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Introduction

« Higgs pair production
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« Higgs self-coupling
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v Di-Higgs search has a meaning to measure the Higgs self
coupling and to understand the Higgs potential

v" The topology is determined by each Higgs decay chain

Figure ref : arXiv:1512.08928 2
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Signal vs Background

@ 14TeV, 39.64 fb (HH), 953.6 fb (TT)

Channel Leptons X section Topology *l=eoru
HH2Tau 0) ~1.2 hh - bbtt— bbbt T + Met
TT2Tau 0 ~5097.2 tt > bwbw —>bbttT+met - bbbt + met
HH2Tau 1 ~1.3 hh -bbtt - bbt,l +met
HH2W*W 1 ~0.15 hh-bbww*—>bbtl+met - bbt,l + met
HH2WW* 1 ~0.15 hh->bbww" ->bblt+met - bblt, + met
TT2Tau 1 ~5546.3 tt > bwbw ->bbtt+met - bbt,l +met
TT1Tau 1 ~29700.2 tt > bwbw —>bbtl+met —->bbt,l +met
HH2Tau 2 ~0.36 hh->bbtt—->bbll +met
HH2W*W1Tau 2 ~0.08 hh->bbww" >bbtl+met - bbll +met
HH2WW*1Tau 2 ~0.08 hh->bbww* >bblt+met - bbll +met
HH2WWOTau 2 ~0.47 hh->bbww* > bbll + met
TT2Tau 2 ~1508.7 tt - bwbw —->bbtt+met - bbll +met
TT1Tau 2 ~16158.3 tt > bwbw —-bbtl+met —-bbll +met
TTOTau 2 ~43263.9 tt > bwbw ->bbll + met
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Signal VS Background @ 14TeV, 39.64 fb (HH), 953.6 fb (TT)

Channel Leptons X section Topology *l=eoru
HH2Tau 0) ~1.2 hh - bbtt— bbbt T + Met
TT2Tau 0 ~5097.2 tt > bwbw —>bbttT+met - bbbt + met
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How to reconstruct the missing information?

Ex) HH2tau : b bl 7;, + met hh - bbt "
T — VU Ty
b T+ - 17,; l+ T

Inthe H - 7t/WW channels,
Higgs decay has more than 2 neutrinos

— We need to reconstruct the missing information
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A Needle(HH) in a stack of Needles(tt)

What is HH?




M = minimized mass variable function

Optl M as s | N t o d u Ct' on A, = augmented Lagrange parameter

U = penalty parameter
_ X = missing momentum
« Augmented Lagrangian method ¢, = physical constraints

| b
I subsystem |
: < _ subsystem |

m
— — - 1 -
Li(x|Ap)=Mx)— z Aak Ca(X) + Z_HRZ: ¢ (%).
a=1 a

AR+1 = K % - iteratively updated
k

CD = |lcEI < 7" with [lcGOIl = JZwacfknz

For each (sub)system, we have
Physical hypothesis models

v'OM (OptiMass) ~ TARGET MASS  ~
v CD (Compatibility Distance) ~ 0 for TRUE SYSTEM

v’ X : Reconstructed MIissSing momentum (next page)

OPTIMASS: A Package for the Minimization of Kinematic Mass Functions with Constraints
- Cho, Won Sang et al. JHEP 1601 (2016) 026 arXiv:1508.00589



https://inspirehep.net/record/1386487?ln=en
https://inspirehep.net/author/profile/Cho, Won Sang?recid=1386487&ln=en

OptiMass introduction High Level Feature ]

v OM (OptiMass) ~ TARGET MASS
v' CD (Compatibility Distance) ~ 0 for TRUE SYSTEM

X v We can also get Raw Level Features by
OPTIMASS which are reconstructed
Kinematic Variables!

v Like Pr,, or n,_or ARlesz or Ag,q ...

P_T AR A m n m_T

h2ta :

hltawos FOI" EaCh- :

h2tawoff _ReCOnst. ” :
hota . and y, O
2ta § § § § “Natiop
t1ta : : : : : ,

tOta

OPTIMASS: A Package for the Minimization of Kinematic Mass Functions with Constraints
- Cho, Won Sang et al. JHEP 1601 (2016) 026 arXiv:1508.00589



https://inspirehep.net/record/1386487?ln=en
https://inspirehep.net/author/profile/Cho, Won Sang?recid=1386487&ln=en

Machine Learning with Topological Augmentation

» Distinctive decay topologies categorized by tau decay kinematics

= Characterized by each constraints, c, , systems and subsystem

PHYSICS

— <+ Visible : CMS/ATLAS common features ~ pr, AR, A¢ ...
>> CMS-HIG 17-002

_ *» H.L.: (Augmented) High Level Features by OPTIMASS

N S R.L.: (Augmented) Raw Level Features by OPTIMASS
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Event Selection

* Using ...

MC : MG5_aMC v2.5.5 + MADSPIN (Decay)
Showering : PYTHIAS8

Detector Simulation : Delphes

CT10nlo for all Channel

* Cut ...
* Delphes : Using delphes card ATLAS.dat
 Tau Tagging : AR < 0.4,AR;yqex < 0.2, PFT9% > 1.0,P%>2.0,n, < 2.5
1-prong Eff = 70% , N(>1)-prong eff = 60%
» Others are same with delphes card ATLAS.dat default

« Hadronic Tau decay using ALL N-prongs



Normalized Number of Events

_. Result of 1 Lepton
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R.L. Result of 1 Leptons
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R.L. Resu
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Classifier Model : DNN vs BDT

 Deep Neural Network

\
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ROC Result for O lep (2b+2tau_h)
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ROC Result for O lep (2b+2tau_h)
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ROC Result for O lep (2b+2tau_h)
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Significance Result for 0 lep (2b+2tau_h)

Relative significance in lab™
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Significance Result for 1 lep (2b+1tau_h)

Relative significance in lab™
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Relative Efficiency Result for O/1 lep
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Relative Efficiency Result for 2 lep
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Conclusion

v Surveyed Di-Higgs searches in 2b+2L(nL+ntau=2)+MET
signatures from hh->bbWW & bbtautau

v Kinematically categorized signal and bkg processes into

2/5/7 topological classes, by tau decay kinematics

v Augmented missing data blocks from invisible d.o.f (in
under-constrained system) by all possible physics models

Involved

v And the full augmented data blocks used to supervised

DNN classifier.
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+*Visible : CMS/ATLAS common features

* CMS-HIG 17-002

o 'dr_tata', 'dr_bb’

* 'dphi_bbtata’, 'dphi_tatamet", 'dphi_bbmet’,
'‘dphi_talmet’, 'dphi_taZ2met’

 'pt_tata’, 'pt_bb’
* 'mt2_bbtata,'mt_tal', 'mt_ta2'




