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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 fraction of
ttochOis 3 x 1015 for My =125 GeV.
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Eilam, Hewett, and Soni (1990)
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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
suggesting that it is the only fermion that couples to a Higgs
doublet (¢2) with a much larger VEV (v2 >> v1).
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A Special Higgs Model for the Top Quark

® This model leads to CP violation, and flavor
changing neutral Higgs (FCNH) interactions.

e Most LHC data are consistent with the Standard

Model (SM). FCNH interactions might lead to new
physics beyond SM.
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A General Two Higgs Doublet Model

> P{["sp-a+p"co-a] I
F=U,D,E

+ [RFCQ_Q — pF35_a} HY — isgn(QF)pFAO}RF
~U [VpPR—pY VL] DH' — v [p"R] EH" + H.c.

Sl

« K matrices: diagonal, fixed by fermion mass
e p matrices: off diagonal elements lead to FCNH couplings
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When the Higgs meets the Top

When the mass giver (Higgs boson) meets the most
massive particle (top quark), they might lead to
complementary new physics.

(@) t — ch® Aten = precos(f — )

(b) H?, A° = té +tc AHtc = presin(f — a)
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Top Decay Width

2
FCNH T(t—ch’) = ’)1\t607|7 x (me) x [(14 pe)® = p]

xv/1 = (pn + pe)®V1 = (pn — pe)?,

Pe = Me/My

pn = Mp/my

Total Iy =T(t— bW)+T(t— ch’).
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Constraints on FCNH Couplings

e Recent ATLAS data have placed tight constraints on A«
and A¢twith ¢t — ch® — et 7™

» the top decay should have B(t — cho) < 0.0011,
) or\/)\%c + A2, < 0.064 , with Act = pet cos(B-a).

e |f we choose p-matrix to be Hermitian, then
b — syand B — B mixing imply |pct| <0.1.

e [f the p-matrix is not Hermitian, then we must have |pct|
< 0.1, while |pt| can be close to 1.

JHEPO5 (2019) 123



Discovery Potential of ¢ — ch’ — 771~

e 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.

e Requiring momentum fractions of tau decays 0 < x < 1,
effectively removes irreducible background.
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Recent Studies of pp — tt — tch? = terT77 + X

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

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

® \We have done parton level, event level, and BDT analysis.

e \We have improved the significance by a cut on Echarm(top).
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Reconstruction ot the Higgs Mass

do/dM(pp - tt - tch® - bjj ce u* +X) (fb/GeV)
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Cluster Transverse Mass

do/dMq(pp - tt - tch® > bjj ce u* +X) (fb/GeV)
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Feharm 10 the Top Frame

(b) Delphes, Vs = 13 TeV
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Centrality

dC/pr(pp - tt - tch® - bjj cl*1™ +X) (fb/GeV)
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The UNIVERSITY of OKLAHOMA

Vs = 13 TeV
’I T T 1 | T T T | T T 17T | T T 1T | T T T | T T 17T
& i
400 - —
-:: Blask dash: ttjj before x cut .
- -
_::. Blue dot: tcll after x cut i
il Red got : ttjj after x cut ::-
300 [+ 4
H i
1! h
bt Il_
L ,':_
[}
200 M+ ™
[ H
! I
1 4
b |
i R
100 -\ , H
Y " i
n\ s\ TR
ul N s /700
! AR “,// \\\ ,‘{," T
O -: I~ 1 | N P T | B I | | I | 1711 1 f 11 1 1
-15 -1.0 -05 0.0 0.5 1.0 1.

16



Cross section in tb at parton level

Vs (TeV) X =0.01 A\ = 0.064 Vs (TeV)  ttjj  bbjjrr  bbjjWW  ttW  Total
13 0.0096 0.39 13 0.96 0.06 4.03x10~* 0.006 1.03
14 0.012 0.46 14 1.16  0.07 5.04x10~* 0.008 1.24
27 0.043 1.72 27 419  0.22  1.84x107% 0.020 4.43

Higgs signal Background
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Statistical Signiticance

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

Ngg = /2 x (Ng + Ng)In(1+ Ng/Ng) —2 x Ng

e For Ng >> Ns, it becomes the well known Gaussian
significance : Ngs = Ng/ ‘N5 .

% The UNIVERSITY of OKLAHOMA
' Cowan et al. Eur. Phys. J. (2011)



BDT Analysis for T — ch’ — 7777

(a) BDT Output Set 1

- Signél (tlestlsallnplé) T ISiglnall(tréini||1g slamlple5
:@ Background (test sample) e Background (training sample) ]

(1/N) dN/ dx

a

L Kolmogorov-Smirnov test: signal (background) probability = 0 (0.004)

" 04 02 0 0.2 0.4
BDT2 response

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%
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Discovery Potential of ¢ — ch” — crt7™

at the LHC and Future Hadron Colliders

Vs (TeV) L (tb™1)  B(t — ch®)  Aen

13 139 1.4x 1073 0.073
13 3000 3.0 x 107*  0.033
14 3000 2.6 x 107* 0.031
27 3000 1.4x107% 0.023

% The UNIVERSITY of OKLAHOMA



Discovery Potential of t — ¢h’ — cWW*

at the LI

I1C and Future Hadron Colliders

Vs (TeV)  B(t — ch®) A

13 1.37 x 1072 0.071
14 1.29 x 1072 0.069
27 6.2 x 107%  0.048
100 2.1 x107% 0.028
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t — ChO . ct1, cWW

Vs = 13 TeV (Parton Level), £ = 160 fb™!

10

Ngs

—— h°-» WW*(arxiv/hep-ph 1901.00157)
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Both ATLAS A = 0.064
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Summery and Conclusions

o It is of great interest to investigate the link between the most
massive particle (top) and the mass giver (Higgs).

e It is a win-win strategy to search for the FCNH top decay t — ch”
and the heavy Higgs decay HY, A — té + tc -

« In the alignment limit, the FCNH heavy Higgs decay
HY AY — té + tc can be sustained by sin(B-a) ~ 1.

« We might find out if nature chooses the same mechanism
for electroweak symmetry breaking and tree level FCNC.
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Collaborators: Phillip Gutierrez and Rishabh Jain
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