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Flavor Changing Top Decays 

• In	the	Standard	Model,	there	is	no	tree	level	flavor	
changing	neutral	current	(FCNC)	mediated	by	the	
gauge	bosons	or	the	Higgs	boson.	

• At	the	one	loop	level,	the	branching	fracSon	of		
t	to	c	h0	is	3	x	10-15	for	Mh	=	125	GeV.

Aguilar-Saavedra	(2004)	
Mele,	Petrarca,	and	Soddu	(1998)	

Eilam,	Hewett,	and	Soni	(1990)	
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Heavy Weight Champion
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A Special Higgs Model for the Top Quark

A	special	two	Higgs	doublet	model	for	the	top	quark	explains	
why	the	top	quark	is	the	most	massive	elementary	fermion	by	
suggesSng	that	it	is	the	only	fermion	that	couples	to	a	Higgs	
doublet	(φ2)	with	a	much	larger	VEV	(v2	>>	v1).

Das	and	Kao	(1996)	
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A Special Higgs Model for the Top Quark

• Τhis	model	leads	to	CP	violaSon,	and	flavor	
changing	neutral	Higgs	(FCNH)	interacSons.	

• Most	LHC	data	are	consistent	with	the	Standard	
Model	(SM).	FCNH	interacSons	might	lead	to	new	
physics	beyond	SM.
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A General Two Higgs Doublet Model

• κ	matrices:	diagonal,	fixed	by	fermion	mass	
• ρ	matrices:	off	diagonal	elements	lead	to	FCNH	couplings

A General Two Higgs Doublet Model

Let us adopt the flavor changing neutral Higgs interaction

Lagrangian a as

L =
−1
√
2

∑

F=U,D,E

F̄
{

[

κF sβ−α + ρF cβ−α

]

h0

+
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FA0

}
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−Ū
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]

DH+ − ν̄
[

ρER
]

EH+ +H.c.

where

• κ matrices are diagonal and fixed by fermion masses,

κF =
√
2mF /v with v # 246 GeV,

• ρ matrices are in general not diagonal. The off diagonal

elements of ρ are tree level FCNH couplings.
aDavidson and Haber, PRD (2005); Mahmoudi and O. St̊al PRD (2010).
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When the Higgs meets the Top

When	the	mass	giver	meets	the	most	massive	particle,	
they	might	lead	to	complementary	new	physics:	
• (a)	
• (b)		
• (c)	
						λHtc	=	ρtc	sin(β-α),	λAtc	=	ρtc,		and	λHτμ	=	ρτμ	sin(β-α).	

t ! ch0, �tch = ⇢tc cos(� � ↵)
<latexit sha1_base64="bQAt8s/Cdv1GD+lRdkSj2Y3fmAs="></latexit>
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0
, A

0 ! tc̄+ t̄c,
<latexit sha1_base64="f2QZ/qURaPxL7bhdjUSPo4nz0TQ=">AAACCnicdVBNS0JBFJ3Xp9mX1bLNlARBITMWqTurjUuDNEFN5o1jDs77YOa+QB6u2/RX2rQoom2/oF3/pnlqUFEHBg7n3Mudc9xQSQOEfDgzs3PzC4uppfTyyuraemZjs26CSHNR44EKdMNlRijpixpIUKIRasE8V4krd3Ce+Fe3QhsZ+JcwDEXbYze+7EnOwEqdzE7lmhzi02uCWxBgaLlMx3yED8YERpgfdjJZkiOEUEpxQmjhhFhSKhXztIhpYllk0RTVTua91Q145AkfuGLGNCkJoR0zDZIrMUq3IiNCxgfsRjQt9ZknTDseRxnhPat0cS/Q9vmAx+r3jZh5xgw91056DPrmt5eIf3nNCHrFdiz9MALh88mhXqRwktr2grtSCw5qaAnjWtq/Yt5nmnGw7aVtCV9J8f+kns/Ro1z+4jhbPpvWkULbaBftI4oKqIwqqIpqiKM79ICe0LNz7zw6L87rZHTGme5soR9w3j4BkSGY9g==</latexit>
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<latexit sha1_base64="5iR2XIprrS81IiKE842KXPM1z8k="></latexit>

