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Research project:
find relations among them through the global
(topological) structure of the Universe
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We plan to include Neutrinos near future

(Please allow me to talk about something which is
not directly related to Neutrino physics yet)
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- simply assumed Iin the SM, but actually not
established experimentally yet

- and, at the same time, significant experimental
progress Is expected near future
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LHC has just begun to measure it!
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Scalar (Higgs) : A(x)



EW Chiral Lagrangian parameters: a4, 5

Higgs doublet can be rewritten as: &(z) = vew + h(@)

NG field : U(x) = ot (x) o' [vEw
Scalar (Higgs) : A(x)

Equivalence theorem: E > mwy

v
A(WLWL%WLWL) ~ A(ﬂ'ﬂ'%ﬂ'ﬂ')

Effective Lagrangian of U(x) is appropriate for the
study of weak gauge boson scattering processes
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vEw + h(x)

Higgs doublet can be rewritten as: ®(z) =

NG field : U(x) = ot (x) o' [vEw
Scalar (Higgs) : A(x)

EW Chiral Lagrangian: low-energy effective theory of U(x)
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EW Chiral Lagrangian parameters: a4, 5

vEw + h(x)

Higgs doublet can be rewritten as: ®(z) =

NG field : U(x) = ot (x) o' [vEw
Scalar (Higgs) : h(x)

EW Chiral Lagrangian: low-energy effective theory of U(x)

Lewer = Lop?) + Lop) + -

2
(V)
kinetic term —— Lou2) = E4WTT D, UTD*U]

anomalous QGC — Lo+ = as Tr [D,UTD, U] Tr [D*UTDVU]
+ a5 Tr [D,UTD*U]| Tr [D,UTD"U] + - - -
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EW Chiral Lagrangian parameters: a4, 5

typical example of physics beyond the SM:
new heavy vector resonance (

S

1
LO(pAL) — —5&5T1“ [D,UJUUT,DVUUT]

We take this term as a minimal addition
to the SM, and study physical conseguences



Lagrangian

L= U]ZW <1 + Zgj\z) Tr [0,U(x) 0"U(x)'] + %%h(x)@“h(w) — V(h(x))

+ % a Tr[0,U(x)U(x)", 0,U(x) U(x)T]Z



Lagrangian

Standard Model
NG field : U(z) = '™ (@) o' /vew

Scalar (Higgs) : h(x)

V(h(z)) = Miw h(2)* + Mvgw h(z)? + % h(x)?



Lagrangian

) Tr [0,U(z) 9*U(x)T] + %é)ﬂh(ac)ﬁ“h( ) — V(h(z))

UVEW

Standard Model + O(") term
NG field ; U(z) = i ™ @) o' /vmw

Scalar (Higgs) : h(x)

V(h(z)) = Miw h(2)* + Mvgw h(z)? + % h(x)?



Lagrangian

VEwW <1 + h($)> Tr [0,U(x) 0"U(x)'] + %auh(f)ﬁuh( ) — V(h(z))

UVEW

Standard Model + 0O@»") term

ATLAS constraint : a < 0.04

Existence ofO(p*) term has significant
Impact on the Higgs sector



Lagrangian

> Tr [0,U(z) 9*U(x)T] + %@Lh(x)c‘?“h( ) — V(h(z))

UVEW

Standard Model + 0O@»") term

ATLAS constraint : « 5 0.04

We show the existence of the stable, topologically
non-trivial field configuration of the Higgs field



Electroweak-Skyrmion

Higgs doublet: @(z) = UEW\}LQh(x) U(x)

- assume the form of static configuration

hz)/vew = ¢(r) (spherially symmetric)
U(z) = 7074 (hedgehog shape)
(r =@z, T;=x/r)
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Electroweak-Skyrmion

Higgs doublet: @(z) = UEW\}LQh(x) U(x)

- assume the form of static configuration

h(w) /vew =(0(r) (spherially symmetric)
U(r) = e%' (hedgehog shape)
( r = M7 j\jz i/T )
unknown functions
if you find non-trivial solution of F'(r) and ¢(r)

which minimize the energy functional,
new topological object exists in the Higgs sector!!
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Solution:

3.5
d Winding number: )
2.5 -
Eijk 3 3
2 B — /der[VVVk} — 1
24772
15 -
1 (V, =U0,U") _
0.5 ]
0 -
05 - ~ i
¢ | | |
1o 10 15 20



_ cannot be changed by any continuous
Solution: l deformation of field configuration
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_ cannot be changed by any continuous
Solution: l deformation of field configuration

stable, dark matter candidate

3.5 | | |
| Winding number: ]
2.5 -
2 __ Cijk /de Tr[VV Vk} =1 -
24772
1.5 -
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Mass experimental constraint
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G. Aad et al. [ATLAS Collaboration], PRL 113, 141803 (2014)
(arXiv:1405.6241)




Mass experimental constraint

VW — 246 GeV

M (GeV) my = 125 GeV
50000
45000 -
40000 -
35000 -
30000 -
25000 -
20000 -
15000 -
10000 -
5000

O |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

(@) < 0.04
arXiv:1609.05122 (ATLAS)




Mass experimental constraint

VW — 246 GeV
M (GeV) mp, = 125 GeV

50000
45000
40000
35000
30000
25000
20000
15000
10000
5000
0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
(@) < 0.04
arXiv:1609.05122 (ATLAS)



Cosmology: EW-Skyrmion as Dark Matter

Constraint from the direct detection experiment (LUX)

simple assumption for a rough estimate: L.g = —2k|S|*|H?
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K mi f
TM?m;

f=10.3 M 2 1.5 TeV
k=1.0 (0.5, m) I (M 2 1.0, 3.5 TeV)

as of May 2016



Cosmology: EW-Skyrmion as Dark Matter

Constraint from the direct detection experiment (LUX)

simple assumption for a rough estimate: L.g = —2k|S|*|H?

2,4 2
K mi f
TM?m;

2 2
~ (1—“0)2 (1Tev> <i> x 3.6 x 107* ¢m? LUX updated

) / 2 5TeV
f=0.3 M >(1.5 TeV)
k=1.0 (0.5, T) - (M > 1.0, 3.5 TeV)

as of May 2016
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summary

- Topological dark matter exists in the SM with
a minimal addition of the higher-dimensional operator

- [ts mass Is constrained from both sides by

DM direct detection & WW scattering

1.5 TeV < M < 34TeV - May, 2016

\ 4 N

2.5 TeV 8TeV - today
XenonlT ~ 5 TeV ~ 4 TeV <« near future

L/ ~ 10 TeV LHC RUNZ



summary

- Topological dark matter exists in the SM with
a minimal addition of the higher-dimensional operator

- I[ts mass 1s constrained from both sides by

s AN AT 's

..

'Wlde mass range > will be probed from both SIdesl j
i If the DM is directly detected, and we find ]
anomalous gauge couplings at the same time,  §

- . . e - b A B R = -- ’ - A < . . - - R D . - = SENST <
% - — . . TSy — 2 PP O I YT VWiV E - < - . -~ ° g T - e e s

XenonlT ~ 5 TeV ~ 4 TeV <« near future
4 ~ 10 TeV . HC RUNZ2
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WIMP-nucleon cross section ( zb )
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