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Introduction & Motivation

e Deviations from the Standard Model
e Baryon asymmetry in the Universe'

e Flavor anomalies of quarks and leptons 2 » 3

e A general two Higgs doublet model (2HDM) provides a simple
extension to the SM

e Two scalar SU(2) doublets

e Five physical Higgs bosons: two CP-even scalars [H
(heavier) and h° (lighter)], one CP-odd pseudoscalar (A°)
and a pair of charged Higgs boson (H¥).

lAA D. Sakharov, Pisma Zh. Eksp. Teor. Fiz. 5 (1967) 32-35, Sov. Phys. Usp. 34 (1991) 5,
392-393.

QR. Aaij et al. [LHCb], Phys. Rev. Lett. 115, no.11, 111803 (2015).

3R. Aaij et al. [LHCb], JHEP 08, 055 (2017).
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Introduction & Motivation

The Yukawa Lagrangian in a general two Higgs doublet model:

1 _
:ﬁ Z F{ [&Fsﬁ,a + ch,g,a} n° + [KFCg,a — stﬁ,a} H°
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e PLr=(1F5)/2, cg—a = cos(B — @), $—a = sin(fB — a)
e « is the mixing angle between neutral Higgs scalars

e tan 8 = vz /vy is the ratio of the vacuum expectation values of the two
Higgs doublets

e (r is the fermion charge

e rk matrices are diagonal and fixed by fermion masses to k= \/imF/v
with v &~ 246 GeV

e p matrices contain both diagonal and off-diagonal elements with free

parameters
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Introduction & Motivation

e With strong constraint B(t — ch®) < 3.7 x 10~%, placed by
ATLAS Collaboration* and CMS Collaboration®

o Mo <0.036, with Agep, oc 1.92 x /B(t — ch9)
* Den] o e cos(8 = ), where pic ~ v/(Toecl? + Tpul?) /2

o HO/AY - te+1c

t/c N \
tcH _, 170 . AtcA _, 410
ctH i ctA
v2 T V2
HO/AO |>\tcH‘ X ﬁtc Sin(ﬁ - a)a ‘)\tcA| X p~tc .
c/t

e In the alignment (decoupling) limit, cos(8 — a) — 0,
sin(8 — «) &~ 1, |Ater| and |Aica| are not suppressed

4G. Aad et al. [ATLAS], Eur. Phys. J. C 84, no.7, 757 (2024).
5A. Hayrapetyan et al. [CMS], [arXiv:2407.15172 [hep-ex]
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Signal Process

o pp — to? — t(tc), where ¢° = H? or A°
9 99— ¢

A

cC—Pp— - - --
HO/AO<

e All Top: ttc — bjjcblv
e dominant physics background: (ttj) pp — ttj — bbjjjlv

e Same Sign Top: ttc — bbcl*(*vv where £ = e or p

e dominant physics background: (ttw)
pp — ttw® — bbjjlETy
e other background: (ttz) pp — ttz — bbjjlT (T
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All Top final state (b;

e Basic requirements

(i) five jets including two b-jet and one c-jet with
Pr(b,c,j) > 25 GeV, |n(b,c,7)] <2.5
(iii) a lepton with pp(€) > 20 GeV, and |n(¢)| <2.5,
(iv) AR(cj,jj,bj,be, L], b, be) > 0.4,

(v) missing transverse energy MET= F > 25 GeV,

e Reconstruct P, with m,, and m: ((P, + P[)Z =m?,
(Po+ P+ B,)? =mj).
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All Top final state (bjjcblv)

e Reconstruct my with ¢ — jet.

e Energy of the charm quark (E.) in the rest frame of the Higgs

2 2
Boson. The peak E7 is given by E; = "5t [1 + ;;%{ — 1:2; 5

EZ(200) = 25.4 GeV, EX(300) = 100.3 GeV, E?(400) = 162.7 GeV.

M(cblv), Vs=13 TeV E,, Vs=13 TeV
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6T. Han, J. Jiang and M. Sher, Phys. Lett. B 516, 337-344 (2001)

DPF-PHENO 2025 8 / 16



Same Sign Top final state™ 8(bbcl*(*vv)

e Basic requirements

(i) three jets including two b-jet and one c-jet with
Pr(b,c) > 25 GeV, |n(b,c,7)] <2.5
(iii) two lepton with pr(¢) > 20 GeV, and |n(¢)| <2.5,
(iv) AR(be, £b, le, 0l) > 0.4,

(v) missing transverse energy MET= F > 30 GeV,
pT(c), Vs=13 TeV

s 10" T T T

$

N

e For my > 400 GeV, S ook gt
Pr(c) cuts can reduce o !
il my
background .
104 g 500

350 400
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7VV. Hou, M. Kohda, T. Modak, Phys.Lett. B 786 (2018) 212-216
SCI\’[S Collaboration, Phys. Lett. B 850 (2024) 138478
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Statistical Significance

Ngg is calculated by:

NSS = \/2 X (NS+NB)1H(1—|—NS/NB> — 2 X Ns.

Here Ng and Np are number of signal and background events,
where Ng = 03 X L, Ng = 0p X L, and L is the luminosity of
the LHC.?

9G. Cowan,K. Cranmer,E. Gross and O. Vitells, Eur. Phys. Jour. C 71 (2011) 1554.
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Cross section & Ngg

e All Top state at /s = 13 TeV:

pte = 0.4 Signal tt] Nss(L=1000 fb—1)
mpy = 200 GeV  0.2866 fb  14.80 fb 2.35
mpyg = 300 GeV  0.3545 b 31.62 fb 1.99
mpyg = 400 GeV  0.1211 fb  18.17 fb 0.90

e Same Sign Top final state at /s = 13 TeV:

pte = 0.4 Signal ttw ttz Nss(L=1000 fb—1)
my = 200 GeV  0.2027 fb  0.0339 fb  0.0015 fb 22.41
mpy = 300 GeV  0.1791 fb  0.0339 fb  0.0015 fb 20.36
mpy = 400 GeV  0.0695 fb  0.0339 fb  0.0015 fb 9.43
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5 o discovery contour

e All Top final state: e Same Sign Top final state:

/s =13 TeV, 5 o contour for all top /s =13 TeV, 5 7 contour for same sign top

05
035
2030
025
0.20
015 cashed: L=30 fb" 015 dashed: L=30 /"
solid: L=300 fb1 solid: L=300 fb1
cotted: L=3000 fb~! dotted: L=3000 fb~!
1 010+
200 20 300 30 e 150 500 200 20 300 30 00 150 500

i (GeV) my (GeV)

DPF-PHENO 2025 12 / 16



Conclusions

e Applying alignment limit, cos(8 — ) — 0, sin(8 — a) =~ 1,
[Aicr| o presin(B — @), |Aical < pre, H/A — t¢+ ct unsuppressed.

e In signal process, p:. appears in the production of cg — tH and also
in the decay of H — t¢. This FCNH process pp — tH — tt¢ + X can
provide a good channel to measure ptc or pic

e All top final state allows us to reconstruct the momentum of neutrino
and further reconstruct my. However, the ttj background is
overwhelming.

e Same sign top final state is almost background free. Combining with
all top final state can help us improve the selection strategy and
enhance the discovery potential.

e Pseudo-scalar signal will impove the discovery potential especially
when mpy and ma degenerate.
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Thank you!
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Backup: C-Tagging

CMS simulation 2017 (13 TeV)  CMS Simulation 2017 (13 TeV)
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OA. Tumasyan et al. [CMS], JINST 17, no.03, P03014 (2022)
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