
m veto2pi0
m vetopi0eta
m veto2eta

m vetofakepi0
m mandelstam t
m transversemomentum eta
m transversemomentum pi0
m transversemomentum 2g
m shower x0
m shower y0
m shower z0
m shower e0
m shower x1
m shower y1
m shower z1
m shower e1
m shower x2
m shower y2
m shower z2
m shower e2
m shower x3
m shower y3
m shower z3
m shower e3
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TMVA, Fisher
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Kolmogorov­Smirnov test: signal (background) probability =  0.42 (0.985)
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Kolmogorov­Smirnov test: signal (background) probability = 0.326 (0.482)
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Signal probability

0

0.5

1

1.5

2

2.5

3

3.5

4

d
x

 / 
(1

/N
) 

d
N

Signal

Background

U
/O

­f
lo

w
 (

S
,B

):
 (

0
.0

, 
0

.0
)%

 /
 (

0
.8

, 
0

.1
)%

TMVA probability for classifier: Fisher

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Signal probability

0

1

2

3

4

5

6

7

8

d
x

 / 
(1

/N
) 

d
N

Signal

Background

U
/O

­f
lo

w
 (

S
,B

):
 (

0
.0

, 
0

.0
)%

 /
 (

0
.0

, 
0

.0
)%

TMVA probability for classifier: Fisher

ijaegle@jlab.org (JLab) η → π0γγ 13.08.2021 8 / 17



TMVA, Fisher
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Correlation Matrix (background)

100  46   8 ­60 ­27  36  ­2  ­6  ­6  ­7   7   3   1   4

100   1  ­4  ­2  ­5   1   2  ­1  ­1   2

 46   1 100  ­5 ­34 ­50  39  ­2  ­5  ­9  ­9   5   3  ­2   4

  8  ­4  ­5 100  59  54  63 ­10  ­9  ­2   6   3   7   2

­60  ­2 ­34  59 100  63  11  ­6  ­4   3   2  ­1  ­2   4  ­2

­27 ­50  54  63 100 ­24   3  10   5   1  ­1

 36  ­5  39  63  11 ­24 100 ­10 ­12 ­11  ­6   4   2   7   2

 ­2  ­2 ­10  ­6 ­10 100  43  42  45  ­2  ­1

 ­6   1  ­5  ­9  ­4   3 ­12  43 100  41  48   1   3

 ­6   2  ­9   3  10 ­11  42  41 100  35   2  ­1

 ­7  ­1  ­9  ­2   2   5  ­6  45  48  35 100   2  ­1   3  ­2

  7  ­1   5   6  ­1   4  ­2   1   2 100  52  40  43

  3   3   3  ­2   2  ­1   2  ­1  52 100  40  41

  1   2  ­2   7   4   1   7   3   3  40  40 100  25

  4   4   2  ­2  ­1   2  ­1  ­2  43  41  25 100

Linear correlation coefficients in %
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100   5  49   7 ­64 ­35  42   3   3   2   4   2   4   1   3

  5 100  ­5 ­13  ­9  ­6  ­9  ­1   2  ­4   2  ­5  ­1

 49  ­5 100  ­2 ­39 ­52  45  ­1  ­6   1  ­1   2   4   1

  7 ­13  ­2 100  54  49  62   3   4   1   3 ­11  ­6  ­8  ­9

­64  ­9 ­39  54 100  66   2   1   1  ­8  ­7  ­6  ­8

­35  ­6 ­52  49  66 100 ­30   4  ­1  ­8  ­5  ­3  ­8
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  2  ­4   1   1  ­1  40  42 100  32   2   1  ­1

  4  ­1   3   1   1  42  41  32 100  ­2

  2   2   2 ­11  ­8  ­8  ­4  ­8  ­2 100  40  47  39

  4  ­5   4  ­6  ­7  ­5  ­1   2  40 100  46  36

  1  ­1  ­8  ­6  ­3  ­4  ­2  ­3   1  47  46 100  32

  3   1  ­9  ­8  ­8  ­1  ­4  ­1  39  36  32 100

Linear correlation coefficients in %
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 32   1  50  56  ­5 ­52 100  ­6   1  ­5  ­3  ­1   6

