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We study single production of heavy vector-like bottom
(VLB) quark partner and its decay to a top quark and W
boson at the Future Circular hadron Collider (FCC-hh)
with high center of mass energy of 100 TeV. The results
show that the mixing between the vector-like quark and
third generation quarks can largely enhance the
| production cross section. We analyze the final state
kinematical distributions for all hadronic mode. Studying = ™

—— backgrounds
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the observabillity of single VLB quark through the process ﬂ
pp->Bbg+X, we set attainable mass limits depending on .
different coupling strength relevant to the single . ‘5°° = i i
production at FCC-hh. '  HIPSIQ/GI(S IR ) kA (1) #-/) /-6 4/+;#' (<-6)
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)1 ' v | ¥ ¢ presented in Fig. 6 for signal and background. Signal is
In recent years, many natural extensions of the Standard | ™ " ’ \\ . | N g separated from background for H->900 GeV.
Model has been proposed. Some examples are Little 8 ' Signal events contain at least seven jets, for VLB .
Higgs model or Composite Higgs models, in which "N reconstruction we use five of them. Others forward jet and ¥ vI———
additional top quark partners with masses at the TeV  \ collinear jet, respectively. j; in Fig. 3 has the largest pT and " | ' 8 3 -
scale are predicted. Some of these models postulate the central jet, while js has lowest prand almost flat in rapidity. | s
existence of vector-like quarks (VLQs). Since the left- - AT \ ~ :
handed (LH) and right-handed (RH) chiral components, % #F a v ..  BE U8 & . & .

of these partiCIeS transform in the same way under the N Rl SET NSO )T T H ZFO ZFZY 0/
SM electroweak symmetry group. In contrast to a fourth ,
chiral quark generation, their impact on the H properties —
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Is small, such that VLQs have not been excluded by the = = - L
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measurements of H mediated cross sections. = ™
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- !."#$DJ$DK*,QS"L*D/-6 4: /PO CSNLDC )H-/A8 0 " 1 Quantifying statistical significance (SS), we use signal
1\‘. ‘ . and background events after final cuts. Here SS is
defined as

As expected In the signal events, we have seven |jets|
mostly, events with four jets and five jets and six jets have
enough size. Events including b-jets have the size one
mostly, and two and three.
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Signal Jet(i) Mass Table 1: Statistical significance (SS) depending on coupling and mass
ofwector-like B quark at FCC-hh with 10 ab? . For 3" significance we
find /5 =0.24 at mgz=1 TeV.
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SS(! ,=0.5) 59.29 58.23

ss(! ,=0.3) 7.68 7.55
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P'HIMOIN"Y, "4<," (=) . (" 6*%,087))06*,) 6=c%E6ELDCIMEM/ ** A study on single vector-like B-quark production at FCC-
' (F6*"*6 /++("6"-# ,(, 7" 1, . (" )H-/0% . hh has been carried out with detector fast simulation.
" . ‘.' We find signal significance greater than 7 at an

_ -

integrated luminosity of 10 ab! for ! z=0.5 and ! 3=0.3 in

the range of VLB masses from 1 TeV to 3 TeV. For a
value of significance 3" we find a limit | g=0.24 at mg=1

TeV. High energy FCC-hh extends the new particles

When we check the jet masses in the events as
shown in Fig. 5, some events have large jets (known
as W-jets or top-jets) showing a peak around m, or

107"

B T 455%8(%5800 m; . We recopstru_ct the VLB mass from jets w?th large search limits to TeV scale.
jet mass or light jets. To select events following cuts
48 5 &) )*+,"(=) . )'#-/0 1°(+%)) 112345 /-6 are applied:
6*1*-6"-# (- ,7*8/)) (. 9*+,(":(";* 35</";$ » Nj>6and b-jet >0

 P+(jets) > 30 GeV and |n(jets)| < 4
Selected events are separated into categories

As a benchmark, we consider down type vector-like exploiting the large jet properties. For leading large jet -

quark B in the mass range mg % 1000-5000 GeV. A pr> 4oogGeV angd sJubE)Iea%ing g Tol: >92009616V A.uthor§ are greateful to O. Cakir for valuable
VLB quark could decay into Hb, Zb or tW final state. This are required. discussions.

search focuses on the tW final state. As shown in Fig. 1.

We have calculated the cross section depending on VLB For reconstruction a jet assignment is tested using a |

mass for different coupling parameters ! g at FCC-hh. #2 keeping in mind an optimisation in simulation.

Since the cross section is proportional to ! g, for other Invariant mass distributions are given in Fig. 7 for [1]ATLAS Collaboration, JHEP 02,110(2016).

values the cross section can also be rescaled. signal and background. [2] GMS Collaborations Physics Letters B 772, 634—656

(2017).
[3] CMS Collaboration, Eur. Phys. J. C. 79-90 (2019).

In order to calculate statistical significance, we take
J ’ [4] ATLAS Collaboration, JHEP 05, 164 (20‘9).

the mass bin width of 200 GeV at each benchmark
We consider the background processes: ttbar, tW, {, mass points. Signal (S) and background (B) events « *
W+nj (n=1,2,3) . We add them as the total background. are calculated within mass intervals normalizing
histograms to the cross sections times integrated
luminosity.




