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2HDMS

® We consider a CP conserving type Il Two Higgs Doublet Model extended by complex
scalar singlet (2HDMS)

® &, couples to down-type quarks and ®, couples to up-type quarks

® The scalar potential is,
V = Voupm + Vs
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2HDMS
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2HDMS

The singlet and doublet fields can be written as,

i = (12 (v; fi)ﬁ im)) 0= < 8 )
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2HDMS

The minimisation conditions are,
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2HDMS

® Eliminate the free parameters m¥;, m3,, m%
® Set \] =\

Interaction basis
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® where tan 5 = Z—i and m’s2 is the coefficient of the DM mass term

® Using the rotation matrix R in terms of the mixing angles a1, a2, a3, we go to the

mass basis
Co, Ca Sa; Cay Sas
R= —Sa1Cas — CarSasSas  CarCaz — SarSasSas  CanSas
SaySas — CaySanCas  —CaySas — SaySazCas  CanCas
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2HDMS

/ I/ /
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2HDMS

Portal Couplings
2 =2,
X, — 2AL

® Couples As to h;

® |nfluence on DM observables
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Benchmarks

[ [ mp, (GeV) [my (GeV) | Qh? [ BR(hs = xx) [ BR(h2 = xx) |
BP3 700 156.0 [1.61 x 10~ % 0.69 -
BP55 650 55.6 0.11 3.81x10~° 0.0199
BP2900 2900 1000 0.111 0.04 -

Table: Benchmarks BP3, BP55, BP2900 with m,, = 95.4 GeV, my, = 125.09 GeV consistent with
theoretical as well as experimental constraints
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DM Production Processes

(a) p=pt — ZAsAs

(b) = pt — AsAsy
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Analysis

Unpolarised cross sections o against /s

Polarised cross sections against /s for different Pgg [-100%, +100%]
Angular distribution for ZA;A

All analysis done using WHIZARD
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Cross Sections at the Muon Collider
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(a) Unpolarised cross sections for u~u™ — ZAsAs (b) Unpolarised cross sections for p~ut — AsAsy
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Polarised Cross Sections: p " — ZAGAs
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(b) o against /s for BP3
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Polarised Cross Sections: p " — ZAGAs
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Figure: o against /s for BP55
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Angular Distribution for Outgoing Z: 1 put — ZAAs
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Figure: Unpolarised angular distribution for BP3 at /s = 3 TeV
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Angular Distribution of Outgoing Z: ;™ — ZAAs

No. of events

No. of events
— (A) 800 = e/L

600 Bm 600 | ]

400 400

200 — 200

0 0 }»
1 (‘]5 (‘] 0.‘5 -1 ,(‘)_5 (‘) 0‘.5 1
cos(8) cos(8)

(a) Angular distribution for BP3 at /s = 3 TeV for (b) Angular distribution for BP3 at /s = 3 TeV for
Peg = +100% Pog = -100%
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Angular Distribution of Outgoing Z: ;™ — ZAAs
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Figure: Unpolarised angular distribution for BP55 at /s = 3 TeV
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Angular Distribution for Outgoing Z: 1 put — ZAAs
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(a) Angular distribution for BP55 at /s = 3 TeV
for Pog = +100%
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(b) Angular distribution for BP55 at /s = 3 TeV

for Peg = -100%
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Polarised Cross Sections: p " — AsAsy
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(b) o against /s for BP55
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Polarised Cross Sections: p " — AsAsy
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Figure: o against /s for BP3

20/21



Takeaways

For u=pt — ZAGAs,
® BP3 gives the best unpolarised cross sections

e Cross sections heavily suppressed at extreme polarisations for BP3 and BP2900 but
amplified for BP55

For u=u™ — AsAsy
® BP3 gives the best unpolarised cross sections

® Cross sections heavily suppressed at extreme polarisations for all three benchmarks
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