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I. The BSM Context
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Il. The Dark Portal
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The Dark Portal
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Muon Anomalous Magnetic Moment
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The Hunt for a Dark Z
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Dark Z: Mechanism
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Dark Z: Mechanism

| 1 | PSP I £ ST
L C _Z BIuI/B'u — ZZD’MV Zg F 5 cos 0 ZD/“/B'UJ O ng,O Zl% ZDM
Kinetic Mixing Mass Mixing
Vo(H,S) = —p|H|* + A H|* — ug|SI° + Xs|S|* 4 s|S]°| H|?
Higgs Mixing

21




The Hunt for a Dark Z

107"

1072

1073
w
107
1075
10-6 -3 -2 -1 S T 1 o 2 L 3
10 10 10 1 10 10 10
sz [GeV]

Curtin et al, ‘14

22



107"

1072

1073

107

10°°

Curtin et al, ‘14

1073 102 10" 1 10’ 102 10°

The Hunt for a Dark Z

Red: pp2>Zp-*T

Blue: h-ZZ,-4¢
Solid: LHC8, 20/fb
Dashed: LHC14, 3000/fb
Dotted: 100 TeV, 3000/fb

EWPT w/ Central Values @ ILC/GigaZ:

as currently measured (purple dotted)

assuming X2, = 0 (green dotted)
1 1 1 1 l

Collider searches

Lol

1

| — L411“l

mz, [GeV]

23



The Hunt for a Dark Z: PVES
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Dark Z: Non-Abelian Mechanism

Non-Abelian Kinetic Mixing
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See also Barello, Chang, Newby ‘15
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Dark Z: Non-Abelian Mechanism

Non-Abelian Kinetic Mixing
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Dark Z: Non-Abelian Mechanism

Non-Abelian Kinetic Mixing
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Dark Z: Non-Abelian Mechanism

Non-Abelian Kinetic Mixing
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Non-Abelian Mechanism: Production

Pair production Oy production
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Non-Abelian Mechanism: Decay

Pair production Oy production
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Non-Abelian Mechanism: Signatures

Pair production Oy production
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Non-Abelian Mechanism: Signatures
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Displaced Lepton Jets
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Displaced Lepton Jets
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ATLAS Recast
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Dark Z: Non-Abelian Mechanism

Non-Abelian Kinetic Mixing
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Improving the LHC Reach

Trigger on prompt W
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Improving the LHC Reach

Kinetic mixing parameter
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lll. The Higgs Portal

NOT SUREIF HIGGS
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lll. The Higgs Portal

NOT SURE IF HIGGS

BSM CPV ?
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What is the CP Nature of the Higgs Boson ?

 [nteresting possibilities if part of an
extended scalar sector

44



EDMs: New CPV?

System Limit (e cm)” SM CKM CPV BSM CPV
19 Hg 3.1 x 102 10-3 102
ThO 8.7 x 1029 ** 10-38 10-28

n 3.3 x10-26 10-31 10-26

*95% CL  ** e"equivalent

* neutron

proton
& nuclei

*  atoms

~ 100 x better

Not shown: sensitivity

muon
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Inoue, R-M, Zhang:

Higgs Portal CPV 1403.4257

CPV & 2HDM: Type | & Il Ag 7 = 0 for simplicity
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CPV & 2HDM: Type

Higgs Portal CPV
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Higgs Portal CPV

CPV & 2HDM: Type | & Il

Inoue, R-M, Zhang:
1403.4257
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Future Reach: Higgs Portal CPV

CPV & 2HDM: Type Il illustration Ag 7 = 0 for simplicity
All Constraints All Constraints All Constraints
1 1
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Inoue, R-M, Zhang: 1403.4257 68



Higgs Portal CPV: EDMs & LHC

CPV & 2HDM: Type Il illustration
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Higgs Portal CPV: EDMs & LHC

CPV & 2HDM: Type Il illustration Ag 7 = 0 for simplicity
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Higgs Portal CPV: EDMs & LHC

CPV & 2HDM: Type Il illustration
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1V. Outlook

Tests of fundamental symmetries & neutrino
properties provide powerful windows into key
open questions in fundamental physics

There exists a rich interplay with BSM searches
at the high energy frontier & both frontiers are
essential

Exciting opportunities for discovery and insight
lie at the frontier interface

Fully realizing them poses new challenges for
hadronic & nuclear structure theory
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