Altunkaynak,	Hou,	Kao,	Kohda,	McCoy	(2015)	
Hou,	Jain,	Kao,	Kohda,	McCoy,	and	Soni	(2019)	

CMS	JHEP	03	(2020)
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Charming Top Decay with the Higgs boson

Hou	(1991)	
Aguilar-Saavedra	and	Branco	(2000)	
Kao,	Cheng,	Hou,	and	Sayre	(2012)	
Chen,	Hou,	Kao,		and		Kohda	(2013)	

Atwood,	Gupta,	and	Soni	(2014)	
Jain	and	Kao	(2019)

Top Decay Width

The FCNH top decay width is

Γ(t → ch0) =
|λtc|2

16π
× (mt)×

[

(1 + ρc)
2 − ρ2h

]

×
√
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√

1− (ρh − ρc)2 ,

where ρc = mc/mt, and ρh = Mh/mt.

The total top decay width is

Γt = Γ(t → bW ) + Γ(t → ch0) .
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FCNH

Simple	Relation	(ATLAS):
�tc ⇠ 1.92⇥

p
B(t ! ch0)

<latexit sha1_base64="FKft09ivFN+cR2C1kDN8QpIVtZU="></latexit>
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Constraints on FCNH Couplings

• Recent	ATLAS	data	have	placed	constraints	on	λtc	and	λct:	

‣ the	top	decay	should	have																																										,	

‣ or																																								,	with	λct	=	ρct	cos(β-α).		

• A	new	CMS	analysis	with	t	to	ch	to	cγγ	set	a	new	limit	
B(t	to	ch)	<	7.3	x	10-4,	or	λtc	<	0.052.		

• If	the	ρ-matrix	is	not	HermiSan,	then	we	must	have		
|ρct|	<	0.1,	while	|ρtc|	can	be	close	to	1.		

ATLAS	JHEP05	(2019)	123	
CMS	PAS	TOP-20-007

B(t ! ch0) < 0.0011

<latexit sha1_base64="YQpXKBA8V6Zh8koZl/LH2Vsq9wU=">AAACBnicdVDLSgMxFM34rPU16lKEYBHqpmRKsVPooujGZQX7gM5YMmmmDc08SDJCGbpy46+4caGIW7/BnX9jpq2gogcCh3Pu5eYcL+ZMKoQ+jKXlldW19dxGfnNre2fX3NtvyygRhLZIxCPR9bCknIW0pZjitBsLigOP0443vsj8zi0VkkXhtZrE1A3wMGQ+I1hpqW8epQ7BHJ5Piwo6KoJkdINOYR2iEkKW1TcLGdHMmivVM6RJrWaXLRtamaVRAAs0++a7M4hIEtBQEY6l7FkoVm6KhWKE02neSSSNMRnjIe1pGuKASjedxZjCE60MoB8J/UIFZ+r3jRQHUk4CT08GWI3kby8T//J6ifJtN2VhnCgakvkhP+FQ5806gQMmKFF8ogkmgum/6h6wwETp5vK6hK+k8H/SLpesSsm+qhQa9UUdOXAIjkERWKAKGuASNEELEHAHHsATeDbujUfjxXidjy4Zi50D8APG2yfW+ZYn</latexit>

q
�2
tc + �2

ct < 0.064

<latexit sha1_base64="RXG/tTTuZHI18GKt7QK8f01p8YI="></latexit>
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Discovery Potential of  

• The	discovery	channel	has	relatively	low	background.	
•We	have	studied	the	final	states	of	(i)	a	pair	of	leptons	and		
(ii)	a	lepton	plus	a	tau	jet.	
• Collinear	approximation	offers	the	possibility	of	
reconstruction	Higgs	mass	and	Top	quark	mass.	
• Requiring	momentum	fractions	of	tau	decays	0	<	x	<	1,	
effectively	removes	irreducible	background.

