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Fit of Higgs couplings

Current fit of Higgs couplings to gauge boson and fermions

✦ assumption

✦ bounds
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• same coupling to t and b
kb = kt = kF

⇠ < 0.10 at 95%CL

⇠ < 0.12 at 95%CL



Production of top partners

✦ pair production

✦ single production

• depends on            vertex 

• dominates at high masses
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Bounds on top partners
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Bounds on top partners
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Bounds on top partners

Bounds on charge 2/3 states from single production
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Figure 7: (a) Observed and expected limit (95% CL) on the coupling of the vector-like quark to the SM W boson
and b-quark as a function of the Q mass, where the BR(T ! Wb) is assumed to be 50%. The excluded region is
given by the area above the solid black line. (b) Observed and expected limit (95% CL) on the mixing of a singlet
vector-like T quark to the SM sector, where the BR(T ! Wb) is assumed to be that of a singlet. The excluded
region is given by the area above the solid black line. The limits are shown compared to the indirect electroweak
constraints from Ref. [19] (green and red line). In addition, the observed limits from pair-production searches by
ATLAS [23] (olive) and CMS [27] (blue) are shown.

approximation is used in the production of the signal samples. To test the validity of the limits shown in
Figure 7, the limits were recalculated for signal samples with �/m values up to 0.46, using the same the-
oretical cross-section prediction. For all masses and �/m the observed limit is found to be more stringent
than, or equal to, the value obtained for the narrow-width approximation. For m(Q) = 0.9 TeV the cross-
section times BR limit decreases by 15% (20%) for �/m = 0.3 (�/m = 0.46) and for m(Q) = 1.2 TeV
the limit decreases by 13% (21%) for �/m = 0.3 (�/m = 0.46). Hence, the limits presented in this paper
constitute a conservative estimate regarding the assumptions about the width of vector-like quarks.

9.2 Interpretation for a vector-like Y quark from a doublet

The limits on cross-section times BR are used to set limits on the couplings cWb
L and cWb

R for a vector-
like Y quark. Using the theoretical cross-section and the general vector-like quark model discussed in

Ref. [21] as well as the BR(Y ! Wb) = 1, a limit on
q

cWb
L

2
+ cWb

R
2 is set. Due to the higher BR of

the vector-like Y quark, this limit as shown in Figure 8(a) is more stringent, by a factor of 1/
p

2, than
the limit on |cWb

L | for single T production. The cross-section limit is also translated into a limit on the
mixing parameter | sin ✓R| in a (Y, B) doublet model. This is done as a function of the Y mass as discussed
in Ref. [19]. Figure 8(b) shows the resulting limit on | sin ✓R| for the (Y, B) doublet as a function of m(Y),
including also the limit on | sin ✓R| for a (Y, B) doublet model from electroweak precision observables
taken from Ref. [19].
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Figure 5: The expected and observed limits on the scaling factors |cbW
L | (left) and |ctZ

R | (right)
of the Simplest Simplified Model of Ref. [21, 22], which predict the existence of a left and right
handed coupling for a singlet and double T quark, respectively. The left (right) plots are for a
singlet (doublet) T quark.

Table 4: The observed and expected 95% CL upper limits on the cross sections times the branch-
ing ratio s(pp ! Tbq) B(T ! tH) and s(pp ! Ttq) B(T ! tH), for different masses of the T
quark.

Mass (GeV)
pp ! Tbq (LH) pp ! Tbq (RH) pp ! Ttq (LH) pp ! Ttq (RH)

Limits in pb
Obs. Exp. Obs. Exp. Obs. Exp. Obs. Exp.

1000 0.93 1.36 0.66 0.96 0.40 0.57 0.37 0.57
1100 0.44 0.60 0.42 0.59 0.35 0.48 0.31 0.45
1200 0.47 0.41 0.38 0.32 0.42 0.44 0.42 0.44
1300 0.44 0.35 0.35 0.28 0.45 0.37 0.44 0.35
1400 0.37 0.32 0.32 0.26 0.44 0.39 0.44 0.39
1500 0.39 0.33 0.38 0.31 0.47 0.28 0.38 0.25
1700 0.52 0.24 0.46 0.20 0.51 0.19 0.51 0.20
1800 0.51 0.23 0.39 0.19 0.49 0.20 0.44 0.18

CL upper limits on s B(T ! tH) are set varying between 0.31 � 0.93 pb for T quark masses
ranging from 1000 GeV to 1800 GeV in the pp ! Tbq and pp ! Ttq production channels with
left and right handed couplings to the SM third generation quarks.
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Bounds on vector resonances
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Figure 3.3: Current experimental constraints in the (MV , gV ) plane in models A and B. The notation
is the same as in Figure 3.2.

region, and bounds from EWPT constrain model B more than model A. The last two features

are due to the larger value of cH predicted by model B, corresponding to a region which is

very di�cult to access with direct searches.

A second interesting way to present the experimental limits is to focus on explicit models

and draw exclusion curves in the plane of their input parameters. In both models A and B we

have two parameters, the coupling and the mass of the new vector. The limits in the (MV , gV )

plane are reported in Figure 3.3. We find similar exclusions in the two models at low gV , where

the limit is dominated by leptonic final state searches, but the situation changes radically for

large coupling. In particular the limit in model B is rather weak and barely competitive with

EWPT already for intermediate couplings gV ⇠ 3 and it disappears when the coupling is large.

Finally we want to check that, as expected from the discussion of Section 2.1, the param-

eters cV VW , cV V V and cV V HH a↵ect the exclusion only marginally. We thus plot the same

constraints shown in Figure 3.2, in the (cH , cV VW ), (cH , cV V V ) and (cH , cV V HH) planes in

Figure 3.4 for the benchmark models A and B at gV = 3. The plots represent a horizontal slice

at cF = 4 in the second plot of Figure 3.2 using the same coloring as previously. We find cV VW

and cV V V indeed to be sub-leading with no variation in their direction. A slight tilt can be

observed in the direction of cV V HH , on the other hand. This is due to the enhanced sensitivity

on cV V HH induced by the term (1� 4cV V HH⇣2)2 in the width in Eq. (2.31) for relatively large

⇣. The correction induced by this term can be of the order of 20% for cH ⇠ �0.5 (⇣ ⇡ 0.4).

One could expect the same enhancement in the central plot, due to the term (1+ cHcV V V ⇣2)2

in the width in Eq. (2.31). However, the absence of the factor of four only gives an e↵ect of

the order of the percent for cH ⇠ �0.5, not clearly observable in the central plot.

3.3 Limit setting for finite widths

The final goal of a resonance search is to set experimental limits, for either exclusion or dis-

covery, on the resonance production cross-section times the BR into the relevant final states
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Composite Elementary
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✦ searches

leptonic searches

bosonic searches Pappadopulo, Thamm et al.
see also Greco and Liu



Future collider reach

Thamm, Torre,  Wulzer
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