
Oct. 7th 2024

Top Exotic decays and Flavor Changing 
Neutral Currents at the top factory

Focus topic expert team meeting 



Top quark decay at the Top Factory
t → BSM

Even a mere factor 2 stronger bounds on the particles originating 
flavor violation makes a factor 16 in the FCNC BR. This can take 
a “border-line observable at top factory” BR=10-5  down to 10-6 

and ruin the party.
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Top Flavor in 2HDMs
with  

Miriam Bulliri (Roma1 Sapienza) and Federico Mescia (LNF Frascati)



a.k.a. NFC − Type I or Inert
a.k.a. "up-specifc" or NFC − Type II

a.k.a. "down-specifc" 
a.k.a. "lepton-specifc" 

Nomenclature for 2HDMs (no pretense to be complete)

2207.06771

ϕ1 → − ϕ1
ϕ2 → − ϕ2, uR → − uR
ϕ1 → − ϕ1, eR → − eR
ϕ1 → − ϕ1, dR → − dR

NFC=Natural Flavor Conservation

Symmetries can be advocated to fix which Higgs doublet interacts with which kind of fermions.
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can give bound on λct from collider physics and flavor physics with the most up-to-date

experimental data. The issue on B(Bd → D(∗)τν) is revisited with new data from Belle and

LHCb. Especially it will be shown that the search for the same sign top pair production

at the LHC plays crucial role to constrain λct. Since the current precision measurements

of the SM Higgs properties are very well consistent with the SM expectations [4, 5], we

assume the alignment limit for the Higgs potential of 2HDM type III, in which the SM

Higgs sector is well decoupled from the NP sector.

The paper is organized as follows. In section 2, we briefly describe and discuss about

the Yukawa structure of aligned 2HDM type III. Section 3 explains about the method of

numerical analysis in this work. In section 4, we study the top quark FCNC processes

and investigate the bounds from the LHC experiment. In section 5 and 6, we study the

constraints from the flavor physics with tree-level and loop-level processes. Section 7 is

reserved for the combined analysis and future prospect for the constraints on λct. We

conclude and summarize our result in section 8.

2 Yukawa sector of aligned 2HDM type III

The Yukawa interaction Lagrangian of 2HDM type III can be described as [29]

−LY = Q̄L(Y
d
1 Φ1+Y d

2 Φ2)dR+ Q̄L(Y
u
1 Φ̃1+Y u

2 Φ̃2)uR+ L̄L(Y
ℓ
1Φ1+Y ℓ

2Φ2)eR+h.c., (2.1)

where QL, LL are left-handed quark and lepton doublets while uR, dR, eR are right-handed

singlets in interaction basis. The two Higgs doublets Φ1 and Φ2 are introduced with the

definition Φ̃i = iσ2Φ∗
i where σ2 is Pauli matrix. Y u, d, ℓ

1,2 are corresponding Yukawa matrices

where the flavor indices are implicitly considered. After the EW symmetry breaking Φ1

and Φ2 have the vevs ⟨Φi⟩ = vi/
√
2 which satisfies v21 + v22 = v2, where v = 246GeV. As

usual, we define tan β = v2/v1.

Then, we diagonalize mass matrices for fermions from eq. (2.1) and for Higgses from

Higgs potential Lagrangian which is described in many literatures (We refer to review paper

ref. [7]). We define α as a mixing angle of neutral CP-even Higgses. As we discussed in

the introduction, we adopt the alignment limit that specifies

sin(β − α) = 1 , (2.2)

to make the model comply with the Higgs precision measurement [30–37]. With this align-

ment limit, the Yukawa Lagrangian eq. (2.1) is re-expressed in terms of mass eigenstates

as follows

LY = LY, SM +
1√
2
d̄ξddH +

1√
2
ūξuuH +

1√
2
ℓ̄ξℓℓH − i√

2
d̄γ5ξ

ddA− i√
2
ūγ5ξ

uuA

− i√
2
ℓ̄γ5ξ

ℓℓA+
[
ū
(
ξuVCKMPL − VCKMξdPR

)
dH+ − ν̄ξℓPRℓH

+ + h.c.
]
, (2.3)

by ignoring Goldstone Lagrangian. Here, LY, SM is equal to the SM Yukawa Lagrangian,

u, d, ℓ are mass eigenstates of up- and down-type quarks and leptons, H,A are CP-even

and -odd neutral Higgses, and H± are charged Higgses. VCKM is the CKM matrix, PL and

– 3 –

both the doublets couple to all the quarks and leptons, but flavor violation is only in the 
doublet that does not take a VEV
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of the arbitrary parameter l . Thus we can expect experi-
ments to be able to constrain l<1, for scalar masses of a
few hundred GeVs.

