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§ Introduction

* |nvisible decay of the SM-like Higgs boson
IS one typical collider signature of Higgs
portal dark matter (HPDM).



§ Higgs portal dark matter

e A class of WIMP

 Annihilation is dominantly s-channel Higgs
boson(s) exchange.



§ Higgs portal dark matter

McDonald (1994),Burgess et al, ... [Kanemura et al (2010)]
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§ Higgs portal dark matter

McDonald (1994),Burgess et al, ...

[Bishara et al 1504.04022]
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§ Higgs portal dark matter

Collider constraints [cms (2014)] (similar at ATLAS)
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[Meta title]
Invisible decay of a Higgs boson
and dark matter

[Actual title]

When a Higgs boson invisible
decay IS measured, does It
Indicate Higgs portal dark maftter?



§ Higgs boson invisible decay

e Inthe SM, h — Z*Z* — 4y

« BSM, e.g.,

N — 2 ¥ IN SUSY [Griest and Haber (1988)]

N — 2 Majoron [Joshipura and Rindani (1992)]

N — 2 graviscalar in ADD [Giudice et al (2001)]
N — 2 4™y [Belotsky et al (2003)]

N — 2 DM In HPDM [Bento et al (2000)]




§ Higgs boson invisible decay

e Inthe SM, h — Z*Z* — 4y

« BSM, e.g.,

N — 2 ¥ IN SUSY [Griest and Haber (1988)]

N — 2 Majoron [Joshipura and Rindani (1992)]

N — 2 graviscalar in ADD [Giudice et al (2001)]
N — 2 4™y [Belotsky et al (2003)]

N — 2 DM In HPDM [Bento et al (2000)]

N — 4vin THDM




§ Higgs boson Invisible decay
In neutrinophilic THDM



§ § Concept of neutrinophilic Higgs

* If neutrino mass iIs givenby m, = y,V,,
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* If neutrino mass Is given by — ;7. ,
the smallness Is at least partially due to
smallness of Higgs VEV

v, ‘ yl/ t and/or Mkl




§ § Neutrinophilic Higgs doublet

models [Ma (2001), Gabriel and Nandi (2006),...]

» Yukawa couplings
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§ § Neutrinophilic Higgs doublet

models [Ma (2001), Gabriel and Nandi (2006),...]

» Yukawa couplings

Ly D MWHPPV | MW%PPV + }m(&H Pru;
S

» Higgs boson decay
h - HHIAA —vvvy Invisible!!

 If Hor Ais on-shell, Br(2 — Inv) can be large.



§ § Invisible decay

» Higgs bosons masses < Invisible decay of h

Br (h — inv)
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§ § Invisible decay

* Higgs bosons masses ¢ Mass and couplings
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§ § Constraints on H+

» Similar to slepton for Dirac neutrino
m i > 300GeV[ATLAS(2014)] i
260GeV[CMS(2014)]
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[Dawdson and Logan (2009)]
For Majorana neutrino

« vmass —» y SO(107°) o
H+—cs, 90-150GeV[ATLAS(2018)]
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[Haba and Tsumura (2011)]



§ § More on Majorana case

1. For myy, > mpyya

H/A — vi

2. For my, < mp/a

 Displaced vertex of Nr decay

Nr — Z%v, h*v W*(

ctz lcm for mw=0(10) GeV.. =

[Cerdeno et al (2015)]-togptod bt




§ Summary

If Br(h—inv) = O(0.01) is measured, decay final
states would be DM, v or more exotics.

A Higgs invisible decay may and may not be due
to DM.

Simple THDM offers a *'may not’’ example.

Even when Br(h—inv) = O(0.01), we can
consider, e.g., axion DM.



