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What do we know about EWSB?

e Not Much. We don'’t yet know how EWSB works or how many effects contribute.
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e Experimental data are still consistent with the SM de-
scription of EWSB (i.e. one Higgs doublet), but the win-
dow for the Higgs mass is shrinking.

e Considerations related to naturalness and the Hierar-
chy problem suggest that the SM should be regarded
as an effective description of some high-energy theory.

e One of the primary missions of the LHC (pp at /s =
14 GeV) is to alleviate our ignorace about EWSB.
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: Detecting a SM Higgs at the LHC

e For a light Higgs (115 GeV < my; < 150 GeV), there are three discovery channels that
are particularly promising.

e gg — h — ~yyis useful due to its low invariant mass resolution; h — WW=*and h — ZZ*
important when my 2 130 GeV.
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Many Paths to One Light Higgs

e Let us focus on models that are “Standard Model-like” in that the weak-scale EFT
contains one (and only one) light Higgs boson.

Examples

e The properties of a light Higgs in these

scenarios can differ radically from those
General 2HDM (or 3HDM, etc.) expected in the SM.

@ SUSY (in the decoupling limit)

L

» Certain dynamical EWSB models e Leads to unusual signature patterns at the

@ Many other possibilities LHC.

The point is that many models lead to EFTs that
roughly resemble the SM, but can be distinguished
by patterns of light Higgs observables.
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Why look at unusual possibilities?

1). We don’t want to “miss” a light Higgs.

2). Unusual signature patterns provide clues about the underlying theory.
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: Effective Couplings from Non-Minimal

Higgs Sectors

¢ In multi-Higgs models, the couplings of a Higgs boson to WW and ZZ are proportional
to that Higgs’ contribution to EWSB.
114 Z

w A
e The Higgs couples to the SM quarks and leptons through Yukawa-type interactions.

Standard Model More Complicated Model

Mixing between mass, gauge

5 mf eigenstates: Cg ‘ (CS> mf
- >y =

Yy =
() Mixing between VEVs: C, C \V4 U

e Both of these effects can involve complicated functions of mixing angles, but we can
parameterize them using coefficients nw, z and ny, [Phalen, Thomas, Wells].

IhWW =MW, 29hww  Ghzz = MW 29597 InsF = N 9557
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: Effective Couplings from Non-Minimal

Higgs Sectors

¢ In multi-Higgs models, the couplings of a Higgs boson to WW and ZZ are proportional
to that Higgs’ contribution to EWSB.
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e The Higgs couples to the SM quarks and leptons through Yukawa-type interactions.

Standard Model More Complicated Model

Mixing between mass, gauge

eigenstates: Cg
m Cs\ m

() Mixing between VEVs: C, C \V4 U

e Both of these effects can involve complicated functions of mixing angles, but we can
parameterize them using coefficients nw, z and ny, [Phalen, BT, Wells].
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ase Study: the Lepton-Specific Higgs

e Consider a 2HDM in which one Higgs couples exclusively to quarks (both up- and down-
type), the other exclusively to leptons (“Type IV Higgs”).

Lyvuk = (Yu)ij Qs + (Ya)ijQiPqd; + (Ye)ijLidee; + h.c.

e We consider the most general, potential consistent with

gauge symmetries, CP conservation, and an additional
Lo parity. _ _
Higgs Potential
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Even: 94,9 u,d,¢ +m3 ¢log +m3, B} de
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o If the Z> symmetry is broken softly, all scalar mass eigenstates (the pseudoscalar Higgs)

obtain masses. =
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: C

oupling Modifications
ang=ir ()= ) (Rl

Perturbativity Constraints COS (¥ sin o

e In a 2HDM, the n parameters are func-
tions of only two angles o and 5.

e Not all of {a, 3} parameter space is al-
lowed, however, because of perturbativ-
ity and vacuum stability constraints on the
i

e Example: in the decoupling limit, where
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onstraints: Perturbativity

Lepton Yukawa Scaling Factor Quark Yukawa Scaling Factor
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e Perturbativity of the \; places constraints on the parameter space.

e For a typical point, 14, nw,z remain close to 1, n, is augmented by an O(1) factor.
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L Makes a difference!
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Branching Ratios for a Lepton-Specific Higgs
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Branching Ratios for a Lepton-Specific Higgs
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: The Effect on Observables

e The cross-sections for collider observables are altered in three ways by modifying the
Higgs couplings.
3). Modification of Total Higgs

e 0(XX — h)xI'(h — XX) at leading order. [— Width
—1
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A
1). Modification of Production —) \ 2). Modification of Decay
Cross Section Widths

e All significant production mechanisms are (slightly) suppressed by 7, or nw,z.
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A Decovering 2 Tvoe [V Hiaae

iIscovering a Type |V Higgs

e Most of the usual discovery channels for an SM Higgs are suppressed; the significance of
the WBF, h — 77 channel is dramatically amplified.
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: Leptonic Discovery Channels

e In addition to the channels most significant for the discovery of an SM Higgs, several other,
leptonic channels play a crucial role.

e Not only do g9 — h — 77 and tth(h — 77) become important, but processes in which A
decays to muons (very clean!) become significant.
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bservations and Conclusions

In the near future, the relevant question will likely change from
“what is the EWSB sector?” to “what does the EWSB sector
tell us about the underlying theory?”

e The collider phenomenology of multiple Higgs models, and even of 2HDM is a rich one
with a great deal of territory left to be explored.

e In a model where separate higgs doublets couple to quarks and leptons, the pattern of
collider observables most useful for discovery is significantly different from that the one
associated with an SM Higgs.

e In a lepton-specific Higgs scenario, final states involving Higgs decays to leptons provide
clean signatures for Higgs discovery.
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