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Begowd the Standard Model

The Standard Model provides a framework for explaining
much of the observed resulkts @ expts.
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SM prediction

*Dark Matter

* Massive Neubrinos

*Baryon asymmetry of the
Universe (BAU)

*Origin of electroweale (EW)  Qogrch for BSM @ forefront
svmmeﬁrv breat&ug} and khe

type of EWPT of particle physics research
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Higas Triplet Models (HTMs)
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HTMS CMS Collaboration, Nature 607 (2022)

* Can explain EWBG, DM puzzle, neubtrine oscillation

*Exciting ernomamotogit:ai asp&t‘:&s i colliders:

LHC, HL-LHC, ILC, Muon collider, FCC etc.

#Can be probed in cosmological observatories: LISA,

DECIGO, PRIME, Roman Telescope etc.



HTM with Custodial Symmetry (CS)
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Georal MachacekR Model

¢ In 1985, GM model was first proposed by Georgi and
Machacek as a minimal HTM with p = |

1
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On the centre stage of BSM searches @collider

and cosmological expts.
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Extended Georgl Machacek (egM) Model

¢ Minimal two triplet extension of SM with p = 1 gives rise to
eGM model, not the conventional GM model. ; .., » 5 Paf PM, 211114105

SM with one real and
one complex triplet

4 constraints p=1

CS in kinetic terms only eGIM model
(CS2) =

3 constraints

/Z, sym 2HD

(  when 4, # 4
\._2HDM holds €52 /

CS in scalar potential also
(CS1)



vs.  (coMmonsi

e Scalar multiplets mass e  Scalar multiplets non mass
degenerate degenerate

new decay modes open up

search for new physics @

colliders
e Divergent contribution to p o All the counter-terms are
parameter @ one-loop present in the Lagrangian
e Only H" couples to fermions. o Both H" and F*couple to
fermions

Much richer flavour physics
phenomenology



Theory Constraints on the parameter space

% Why theory bounds are important?

Ans: More statistically robust than expt data with errors

Theory Constrainis

- Higgs potential must be bounded from below

- Yukawa and quartic couplings need to be in perturbative regime

- Eigenvalues of the S matrix of 2 X 2 scattering should satisfy NLO
unitarity bounds

* NLO corrections to the LO eigenvalues should be smaller in
magnitude.



Bounded From Below (BFR)

Make sure that the scalar potential must be bounded from in any
direction of the field scape

I Positivity with 13-field directions
Positivity with 3-field directions
. Positivity with 2-field directions

HEPiT

3 and all {3 non-
vanighing field
< directions

generating large

overlapping
parameter space




Unitarit Y Constra Lnts

Prior to Higgs discovery : unitarity bound @ tree level @ 1-loop
ST
Lee, Quigy, Thacker ‘77 /1 S o ﬂ S 2 s 2,5
3 Dawson, ‘Eillenbrock ’89; Durand, joﬁnson,

2 Loop calculation shows no revised Limik Lopez’o2

Durand, Maher, Riesselmann, 92

Weakly interacting Higgs seenario

0 1/2 1 3/2 2 Goldstone boson

equivalence theorem
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Tree-level Lnita ritg[

16,I5,!1,3,! unique tree level eigenvalues for the Block 0 = 0,1,2,3,4

[9 eigenvalues are independent eCM

9 eigenvalues are independent GM

NLO unttartt Y

P > .--=~_ X 3 + o [Grinstein, Murphy, Uttayarat ’15;
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Perturbative expangion i¢ not valid at NLO when R, = lor R = 1
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Higos Signal Strength (Run 2)
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By decays I bb decays
I ZZ decays " pp decays
B WW decays Z~ decays |mflt|

B 7 decays All signal strengths

Results from the combined fit:

| —047<a<02 @ 954% CL
v, < 30 GeV

@ Decoupling limit

a=v){:O

all additional
Higgs become heavy

Ky = 1

Higgs signal strength data
strongly disfavours

ky > 1.05 @ 954 %CL
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Status of GM model

[0 LO unitarity at Mz

B 1.0 unitarity

I NLO unitarity

[0 NLO unitarity + R}
h signal strengths

[ All constraints

it

The maximum mass splitting for heavy Higgs
boson masses > 700 GeV is 400 GeV for GM model

which is reduced ~ 100 GeV from the literature
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- Maximum Mass difference within same multiplet in eGM model is
<210 GeV



Allowed mass
differences
and quartic
couplings
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summary

¢ Minimal two triplet extension of SM with
p = 1 gives eGM model

¢ Quartic couplings in GM and eGM model
gets strongly constrained by NLO unitarity

¢ Mixing angles and vevs get constrained
from the latest LHC Higgs signal strength
data

¢ Updated theory constraints (NLO
unitarity, BFB) alone exclude a large part
of the parameter space
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Signal Value Correlation matrix L |Source Signal Value Correlation matrix L Source
strength [fb™] strength [fb~ ]
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