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>>> Lagrangian and Signals of U(1),—1,

U(1),~1, extension of Standard Model
(Anomaly Free, Survive from LEP data)
(gy — 2, Lepton Universality Violation)
Qu, 3, 4, utn, 274, 31, 470 ... )
(> 30 analysis with > 300 SRs from LHC)

[1. Lagrangian and Signals of U(l)lu, 1% _ [3/12]

—l



>>> Lagrangian and Feynman Diagrams for Signals

* The Lagrangian for Signals

Loy = ( u¢DM)*D” $pM — M\ PHMEDM
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>>> Lagrangian and Feynman Diagrams for Signals

* The Lagrangian for Signals

Loew = (Du¢pm)* D épn — mbyidhvépm
1 "y 1 2 L
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* Feynman Diagrams for Signals
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>>> Results from 2l, 3l and 4l Final States in ATLAS and CMS

20 30 20 30
mpym [GeV] mpwm [GeV]

*

Left (Charge of DM = 1), Right (Charge of DM = 2)
3l + 4l > 2], while only 2! relates to DM.

* DarkMatter Phenomenology

*
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>>> Results from 2l, 3l and 4l Final States in ATLAS and CMS

LHC Constraints for L, . w/o DM
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>>> Tasks and Algorithms for Optimization

1. Tasks for Optimization
* Constraining g,, in U(1);,;, Signals

* Large Selection Efficiency for Stability
& Sensitivity = Recall = TP/ (TP+FN)

* Large S/B Ratio after Selection for Stronger Bound
& Precision = TP/ (TP+FP)
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>>> Tasks and Algorithms for Optimization

1. Tasks for Optimization

* Constraining g,, in U(1);,;, Signals

* Large Selection Efficiency for Stability
& Sensitivity = Recall = TP/ (TP+FN)

* Large S/B Ratio after Selection for Stronger Bound
& Precision = TP/ (TP+FP)

2. Algorithms for Optimization

* Traditional Cut Based Event Selection
(Published ATLAS and CMS papers)

* kNN in the Metric Space for Events (arXiv:1902.02346)
(Patrick T. Komiske, Eric M. Metodiev, Jesse Thaler)

* Machine Learning with Selected Features
(SVM, RandomForest, AdaBoost, XGBoost, NN and etc)
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>>> Recent Results from Machine Learning

Optimize with cut missingET 100

— 4l-Sig.

—--—- 3[-Sig.
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>>> Recent Results from Machine Learning

Optimize with cut missingET 10 and threshold 0.95

— 4l-Sig.

=== 3[-Sig.

—-= Others
MissPT.10

LR | L] | ! L] | ! L) |
10° 10! 10? 103
my/ [GeV]
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>>> Summary

1. LHC data cannot probe DM phenomenology for U(1);, i,
extension.
— Better classifiers are needed.

2. New classifiers may have the ability to probe more
parameters in larger parameters space.

(gv: gA: gS: mZ’<2mDM, H2 )

3. Information of feature importance decreases the
calculating complexity and implies physical properties.

4. New Tools for Phenomenology Research?
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Thanks
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