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Introduction

Reaction filter: vyp — yyyvp

Events with two photon pairs with invariant masses, m~~, with
@ muo—30< mi/ﬁ,b < m_o + 30 (270 events)
@ mo—30<mi, <my+30and m; —30c < mb, < my+30 (7' events)
@ my —30 < mf/n{b < my + 30 (27 events)

are discarded

Events with

@ mo—30< m?y,y < m,o+ 30
] mg,y <m_o — 50 or mgw > m_o + 50 (270 veto)
are selected. Best surviving combination is selected by a x? test (solely based on final state
photons)
Addition (loose) selection criteria
@ Extra energy
Extra tracks
Kinematic fit x2
Coplanarity

Missing mass squared

Elasticity
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2017 "Winter” data set

All photons are in FCAL

|+ Yyp-np (N0 mass constraints)
| = YP-4yp \

.

Events / 0.008 GeV/c?
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n simulation samples

EtaRegge + post processing via evtgen
@ 50M w/o 2v7® and ete~ 70 decays (background training sample)
@ 1M 2y7® 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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n simulation samples

EtaRegge + post processing via evtgen
@ 50M w/o 2v7® and ete~ 70 decays (background training sample)
@ 1M 2y7® 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
me_invariantmass2g
me_invariantmass4g
me_invariantmass2gpi0
m_rawinvariantmass4g
m_rawinvariantmass2gpi0
m_missingmasssquare
m_coplanarity
m_helicity
m_insertnumber
m_fcalnumber
m_veto2pi0
m_vetopiOeta
m_veto2eta

ijaegle@jlab.org (JLab)

m_vetofakepiO
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_el

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

TMVA overtraining check for classifier: Fisher

TMVA,

TMVA overtraining check for classifier: Fisher

TMVA,

15

ty for classifier: Fisher

¥ [ signal (lestsampte) ' | | < Signdi(waining sampte) | ] & , . [ Signdl (test sarhple) | || fal (trainin sample) | ]
% o [7/) Background (test sample) | | « Background (training sample) J % 7] Background (test sample) | | * Background (training sample)
= test: signal probability = 0.42 (0585) = Smirnov test: signal probability = 0.326 (0482) |
- = 2 |

0.5

o
-25 -2

Fisher response

TMVA,

Fisher response

TMVA,

Background

(1/N) dN / dx

\sig‘r‘lé"“\““\““\““\““\““

Background

(1/N) dN/ dx

07 08 09 1
Signal probability
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TMVA, Fisher

Correlation Matrix (background) Correlation Matrix (background)

Linear coralation oeffcions in% () Linear correlation coeficlents in %
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TMVA, Fisher

Background rejection versus Signal efficiency TMVA Background rejection versus Signal efficiency TMVA

L UL L B 1 L B e

5 £ — 7 s £ — — ]
8 oof — 1 8 osf ]
3 £ 7 2 F \ 7
© 08 3 © 08 |
c E ] c E |
= = | = = B
2 07 1 2 o7 =
i E | o E ]
S r 1 0§ r 7
1 o = R o8 = B
05F 1 05 \ E
04F 1 04 =

E MVA Method: \ E MVA Method: \E

03 = Fishel \: 03 E Fishel 5
0'2:\\\\ covv v b b b b b by \\\: 0.2:\\\\ TRV SV RT AV AVEEN AT ANV AV BV AT ARV S A HH:

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Signal efficiency Signal efficiency

ijaegle@jlab.org (JLab) n — 70yy 13.08.2021 10 / 17



TMVA, BDT
TMVA overtraining check for classifier: BDT

TMVA,

TMVA overtraining check for classifier: BDT

TMVA,

3 ¢ [ signal (dstsample) | ' | | * Sibnal (raining sample) | J S HT Signal (tebt sample) | ' || + Slgnal (irainidg sample) | ]
=z [7/) Background (test sample) | | « Background (training sample) ] = 7] Background (test sample) | | * Background (training sample) J
% 5= test: signal % o( 0 E 5 g ; Smirnov test: signal problbi!%y: 0(0.004) E
= % % 1 7 aF + + =
a4 »{« - E o 1

3 °F

2 2

15 1

oL ol L2
0.2 0.4 0.4

BDT response BDT response
TMV, TMVA TMV. TMVA
% 2 T TR e e - o T e e
= i Background ] z H71 Background ]
2 . h 1 2 =p =
g »nf 4 2 *f E
L= 1 = 7 ]
7 ] 20 B -

s :

Z 15 7;2

v 4

1071 |

2 g

4| 2

1 H

5 ; 5 ;

%] |

0 %, 0 L . [ —— L L
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Signal probability Signal probability
jlab.org (JLab) n — 7lyy 13.08.2021 11 /17




TMVA, BDT
Correlation Matrix (background) Correlation Matrix (background)

Linear conalation oeffcions in% () Linear correlation coeficlents in %
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TMVA, BDT

Background rejection versus Signal efficiency TMVA Background rejection versus Signal efficiency TMVA
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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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