IV. RARE TOP DECAYS: t˜cg ,Z ,g

Starting from the form factors defined in Eq. ~11! and
given in Appendix B, we can also easily derive the rates for
rare top decays like t!cg , t!cZ , and t!cg . The study of
rare top decays has been often emphasized in the literature
@16,17,11,7#, in particular, as a potential source of evidence
for new physics. Indeed, as we can read from Table I, these
decays are extremely suppressed in the SM and they are
quite small even in the 2HDM’s without tree level FCNC’s
~i.e., both in model I and in model II! @16,17#. This is due to
a strong GIM suppression from the small value of the inter-
nal quark masses md ,s ,b as well as the large tree level rate for
t!bW . On the other hand, these rare top decays normally
get enhanced in models with FCNC’s and this motivates us
to estimate their branching ratio in model III. From the ex-
perimental point of view the prospects for the three modes,
t!cg , cZ , and cg are quite different. In particular, t!cg
could be quite problematic for a hadron collider and the
backgrounds will have to be considered before one can en-
sure that they do not represent a serious limitation. On the
other hand, for the e1e2 case background issues are less
likely to be a serious problem even for t!cg .
In model III the modes t!cg and t!cZ have been pre-

viously considered @7# and their rates are given by

G~ t!cg!5
1

~16p2!2
1
8p

mt~ uCg
u
21uDg

u
2!, ~19!

G~ t!cZ !5
1

~16p2!2
1

16pmt
S 12
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2

mt
2 D S

mt
2
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2 21 D

3F ~mt
212MZ

2 !~ uAZ
u
21uBZ

u
2!26MZ

2

3Re~AZ*CZ2BZ*DZ!1MZ
2 S
MZ
2

mt
2 12 D

3~ uCZ
u
21uDZ

u
2!G . ~20!

The rate for t!cg can be written in an analogous manner as

G~ t!cg !5
1

~16p2!2
1
8p

mtCF~ uCg
u
21uDg

u
2!, ~21!

where CF5(N221)/2N .
The branching ratios reported in Table I are obtained by

normalizing G(t!cg), G(t!cZ), and G(t!cg), for sim-
plicity, just to the main decay t!bW rate: i.e.,

G~ t!bW !5
GF

8pA2
uVtbu

2mt
3S 12

MW
2

mt
2 D S 11

MW
2

mt
2 22

MW
4

mt
4 D .
~22!

The branching ratios for model I and model II are deduced
from the analysis of @16,17#, with mt.180 GeV. The results
for model III are obtained by varying the neutral and the
charged scalar masses between 200 GeV and 1 TeV, assum-
ing different patterns as explained in the preceding section
@see, for instance, Eq. ~18!#. In particular the upper bounds
on the different branching ratios given in Table I are ob-
tained by taking the scalars to have a common and relatively
small mass. We also notice that in model III the results show
a significant dependence on mt , such that the numbers in
Table I change on the average by as much as an order of
magnitude when mt is varied between 150 GeV and 200
GeV. This sensitivity to mt may become relevant when the
experiments ever get to the point of being able to measure
this type of rare top decay. Finally, in the FC couplings of
Eq. ~10! we also take all the l i j parameters to be equal to
l . In particular, the numbers in Table I are given for l51.
Our analytical expressions for the form factors contain

some differences with respect to Ref. @7#, as explained in
Appendix B @18#. Numerically they end up being most rel-
evant for t!cg . Figure 3 illustrates the case in which a
common value Ms is taken for all the scalar masses, as might
be useful for comparison @19# with Fig. 2 of Ref. @7#. We can
see that the analytical difference between us and Ref. @7#
translates into a numerical difference of more than 1 order of
magnitude for the t!cg decay rate.
From Table I, we see that B(t!cg), B(t!cZ), and

B(t!cg) can be substantially enhanced with respect both to
the SM and to the 2HDM’s with no FCSC’s ~i.e., model I

TABLE I. Values of B(t!cg), B(t!cZ), and B(t!cg) for
mt.180 GeV, in the SM and in the 2HDM’s denoted as model I,
model II, and model III. Each range is obtained by varying
mc , mh , mA , tanb , . . . over a broad region of the parameter
space of the corresponding model, as explained in the text. For
model III, we have fixed l i j.l51 in the FC couplings.