t ! ch0 ! ⌧+⌧�

<latexit sha1_base64="WR5kke+AyDZ0lWX+ph/EuROYC7c=">AAACBXicdVDLSgMxFM34rPU16lIXwSIIYpmRqnVXEMRlBfuAzrRk0kwbmnmQ3BFK6caNv+LGhSJu/Qd3/o3pdIQqeiDhcM69JOd4seAKLOvTmJtfWFxazq3kV9fWNzbNre26ihJJWY1GIpJNjygmeMhqwEGwZiwZCTzBGt7gcuI37phUPApvYRgzNyC9kPucEtBSx9wD7ECEKe63rZQ5QJL2UXofd8yCVbRS4BlyatkXZza2M6WAMlQ75ofTjWgSsBCoIEq1bCsGd0QkcCrYOO8kisWEDkiPtTQNScCUO0pTjPGBVrrYj6Q+IeBUnd0YkUCpYeDpyYBAX/32JuJfXisBv+yOeBgnwEI6fchPBNZpJ5XgLpeMghhqQqjk+q+Y9okkFHRxeV3Cd1L8P6mfFO1SsXxTKlSusjpyaBfto0Nko3NUQdeoimqIonv0iJ7Ri/FgPBmvxtt0dM7IdnbQDxjvX0U/lzM=</latexit>

Gutierrez,		Jain,	and	Kao	(2020)
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Recent Studies of  pp ! tt̄ ! tch0 ! tc⌧+⌧� +X

<latexit sha1_base64="0DApkEdH/nnobvsvApZNHn1k+VU="></latexit>

• X.	Chen	and	L.	Xia,	Phys.	Rev.	D	93,	no.11,	113010	(2016).	

• M.	Aaboud	et	al.	[ATLAS],	JHEP	05,	123	(2019).	
ATLAS	limit:	λtc	<	0.064.	

• We	have	done	parton	level,	event	level,	and	BDT	analysis.	

• We	have	improved	the	significance	by	a	cut	on	Echarm(top).
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Reconstruction of  the Higgs Mass
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Cluster Transverse Mass
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Echarm in the Top Frame
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Han,	JIang,	and	Sher	(2001)	
Kao,	Cheng,	Hou,	and	Sayre	(2012)	

Gutierrez,	Jain	and	Kao	(2020)



Centrality
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Cross section in fb at parton level

√
s (TeV) λtc = 0.01 λtc = 0.064

13 0.0096 0.39

14 0.012 0.46

27 0.043 1.72

Table 1: Cross section in fb of the Higgs signal at parton level.

√
s (TeV) tt̄jj bb̄jjττ bb̄jjWW tt̄W Total

13 0.96 0.06 4.03×10−4 0.006 1.03

14 1.16 0.07 5.04×10−4 0.008 1.24

27 4.19 0.22 1.84×10−3 0.020 4.43

Table 2: Cross section in fb of physics background at parton level.

Higgs	signal

√
s (TeV) λtc = 0.01 λtc = 0.064

13 0.0096 0.39

14 0.012 0.46

27 0.043 1.72

Table 1: Cross section in fb of the Higgs signal at parton level.

√
s (TeV) tt̄jj bb̄jjττ bb̄jjWW tt̄W Total

13 0.96 0.06 4.03×10−4 0.006 1.03

14 1.16 0.07 5.04×10−4 0.008 1.24

27 4.19 0.22 1.84×10−3 0.020 4.43

Table 2: Cross section in fb of physics background at parton level.Background
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Statistical Significance

•We	evaluate	the	statistical	significance	with	a	simple	
approximation	for	Poisson	distributions:		

	

• For	NB	>>	NS,	it	becomes	the	well	known	Gaussian	
significance	:

NSS =
p
2⇥ (NS +NB) ln(1 +NS/NB)� 2⇥NS

<latexit sha1_base64="3hfLlPLvCXMaG45bTp3cBTC0Zp4="></latexit>

Cowan	et	al.	Eur.	Phys.	J.	(2011)

NSS = NS/
p
NB .

