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About physics...

3

• Dark matter 
• Neutrino mass 
• Baryon asymmetry 
• strong CP problem

Although the SM is established by discovery of 
Higgs boson, there are still many problems.

etc.

There must be new physics beyond SM!



Research topics

4

• Functional (Wilsonian) renormalization group in QFT

• Topological soliton 

seems like random...  
but all of them are aimed to discover new physics

• DM phenomenology (pseudo Nambu-Goldstone DM)

•  collider ( TRISTAN )μ+ μ
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• Particle：fluctuation around vacuum

• Soliton：classical and coherent excitation (``lump’’)

Tsunami

``Collision of KdV solitons’’ (from YouTube)

KdV soliton: solution of non-linear wave eq.
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• Topology  rough structure independent of details≃
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• Topology  rough structure independent of details≃

Topological soliton  
= soliton whose existence is ensured by topology of theory
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popular examples:

• GUT monopole 

    exists when G → U(1) × G′ 

• Cosmic string (e.g. axion string) 

   exists when U(1) → 1

• Domain wall 

   exists when ℤn → 1

might remain in the universe  
→ probes of new physics!

Cosmic String Network

Takashi Hiramatsu
Cosmic strings

1-dimensional topological defect, produced through the spontaneous symmetry
breaking (SSB) of the vacuum state of some kinds of fields. 

It's possible for various kinds of field to exist in the early epoch of the universe, 
and some of them can be responsible for the formation of CSs.

cosmic strings domain wallsour universe
(visible region)

Topological Soliton
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Some of our works

(a) energy density
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(b) magnetic flux
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(c) Z flux
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magnetic monopole in 2HDM

electroweak axion string 
w/ superconductivity

knot soliton

Figure 8: Plots of the vortex molecule solution in the U(1)a-broken case. Upper-left,

upper-right, and lower panels show the Higgs field Tr|H|
2, Z-flux Zxy, and the energy

density, respectively, in the xy plane. Although the U(1)a symmetry is explicitly broken,

the vortex molecule is still stable. The parameters are taken as the text (Eq. (6.3)). The

length unit is taken so that v(= 123GeV) = 1.

Note that mH0 6= 0 (which corresponds to the pseudo NG particle of U(1)a), since the

global U(1)a symmetry is explicitly broken. From Eq. (3.21), this breaking makes one

domain wall attached to each fractional string [62], and in particular (1, 0) and (0, �1)

strings are connected by the domain wall. Then, the long-range attractive force (a) is

replaced by a confining force (a)’ by the domain wall as stated in the last paragraph in

Sec. 4. Therefore the binding force between well-separated (1, 0)- and (0, �1)-strings is

much stronger. Nevertheless, the stable vortex molecule solution does exist even when the

domain wall is attached.

We have performed the numerical relaxation method to obtain the vortex molecule for

the U(1)a-broken case Eq. (6.3). Fig. 8 shows plots of the obtained solution. Again, the

upper-left, upper-right, and the lower panels show the profile of Tr|H|
2, the Z flux, and

the energy density, respectively. In the figure, the qualitative picture is almost the same

as the case with U(1)a symmetry (Fig. 5). The only di↵erence is that the energy density

has a wall-like structure between the two peaks corresponding to the two strings.

As stated above, the stability of the molecule is not destroyed even when U(1)a sym-

metry is explicitly broken. This is because the polarization length of the molecule is too

small to feel the wall tension. In other words, the breaking e↵ect is so small that each

winding of U(1)a phase is not unwind, which means that A3 is approximately conserved
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