Decay SM Model I Model II Model III

t!cg ;5310212 10213–10211 10213–1029 10212–1027

t!cZ ;10213 10213–10211 10213–10210 1028–1026

t!cg ;5310211 10211–1029 10211–1028 1028–1024

FIG. 3. Branching fraction for t!cg ~solid!, t!cZ ~dot-
dashed!, and t!cg ~dashed! as a function of a common scalar mass
Ms , when mt5180 GeV.
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from the analysis of @16,17#, with mt.180 GeV. The results
for model III are obtained by varying the neutral and the
charged scalar masses between 200 GeV and 1 TeV, assum-
ing different patterns as explained in the preceding section
@see, for instance, Eq. ~18!#. In particular the upper bounds
on the different branching ratios given in Table I are ob-
tained by taking the scalars to have a common and relatively
small mass. We also notice that in model III the results show
a significant dependence on mt , such that the numbers in
Table I change on the average by as much as an order of
magnitude when mt is varied between 150 GeV and 200
GeV. This sensitivity to mt may become relevant when the
experiments ever get to the point of being able to measure
this type of rare top decay. Finally, in the FC couplings of
Eq. ~10! we also take all the l i j parameters to be equal to
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Appendix B @18#. Numerically they end up being most rel-
evant for t!cg . Figure 3 illustrates the case in which a
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be useful for comparison @19# with Fig. 2 of Ref. @7#. We can
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the SM and to the 2HDM’s with no FCSC’s ~i.e., model I

TABLE I. Values of B(t!cg), B(t!cZ), and B(t!cg) for
mt.180 GeV, in the SM and in the 2HDM’s denoted as model I,
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observable SM EXP Ref. 2HDM parameters

B(B → τν) · 104 0.85± 0.14 1.14± 0.22 [53] λbb, λbs, λbd, λut, λττ , MH±

R(D) 0.297± 0.017 0.391± 0.041± 0.028 [54] (λbb), λττ , λct, MH±

R(D∗) 0.252± 0.003 0.322± 0.018± 0.012 [54] (λbb), λττ , λct, MH±

∆md[ ps−1] 0.51± 0.06 0.510± 0.003 [53] (λbb), λtt, λct, MH±

∆ms[ ps−1] 16.93± 1.16 17.757± 0.021 [53] (λbb), λbs, λtt, λct, MH±

B(B → Xsγ) · 104 3.36± 0.23 3.43± 0.22 [53] λbb, λtt, λct, MH±

B(t → cg) < 10−10 < 1.6× 10−4 (95% CL) [55] (λbb), λtt, λct, (MH±), MH , MA

σ(pp → tt) - < 62 fb (95% CL) [56] λct, MH , MA

Rb 0.21576± 0.00003 0.21629± 0.00066 [57] (λbb), λtt, λct, MH±

ρ0 1 1.00040± 0.00024 [58] MH± , MH , MA

Table 2. SM predictions and experimental measurements for the observables used in the numerical
analysis. The last column denotes their dependence on the 2HDM parameters. The parameters in
the parenthesis imply that they can be safely neglected.

the LHC provides us unique chance to explore the top quark FCNC processes which are

extremely small in the SM.

The experimental search for top quark FCNC can be performed either by anomalous

decays or production of top quarks at hadron colliders with top quark FCNC couplings [59–

64]. We note that the searches for t → ch [65, 66] do not provide any constraints on

2HDM type III in alignment limit since the top quark FCNC couplings with the SM Higgs

vanish. The anomalous top decays via t → c/u V where V = γ, Z are explored at the

Tevatron [67–69] and at the LHC [70–73], without finding any significant excess of signal

events. However, these searches do not provide any meaningful constraints on 2HDM type

III since the prediction is much suppressed by loop correction and EW couplings. Contrary

to top decays, the anomalous single top production has much chance to probe top quark

FCNC coupling due to the large gluon luminosity in the parton-distribution-function (PDF)

and the relatively large QCD coupling. The experimental searches for single top events

put upper bound on B(t → cg) and B(t → ug) [74–78]. We focus on B(t → cg) by ignoring

u-quark involved FCNC process since it is extremely suppressed in Cheng-Sher ansatz even

though u quark PDF is bigger than c quark PDF.

