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Introduction and Channel of Study

Introduction

Discovery of Higgs boson in 2012, completes SM.

But Nature seems to have more.

There have been some hints from the experiments, for a Flavor
changing neutral currents(FCNC)

An excess of h0 → τµ in Run-I and also in Run-II was observed by
ATLAS and CMS.

SM cannot predict that excess. Hence an extended Higgs sector can
provide us some excess.

2HDM is one of the simplest extension, it introduces, two higgs
doublets (in generic basis).
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Introduction and Channel of Study

Interaction Lagrangian

In physical mass basis, Yukawa lagrangian is given as[4],

−
√

2LY =
∑
F=U,D,L

F̄
{[
κF sβ−α + ρF cβ−α

]
h0 +

[
κF cβ−α − ρF sβ−α

]
H0

− isgn(QF )ρFA0PRF − Ū
[
V ρDPR − ρU†VPL

]
DH+

where PL,R ≡ (1∓ γ5)/2,

cβ−α = cos(β − α), sβ−α = sin(β − α).

α is the mixing angle between neutral Higgs scalars.

κ matrices are diagonal and fixed by fermion masses

κF =
√

2mF/v with v ' 246 GeV

ρ matrices can have both diagonal and off-diagonal, and they are not
hermitian.
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Introduction and Channel of Study

Channel of Investigation

We look for pp → φ0 → τµ→ e/jτ µ+ X .(φ0 = h0,H0,A0)

No CP-violation. All couplings real.

Our Flavor Changing Neutral Interaction terms are,

√
2L ⊂ −τ̄ ρτµsβ−αH0µ− i τ̄ ρτµγ5A

0µ− τ̄ ρτµcβ−αh0µ+ h.c

For ρτµwe use an effective coupling, ˜ρτµ = 1√
2

√
ρ2τµ + ρ2µτ .

(for convienience we write ˜ρτµ as ρτµ in our later slides.)
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Experimental Constraints

Important Parameters

ΓT
(H0,A0) and σ(gg → H0,A0) depends on(other than Mass of Scalars)

ρtt , ρtc (σgg→A0 ∝ ρ2tt)
cβ−α
ρτµ

Experimental result can put some limits on these parameters.

From[6] , we put limits, on these parameter using LHCb and CMS
data as following

ρtt < 1, ρtc < 1
We stay close to Alignment limit[9](Cos(β − α) = 0), setting it to be
0.1.
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Experimental Constraints

Limits from LHC on ρτµ

Experiment CMS(2017)[6] CMS(2015) [7] ATLAS(2017)[8]√
s(TeV) 13 8 8

L(fb−1) 35.9 19.7 20.3

BR(h0 → τµ) < 0.25% < 1.5% < 1.43%
Yτµ < 0.00143 < 0.0036 < 0.0035
Significance 2.2σ 2.4σ 2σ

Here Yτµ = ρτµcos(β − α).

For our analysis, based on the above constraints we choose a range of
0.001 < ρτµ < 0.01 for our analysis.
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Branching Ratio variation for A0 → τµ

Branching Ratio(BR) for A0 → τµ,Setting ρτµ = 0.01

ρtc  0.1Cβα  0.1ρtt  0.5

ρtc  0.5Cβα  0.1ρtt  0.5

ρtc  0.1Cβα  0.1ρtt κtt

ρtc  0.5Cβα  0.1ρtt κtt

200 250 300 350

10
-4

0.001

0.010

0.100

MA(GeV)

B
R
(A

→
τμ

)

R.Jain (University of Oklahoma) FCNH(Heavy Scalar) with leptons May 7, 2018 7 / 24



Dominant backgrounds for leptonic and hadronic channel

Important backgrounds

For a τ decaying to τ+ → e+ + νe + ντ , important backgrounds are,

pp → τ+τ−

pp → w+w−

pp → h→ τ+τ−

pp → h→ w+w−

For a τ , decaying to τ+ → jτ + ντ ,

pp → wj

pp → τ+τ−

pp → h→ τ+τ−

tt̄ (But it is highly suppressed by b veto.)

