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• ttH in Atlas  
– ttH(bb) Paper: Phys. Rev. D. 97 (2018) 072016  

– ttH observation: Phys. Lett. B 784 (2018) 173 
• Following discovery, what is 

next for ttH?  
– More precise signal strength 

measurement with full  Run 2 
data 

– Directly test the top Yukawa 
coupling (yt) and its CP-
structure
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Motivation

https://arxiv.org/pdf/1712.08895.pdf
https://arxiv.org/pdf/1806.00425.pdf
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• ttH(bb) analysis channels: 
– All hadronic 
– lepton+jets 
– dilepton 

• Different Control (CR) and 
Signal (SR) regions 
– CR: Constrain different 

background contributions 
– SR: Extract ttH signal  
– Regions defined on: 

• number of jets 
• numbers of b-tagged jets
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SM analysis outline
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Higgs reconstruction

• Higgs kinematics: 
– improve signal-background separation, 

need to reconstruct Higgs. 

• Measured objects: 
– 4 b-jets, 2 leptons and MET 

• Reconstructed objects: 
– H = bi + bj 
– t/t̅ = bk/m + l̅/l (+ MET1/2) with i,j,k,m=1…4 

• Jet assignments: 
– Assign a jet to all 4 b’s (b from t, b from t̅, 

leading bl, sub-leading bsl from H) 
– Train ”Reco-BDT” with correct matched 

events vs. all wrong matched possibilities

✅     vs.    ❌,…, ❌

bl(H) bsl(H)
b(t)

l+ 𝛎

b(t)̅

l- 𝛎l-l-

t t̅ H

b1
b3

b2

b4

l-

l+

MET

…

Measured objects

Jet matching combinations

l+ l- METb1 b2 b3 b4

Reconstructed objects
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• tt̅ kinematics improve selection and 
sensitive to yt CP. 

• 2 neutrinos in final state, need special 
reconstruction: 

• Constraints from: mtop, mW 
• Sampling on η(𝛎/𝛎̅) 

• In tt̅: 𝛎-weighting has been successfully 
used: https://arxiv.org/abs/1612.05220 

• In ttH: 
– Challenging due to high-multiplicity 

final state 
➡ never before used in such a complex 

system
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Top reconstruction — Neutrino weighting

`
+

b’

`
�

b

t

b

W
+

t

W
�

Z/H
b’

⌫`

⌫`



Nicolas ScharmbergIoP Joint HEPP and APP Conference

• tt̅-system reconstructed for each 
jet-combination: 
– Reconstructed pT(t) has high 

agreement with truth pT(t) 

• Jet matching efficiency for all 
Jets matched to the correct 
object: 
– εrandom(all)≅ 6% 
– εno-higgs,info(all)=25.8% 
– εno-higgs,info+ν-weighting(all)=27.0% 
– εhiggs,info(all)=38.0% 
– εhiggs,info+ν-weighting(all)=39.0%
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Performance of neutrino weighting in ttH

ATLAS Work in progress
-1 = 13 TeV, 140.5 fbs
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• Many observables show separation between ttH 
and tt+≥1b events 

• Combined into “Classification BDT”
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Extracting ttH signal from tt̅+b and other backgrounds
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ATLAS Work in progress
-1 = 13 TeV, 140.5 fbs

Dilepton
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ttH
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1b≥ + tt
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 +Vtt
tnon-t
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 • CR:  

  

– Constrain different 
background contributions 

• SR: Classification BDT 
– High S/B ratio to improve 

sensitivity
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ttH fit inputs
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• yt expected to be CP-even in SM 
• CP-odd or CP-mixed coupling scenarios vastly 

discussed in theory:  

• Testing different signal hypothesis: 
– ttH: cos ɑ=0, CP-even 
– ttA: cos ɑ=1, CP-Odd 

• ttH(bb) CP analysis channels: 
– lepton+jets 
– dilepton
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ttH(bb) CP analysis overview

LttH = ytt(cos↵+ i sin↵�5)th
<latexit sha1_base64="+dVBiBaPpCq210NtBBHJuvQ4N9c="></latexit>



Nicolas ScharmbergIoP Joint HEPP and APP Conference

�1.00 �0.75 �0.50 �0.25 0.00
cos(✓t tH

tb ) · cos(✓tb
bH)Htb

seq.

0.4

0.5

0.6

0.7

0.8

E
ve

nt
s

no
rm

al
is

ed ATLAS Work in progress
� 4j , � 4b@70%
Separation: 3.04%

t tHamc+Py8
t tA amc+Py8
t tH mix amc+Py8

0 1 2 3 4
�⌘(lt , lt)

0.1

0.2

0.3

0.4

0.5

0.6

0.7

E
ve

nt
s

no
rm

al
is

ed ATLAS Work in progress
� 4j , � 4b@70%
Separation: 5.04%

t tHamc+Py8
t tA amc+Py8
t tH mix amc+Py8

0 1 2 3 4 5
�⌘(t , t)

0.1

0.2

0.3

0.4

0.5

0.6

E
ve

nt
s

no
rm

al
is

ed ATLAS Work in progress
� 4j , � 4b@70%
Separation: 3.90%

t tHamc+Py8
t tA amc+Py8
t tH mix amc+Py8

�1.00 �0.75 �0.50 �0.25 0.00
b4 = pz

t ·pz
t

|�!pt |·|�!pt |

0.3

0.4

0.5

0.6

0.7

0.8

E
ve

nt
s

no
rm

al
is

ed ATLAS Work in progress
� 4j , � 4b@70%
Separation: 3.83%

t tHamc+Py8
t tA amc+Py8
t tH mix amc+Py8

• “Simple” kinematics 

• More complex 
angular observables
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CP sensitive observables
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• Separation between 
different CP scenarios 
with “CP-BDT” 

• Final fit inputs: 
– CR: 
– SR split in regions of 

classification BDT: 
• Bins with high S/B ratio 

to extract signal 
• CP-BDT: discriminating 

different CP samples
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ttH CP signal extraction
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Summary
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• We will use new techniques to measure the CP-nature 
of yt for the first time in tt̅H events!


