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Topological Soliton
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Homotopy Group
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Topology of SM
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How about Beyond the SM?
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Solitons in SM

[Nambu '77]
[Vachaspati, '92]



Vortex in SM ? [Vachaspati, '92]

o Z string (Z-flux tube)
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Nambu Monopole [Nambu '77]
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Nambu Monopole [Nambu '77]

~ SMIC "t Hooft-Polyakov monopoleZI2HIAL T ENTES

¢1> OWed
O = a —
(cbz b o= oD

» monopoleBETIELWS AW (" 7,(S°) = 0) ¥



Instability of Nambu Monopole [Nambu '77]
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Instability of Nambu Monopole [Nambu '77]

» Nambu monopoleld Z stringlC5| > R5N 2 D TLRELRE
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Vortex in 2HDM

[Dvali, Senjanovic ‘93]

[Eto, Kurachi, Nitta ‘18]
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Two Higgs doublet model (2HDM)

o Lagrangian:

ORI CORALL
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(SM fermionld R 9 3)

* Higgs potential

14



2HDM in Matrix Notation
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Simplification
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Simplification
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Simplification
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Simplification
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Simplification
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Simplification
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[Dvali, Senjanovic ‘93]

Topological Z-string in 2HDM Eto, Kurachi, Nitta ‘18
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Topological Z-string in 2HDM Eto, Kurachi, Nitta ‘18

o WIMEDI L SUQ)y x Uy X U(D), » U(1)gy,

SUR2)w x U(l)y x U(1
' Vacuum manifold A =~ @ > Uy x U, ~ U(2)
U1 gy

' 7 (UQ2))=Z Topological vortex exist !
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Moduli Space of Vortices
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Moduli Space of Vortices
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Moduli Space of Vortices
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Moduli Space of Vortices
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Tensions of topological vortices

o Uy ICK > TWEZHXRIES N B DT, tensionlcZEHH S,
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Magnetic Monopole in 2HDM

[Eto, Hamada, Kurachi, Nitta '19]
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Magnetic Monopole in 2HDM
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Magnetic Monopole as (Z,). kink
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(0,1)-vortex
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Magnetic Monopole as (Z,). kink
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Magnetic Monopole as (Z,). kink

O Z-stringDMFEET D EE. (Zye MIMERFBENTWS

« ZMDSSBICfIHEY Btopological kinkh" 4 U %
' ZH magnetic monopole& UTIRZES
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Magnetic Flux

< > >
T 2
87 8z
. _ 2 —2r  4r
o ZfluxMBEZHUIFHEETT —- =
8z 87 8z

25



Magnetic Flux
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Magnetic Flux
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o ZAluxDEZH UIEEETT Pl =

» Nambu monopole E[E UM S. magnetic fluxhVEZ HT |
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Magnetic Flux

» Nambu monopole E[E UM S. magnetic fluxhVEZ HT |

- ZEMIFHHA (topological (Zy)¢ kink) 25




Numerical Result

o ERICEEIAER Z relaxation THYER IC#E <

I 0.20

1.00 015

0.75
0.10

I 0.05
0

0.50

I 0.25

(a) energy density (b) magnetic flux

with  sin?6y = 0.23, my, = 80 GeV, vgy = 246 GeV,

my, = 125 GeV, my = 400 GeV
\

degenerate mass of CP-even
Higgs and Charged Higgs
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Monopole Mass

o string DDDIRILF—ZZUL5I< T ET, monopole O &D
BHT=D DmasshH EE TE S

(0,1) string '_: | (0,1) string

~ O

O(1) TeV

(1,0) string LHCT% Ej AN E..rﬁléll‘ff I
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Comments: LT,

o When U(l), symmetry is exact, NG boson appears
( massless CP-odd Higgs)

' phenomenologically disfavored

. /Qlﬂgto give a mass

— attached by domain wall

WalllC5|>5R5 N5

S

* Another option is gauging U(l), [Ko, Omura,Yu "12]
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Comments: %

o LT ' Snfe D DZ-stringDtensionHMHER L 7 LY

3.68:
3.67 '
T, 366
3.65"
22 :
3.64;
3.63" ,

' monopoleNEWAICE| 2 R5N S
— anti-monopole & XI5

o WIhnDiFEHmonopoleldstatic TR <R D, IIREEE]
IC K D EBEEZRIT SIET
IR RERONZ EEL L
tanp, my DBFRMNEENS? 29




Summary

o 2HDMICIEZEE /R Magnetic Monopole BEN\FET 5

o Key symmetries: + U(l), = topological vortices

* (Z,)¢ = monopole as topological kink

(a) energy density (b) magnetlc flux (c) Z flux

Future works: © Sphaleron& DR = /N\UAI T XX ?

o YJEAF B35 (primordial magneto-genesis)

o IEREETE D WD processTEREINEHN? 30
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Monopole Abundance

o GUT monopoleDiFid, RICHIEAFE CERSNTH
17— arTEHond

o —A. BN DmonopoleldBEIZAT —IL TEU DD T,
17— vEDRICELS

D xBHDS3

* Monopolefdj@@? —— BULWHSHEBICRSRETZED
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Monopole production at colliders

o Conventional process

q M
Y
g M
Drell Yan mechanism
o For our monopole,
q
—

T~
5]/

M

Excluded magnetic monopole mass [GeV]

Drell-Yan production with g-independent coupling

December 2018
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0 1 2 3 4 5

Magnetic charge [gD] }

A. Santra’s talk at " The Quest

Vorton?

monopole T Mstring T Mwall = Mmonapole ~ @(1) TeV

for New Physics”, Dec. 18
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Stability of Z-string in SM

7 Experiment

‘) Scaling instability

Stable

Semilocal

]

sinZ0
w

0 0.23 0.5 09 1

[Achucarro, Vachaspati, hep-ph/9904229]
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2HDM in Matrix Notation

2 _ 2 2 2 _ 2 2 _

pr=2a+om+az+ay), B=2a +a,+a3—ay),

| V@, @) = —m? Tr|HI — m? Tr<|H|203> — (m2detH+h.c.)

2
+a, Tr|H|* + a (Tr H2> + a Tr<H20 H20>
 Tr|H| » | Tr|H| 3 |H|" 03| H|" 03 \HP =i

+ay Tr<|H|203|H|2> + (anetH2+h.c.)
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