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Introduction

� Assuming ILC
√

s = 250 GeV, e+e− → ZH with hadronic Z decay and invisible H decay.

� Fast SiD (Delphes) Simulation Study Previously Presented

� Samples are fast Delphes SiD simulation with DSiD
• 10ab−1 signal generated with Whizard 2.6.4 by me, inclusive Z decays
• 250fb−1 backgrounds are Whizard 1.95 by Tim Barklow for DBD

� Polarization scheme is 80% e−, 30% e+ polarized beams.

� Luminosity sharing is 250/250 fb−1 (LR/RL).
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� Samples are fast Delphes SiD simulation with DSiD
• 10ab−1 signal generated with Whizard 2.6.4 by me, inclusive Z decays
• 250fb−1 backgrounds are Whizard 1.95 by Tim Barklow for DBD

� Polarization scheme is 80% e−, 30% e+ polarized beams.

� Luminosity sharing is 250/250 fb−1 (LR/RL).

� Full SiD Simulation (ILCSoft/ddsim/Geant4) and Reconstruction Today

� Same generator files used for Delphes study are used here.
• 10ab−1 signal generated with Whizard 2.6.4 by me, inclusive Z decays
• 250fb−1 backgrounds are Whizard 1.95 by Tim Barklow for DBD

� ILCSoft v02-00-02, SiD o2_v3, Marlin with truth tracks and PandoraPFA.

� Same polarization scheme and luminosity sharing as for the Delphes study.

� Problematic Issues with Reconstruction (can be addressed)

� Unrealistic precision: hits fitted but MC truth is used to assign hits to tracks

� Low efficiency: efficiency for trackfinding is somewhat lower then expected.

� Particle ID unoptimized: PandoraPFA track/cluster matching unoptimized.
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Cutflow: Fast vs. Full

Signal is green with BR(H → inv.)=0.10, all background is blue.
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Yields and Significance: Fast vs. Full

Fast Simulation

Requirement (Fast) S(LR) B(LR) S√
S+B

S(RL) B(RL) S√
S+B

No Cut 2.79e+04 2.55e+09 0.552 1.89e+04 2.5e+09 0.378

Ne + Nµ = 0 2.53e+04 1.48e+09 0.659 1.71e+04 1.42e+09 0.453
Ntrk∈[6,24]

Npfo∈[12,40]
1.73e+04 7.97e+07 1.94 1.23e+04 4.95e+07 1.75

20 ≤ pvis
T

≤ 60 GeV 1.47e+04 7.24e+06 5.45 1.04e+04 2.11e+06 7.16

75 ≤ mvis ≤ 105 GeV 1.25e+04 1.15e+06 11.6 8.89e+03 3.13e+05 15.7

Njet = 2 1.25e+04 1.15e+06 11.6 8.89e+03 3.13e+05 15.7

−0.9 ≤ cos θjj ≤ −0.2 1.16e+04 5.91e+05 15 8.25e+03 1.55e+05 20.4

110 ≤ mrecoil ≤ 140 1.01e+04 2.39e+05 20.2 7.17e+03 5.5e+04 28.7
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Fast Simulation
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S+B

No Cut 2.79e+04 2.55e+09 0.552 1.89e+04 2.5e+09 0.378

Ne + Nµ = 0 2.53e+04 1.48e+09 0.659 1.71e+04 1.42e+09 0.453
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75 ≤ mvis ≤ 105 GeV 1.25e+04 1.15e+06 11.6 8.89e+03 3.13e+05 15.7

Njet = 2 1.25e+04 1.15e+06 11.6 8.89e+03 3.13e+05 15.7

−0.9 ≤ cos θjj ≤ −0.2 1.16e+04 5.91e+05 15 8.25e+03 1.55e+05 20.4

110 ≤ mrecoil ≤ 140 1.01e+04 2.39e+05 20.2 7.17e+03 5.5e+04 28.7

Full Simulation

Requirement (Full) S(LR) B(LR) S√
S+B

S(RL) B(RL) S√
S+B

20 ≤ pvis
T

≤ 70 GeV 1.25e+04 7.71e+06 4.48 8.84e+03 1.07e+06 8.53

75 ≤ mvis ≤ 105 GeV 1.16e+04 1.79e+06 8.63 8.21e+03 3.14e+05 14.5

Njet = 2 1.16e+04 1.79e+06 8.63 8.21e+03 3.14e+05 14.5

−0.9 ≤ cos θjj ≤ −0.2 1.08e+04 8.68e+05 11.5 7.65e+03 1.78e+05 17.7

110 ≤ mrecoil ≤ 150 1.03e+04 3.6e+05 17 7.33e+03 8.39e+04 24.2
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Recoil Mass: Fast vs. Full (After All Cuts)

Signal is green with BR(H → inv.)=0.10, all background is blue.
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Visible Longitudinal Momentum pvis
z

(AAC)

Signal is green with BR(H → inv.)=0.10, all background is blue.
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Recall: Event Shape Variables
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Boost to Z Frame, Thrust: Fast vs. Full (AAC)

Signal is green with BR(H → inv.)=0.10, all background is blue.
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Boost to Z Frame, Oblateness: Fast vs. Full (AAC)

Signal is green with BR(H → inv.)=0.10, all background is blue.
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Boost to Z Frame, cos(~pZ , n̂thr): Fast vs. Full (AAC)

Signal is green with BR(H → inv.)=0.10, all background is blue.
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Conclusions

� Fast/full SiD simulation appear to be cross-validated, yielding reasonably similar results.

� The background composition from this full simulation study is broadly the same as from the

fast study.

� Cuts values can be optimized for signal significance with Root TMVA. A cut on Z candidate

pvis
z may help to reduce 3 fermion backgrounds like eγ → eZ, νW .
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z may help to reduce 3 fermion backgrounds like eγ → eZ, νW .

� After cut optimization, an MVA (simultaneous BDT, NN, etc) of eventshape variables in the Z

candidate frame can reduce non-Z backgrounds like W W and bad-Z backgrounds like ZZ.

� Eventshape variables to consider:

� Thrust measures how well confined to a single axis an event is.

� Sphericity measures how isotropic an event is.

� Planarity, oblateness measure how well confined to a plane an event is.

� Triplicity measure how well confined to three axes an event is.

� Fox-Wolfram moment measure similar properties.

� These are all anti/correlated, but the nature of correlation is different in

signal/background. MVA exploit this.
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� Fast/full SiD simulation appear to be cross-validated, yielding reasonably similar results.

� The background composition from this full simulation study is broadly the same as from the

fast study.

� Cuts values can be optimized for signal significance with Root TMVA. A cut on Z candidate

pvis
z may help to reduce 3 fermion backgrounds like eγ → eZ, νW .

� After cut optimization, an MVA (simultaneous BDT, NN, etc) of eventshape variables in the Z

candidate frame can reduce non-Z backgrounds like W W and bad-Z backgrounds like ZZ.

� Eventshape variables to consider:

� Thrust measures how well confined to a single axis an event is.

� Sphericity measures how isotropic an event is.

� Planarity, oblateness measure how well confined to a plane an event is.

� Triplicity measure how well confined to three axes an event is.

� Fox-Wolfram moment measure similar properties.

� These are all anti/correlated, but the nature of correlation is different in

signal/background. MVA exploit this.

� Additional DBD generator files available for testing/training MVA and modeling background.

� A quick look at the leptonic channel yields signal significances consistent with Tokyo/ILD.
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