The same sign top pair production is a tree-level process and therefore promising to

test NP scenarios which contain top quark FCNC couplings. Notable example is that

the NP scenario with Z ′ mediated top quark FCNC coupling [79, 80] that explains the

anomalous top forward-backward asymmetry observed at the Tevatron [81–83] is disfavored

by non-observation of the same sign top pair production at the LHC [84, 85]. The recent

experimental search at ATLAS with integrated luminosity of 20.3 fb−1 at 8TeV puts the

most stringent upper limits on σ(pp → tt). We interpret the result as an upper limit on

cc → tt process to constrain λct.

In what follows, we study the phenomenology of t → cg and cc → tt processes within

the 2HDM type III to investigate the top quark FCNC coupling.
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Figure 7. Allowed parameter space (MH± , |λττ |) by the combined constraints from loop-induced
processes and B → D(∗)τν decays. See eq. (6.15) for the definition of each parameter set. The
projection for cc → tt,∆ρ at 14TeV with 300 fb−1 data is shown by a dotted line. The lower bound
of black region is same with gray region so is not shown in the plot.
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Figure 8. 2HDM prediction on B(t → cg) as a function of MH± . The green and black lines denote
the upper bounds from the solutions of the combined constraints S1 and S2, respectively. The gray
region corresponds to the solution S3. The dashed line denotes the current upper bound at LHC,
while the dotted line is for the future sensitivity at 14TeV with 300 fb−1 data.

contribution with O(1) λsb has no CKM suppression, and is comparable to the loop contri-

bution. By including the tree level contribution, the allowed parameter space in (λtt,λct)

plane is significantly extended since the large NP contribution from the loop processes can

be canceled by the tree level contribution. Therefore, including the tree level contribution

in Bs − Bs mixing always weakens the constraints on λtt,λct. To understand the effect of

λsb quantitatively, we show a plot in figure 9 for allowed region of λctλtt with respect to

the fixed λsb value by imposing the constraints from cc → tt, Z → bb and ∆ρ. We see that

for λsb > 0.003MH,A large λctλtt is required to cancel the large tree-level contribution. In

fact, for λsb ≃ 0.003MH,A, the magnitude of tree-level contributions is already comparable

to the magnitude of the SM contributions. For λsb < 0.003MH,A , the bound on λctλtt is

not much changed from the one given in previous section.
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1509.00491

Hardly tenable to consider BR > 10−6

Bulliri et al. Work in progress to 
remove effect from R(D) and R(D*) in 
1509.00491 and update limits from  
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The same sign top pair production is a tree-level process and therefore promising to

test NP scenarios which contain top quark FCNC couplings. Notable example is that

the NP scenario with Z ′ mediated top quark FCNC coupling [79, 80] that explains the

anomalous top forward-backward asymmetry observed at the Tevatron [81–83] is disfavored

by non-observation of the same sign top pair production at the LHC [84, 85]. The recent

experimental search at ATLAS with integrated luminosity of 20.3 fb−1 at 8TeV puts the

most stringent upper limits on σ(pp → tt). We interpret the result as an upper limit on

cc → tt process to constrain λct.

In what follows, we study the phenomenology of t → cg and cc → tt processes within

the 2HDM type III to investigate the top quark FCNC coupling.
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Figure 7. Allowed parameter space (MH± , |λττ |) by the combined constraints from loop-induced
processes and B → D(∗)τν decays. See eq. (6.15) for the definition of each parameter set. The
projection for cc → tt,∆ρ at 14TeV with 300 fb−1 data is shown by a dotted line. The lower bound
of black region is same with gray region so is not shown in the plot.
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Figure 8. 2HDM prediction on B(t → cg) as a function of MH± . The green and black lines denote
the upper bounds from the solutions of the combined constraints S1 and S2, respectively. The gray
region corresponds to the solution S3. The dashed line denotes the current upper bound at LHC,
while the dotted line is for the future sensitivity at 14TeV with 300 fb−1 data.