<latexit sha1_base64="3F1uGf0h/Othq+1VZDVsbgAYB0k="></latexit>



Parton Level Discovery Contours



BDT Analysis for t ! ch0 ! ⌧+⌧�

<latexit sha1_base64="WR5kke+AyDZ0lWX+ph/EuROYC7c=">AAACBXicdVDLSgMxFM34rPU16lIXwSIIYpmRqnVXEMRlBfuAzrRk0kwbmnmQ3BFK6caNv+LGhSJu/Qd3/o3pdIQqeiDhcM69JOd4seAKLOvTmJtfWFxazq3kV9fWNzbNre26ihJJWY1GIpJNjygmeMhqwEGwZiwZCTzBGt7gcuI37phUPApvYRgzNyC9kPucEtBSx9wD7ECEKe63rZQ5QJL2UXofd8yCVbRS4BlyatkXZza2M6WAMlQ75ofTjWgSsBCoIEq1bCsGd0QkcCrYOO8kisWEDkiPtTQNScCUO0pTjPGBVrrYj6Q+IeBUnd0YkUCpYeDpyYBAX/32JuJfXisBv+yOeBgnwEI6fchPBNZpJ5XgLpeMghhqQqjk+q+Y9okkFHRxeV3Cd1L8P6mfFO1SsXxTKlSusjpyaBfto0Nko3NUQdeoimqIonv0iJ7Ri/FgPBmvxtt0dM7IdnbQDxjvX0U/lzM=</latexit>
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 BDT response
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Event Level Discovery Contours



Discovery Potential of   
at the LHC and Future Hadron Colliders
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t ! ch0 ! c⌧+⌧�

<latexit sha1_base64="vMn5Z//g68Mh1MsLX2fOolPnThM=">AAACBXicdVDLSgMxFM34rPU16lIXwSIIYpmR+uiu6MZlBfuAzrRk0kwbmnmQ3BFK6caNv+LGhSJu/Qd3/o3pdIQqeiDhcM69JOd4seAKLOvTmJtfWFxazq3kV9fWNzbNre26ihJJWY1GIpJNjygmeMhqwEGwZiwZCTzBGt7gauI37phUPApvYRgzNyC9kPucEtBSx9wD7ECEab9tTYkDJGkfpfdxxyxYRSsFniGnll0+s7GdKQWUodoxP5xuRJOAhUAFUaplWzG4IyKBU8HGeSdRLCZ0QHqspWlIAqbcUZpijA+00sV+JPUJAafq7MaIBEoNA09PBgT66rc3Ef/yWgn4F+6Ih3ECLKTTh/xEYB13UgnucskoiKEmhEqu/6r7IJJQ0MXldQnfSfH/pH5StEvF8k2pULnM6sihXbSPDpGNzlEFXaMqqiGK7tEjekYvxoPxZLwab9PROSPb2UE/YLx/Aa6Cl3M=</latexit>

√
s (TeV) L (fb−1) B(t → ch0) λtch

13 139 1.4× 10−3 0.073

13 3000 3.0× 10−4 0.033

14 3000 2.6× 10−4 0.031

27 3000 1.4× 10−4 0.023



Discovery Potential of   
at the LHC and Future Hadron Colliders
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t ! ch0 ! cWW ⇤

<latexit sha1_base64="po8P7nkT94LSCseHWrBjxh5HenU=">AAAB/3icdVDLSgNBEOyNrxhfq4IXL4NBEA9hV+Ijt6AXjxFMNpBswuxkNhky+2BmVghrDv6KFw+KePU3vPk3TpIVomhBQ1HVTXeXF3MmlWV9GrmFxaXllfxqYW19Y3PL3N5pyCgRhNZJxCPR9LCknIW0rpjitBkLigOPU8cbXk18544KyaLwVo1i6ga4HzKfEay01DX3FGqrCBE06FgZc5zOcdcsWiVrCjRHTi27cmYjO1OKkKHWNT/avYgkAQ0V4VjKlm3Fyk2xUIxwOi60E0ljTIa4T1uahjig0k2n94/RoVZ6yI+ErlChqTo/keJAylHg6c4Aq4H87U3Ev7xWovwLN2VhnCgaktkiP+FI/zkJA/WYoETxkSaYCKZvRWSABSZKR1bQIXx/iv4njZOSXS5VbsrF6mUWRx724QCOwIZzqMI11KAOBO7hEZ7hxXgwnoxX423WmjOymV34AeP9Cy2glE0=</latexit>