  2  ­3   3  ­1  ­4  ­2 100  21  24  29   2  ­2  ­2

  1  ­5  ­5  ­6  ­6   3  ­6  21 100  22  28   4   3  ­1   2

 ­3  ­2   1  ­2   1  24  22 100  18   1  ­4   1  ­4

 ­2  ­5  ­4  ­2   1  ­5  29  28  18 100   3   6  ­8  ­3

  6  ­5  ­2  ­4   2   4   1   3 100  23  32  26

 ­2  ­2  ­8  ­3  ­3   3  ­4   6  23 100  25  23

 ­2  ­1   3   1  ­1  ­2  ­1   1  ­8  32  25 100  22

  2   6  ­3  ­6   6  ­2   2  ­4  ­3  26  23  22 100
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 53  ­2 100  ­6 ­42 ­52  47   2  ­3   1  ­3   2   2   1
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 ­1   3   1  ­5   4  ­2   3   3   3  29  26  20 100
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TMVA, Fisher
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TMVA, BDT
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TMVA, BDT
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  1  ­7  ­4  ­1  ­2   4  ­6 100  49  46  47   4   1   9
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  4  ­4  ­5  ­2  46  43 100  26   7   2   3  10

  2  ­2  ­4  ­1  47  41  26 100   5   1   1   3

 ­3  ­4  ­5  ­3  ­2  ­2   4   4   7   5 100  48  40  44

 ­3   4   4  ­3   6   1   2   2   1  48 100  44  47

 ­2  ­3  ­4   1  ­6   1   3   1  40  44 100  33

  1  ­3   5  ­1  ­5   3   9   5  10   3  44  47  33 100
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100   1  54   4 ­62 ­34  41   2   2   3   1   3   7   3   6

  1 100 ­10 ­11 ­11  ­2 ­11   4   3  ­4   8   3   1

 54 ­10 100  ­4 ­42 ­50  45  ­1  ­2   3  ­3   1   2   6

  4 ­11  ­4 100  58  54  57  ­3  ­5  ­4  ­7   1  ­3  ­3  ­2

­62 ­11 ­42  58 100  67  ­4  ­5  ­4  ­5  ­7  ­5  ­3

­34  ­2 ­50  54  67 100 ­32  ­1  ­5  ­5  ­5  ­2  ­2  ­3

 41 ­11  45  57 ­32 100  ­2  ­1  ­3   3  ­1   2

  2   4  ­1  ­3  ­4  ­1  ­2 100  42  41  40   4   3   3

  2   3  ­2  ­5  ­5  ­5  ­1  42 100  41  41   2   2

  3  ­4   3  ­4  ­4  ­5  41  41 100  28   1  ­7   6

  1   8  ­3  ­7  ­5  ­5  ­3  40  41  28 100   1   1

  3   1   1   3   4   2   1 100  46  43  44

  7   3  ­3  ­7  ­2   2  ­7  46 100  41  43

  3   2  ­3  ­5  ­2  ­1   3   6   1  43  41100  28

  6   1   6  ­2  ­3  ­3   2   3   1  44  43  28 100
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 53  ­3 100  ­3 ­39 ­48  46  ­4  ­7   5   2  ­3
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  3   5   1  ­4   3  30  30  28 100  ­4  ­2   1
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­28  ­1 ­48  40  55 100 ­51   1   5   1  ­1  ­7  ­5  ­4

 29   3  49  51  ­8 ­51 100  ­1  ­1  ­2  ­2   5   7   1   3

  7   6  ­1  ­7   1  ­1 100  24  22  26  ­1  ­3

  3   1   5  ­1  24 100  24  23   1   3  ­2

  2   3  ­3  ­2  22  24 100  21   3   3   1
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TMVA, BDT
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TMVA, GlueX

All photons in FCAL + 3 or more photons in insert, rejec ¿ 0.9

Left, Fisher

Right, BDT

Invariant mass from measured P4
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TMVA, GlueX

All photons in FCAL + 3 or more photons in insert, rejec ¿ 0.9

Left, Fisher

Right, BDT

Invariant mass from fitted P4
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TMVA, JEF

All photons in FCAL + 3 or more photons in insert, rejec ¿ 0.9

Left, Fisher

Right, BDT

Invariant mass from measured P4
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TMVA, JEF

All photons in FCAL + 3 or more photons in insert, rejec ¿ 0.9

Left, Fisher

Right, BDT

Invariant mass from fitted P4
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