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Finding how the electroweak scale is 
tuned to low mass, the stability of 
the Higgs potential, and any 
deviations from a second order 
EWSB all require precision 
measurements of the top Yukawa.
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LHC tth to same sign dilepton

CMS search for pp ➔tth in the isolated same sign dilepton channel 
• Cut on isolated same charge dileptons 
• Require ~20 GeV missing transverse energy 
• Require 4 jets, with 2 Light CSV b-tags or 1 Medium CSV b-tag



We parameterize UV physics with up to Dimension 6 
couplings to the Higgs boson.
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Restrict attention to strongly-coupled and top quark 
operators. LHC is, after all, a hadron machine.



Only two operators contribute to tth at leading 
order in the strong coupling, and have a different 
momentum structure than the Standard Model.



Different kinematic dependence, for example there 
is a new gluon s-channel. Compare to the SM 
process whose relative amplitude goes as~1/P(top).



Bounds on Dim-6 tth Kinematic Operators

Higgs Production
0.8 < µh <1.2

mt t h ª 1, 0.7, 0.7, 0.9, 1.3, 2.1

mt t t 1.3
mt t h ª 1, 0.8, 0.8, 1, 1.5, 2.3

mt t d 0.7 8 TeV
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The distribution of tops and Higgs in the 
detector shift for boosted Higgs events.
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A typical event with Standard 
Model couplings.
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A typical event with NP 
boosted dim-6 couplings.
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Missing transverse energy 
(MET) is energy lost in the 
detector, mostly to neutrinos.

ν

ν

lep+

lep+

Same charge dileptons.

b b

B-tagged jets (Medium, 
Light b-tags).

To find new physics in the kinematic effective field theory, define 
new collider observables using the angles between collider objects. 
In pp➔tth➔dilepton, these will be angles between three objects.
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Same charge dileptons.
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Missing transverse energy 
(MET) is energy lost in the 
detector, mostly to neutrinos.

ν

νb b

B-tagged jets (Medium, 
Light b-tags).

MET



tt j
ttW
chgt=-0.5, cHG=0.055
SM tt h + bkgds

14 TeV, 100 fb-1

MET >100 GeV
Lpt  >150 GeV
Bf >200 GeV
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tt
Missing transverse energy 
(MET) is energy lost in the 
detector, mostly to neutrinos.

ν

lep+

lep+

Same charge dileptons.

MET



tt j
ttW
chgt=-0.5, cHG=0.055
SM tt h + bkgds

14 TeV
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Good at cutting backgrounds even for SM tth searches 



Kinematic Reach for 14 TeV LHC



This statement was only a hope.



This statement was only a hope. 
Until BICEP2! It is Incredible we found it:  
New scalar potential at ~10-2 Planck mass!







Dead………………………Alive



In order to wring LHC data dry of top 
yukawa physics — 
 use kinematic EFT and angular variables!
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http://cfhep.ihep.ac.cn/

http://cfhep.ihep.ac.cn/
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1016 GeV

SU(3)✖️SU(2)✖️U(1)
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