(Backgrounds are arranged in the order in which they contribute).
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Selection Cuts and Background Cross sections

Selection Cuts

Parameters h0 → eµ+ X h0 → jτµ+ X

PT (e) > 10GeV
PT (µ) > 26GeV > 26GeV
PT (jτ ) > 30GeV

|ηe | < 2.3
|ηµ| < 2.4 < 2.4
|ηjτ | < 2.3

∆R(e, µ) > 0.3
∆R(jτ , µ) > 0.5
∆φ(PT (e),Emiss

T ) < 0.7
∆φ(PT (e),PT (µ) > 2.5

MT (µ) < 60GeV
MT (e) > 50GeV
MT (jτ ) < 105GeV
|Mcol −Mφ0 | < 0.2×Mφ0 < 0.2×Mφ0

* All cuts are taken from [6]
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Selection Cuts and Background Cross sections

Backround Cross sections
√
s 13 TeV 14 TeV 27 TeV 100 TeV

Bkgs Leptonic Channel
p p → ττ 29.82 31.96 58.74 195.09

p p → ww 11.28 12.27 23.73 86.29

p p → h→ ττ 1.71 1.92 5.06 27.9

p p → h→ ww 0.85 0.95 2.51 13.87

Total 43.66 47.1 90.04 323.15

Bkgs Hadronic Channel
p p → wj 2647.3 2895.7 6200.6 25748.4

p p → ττ 102.4 109.8 202.3 676.9

p p → h→ ττ 5.7 6.4 16.9 93.3

Total 2755.4 3011.5 6419.8 26518.6

Table: All Cross sections are in fb, assuming the tagging efficiency of e and µ to
be 1. And εjτ = 0.7, εj = 0.01
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Discovery Regions for LHC and Future Hadron Colliders

Discovery Potential, A0 → τµ→ eµ+ X ,
√
s = 14TeV

ρtc = 0.1 ρtc = 0.5

ρtt = κtt
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Discovery Regions for LHC and Future Hadron Colliders

Discovery Potential, A0 → τµ→ eµ+ X ,
√
s = 27TeV
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Discovery Regions for LHC and Future Hadron Colliders

Discovery Potential, A0 → τµ→ jτµ+ X ,
√
s = 14TeV

ρtc = 0.1 ρtc = 0.5
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Discovery Regions for LHC and Future Hadron Colliders

Discovery Potential, A0 → τµ→ jτµ+ X ,
√
s = 27TeV

ρtc = 0.1 ρtc = 0.5
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Expected Reach for A0 at HE/HL LHC

Expected Reach for pp → A0 → τµ→ eµ+ X at HE/HL
LHC

√
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Expected Reach for A0 at HE/HL LHC

Expected Reach for pp → A0 → τµ→ jτµ+ X at HE/HL
LHC
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Expected Reach for A0 at HE/HL LHC

Expected Reach for pp → A0 → τµ→ eµ+ X at HE/HL
LHC

√
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Expected Reach for A0 at HE/HL LHC

Expected Reach for pp → A0 → τµ→ jτµ+ X at HE/HL
LHC

√
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Conclusion

Conclusion

Significance depends on a lot of parameters.

Here we scanned a parameter range as follows

0.001 < ρτµ < 0.01
150GeV < MA < 400GeV
ρtc = 0.1, 0.5
ρtt = κtt , 0.5, Cβα = 0.1.

As an optimist, best set of parameters are,

ρtc = 0.1, cβ−α = 0.1
ρtt = κtt ∼ 1
MA < 250GeV
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Conclusion

Conclusion

If MA < 250 (for our best parameters)

BR(A0 → τµ) < 0.0083 % can be probed at LHC at
√
s = 27TeV and

L = 3000fb−1 for Leptonic channel
BR(A0 → τµ) < 0.0312 % for Hadronic channel

If MA > 350

More Energy or Higher Luminosity.√
s = 100TeV , quite promising,

BR(A0 → τµ) < 0.0012 % at L = 3000fb−1

BR(A0 → τµ) < 0.004 % for Hadronic channel.

.
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Conclusion
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Discovery Potential, A0 → τµ→ eµ+ X ,
√
s = 100TeV

ρtc = 0.1 ρtc = 0.5

ρtt = κtt
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Discovery Potential, A0 → τµ→ jτµ+X ,
√
s = 100TeV

ρtc = 0.1 ρtc = 0.5

ρtt = κtt
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Expected Reach for pp → A0 → τµ→ eµ+ X at HE/HL
LHC
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Expected Reach for pp → A0 → τµ→ jτµ+ X at HE/HL
LHC
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