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July 4, 2012: A Landmark Discovery
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» The Standard Model is one of the most well-tested theories in
particle physics
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Limits of Standard Model

Thankfully, there are a lot of unexplained mysteries:

e It does not unify the Strong and Electro-Weak forces
(GUTS?).

e Itignores Gravity, so does not tell us anything about how
it might be unified with the other forces.

e It does not explain Dark Matter and Dark Energy.

e The hierarchy problem

e Neutrino oscillations can’t be explained

e Why is there so much more matter compared to
anti-matter?
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Is there another Higgs at 95 GeV?

LEP excess:
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ATLAS full Run 2 results on the low-mass Higgs search in pp — H — v7:

e Local significance: 1.7 o o
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CMS full Run 2 results on the low-mass Higgs search in pp — H — ~7:

CMS Preliminary 132.2 fb* (13 TeV)
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CMS result for the low-mass search in the di-tau final states:
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Can we describe all three excess simultaneously?
The total y?:
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2HDM + real Triplet A

why T2HDM: thanks to its richer scalar particle spectrum, T2ZHDM
can lead to a potential dark matter candidate via the neutral
component of the triplet field, and can achieve a viable scenario
based on Electroweak Baryogenesis, ...

Fields: T2ZHDM model contains two Higgs doublets Hy (k = 1,2) in
addition with a real triplet scalar field A with YA =0,

B oF _ _( ()2 at/V2
Hy = ( %(erpkﬂnk) ) (k=12), A= ( /N2 —(vi+pr)/2 )
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Lagrangian: Implementation of a two doublets H; » and a scalar field
A in the Standard Model. The lagrangian is,

2
L = Z(D#Hi)T(DHHi) + TT(D#A)T(DMA) - V(Hia A) + Lyukawa
i=1

while the scalar potential of this model is,

M A
V(H;, A)=nit H{Hy + m3 HyHy — i, HyH + 5 5 (H}Hy)?

A
+As HIHy HIH; + M H{H, HIHy + 22 [(HTHz) + (HIH;)?

S(H{H1)? +

X6 HIHI TrATA + N HIH TrATA + MHI AH, + ppH} AH,
+ps[H] AH, + he] + \s HI AATH, + A HIAATH,
+mA Tr(ATA) 4+ Xg(TrATA)? + Mo Tr(ATA)?
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e To avoid Flavour Changing Neutral Currents (FCNCs) at the
tree level, a discrete Z,-symmetry on the doublets is imposed :
H, — +H; and H, - —H,

e T2HDM framework encompasses four distinct types, leading to
natural flavour conservation, and whose couplings between the
Higgs doublets and the fermions as exactly in the 2HDM,

u-type d-type leptons

typel H» Hy H
type II H, Hy H
type III (lepton-specific) H, H, Hy

type IV (flipped) H, H; H,
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Higgs spectrum:
e hy, hy, h3 (CP-even) ordered according to my, < my, < my,,
e Hi, Hf (charged) with My < My,
e A (CP-odd).

The mixing in the CP-even scalar sector:

hy p1
hy | =&\ p2
hs 3
where,
CaiCay Sa1Can Say
&= _(Cmsazsas + Salcas) CaiCas — SarSazSas CarSas

—Ca1Sa;Cas t SaiSas _(COans =+ Sa1sazca3) CarCas
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The mixing in the charged sector:

G _ (%
Hi | =C| &
+ +
H; 0
where,
C‘g]ngzi Sglicezi 592i
C = —(Celiseziseai + Sglicasi) CoitCox — Sp+SpSp
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Higgs bosons couplings to fermions:

Typel
@ c(huu) c(hidd) c(hitt)
h (c251) /58 (c251) /8 (c251) /s
hy  (cic3 —515283) /53 (c1c3 — 515253) /58 (c1c3 — 515253) /53
hs —(C1S3 + C35152)/S[3 —(C153 + C35152)/Sg —(C1S3 + 635152)/55
Type III
0] c(hjuu) c(hidd) c(hitl)
h (c251) /38 (c162)/cg (c162)/c
hy (C1C3 — 515253)/55 —(C3Sl + C15283)/C5 —(C351 + C1SzS3)/C5
hs  —(c153 +¢c35152)/sp  (s153 — c1¢352)/¢p (s153 — c16352) /¢33

Table: Coupling coefficients c(hff) of the Yukawa couplings of the
T2HDM Higgs bosons h;, defined as c(hiff) = gug/Shsysr-
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Higgs bosons couplings to to the gauge bosons:

C(l’l,’VV) C(hiWW) C(h,’ZZ)
(cg€11 +53€12) Vg + 2E130

h - (cg&n +s3€12)
& & 2&
hy (C + 55 2;) Od T 2020 (cp&n +53E0)
€31 +53E32) vy + 2E330,
I (cp&31 +53E32) va B0 (a + 55En)

[%

Table: The effective couplings of the neutral CP-even T2ZHDM Higgs
bosons £; to the massive gauge bosons V = W, Z, defined as

c(hiVV) = gnvv/8hsvv-
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Relevant Constraints:

The space parameters of the T2HDM has been constraints by several
theoretical and experimental requirements :

e Perturbative Unitarity constraints
e Boundedness From Below (BFB).

e Constraints from direct searches at colliders:
— HiggsBounds-5.10.2

Constraints from the SM-like Higgs-boson properties:
— HiggsSignals-2.6.2

Electroweak precision observables are expressed in terms of the
parameters S, T, and U which are required to be within 95% C.L.
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Projection of the T2HDM parameter points :
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excess better than the Type-IIL
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CONCLUSION

» Evidence for a light Higgs boson at ~ 95 GeV
o CMS:29 0 = pp — hos — vy
o ATLAS:1.7 0 = pp — hos — vy
e CMS:2.6 0 = pp — hos — 7T
o LEP:23 0 = ete™ — Zhgs — Zbb

» Possible model explanation

e T2HDM : Two Higgs Doublets Model plus a real Triplet

= possible interpretation in Type-I and Type-III

Conclusion
°
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