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Looking for extended EVVSB

® We've discovered one SM-like Higgs, but there is

considerable room for additional degrees of freedom
associated with EVVSB.

® A strongly motivated scenario! Naturalness often
implies extended Higgs sector.

® Two Higgs doublet models provide an effective
description for many such EWSB extensions:
® Higgs sector of MSSM,

® Various Twin Higgs models,

® Composite Higgs models (e.g. SO(6)/SO(4)xSO(2))




Looking for extended EVVSB

Three (EF) avenues to pursue:

|. Study the couplings of the recently-
discovered SM-like Higgs.

2. Search for additional scalars in standard
Higgs channels.

3. Search for additional scalars in non-
standard Higgs channels.

Useful to develop a concrete framework in which all
three avenues are related.

Also have complementarity with intensity frontier!




A simplified parameter space

® Need to develop an efficient search strategy. The
general parameter space of 2HDM is vast, but
there are well-motivated simplifying assumptions:

® Flavor limits suggest 2HDM should avoid new tree-
level FCNC; satisfied by four discrete choices of
couplings to fermions.

® |ack of large CP violation suggests new sources of
CP violation coupled to SM are small; motivates
focusing on CP-conserving 2HDM potentials.

® |mposing these constraints leads to tractable
parameter space for signals & relations between
search avenues.




A simplified parameter space

Physical d.of.are h, H, A, H—

After EWSB there are 9 free parameters in CP-conserving scalar potential.

Useful basis consists of 4 physical masses, 2 angles, 3 couplings:

Mp, T H,TNA, TN+ tanﬁz <(I)2>/<(I)1>
o <\@ Re(®Y) —v2> _ ( cosa sina > (h)

" \WV2 Re(®Y) — v, —sina  cos H
A5, A6, A7 (only appear in trilinear couplings)

Couplings of scalars to fermions, vectors only depend on angles.

Discrete symm. for flavor: Ag.7 = 0 MSSM: As67 = 0
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A simplified parameter space
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Four discrete 2HDM types.
All couplings to SM states
fixed in terms of two angles.

® Scalar self-couplings
have additional
parametric freedom.

® Gives a map between
current fits to the
Higgs couplings and
the possible size of NP
signals.

® H A are similar d.of.
in alignment limit




(1) Study the couplings

Type 1: Combined Fit [68,95% CL]
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Type 2: Combined Fit [68,95% CL]
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Construct a fit to couplings of SM-like Higgs in terms of
tree-level 2HDM parameter space. Provides a useful
benchmark for the signal expectations of extra scalars.




Second Higgs Doublet Alignment

Decay Topology Limit
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CMS \/s=7 TeV, L< 5.1 fb™' \s=8 TeV, L< 5.3 fb™

95% CL limit ono/o

e e (2) Search for scalars
B H—-WW —Iv qq ]
i —— H— WW — 2| 2v 1 °
o —izam. instandard channels
- = Combined d
: / Good limits to high mass in VV.
1 Surprisingly constraining even
: close to alignhment limit.
107 | | . Could improve limits by
o Gy exploiting narrowness.
TYI:E 1:‘ Ir}cl}lsi‘ve‘ O-TBF(I_‘I_)‘VY)/O-.‘BIT(HSM_)‘Vy)7 mH=3OO ‘G§V‘, As=0 TYI:E‘Z: Inglugivg 0-Br(H—>YV)/0:Br(HSM‘—>V‘V)‘, mH=3OO Ge\{, As=0

Jtg =100

r | s , 1tg = 100 F J—
21001 E o : e 3 B 2 o0l - 001
‘ ! ! ‘ 1 lta = : SEaN : lta =
: ‘ | ) ‘ | . tB 10 | , [ N | tB 10
' ! ! ! ! ; ! , AN ! |

10



(2) Search more in standard channels

CMS\s=7TeV,L=5.1fb"'\s=8TeV,L=19.6 fb"
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Decays to diphotons can be observable
out to the top pair threshold; currently
there is a large hole in coverage
between SM Higgs and KK searches.
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(3) Search in nonstandard channels: hh

TYPE 1: Inclusive o-Br(H—hh) (pb), my=300 GeV, As=0 TYPE 2: Inclusive o-Br(H—hh) (pb), myg=300 GeV, 15=0
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Appreciable rates (~1000 x SM)
consistent with fits and VV limits.
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(3) Search in nonstandard channels: Zh

TYPE 1: Inclusive o Br(A—>Zh) (pb) ma =300 GeV TYPE 2 Incluswe - Br(A—>Zh) (pb) mA—3OO GeV
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Appreciable rates (~few x SM) consistent with
fits and Zh cross section limits (~3 x SM).
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(2)+(3) @ Snowmass

HEX-HET collaboration with Gena Kukartsey,
Meenakshi Narain, John Stupak

Studying |3, 30 TeV pp reach in H>VYV, H>hh,
A>Zh. Should be the most promising channels for
direct limits on heavy scalars.

Considering a wide range of various final states,
but open to suggestions.

This is also an opportunity to shape current LHC
search strategies.




Finding the second Higgs

|. Coupling measurements of h proceeding
apace, still room for surprises.

2. Can improve search for additional scalars in
standard Higgs channels by e.g. extending
diphoton, exploiting narrowness of H,A.

3. Substantial opportunity to search for
additional scalars in non-standard Higgs
channels such as hh, Zh

Exciting opportunities for present+future LHC,
high utility for Snowmass.




