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Introduction

Higgs couples to fermions 
via Yukawa coupling

Cross section of ttH already 
very small

tH processes are even more
challenging
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Most analyses not sensitive to sign of κ
t

Introduction

CMS-PAS-HIG-15-002

ATLAS-CONF-2015-044
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Introduction

Higgs can couple either to top quark (κ
t
) or to vector boson (κ
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)
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Two Channels: tHq & tHW
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Cross Sections

The cross sections and kinematics of the processes strongly depend 
on the values of κ

t
 and κ

v
   

ITC  ITC  
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SM & ITC Case

SM: κ
t
 = 1 ; κ

v
 = 1 

→ destructive interference

ITC: Inverted top coupling
κ

t
 = -1 ; κ

v
 = 1 

→ constructive interference

ITC results in ~10 times the 
SM cross section

Our analysis:
-3.0 ≤ κ

t
 ≤ 3.0

κ
v
 = {0.5; 1.0; 1.5}

51 different combinations

Main background from 
different tt processes

SM: 87 fb

ITC: 886 fb
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Analysis Workflow
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Event Selection

3 tag signal region
3 b-tags

# jets >= 4

exactly one muon or electron

4 tag signal region

4 b-tags

# jets >= 5

exactly one muon or electron

~ 4000 expected events in total

Signal events: 20 for ITC

event topology
4 b jets

1 isolated lepton

1 light forward jet

missing transverse energy
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Event Reconstruction

Reconstruct each event 
under tHq and 
tt hypotheses
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tHq Reconstruction

Train BDT to separate between wrong and correct jet assignments

Input variables are kinematics of reconstructed objects

Train one BDT for each of the 51 different κ
t
 - κ

v
 combinations

Choose reconstruction with highest BDT output for each event and 
each κ

t
 - κ

v
 combination



Johann Rauser (KIT) – Institut für Experimentelle Kernphysik12 Physics at the Terascale 2016, DESY, Hamburg

tt Reconstruction

Train BDT to separate between wrong and correct jet assignments

Input variables are kinematics of reconstructed objects

Choose reconstruction with highest BDT output for each event
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Reconstruction Efficiencies
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Analysis Workflow
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Classification Input Variables
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Classification Results

Train 51 classification tHq vs. backgrounds BDTs

3774 observed events

Most important systematic uncertainties:
JES, Q2 systematics, b-tagging, rate unc. on tt + bb 
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Results: Asymptotic Limits

Asymptotic limits calculated with Combine

Exclude at 95% CL a cross section that is 98.6 (6.4) times the 
expectation for the SM (ITC) case

ITC

SM



Johann Rauser (KIT) – Institut für Experimentelle Kernphysik18 Physics at the Terascale 2016, DESY, Hamburg

Results: Asymptotic Limits

Published in CMS-PAS-HIG-16-019

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-019/index.html
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Conclusion

Searching for tH with H → bb at different points of (κ
t
, κ

v
) plane

Same sensitivity with less data than analysis @ 8TeV

Set upper limits at 95% CL for
SM: 98.6 times the expected cross section

ITC: 6.4 times the expected cross section

Run the analysis with 2016 data 

Combination with other tH channels as in Run I ( arXiv: 1509.08159 )

Expected upper exclusion limits with full 100 fb-1 dataset: 
~ 7 times the SM cross section

~ 0.5 times the ITC cross section (complete exclusion)

Outlook

https://arxiv.org/abs/1509.08159
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Thank you very much Thank you very much 
for your attention.for your attention.
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Backup
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Event Yields
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tHq Reconstruction Input Variables
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tt Reconstruction Input Variables
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Systematic Uncertainties
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tHq vs. tHW – Kinematics
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