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decay search for dark matfer?

Shigeki Matsumoto (Kavili IPMU)

The Higgs invisible decay is offen addressed as one of the
best processes fo search for dark matter af collider exps,
Is it really frue? This search is really betfer than fthose af
underground experiments? [ would like fo infroduce a few
candidafes that the invisible Higgs decay search is indeed
essential within the framework of the WIMP dark matter



2/10

Dark matter candidates

10-22eV < m < 1035g
Eg. Axion l v Eg.PBH

10-%2eV <m < 0.1GeV 0.1 eV <m < 101GeV 1019GeV < m < 103

lEg. Sterile v

10%keV < m < 10°GeV
DM candidafes in this category are free from

the initial condition problem, and relafively
easy fo be defected at detection experiments.

Eg WIMP, SIMP, ADM, Semi-ann, DM, efc.



WIMP dark matter Hypothesis e

We consider WIMP DM candidaftes, where
ifs abundance observed foday is mainly 3 |
generated by Freeze-ouf mechanism// g

The mechanism is Known fo describe the BBN :
& the recombination phenomena successtfully, =t

A way fo systematically study WIMP DM cadidafes:

New physics Effective theories Signals at various
models beyond SM of the WIMP DMs: DM experiments.

1. Phenomenology of WIMP dark matter candidates is essentially
defermined by their guantum numbers (spin and weak isospin)

2 Effective theories of WIMP dark matter candidafes can be (almost
uniquely) determined by minimality & renormalizablility viewpoint

3 The role of new physics models is fo explain why DM has such a
quantum number, fo give non-1rivial relations among inferactions




WIMP dark matter detections L

Once the effective theories of WIMPs are given,

DM ... == DM Detection @ Underground
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WIMP dark matter Hypothesis

How can we construct the effective theoris of WIMPs ?

1. Classifying the dark matfer in ferms of its quantum numbers and
constructing the minimal & renormalizable lagrangian in each case

2, symmetry
Weak imposed.

, Neutral case Mixed case Charged case
charge I I I

v ¥ v + ¥ ¥ v 4 ¥

Spin 0 14 1 0 v 1 0 14 1

2 Putting the thermal relic abbna’ance conb’ilion and imposing all the
(expected) limits from DM searches atf present (in near fufure)

3 Discussing the role of the colliders in allowed paremefer regions.

v Singlet scalar WIMP as an example of the one inducing h > DM DM
v’ Singlet fermion WIMPs are those the invisible H decay is important

Mixed WIMPs have already been severely limifed by the direct DM detection
[8 Banerjee S M, K Mukaids, ¥ Tsai JHEP (2016): T. Abe, R Sato, PRD (2019)]

o Weak charged WIMPs are predicted fo be as heavy as those with a 0(])TeV mass.
[J Hisano, S. M, M Nagai, 0 Saifo, M. Senami, PLB (2007)]

o Singlet vector WIMP fend fo be severely constrained by the direct DM defection,
[T Abe, M Kakizaki S, M, O Seto, PLB (2012)]
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Scenarios inducing invisible Higgs decay |

Singlet (real) scalar WIMP

1 1 1
Lup = Lsu + 50,50"5 — ngs 1)\454

the invisible Higgs decay width
gives< the SI scattfering with a nucleus
the correct relic abundance Q¥

Direct dark matfer defection is
more sensitive than the invisible
| H decay search for this WIMP/

The paremetfer region that satisties
thermal relic abundance condition
has already been excluded by direct
" - dark matfer detection and invisible
nscevy H decay search af the present LHC,

[J. A. Casas, et. al, JHEP (2017)]
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Scenarios inducing invisible Higos decay 2

Singlet (Majorana) fermion WIMP with PS mediator

No renormalizable inferaction in the DM + SM system!

v' Mediafor is infroduced for a renormalizable interaction of DM & SM

v' Many scenarios depending on the choice of the mediafor particle
The mediator can be Z,-even scalar,/ vector, Z,-even pseudo scalar,
Z,-odd scalar,vector having a leptfon or baryon number, efc.

Ui oy
2‘* 2——PA(x:r5x) V(A H)
U

i yopay ana/n aly @GO Terms breaking CP soffly.

¢ = £5M+—x(:3 mx)x—l- (8A)2

500

Direct DM defection does not give
a severe constraint on the WIMP
due fo the PS coupling, while it
induces the invisible H decay via

<H>

50 100 500 1000

it | Mediatora /X

[S. Horigome, T. Katayose,
S. M., I. Saha, M. Takeuchi (2021)] N 0P 0 X



Scenarios inducing invisible Higos decay 4
The light WIMP with a light scalar mediator

8/10

]. . ]- CS -
L = Lo+ 570 —m)y +5(02) =Sz x —V(2,H)

logo|Br(h — ¢0)|

0

-16

my ~ O(GeV)
my ~ O(MeV)

| e Fiture sensitivity in 20

12

-12 8 4 ) 1 8
l¢ )gl(,t('n,(m )]

[S.M., Y. S. Tsai, P. Y. Tsng, JHEPO7, 2019]

CP conservation imposed

Light WIMP region, ie, its mass is
less than 0(])GeV, can be realized
when the mediafor is a Z,-even
singlef scalar The WIMP avoids a
severe consitraint from the direct
DM detection due fo its small mass,

The invisible H decay is induced by
the light scalar mediator (rather
than WIMP) having a long lifetime

Med H
Higgg_< < &
1

Med o
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Scenarios inducing invisible Higos decay 3
The same WIMP with lepfophilic scalar mediator(s)

1 .. . Ny . y
Zir=%Lsu + EZ (“? —mx) Xt (Dfo)T(DLuLi) + (DERI')T(DR”RI')

_(yLi'fiix ""J/RE:R:'Z +h.c) _VLR(Haii:Ri)
U
Am,LTHR,; + h.c.

200————
A< 20

020 < [4] < 100

Direct DM defection does not give
a severe constraint on the WIMP

due fo its lepfophilic nature while
the invisible H decay is induced by
the lepfophilic mediafor @ free Lv.:

Med <V
Moftivated by (g, - 2) Higgs< X
Me, = Mg, assumed Medé 4

X
3l 100 150200 Other processes (pair productions of

m |GeV mediators & mono-photon) at future
[S. Horigome, T. Katayose, S. M., I. Saha (2021)] colliders (I,é’, ILC) are also IIﬂpOI‘fdﬂf,

100} BI04

50(

m, [GeV
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Summary

We have infroduced several WIMP candidates that the invisible H decay
plays an imporfant role fo search for the candidafes with evading fhe
severe constraint from the direct DM defection @ underground exps.

The candidates which (inherently) predict the invisible H decay are

F T G ]

Neutral case Mixed case Charged case
Eﬁ&f‘gﬂ I | I
¥ ¥ v + * s ¥ L 4
Sein BN K3 BN B B B K El B
D
| PR o s e | o T 1
| | |
CPV H-portal Light  Leptophilic
@ € @

@ Direct detection is more sensitive than Invisible H > 20M search,

@ Invisible H > 2DM search is more sensitive than Direct defection,

@ Invisible H decay is from a very long-lived neutral mediator H > ¢4,
@ Invisible H decay is from invisible mediator decays, H > vv > vvyy.