contribution with O(1) λsb has no CKM suppression, and is comparable to the loop contri-

bution. By including the tree level contribution, the allowed parameter space in (λtt,λct)

plane is significantly extended since the large NP contribution from the loop processes can

be canceled by the tree level contribution. Therefore, including the tree level contribution

in Bs − Bs mixing always weakens the constraints on λtt,λct. To understand the effect of

λsb quantitatively, we show a plot in figure 9 for allowed region of λctλtt with respect to

the fixed λsb value by imposing the constraints from cc → tt, Z → bb and ∆ρ. We see that

for λsb > 0.003MH,A large λctλtt is required to cancel the large tree-level contribution. In

fact, for λsb ≃ 0.003MH,A, the magnitude of tree-level contributions is already comparable

to the magnitude of the SM contributions. For λsb < 0.003MH,A , the bound on λctλtt is

not much changed from the one given in previous section.
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Kim et al, 1509.00491 2015
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observable SM EXP Ref. 2HDM parameters

B(B → τν) · 104 0.85± 0.14 1.14± 0.22 [53] λbb, λbs, λbd, λut, λττ , MH±

R(D) 0.297± 0.017 0.391± 0.041± 0.028 [54] (λbb), λττ , λct, MH±

R(D∗) 0.252± 0.003 0.322± 0.018± 0.012 [54] (λbb), λττ , λct, MH±

∆md[ ps−1] 0.51± 0.06 0.510± 0.003 [53] (λbb), λtt, λct, MH±

∆ms[ ps−1] 16.93± 1.16 17.757± 0.021 [53] (λbb), λbs, λtt, λct, MH±

B(B → Xsγ) · 104 3.36± 0.23 3.43± 0.22 [53] λbb, λtt, λct, MH±

B(t → cg) < 10−10 < 1.6× 10−4 (95% CL) [55] (λbb), λtt, λct, (MH±), MH , MA

σ(pp → tt) - < 62 fb (95% CL) [56] λct, MH , MA

Rb 0.21576± 0.00003 0.21629± 0.00066 [57] (λbb), λtt, λct, MH±

ρ0 1 1.00040± 0.00024 [58] MH± , MH , MA

Table 2. SM predictions and experimental measurements for the observables used in the numerical
analysis. The last column denotes their dependence on the 2HDM parameters. The parameters in
the parenthesis imply that they can be safely neglected.

the LHC provides us unique chance to explore the top quark FCNC processes which are

extremely small in the SM.

The experimental search for top quark FCNC can be performed either by anomalous

decays or production of top quarks at hadron colliders with top quark FCNC couplings [59–

64]. We note that the searches for t → ch [65, 66] do not provide any constraints on

2HDM type III in alignment limit since the top quark FCNC couplings with the SM Higgs

vanish. The anomalous top decays via t → c/u V where V = γ, Z are explored at the

Tevatron [67–69] and at the LHC [70–73], without finding any significant excess of signal

events. However, these searches do not provide any meaningful constraints on 2HDM type

III since the prediction is much suppressed by loop correction and EW couplings. Contrary

to top decays, the anomalous single top production has much chance to probe top quark

FCNC coupling due to the large gluon luminosity in the parton-distribution-function (PDF)

and the relatively large QCD coupling. The experimental searches for single top events

put upper bound on B(t → cg) and B(t → ug) [74–78]. We focus on B(t → cg) by ignoring

u-quark involved FCNC process since it is extremely suppressed in Cheng-Sher ansatz even

though u quark PDF is bigger than c quark PDF.

The same sign top pair production is a tree-level process and therefore promising to

test NP scenarios which contain top quark FCNC couplings. Notable example is that

the NP scenario with Z ′ mediated top quark FCNC coupling [79, 80] that explains the

anomalous top forward-backward asymmetry observed at the Tevatron [81–83] is disfavored

by non-observation of the same sign top pair production at the LHC [84, 85]. The recent

experimental search at ATLAS with integrated luminosity of 20.3 fb−1 at 8TeV puts the

most stringent upper limits on σ(pp → tt). We interpret the result as an upper limit on

cc → tt process to constrain λct.

