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Motivation for extending the Standard Model

o To ensure the EW Vacuum stability till Planck scale
o Dark matter candidate

@ Generation of neutrino mass
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Dominant top quark effect in SM

@ The effective potential for high field values is written as
ht
Ve (h, ) ~ Aeff(th)T, with h> v,

@ Where Aqf is given by
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Negative Contribution from top quark
@ Condition of metastability
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Status of
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Scalar extension with IDM and ITM

@ The general Z» symmetric Higgs potential for inert 2HDM is
Vicatar = M3 @101+ m3, @705 + 41 (9] 01)% + Ao (9] 5)°
+23(®]P1)(P5P2) + Aa(®]P2) (9] 1) + [A5(P] 2)* + Hoc].
o A Z, symmetric potential for ITM can be written as

V=mid o+ m2 Tr(TIT) + M |0 D+ A (Tr| TT T2
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Scalar contribution in RG improved effective potential

@ The effective potential for high field values is written as
I
Veir(h, 1) =~ le[f(h,“)j, with h> v,

@ Where A is given by

1 K; h?
Tar(hp) = W)t X miklog T~
—— 167 i=WE zt, B
tree-level hGE.Go
Contribution from SM
1 2 K,'hz
+W Z n;K; [Iog TE 7c,-]

i=H.AHE /Ty, T+

Contribution from IDM/ITM

@ Condition of metastability
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Vacuum stability in IDM and IT
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@ In both scenarios, Planck scale stability is achievable unlike SM.

@ IDM is bit more stable than ITM.
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Seesaw Mechanism

@ Seesaw mechanism is motivated for generating small neutrino mass

o Two different scenarios are considered
Type-| Seesaw- Singlet fermions
Type-1ll Seesaw- Triplet fermions with SU(2) gauge charge

@ The SU(2) gauge charge of triplet fermions will show drastic change in stability
and perturbativity behaviour
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Scalar extension with RHN

o Type-l seesaw Lagrangian

— o~ 1
Ly = ,NRI.JNRI.—(YNU.L,-cblNRj—EN;iMR(NRi+H,c.),

(0 Mp
M“’(ME MR>

my = —MpMg*M]

Neutrino mass matrix

o Light neutrino mass

o Inverse-Seesaw Lagrangian
_ _ _ . _ 1=
Liss = iNRINg +i5dS — (YNLL¢1NR +NrMgS+ 5SC#SSJr H.a) ,

@ Neutrino mass matrix

0 Mp O
My=(MJ 0 Mg
0 M us

Light neutrino mass
my = MpMg* us(Mg) ' M

@ Rest are almost degenrate around Mg + ”75
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Metastability and instability
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@ Lower Y)y corresponds to almost stable region

@ Higher Y} corresponds to large unstable region
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IDM with Type-Ill Inverse seesaw

o We have SU(2) doublets @1, &> with same hypercharge % and three generations
of fermionic triplets X1, ¥, with zero hypercharge

e ()
no (R E ) me (U2 E )

o IV2 L -IV2
@ The general Higgs potential for Type-lll Inverse seesaw

- - 1. _
Liss = Tr[Z1;DXq] + Tr[Xo Do) — 5 Tr[Xoits ;X5 + Zg,-u{,.jizj-]

_ (61271,\/53/1\/” Lj + Tr[fliMNU Z2j] +H.C.)
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Running of gau

o Gauge coupling g» enhances positively large in Type-Ill
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iction on number of gener

@ g» contribution is too large with three generations

o Stability gets enhanced with large g» contribution
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Variation of stability scale with Yy

o For Ai(EW) < A, =0.1264, Aj hits the Landau pole till a particular value of Yy
@ A/s hits the Landau pole for higher values of Yy before 4,

@ Stability scale enhances with increase in A;
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Stability analysis from Effective potential approac

o Type-lll seesw is completely unstable

@ 30 contour lies in unstable region for Yy = 0.4
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mass in IDM and ITM

Relic density bound on
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e For IDM, M, > 700 GeV corresponds to correct DM relic value
@ For ITM, Mz, > 1200 GeV corresponds to correct DM relic value

@ The presence of one extra Z>-odd scalar results into higher DM number density in
IDM case, leading to lower mass bound on DM mass for IDM.
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S| cross section bound on DM mass

XENONI100 : 051 < 2.0 x 107" cm?,
LUX: 05 < 7.6 x 107 %0 cm?,
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@ The cross-section varies with the DM mass and the Higgs quartic coupling A3ss
for IDM and Ay for ITM
o In IDM, Higgs quartic coupling Azss = (A3 + A4 —2A4s5) can be fine-tuned to satisfy
the cross-section bounds for much lower DM mass compared to ITM
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Decays in IDM and ITM

@ The additional Zy' symmetry restricts the decay modes and only three-body
decays are allowed.

o In case of IDM we get prompt decay.

@ In case of ITM we have much more compressed spectrum which gives O(1—10)
m decay length (displaced decay).
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Conclusions

@ The minimal extension to SM necessary for Charged Higgs is SU(2) doublet and
triplet in SU(2) representation.

o Planck scale stability is achieved in both IDM and ITM unlike SM.

o IDM and ITM both are safe but in case of ITM we have LHC signatures of
displaced vertex which are not so natural in IDM.

@ The bound on DM mass from DM relic density is > 700 GeV in IDM and > 1176
GeV in ITM.

@ The additional Z>' symmetry in IDM and ITM also restricts their decay modes.
@ In the case of IDM + Type-l, Yy=0.32 value is crucial from stability bound.

o IDM and Type-| seesaw do not directly talk to each other so one has to rely on
three-body decays.
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