√
s (TeV) B(t → ch0) λtch

13 1.37× 10−3 0.071

14 1.29× 10−3 0.069

27 6.2× 10−4 0.048

100 2.1× 10−4 0.028
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Summary and Conclusions

H
0
, A

0 ! tc̄+ t̄c

<latexit sha1_base64="JcRa7xfqNc0H0K/PVEacZYXU4UA=">AAACCHicdVDLSgMxFM34rPU16tKFwSIISslon7uKmy4rWBXaWjJpakMzD5I7Qhlm6cZfceNCEbd+gjv/xkxbQUUPBA7n3MvNOW4ohQZCPqyZ2bn5hcXMUnZ5ZXVt3d7YvNBBpBhvskAG6sqlmkvh8yYIkPwqVJx6ruSX7vA09S9vudIi8M9hFPKOR2980ReMgpG69k79mhzik2uC2xBgaLtUxSzBB2MCCevaOZInpWL1mGCSLxKnXK0aQkipcnyEHUNS5NAUja793u4FLPK4D0xSrVsOCaETUwWCSZ5k25HmIWVDesNbhvrU47oTj4MkeM8oPdwPlHk+4LH6fSOmntYjzzWTHoWB/u2l4l9eK4J+pRMLP4yA+2xyqB9JnGY2reCeUJyBHBlCmRLmr5gNqKIMTHdZU8JXUvw/uTjKO4V85ayQq9WmdWTQNtpF+8hBZVRDddRATcTQHXpAT+jZurcerRfrdTI6Y013ttAPWG+f3OeYrg==</latexit>
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<latexit sha1_base64="Zh7/PpckYH48m93WmfrsKJcPaf4=">AAACCHicdVDLSgMxFM34rPVVdenCYBEEpSSlaN1V3HSpYFuhMy2ZNK2hmQfJHaEMXbrxV9y4UMStn+DOvzFTK6jogcDhnHu5OcePlTRAyLszMzs3v7CYW8ovr6yurRc2NpsmSjQXDR6pSF/5zAglQ9EACUpcxVqwwFei5Q/PMr91I7SRUXgJo1h4ARuEsi85Ayt1Czv1DjnEpx2CXYgwuD7TKR/jgwmBMe8WiqRECKGU4ozQ4yNiyclJtUyrmGaWRRFNcd4tvLm9iCeBCIErZkybkhi8lGmQXIlx3k2MiBkfsoFoWxqyQBgvnQQZ4z2r9HA/0vaFgCfq942UBcaMAt9OBgyuzW8vE//y2gn0q14qwzgBEfLPQ/1E4SyzbQX3pBYc1MgSxrW0f8X8mmnGwXaXtyV8JcX/k2a5RCul6kWlWKtN68ihbbSL9hFFx6iG6ugcNRBHt+gePaIn5855cJ6dl8/RGWe6s4V+wHn9AMA1mJs=</latexit>

• It	is	of	great	interest	to	investigate	the	link	between	the	most	
massive	particle	(top)	and	the	mass	giver	(Higgs).	
• It	is	a	win-win	strategy	to	search	for	the	FCNH	top	decay	 	
and	the	heavy	Higgs	decay																																				.	
• In	the	alignment	limit,	the	FCNH	heavy	Higgs	decay		
																																					can	be	sustained	by	sin(β-α)	~	1.	
•We	might	find	out	if	nature	chooses	the	same	mechanism		
for	electroweak	symmetry	breaking	and	tree	level	FCNC.

t ! ch0
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