
Electroweak-Skyrmion as 	
Topological Dark Matter

Masafumi Kurachi (KEK) [C03]

Neutrino Frontier Workshop 2016
November 28-30, 2016, Kaga, Ishikawa

Reference: 
Ryuichiro Kitano, Masafumi Kurachi,   
JHEP07 (2016) 037 (arXiv:1605.07355)



Dark matter

Mysteries

Higgs sector
Neutrinos



Dark matter

Mysteries

Higgs sector
Neutrinos

Possibly interconnected 



Dark matter

Mysteries

Higgs sector
Neutrinos

Possibly interconnected 

Research project: 
find relations among them through the global 
(topological) structure of the Universe



Dark matter

Mysteries

Higgs sector
Neutrinos

We started from here



Dark matter

Mysteries

Higgs sector
Neutrinos

We started from here
We plan to include Neutrinos near future



Dark matter

Mysteries

Higgs sector
Neutrinos

We started from here
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(Please allow me to talk about something which is  
 not directly related to Neutrino physics yet)
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LHC has just begun to measure it!
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A (WLWL ! WLWL) ' A (⇡⇡ ! ⇡⇡)

E � mW

Effective Lagrangian of          is appropriate for the  
study of weak gauge boson scattering processes

Equivalence theorem:

U(x)
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typical example of physics beyond the SM: 

new heavy vector resonance (    )
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We show the existence of the stable, topologically 
non-trivial field configuration of the Higgs field
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Electroweak-Skyrmion

・assume the form of static configuration
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r ⌘
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xixi, x̂i ⌘ xi/r

�

�(x) =
vEW + h(x)p

2
U(x)Higgs doublet:

h(x)/vEW = �(r)

U(x) = e

iF (r)�i
x̂i (hedgehog shape)

(spherially symmetric)

unknown functions
if you find non-trivial solution of         and  
which minimize the energy functional, 

new topological object exists in the Higgs sector!!
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Constraint from the direct detection experiment (LUX)
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Summary
・Topological dark matter exists in the SM with  
   a minimal addition of the higher-dimensional operator

WW scatteringDM direct detection
・Its mass is constrained from both sides by

&

1.5 TeV . M . 34 TeV July, 2016

8TeV2.5TeV today

near future⇠ 4 TeV⇠ 5 TeV

⇠ 10 TeV

Xenon1T
LZ LHC RUN2

Wide mass range will be probed from both sides! 
If the DM is directly detected, and we find  

anomalous gauge couplings at the same time, 
it could be the EW-Skyrmion!!!
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