In what follows, we study the phenomenology of t → cg and cc → tt processes within

the 2HDM type III to investigate the top quark FCNC coupling.
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Figure 7. Allowed parameter space (MH± , |λττ |) by the combined constraints from loop-induced
processes and B → D(∗)τν decays. See eq. (6.15) for the definition of each parameter set. The
projection for cc → tt,∆ρ at 14TeV with 300 fb−1 data is shown by a dotted line. The lower bound
of black region is same with gray region so is not shown in the plot.
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Figure 8. 2HDM prediction on B(t → cg) as a function of MH± . The green and black lines denote
the upper bounds from the solutions of the combined constraints S1 and S2, respectively. The gray
region corresponds to the solution S3. The dashed line denotes the current upper bound at LHC,
while the dotted line is for the future sensitivity at 14TeV with 300 fb−1 data.

contribution with O(1) λsb has no CKM suppression, and is comparable to the loop contri-

bution. By including the tree level contribution, the allowed parameter space in (λtt,λct)

plane is significantly extended since the large NP contribution from the loop processes can

be canceled by the tree level contribution. Therefore, including the tree level contribution

in Bs − Bs mixing always weakens the constraints on λtt,λct. To understand the effect of

λsb quantitatively, we show a plot in figure 9 for allowed region of λctλtt with respect to

the fixed λsb value by imposing the constraints from cc → tt, Z → bb and ∆ρ. We see that

for λsb > 0.003MH,A large λctλtt is required to cancel the large tree-level contribution. In

fact, for λsb ≃ 0.003MH,A, the magnitude of tree-level contributions is already comparable

to the magnitude of the SM contributions. For λsb < 0.003MH,A , the bound on λctλtt is

not much changed from the one given in previous section.

– 18 –

1509.00491

Hardly tenable to consider BR > 10−6

lower energy constraints 

top factory max coverage

Bulliri et al. Work in progress to 
remove effect from R(D) and R(D*) in 
1509.00491 and update limits from  

and 
ρ

b → Xsγ



Summary 

•  has a new and a stronger limit in the RS model, which brings it safely below  

• RS was the only model out of the comprehensive 2013 Snowmass survey capable of 
producing , thus  appears less interesting for the direct observation of 
FCNC top decays at a top factory capable of producing   pairs 

• single-top production at 240 GeV  turns out to be a stronger probe of 
the  coupling than direct observation of the decay  (see e.g. 1906.04573 for CEPC).  

• We find that the superior probing power of single top production holds pretty independently 
of the analysis details, and can even be attained at energies somewhat lower than 240 GeV 
(as to stress the robustness of single top, or if we ever need to run below 240 GeV)

BR(t → cZ) 10−6

BR > 10−6 t → cZ
106 tt̄

e+e− → (Z, γ)* → tc
Ztc t → Zc

• Sagar Airen’s work on RS and single top for  couplingZtc



Summary 
•  has a new and a stronger limit in the 2HDM-FV model, which brings it safely 

below  

• 2HDM-FV was the only model out of the comprehensive 2013 Snowmass survey capable of 
producing , thus  appears less interesting for the direct observation of 
FCNC top decays at a top factory capable of producing   pairs

BR(t → cg)
10−6

BR > 10−6 t → cg
106 tt̄

• Kim et al. + Miriam Bulliri’s work on 2HDM-FV and the  couplinggtc8

The SM value for the top quark width is used in this analysis, since the influence of the FCNC
parameters on the total top quark width is negligible for the allowed region of FCNC param-
eters. The COMPHEP package is used to simulate tug and tcg FCNC processes. The FCNC
signal samples are normalized to the NLO cross sections using a K factors of 1.52 and 1.4 for
t ! ug and t ! cg processes, respectively, for higher-order QCD corrections [54]. FCNC pro-
cesses are kinematically different from any SM process. The posterior probability distributions
of |ktug|/L and |ktcg|/L are obtained by fitting the histograms of BNN output in Fig. 5.

To obtain the individual exclusion limits on |ktug|/L and |ktcg|/L we assume the presence
of only one corresponding FCNC parameter in the FCNC signal Monte Carlo model. These
individual limits can be used to calculate the upper limits on the branching fractions B(t ! ug)
and B(t ! cg) [55]. The expected exclusion limits at 95% C.L. on the FCNC couplings and the
corresponding branching fractions are given in Table 3.

Table 3: The expected exclusion 1D limits at 95% C.L. on the FCNC couplings and the corre-
sponding branching fractions for an integrated luminosity of 300 fb�1 and 3000 fb�1. In addi-
tion, a comparison with statistic-only uncertainties is shown.

