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What we know and don’t know

mh ' 125 GeV

• We know only the local minimum.

• It’ll tells us about details of EWSB, 
guiding us to build a next principle 
of new physics.

• We want to reconstruct a global 
picture of the Higgs potential.

• Keystones:            and 
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The trilinear coupling measurement
ATL-PHYS-PUB-2017-001 [2017]

0.2 < 3 < 7.0

3000 fb�1

• The trilinear coupling can be partially 
extracted by Double Higgs production.

• And even this feasiblity study can collaspe, if there are sizable contributions 
from higher dimensional operators.

• Even at the end of days of LHC, it is expected to be 
largely unconstrained allowing an             deviation.O(1)

Azatov, Contino, Panico, Son [2015]
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The trilinear coupling measurement

See also A. Alves, T. Ghosh, Kuver Sinha [arXiv:1704.07395]

• So there are many directions to pursue:

analysis significance allowed region on 3

�sys = 0 �sys = 0.1 68% CL 95% CL

combined (MVA)

bench mark

4.0 3.4

[0.4, 2.0] [ [5.7, 7.2] [�0.1, 3.2] [ [4.4, 7.7]

✏b!b = 0.8, ✏⌧!⌧ = 0.7, ✏c!b = 0.2, ✏j!b = 0.015, ✏j!⌧ = 0.01

3. Utilizing MVA techniques (TMVA 4)

2. Combining different channels

• Reflecting realistic fake rates and smearing effects.

1. Putting higher-dim. operators in the same context
There’s an interesting enhancement on the tail in Mhh
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The quartic coupling measurement
B. Fuks,  J. H. Kim,  

S. J. Lee [2017]Allowed region

★

-� � � �
-��

-��

-�

�

�

��

��

κ�

κ � 30 ab�1

10 ab�1

5 ab�11 ab�1

• The quartic coupling can be partially 
extracted by triple Higgs production.

• What we need is just bigger 100 TeV 
FCC machine.

p
s = 100 TeV

• But suffering for a poor production 
cross section.

• It’s about 20 years for it to be built, and another 30 years to get a sensitivity on 4

3 � 1
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What do we know about  
the Higgs-top couping?
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• Of all these efforts, beneath our carpet, we always know there’s the 
Higgs-top coupling.

• This coupling appears everywhere, and we know there’s a substantial  
effect arising from it.



The CP nature of Higgs-top coupling

L ◆ �mt
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• If the Higgs is an admixture 
between the scalar and 
pseudoscalar components.

• It not only changes double Higgs production, but also kinematic distributions.

A quick exercise with K. Kong

• There appears a CP phase in the 
vertex.
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• If the Higgs is an admixture 
between the scalar and 
pseudoscalar components.

• It not only changes double Higgs production, but also kinematic distributions.

A quick exercise with K. Kong

• There appears a CP phase in the 
vertex.



What are the methods to disentangle 
different CP phases?

• Indirect constraints

• Direct constraints

• The punch line of this talk is to demonstrate the direct way to 
disentangle different CP phase of the Higgs-top coupling.



Direct measurement via           production
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Boudjema, Godbole, Guadagnoli, Mohan [2015]

t t̄ h

• Both production cross section and decay 
kinematics provide a sensible information.

• A lot of studies are based on lab-frame 
observables.

• There are suggestions using         rest-frame 
observables such as

��lab
l�l+

��tt̄
l�l+

• No feasibility studies for the rest frame 
observables.

↵ = 0
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↵ = ⇡/2
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↵ = �⇡/4 ↵ = ⇡/4

Ellis, Hwang, Sakurai, Takeuchi [2014]
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What we couldn’t do
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1. Missing transverse momenta

• The full reconstruction of 
the top momenta

?

?
2. Combinatorial problem
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Hypothesizing missing momenta 
D. Kim, Matchev, Moortgat, Pape [2017]

• Ansatzs for the four-momentum of missing particles 
by minimizing the following functions:

MW1 = MW2 = 81.4 GeV

Mt1 = Mt2 = 173 GeV

Mt1 = Mt2

MW1 = MW2

with constraints

with constraints
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Resolving combinatorial problem
D. Debnath, D. Kim, J.H. Kim, K. Kong, K. Matchev [2017]

p�1

T (correct) p�2

T (correct)M correct

2CW

• The same issues for M2CT.

• A wrong partition gives a horrible guess.
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D. Debnath, D. Kim, J.H. Kim, K. Kong, K. Matchev [2017]
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• The same issues for M2CT.

• A wrong partition gives a horrible guess.
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Where has the end-point gone?

correct

wrong
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• The wrong partition often violates end-points.

• We can use end-point violations as criterion for distinguishing the correct and 
wrong partitions.

M2CW M2CT

Mt = 173 GeV Mw = 80.4 GeV

D. Debnath, D. Kim, J.H. Kim, K. Kong, K. Matchev [2017]
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• The comparisons between true neutrino momenta and guessed momenta.

Invisible momenta reconstructions
PreliminaryPreliminary

parton level

hadron level

• At parton level, it seems to work quite accurately.

• At hadron level, there is a broadening effect but it smells like working well.
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• We have two         rest frame observables               and     

  rest frame observables
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• Two observables are complementary in disdentangling all different CP phases 
including signs.
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• Making a fit to the distributions requires a reasonably large statistics.

Asymmetries variables

A1 A3
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• It is preferable to define variables,          and         in terms of an intergral over 
the distribution.
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• The Higgs potential consists of an unexplored territory in which the 
EWSB is triggered.

• The Higgs trilinear and quartic coupling measurements will provide a 
crucial information.

• The highest accuracy on the Higgs-top coupling is required to do so.
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