Integrated luminosity B(t ! ug) |ktug|/L B(t ! cg) |ktcg|/L
300 fb�1 9.8 · 10�6 0.0029 TeV�1 99 · 10�6 0.0091 TeV�1

3000 fb�1 3.8 · 10�6 0.0018 TeV�1 32 · 10�6 0.0052 TeV�1

3000 fb�1 Stat. only 1.0 · 10�6 0.0009 TeV�1 4.9 · 10�6 0.0020 TeV�1

The dependence of the exclusion upper limits on integrated luminosity is shown in Fig. 7 with
1 and 2 s bands corresponding to 68% and 95% C.L. intervals of distributions of the limits. In
addition the two-dimensional contours that reflect the possible simultaneous presence of both
FCNC parameters are shown in Fig. 8. In this case both FCNC couplings are implemented in
the FCNC signal Monte Carlo model. The expected limits can be compared with the recent
CMS results [23] for the upper limits on the branching fractions of 2.0⇥ 10�5 and 4.1⇥ 10�4 for
the decays t ! ug and t ! cg, respectively.

The effect of each individual systematic uncertainty on parameter of interest is calculated by
fixing the corresponding nuisance parameter at ± s quantiles of the posterior distributions,
and performing the Bayesian inference again. The impacts for the nuisance parameters are
shown in Fig. 9. The biggest contribution for both signal channels come from the uncertainties
of background cross sections and in particular from multijet QCD contribution and tt̄ cross
section uncertainties.

5 Conclusions
A direct search for model-independent FCNC |ktug|/L and |ktcg|/L couplings of the tug and
tcg interactions has been projected for HL-LHC pp collisions at

p
s = 14 TeV based on full Monte

Carlo simulation of the CMS experiment after the Phase II upgrades. The 95% C.L. expected
exclusion limits on the coupling strengths are |ktug|/L < 1.8 ⇥ 10�3 (2.9 ⇥ 10�3) TeV�1 and
|ktcg|/L < 5.2 ⇥ 10�3 (9.1 ⇥ 10�3) TeV�1 for the integrated luminosity of 3000 fb�1 (300 fb�1).
The corresponding limits on branching fractions for the integrated luminosity of 3000 fb�1 are
B(t ! ug) < 3.8 · 10�6 and B(t ! cg) < 32 · 10�6. These results demonstrate that about one
order of magnitude improvement can be achieved with respect to existing limits [23] on the
branching fractions of rare FCNC top quark decays.

CMS-PAS-FTR-18-004

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-004/index.html


Outlook and status for ECFA2024
•  coupling is best probed at 240 GeV via single-top production at  
• Currently there is not candidate model to generate a   (does not mean one cannot make one) 
•  coupling is best probed at the LHC via single top production 
• Currently there is not candidate model to generate a   (does not mean one cannot make one)

Ztc e+e−

BR > 10−6

gtc
BR > 10−6

not observable at 
top factory

Use MSSM 
instead

observable at top 
factory

Model − III
max(Model − I, Model − II )

Sagar Airen’s talk
Kim et al. + Bulliri eta al. (forthcoming)

• No known show-stoppers for  coupling, motivates pursuing also  BSM scalar   Kevin Mota’s talkhtc ϕtc ϕ →



1.Please upload your slides now. We have a summary plot at the Paris meeting. 

2.We will have Kevin and Krill results circulated. Marina Cobal agreed already to review it, 
please make yourself known if you wish to participate in the summarizing of that result for 
the report. 

3.Update of FCNC will be reviewed as well with similar process. 

4.I think there is material to write a more extensive paper after the ECFA report is out 

5.Update of  couplings limits probably compulsory then htc

Next steps



Thank you



pp → ttbb

Z → bbϕ → bbbb
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Direct Searches for new Higgs doubles

ATL-PHYS-PUB-2024-008

ATLAS PUB Note

28th May 2024

Summary plots for beyond Standard Model Higgs

boson benchmarks for direct and indirect searches

The ATLAS Collaboration

This note presents an update of the plots that summarize the interpretations of various searches
for additional Higgs bosons beyond the Standard Model, as well as the Higgs boson coupling
combination, in the hMSSM and the 2HDM. This version supersedes ATL-PHYS-PUB-2022-
043.
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Still to be incorporated
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